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Abstract: Stem cells are derived from embryonic and non-embryonic tissues. Most stem cell studies are for animal 

stem cells and plants have also stem cell. Stem cells were discovered in 1981 from early mouse embryos. Stem cells 

have the potential to develop into all different cell types in the living body. Stem cell is a body repair system. When 

a stem cell divides it can be still a stem cell or become adult cell, such as a brain cell. Stem cells are unspecialized 

cells and can renew themselves by cell division, and stem cells can also differentiate to adult cells with special 

functions. Stem cells replace the old cells and repair the damaged tissues. Embryonic stem cells can become all cell 

types of the body because they are pluripotent. Adult stem cells are thought to be limited to differentiating into 

different cell types of their tissue of origin. This article introduces recent research reports as references in the related 

studies. 

[Mark H. Research Literatures of stem cell therapy for cancer. 2024;15(3):6-103] ISSN: 1945-4570 (print); 

ISSN: 1945-4732 (online). http://www.sciencepub.net/stem. 2. doi:10.7537/marsscj150324.02. 
 

Key words: stem cell; technology; life; research; literature 

 

Introduction 

The stem cell is the origin of an organism’s 

life that has the potential to develop into many 

different types of cells in life bodies. In many tissues 

stem cells serve as a sort of internal repair system, 

dividing essentially without limit to replenish other 

cells as long as the person or animal is still alive. 

When a stem cell divides, each new cell has the 

potential either to remain a stem cell or become 

another type of cell with a more specialized function, 

such as a red blood cell or a brain cell. This article 

introduces recent research reports as references in the 

related studies.  

 

The following introduces recent reports as 

references in the related studies.  

 

Aglietta, M., et al. (2009). "Reduced-intensity 

allogeneic hematopoietic stem cell transplantation in 

metastatic colorectal cancer as a novel adoptive cell 

therapy approach. The European group for blood and 

marrow transplantation experience." Biol Blood 

Marrow Transplant 15(3): 326-335. 

 Reduced-intensity conditioning (RIC) 

regimens for allogeneic hematopoietic stem cell 

transplantation (HCT) allowed the existence of an 

allogeneic cell-mediated antitumor effect in 

metastatic colorectal cancer (mCRC) to be explored. 

We report on 39 patients with progressing mCRC 

treated with different RIC regimens in a multicenter 

clinical trial of the European Bone Marrow 

Transplantation Group. Disease status at transplant 

was progressive disease (PD) in 31 patients (80%), 

stable disease (SD) in 6 (15%), and partial response 

(PR) in 2 (5%). All patients engrafted (median donor 

T cell chimerism of 90% at day +60). Transplant-

related morbidities were limited. Grades II-IV acute 

graft-versus-host disease (aGVHD) occurred in 14 

patients (35%) and chronic GVHD (cGVHD) in 9 

patients (23%). Transplant-related mortality occurred 

in 4 patients (10%). The best tumor responses were: 1 

complete response (CR) (2%), 7 PR (18 %), and 10 

SD (26%), giving an overall disease control in 18 of 

39 patients (46%). Allogeneic HCT after RIC is 

feasible; the collected results compared favorably in 

terms of tumor response with those observed using 

conventional approaches beyond second-line 

therapies. The study of an allogeneic cell based 

therapy in less advanced patients is warranted. 

 

Ahmad, R., et al. (2016). "Cancer Stem Cell and 

Gastrointestinal Cancer: Current Status, Targeted 

Therapy and Future Implications." Biochem 

Pharmacol (Los Angel) 5(2). 

 The cancer stem cells (CSCs) are 

biologically distinct subset of rare cancer cells with 

inherent ability of self-renewal, de-differentiation, 

and capacity to initiate and maintain malignant tumor 

growth. Studies have further reported that CSCs 

prime cancer recurrence and therapy resistance. 

Therefore, targeting CSCs to inhibit cancer 

progression has become an attractive anti-cancer 

therapeutical strategy. Recent technical advances 

have provided a greater appreciation of the multistep 

nature of the oncogenesis and also clarified that CSC 

concept is not universally applicable. Irrespective, the 

role of the CSCs in gastrointestinal (GI) cancers, 

responsible for the most cancer-associated death, has 
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been widely accepted and appreciated. However, 

despite the tremendous progress made in the last 

decade in developing markers to identify CSCs, and 

assays to assess tumorigenic function of CSCs, it 

remains an area of active investigation. In current 

article, we review findings related to the role and 

identification of CSCs in GI-cancers and discuss the 

crucial pathways involved in regulating CSCs 

populations' development and drug resistance, and 

use of the tumoroid culture to test novel CSCs-

targeted cancer therapies. 

 

Akbar Samadani, A., et al. (2020). "Mechanisms of 

cancer stem cell therapy." Clin Chim Acta 510: 581-

592. 

 Cancer stem cells (CSCs) are responsible for 

carcinogenesis and tumorigenesis and are involved in 

drug and radiation resistance, metastasis, tumor 

relapse and initiation. Remarkably, they have other 

abilities such as inheritance of self-renewal and de-

differentiation. Hence, targeting CSCs is considered a 

potential anti-cancer therapeutic strategy. Recent 

advances in the identification of biomarkers to 

recognize CSCs and the development of new 

techniques to evaluate tumorigenic and carcinogenic 

roles of CSCs are instrumental to this approach. 

Elucidation of signaling pathways that regulate CSCs 

colony progression and drug resistance are critical in 

establishing effective targeted therapies. CSCs play a 

central key role in immunomodulation, immune 

evasion and effector immunity, which alters immune 

system balancing. These include mTOR, SHH, 

NOTCH and Wnt/beta-catering in cancer progression. 

In this review article, we discuss the importance of 

these CSCs pathways in cancer therapy. 

 

Akbulut, H., et al. (2019). "Recent Advances in 

Cancer Stem Cell Targeted Therapy." Crit Rev 

Oncog 24(1): 1-20. 

 The cancer stem cells (CSCs) are a 

subpopulation of cancer cells with unique properties 

of self-renewal and differentiation potential. Recent 

evidence suggests that these cells might be 

responsible for tumor relapse and treatment 

resistance. Conventional cancer treatment modalities 

like chemotherapy and radiotherapy usually fail in 

eradicating CSCs in a tumor mass. Preclinical studies 

aiming at targeting CSCs have yielded great promise 

to increase the cancer cure rate. Likewise, targeting 

of conventional chemotherapeutic drugs to the CSCs 

and new small molecule inhibitors of stem-cell 

signaling pathways in humans carry the potential of 

improving the cancer management. Dendritic cell 

(DC)-based vaccines seem to be safe and efficient 

tools in targeting CSCs. The combination of DC 

vaccines with immune-checkpoint inhibitors is also 

promising. The viral vectors, particularly the 

oncolytic viruses, targeting CSCs have emerged as 

potential curative agents in cancer treatment. Here, 

we review the recent advances in targeting CSCs via 

stem cell markers, signaling pathways, immune 

system, cancer vaccines, and viral treatments. 

 

Aldoghachi, A. F., et al. (2023). "Stem Cells for 

Cancer Therapy: Translating the Uncertainties and 

Possibilities of Stem Cell Properties into 

Opportunities for Effective Cancer Therapy." Int J 

Mol Sci 24(2). 

 Cancer recurrence and drug resistance 

following treatment, as well as metastatic forms of 

cancer, are trends that are commonly encountered in 

cancer management. Amidst the growing popularity 

of personalized medicine and targeted therapy as 

effective cancer treatment, studies involving the use 

of stem cells in cancer therapy are gaining ground as 

promising translational treatment options that are 

actively pursued by researchers due to their unique 

tumor-homing activities and anti-cancer properties. 

Therefore, this review will highlight cancer 

interactions with commonly studied stem cell types, 

namely, mesenchymal stroma/stem cells (MSC), 

induced pluripotent stem cells (iPSC), iPSC-derived 

MSC (iMSC), and cancer stem cells (CSC). A 

particular focus will be on the effects of paracrine 

signaling activities and exosomal miRNA interaction 

released by MSC and iMSCs within the tumor 

microenvironment (TME) along with their 

therapeutic potential as anti-cancer delivery agents. 

Similarly, the role of exosomal miRNA released by 

CSCs will be further discussed in the context of its 

role in cancer recurrence and metastatic spread, 

which leads to a better understanding of how such 

exosomal miRNA could be used as potential forms of 

non-cell-based cancer therapy. 

 

Alessandrino, F., et al. (2017). "Imaging of hepatic 

toxicity of systemic therapy in a tertiary cancer centre: 

chemotherapy, haematopoietic stem cell 

transplantation, molecular targeted therapies, and 

immune checkpoint inhibitors." Clin Radiol 72(7): 

521-533. 

 The purpose of this review is to familiarise 

radiologists with the spectrum of hepatic toxicity 

seen in the oncology setting, in view of the different 

systemic therapies used in cancer patients. Drug-

induced liver injury can manifest in various forms, 

and anti-neoplastic agents are associated with 

different types of hepatotoxicity. Although 

chemotherapy-induced liver injury can present as 

hepatitis, steatosis, sinusoidal obstruction syndrome, 
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and chronic parenchymal damages, molecular 

targeted therapy-associated liver toxicity ranges from 

mild liver function test elevation to fulminant life-

threatening acute liver failure. The recent arrival of 

immune checkpoint inhibitors in oncology has 

introduced a new range of immune-related adverse 

events, with differing mechanisms of liver toxicity 

and varied imaging presentation of liver injury. High-

dose chemotherapy regimens for haematopoietic stem 

cell transplantation are associated with sinusoidal 

obstruction syndrome. Management of hepatic 

toxicity depends on the clinical scenario, the drug in 

use, and the severity of the findings. In this article, 

we will (1) present the most common types of 

oncological drugs associated with hepatic toxicity 

and associated liver injuries; (2) illustrate imaging 

findings of hepatic toxicities and the possible 

differential diagnosis; and (3) provide a guide for 

management of these conditions. 

 

Alnasser, S. M. (2022). "Stem cell challenge in 

cancer progression, oncology and therapy." Gene 840: 

146748. 

 Stem cell therapy consisted in the use of 

cells to treat damaged tissue, especially in cancer 

cases. Several cancer treatment techniques are 

developed today. However, the effectiveness of the 

treatments as well as the results remain too limited. 

We will discuss in this work the main advantages of 

the use of several categories of cells in the treatment 

of various cancerous diseases. The analysis of the 

obtained results related to cell therapy across the 

world over a period of twenty years can help to orient 

the researchers to the objectives in a more relevant 

and more reliable manner. The complex challenges of 

funded cancer care are discussed to provide a clear 

perspective on the future of administration and 

current treatment methods. 

 

Alperovich, M., et al. (2014). "Adipose stem cell 

therapy in cancer reconstruction: a critical review." 

Ann Plast Surg 73 Suppl 1: S104-107. 

 Found in most mesenchymally derived 

organs, mesenchymal stem cells are undifferentiated 

cells capable of developing into many cell types. 

Adipose stem cells are a type of mesenchymal stem 

cell easily extracted from lipoaspirate, often readily 

available, and are conformable to the tissue defect. 

Their ability for self-renewal, unlimited proliferation 

and proangiogenic, and immunomodulatory 

properties have made them attractive adjuncts in 

plastic surgery. Since the discovery of pluripotent 

cells in adipose tissue, plastic surgeons have applied 

the technology toward improving wound healing, soft 

tissue augmentation, and tissue engineering. More 

recently, some surgeons have used adipose stem cells 

in cancer reconstruction. By mixing lipoaspirate with 

concentrated fractions of adipose stem cells through a 

technique termed cell-assisted lipotransfer, plastic 

surgeons have claimed improved aesthetic results. 

Promising early results have been tempered by in 

vitro and animal studies demonstrating increased 

tumor proliferation and metastasis rates with the use 

of adipose and other mesenchymal stem cells. This 

review provides a succinct yet comprehensive 

overview of the current literature evaluating the 

oncologic risks associated with adipose stem cell use 

in cancer. 

 

Altaner, C. and U. Altanerova (2019). "Mesenchymal 

Stem Cell Exosome-Mediated Prodrug Gene Therapy 

for Cancer." Methods Mol Biol 1895: 75-85. 

 Exosomes derived from human 

mesenchymal stem cells (MSCs) engineered to 

express the suicide gene yeast cytosine 

deaminase::uracil phosphoribosyl transferase 

(yCD::UPRT) represent a new therapeutic approach 

for tumor-targeted innovative therapy. The 

yCD::UPRT-MSC-exosomes carry mRNA of the 

suicide gene in their cargo. Upon internalization by 

tumor cells, the exosomes inhibit the growth of broad 

types of cancer cells in vitro, in the presence of a 

prodrug. Here we describe the method leading to the 

production and testing of these therapeutic exosomes. 

The described steps include the preparation of 

replication-deficient retrovirus possessing the 

yCD::UPRT suicide gene, and the preparation and 

selection of MSCs transduced with yCD::UPRT 

suicide gene. We present procedures to obtain 

exosomes possessing the ability to induce the death 

of tumor cells. In addition, we highlight methods for 

the evaluation of the suicide gene activity of 

yCD::UPRT-MSC-exosomes. 

 

Altanerova, U., et al. (2019). "Prodrug suicide gene 

therapy for cancer targeted intracellular by 

mesenchymal stem cell exosomes." Int J Cancer 

144(4): 897-908. 

 The natural behavior of mesenchymal stem 

cells (MSCs) and their exosomes in targeting tumors 

is a promising approach for curative therapy. Human 

tumor tropic mesenchymal stem cells (MSCs) 

isolated from various tissues and MSCs engineered to 

express the yeast cytosine deaminase::uracil 

phosphoribosyl transferase suicide fusion gene 

(yCD::UPRT-MSCs) released exosomes in 

conditional medium (CM). Exosomes from all tissue 

specific yCD::UPRT-MSCs contained mRNA of the 

suicide gene in the exosome's cargo. When the CM 

was applied to tumor cells, the exosomes were 
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internalized by recipient tumor cells and in the 

presence of the prodrug 5-fluorocytosine (5-FC) 

effectively triggered dose-dependent tumor cell death 

by endocytosed exosomes via an intracellular 

conversion of the prodrug 5-FC to 5-fluorouracil. 

Exosomes were found to be responsible for the tumor 

inhibitory activity. The presence of microRNAs in 

exosomes produced from naive MSCs and from 

suicide gene transduced MSCs did not differ 

significantly. MicroRNAs from yCD::UPRT-MSCs 

were not associated with therapeutic effect. MSC 

suicide gene exosomes represent a new class of 

tumor cell targeting drug acting intracellular with 

curative potential. 

 

Altundag, K., et al. (2006). "Promotion of 

neurogenesis by human stem cells in high-risk breast 

cancer survivals after stem-cell supported high-dose 

therapy." Ann Oncol 17(9): 1465; author reply 1495-

1466. 

  

Arjmand, B., et al. (2024). "GMP-Compliant 

Mesenchymal Stem Cell-Derived Exosomes for Cell-

Free Therapy in Cancer." Methods Mol Biol 2736: 

163-176. 

 Cancer is categorized as one of the life-

threatening disease in the world, which has recently 

been associated with a significant increase in the 

incidence and prevalence rate. Hence, the discovery 

of effective approaches for prevention, early 

diagnosis, and effective treatment for cancer has been 

prioritized by oncology researchers. In recent decades, 

mesenchymal stem cells show great potential to 

advance the field of regenerative medicine and 

oncology research due to representing prominent 

characteristics. Recently, studies indicate that 

mesenchymal stem cells can play an important role 

by secreting extracellular vesicles like exosomes in 

modulating the biological functions of target cells 

through paracrine regulation. Indeed, the exosomes 

derived from mesenchymal stem cells can represent 

the same therapeutic potential as parent cells with 

fewer side effects. Therefore, it can be demonstrated 

that exosomes can be a suitable drug delivery 

candidate in regenerative medicine and targeted 

therapy. It is also noteworthy that as the use of 

exosome therapy becomes more common in clinical 

studies, the importance of improving basic criteria 

such as safety, efficiency, and quality of stem cell 

products will also be highlighted. Based on this 

concept, the good manufacturing practice principles 

were put forward to examine the standard of cell 

products from different qualitative and quantitative 

aspects to progress the cell therapy. In other words, 

the principles of good manufacturing practice should 

be observed not only in the extraction and isolation of 

stem cells but also in the extraction of products 

related to stem cells such as exosomes in the field of 

treatment. 

 

Arya, M., et al. (2004). "Allogeneic hematopoietic 

stem-cell transplantation: the next generation of 

therapy for metastatic renal cell cancer." Nat Clin 

Pract Oncol 1(1): 32-38. 

 The management of metastatic renal cell 

carcinoma (mRCC) remains a therapeutic challenge; 

less than 10% of patients survive for longer than 5 

years. The resistance of renal cancer to chemotherapy 

may be explained by high levels of the multidrug 

resistance gene, MDR1. Immune-based treatments 

for renal cancer have been explored because of their 

unusual susceptibility to immunological assault. 

However, response rates to cytokines such as 

interleukin-2 and interferon-alpha have ranged from 

only 10% to 20%, prompting other immunotherapy 

approaches, such as allogeneic stem-cell 

transplantation, to be investigated. Several clinical 

trials have provided evidence of partial or complete 

disease regression in refractory mRCC following 

nonmyeloablative stem-cell transplantation. This 

effect is because of a donor antimalignancy effect 

mediated by immunocompetent donor T cells, called 

graft-versus-tumor effect. Unfortunately, less than 30% 

of patients who could have this procedure will have a 

human-leukocyte-antigen-compatible sibling, and 

attention is focusing on alternative donors such as 

matched unrelated donors and partially mismatched 

related donors. Despite the improved safety of 

nonmyeloablative conditioning regimens, transplant-

related toxic effects (particularly graft-versus-host 

disease) remain obstacles to the safe and effective use 

of this treatment. Regardless of these limitations, 

innovative approaches have attempted to harness the 

potential of the graft-versus-tumor effect in mRCC 

and other solid tumors. 

 

Arya, M., et al. (2005). "Non-myeloablative 

allogeneic stem cell transplantation: a promising new 

therapy in the management of metastatic renal cell 

cancer." BJU Int 96(4): 474-475. 

  

Avancini, G., et al. (2023). "Mesenchymal Stem Cell 

Membrane-Coated TPCS(2a)-Loaded Nanoparticles 

for Breast Cancer Photodynamic Therapy." 

Pharmaceutics 15(6). 

 Despite substantial improvements in breast 

cancer (BC) treatment there is still an urgent need to 

find alternative treatment options to improve the 

outcomes for patients with advanced-stage disease. 

Photodynamic therapy (PDT) is gaining a lot of 

http://www.sciencepub.net/stem


Stem Cell 2024;15(3)                                 http://www.sciencepub.net/stem        SCJ   

 
 

10 

 

attention as a BC therapeutic option because of its 

selectivity and low off-target effects. However, the 

hydrophobicity of photosensitizers (PSs) impairs 

their solubility and limits the circulation in the 

bloodstream, thus representing a major challenge. 

The use of polymeric nanoparticles (NPs) to 

encapsulate the PS may represent a valuable strategy 

to overcome these issues. Herein, we developed a 

novel biomimetic PDT nanoplatform (NPs) based on 

a polymeric core of poly(lactic-co-glycolic)acid 

(PLGA) loaded with the PS meso-tetraphenylchlorin 

disulfonate (TPCS(2a)). TPCS(2a)@NPs of 98.89 +/- 

18.56 nm with an encapsulation efficiency percentage 

(EE%) of 81.9 +/- 7.92% were obtained and coated 

with mesenchymal stem cells-derived plasma 

membranes (mMSCs) (mMSC-TPCS(2a)@NPs, size 

of 139.31 +/- 12.94 nm). The mMSC coating armed 

NPs with biomimetic features to impart long 

circulation times and tumor-homing capabilities. In 

vitro, biomimetic mMSC-TPCS(2a)@NPs showed a 

decrease in macrophage uptake of 54% to 70%, 

depending on the conditions applied, as compared to 

uncoated TPCS(2a)@NPs. Both NP formulations 

efficiently accumulated in MCF7 and MDA-MB-231 

BC cells, while the uptake was significantly lower in 

normal breast epithelial MCF10A cells with respect 

to tumor cells. Moreover, encapsulation of TPCS(2a) 

in mMSC-TPCS(2a)@NPs effectively prevents its 

aggregation, ensuring efficient singlet oxygen 

((1)O(2)) production after red light irradiation, which 

resulted in a considerable in vitro anticancer effect in 

both BC cell monolayers (IC(50) < 0.15 microM) and 

three-dimensional spheroids. 

 

Bago, J. R., et al. (2016). "Fibrin matrices enhance 

the transplant and efficacy of cytotoxic stem cell 

therapy for post-surgical cancer." Biomaterials 84: 

42-53. 

 Tumor-homing cytotoxic stem cell (SC) 

therapy is a promising new approach for treating the 

incurable brain cancer glioblastoma (GBM). 

However, problems of retaining cytotoxic SCs within 

the post-surgical GBM resection cavity are likely to 

significantly limit the clinical utility of this strategy. 

Here, we describe a new fibrin-based transplant 

approach capable of increasing cytotoxic SC 

retention and persistence within the resection cavity, 

yet remaining permissive to tumoritropic migration. 

This fibrin-based transplant can effectively treat both 

solid and post-surgical human GBM in mice. Using 

our murine model of image-guided model of GBM 

resection, we discovered that suspending human 

mesenchymal stem cells (hMSCS) in a fibrin matrix 

increased initial retention in the surgical resection 

cavity 2-fold and prolonged persistence in the cavity 

3-fold compared to conventional delivery strategies. 

Time-lapse motion analysis revealed that cytotoxic 

hMSCs in the fibrin matrix remain tumoritropic, 

rapidly migrating from the fibrin matrix to co-

localize with cultured human GBM cells. We 

encapsulated hMSCs releasing the cytotoxic agent 

TRAIL (hMSC-sTR) in fibrin, and found hMSC-

sTR/fibrin therapy reduced the viability of multiple 

3-D human GBM spheroids and regressed established 

human GBM xenografts 3-fold in 11 days. 

Mimicking clinical therapy of surgically resected 

GBM, intra-cavity seeding of therapeutic hMSC-sTR 

encapsulated in fibrin reduced post-surgical GBM 

volumes 6-fold, increased time to recurrence 4-fold, 

and prolonged median survival from 15 to 36 days 

compared to control-treated animals. Fibrin-based SC 

therapy could represent a clinically compatible, 

viable treatment to suppress recurrence of post-

surgical GBM and other lethal cancer types. 

 

Bago, J. R., et al. (2016). "Neural stem cell therapy 

for cancer." Methods 99: 37-43. 

 Cancers of the brain remain one of the 

greatest medical challenges. Traditional surgery and 

chemo-radiation therapy are unable to eradicate 

diffuse cancer cells and tumor recurrence is nearly 

inevitable. In contrast to traditional regenerative 

medicine applications, engineered neural stem cells 

(NSCs) are emerging as a promising new therapeutic 

strategy for cancer therapy. The tumor-homing 

properties allow NSCs to access both primary and 

invasive tumor foci, creating a novel delivery 

platform. NSCs engineered with a wide array of 

cytotoxic agents have been found to significantly 

reduce tumor volumes and markedly extend survival 

in preclinical models. With the recent launch of new 

clinical trials, the potential to successfully manage 

cancer in human patients with cytotoxic NSC therapy 

is moving closer to becoming a reality. 

 

Bao, Q., et al. (2012). "Mesenchymal stem cell-based 

tumor-targeted gene therapy in gastrointestinal 

cancer." Stem Cells Dev 21(13): 2355-2363. 

 Mesenchymal stem (or stromal) cells (MSCs) 

are nonhematopoietic progenitor cells that can be 

obtained from bone marrow aspirates or adipose 

tissue, expanded and genetically modified in vitro, 

and then used for cancer therapeutic strategies in vivo. 

Here, we review available data regarding the 

application of MSC-based tumor-targeted therapy in 

gastrointestinal cancer, provide an overview of the 

general history of MSC-based gene therapy in cancer 

research, and discuss potential problems associated 

with the utility of MSC-based therapy such as 
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biosafety, immunoprivilege, transfection methods, 

and distribution in the host. 

 

Bashey, A., et al. (2001). "Use of capecitabine as 

first-line therapy in patients with metastatic breast 

cancer relapsing after high-dose chemotherapy and 

autologous stem cell support." Clin Oncol (R Coll 

Radiol) 13(6): 434-437. 

 High-dose chemotherapy with autologous 

stem cell support (HDC-ASCS) can produce high 

complete remission rates in patients with metastatic 

breast cancer (MBC). However, the majority of those 

so treated will relapse within 3 years. The ability of 

such patients to tolerate further myelosuppressive 

chemotherapy may be limited and the best therapy is 

undefined. In this retrospective study we assessed the 

role of capecitabine as initial therapy after relapse. 

Ten patients (median age = 47 years; oestrogen 

receptor-positive, n = 4; visceral disease, n = 6; prior 

anthracycline, n = 8, prior taxanes, n = 10), whose 

disease progressed at a median of 246 days (range 

69-480) after HDC-ASCS and who were treated with 

capecitabine (2500 mg/m2 per day for 2 weeks of a 

3-week cycle) as initial therapy for relapse, were 

assessed retrospectively for response and toxicity. 

They received a median of eight cycles (range 4-24) 

of capecitabine. The toxicities encountered while 

receiving capecitabine were: hand-foot syndrome 

(grade 1, n = 3; grade 2, n = 4; grade 3, n = 1); 

diarrhoea (grade 1, n = 1; grade 2, n = 3); nausea (n = 

2) and fatigue (n = 5). Haematological toxicity was 

seen in only one patient. No patient required 

hospitalization for toxicity. Three achieved a 

complete remission, four a partial remission and three 

disease stabilization. After a median follow-up of 183 

days from commencing capecitabine (range 97-540), 

all patients were alive and five were in remission. 

Five progressed after remissions that lasted between 

63 and 252 days. Oral capecitabine is an active and 

well-tolerated agent when used alone as first-line 

therapy in patients who have relapsed after HDC-

ASCS for MBC. 

 

Bayat, S., et al. (2018). "HDACis (class I), cancer 

stem cell, and phytochemicals: Cancer therapy and 

prevention implications." Biomed Pharmacother 97: 

1445-1453. 

 Epigenetics is independent of the sequence 

events that physically affect the condensing of 

chromatin and genes expression. The unique 

epigenetic memories of various cells trigger 

exclusive gene expression profiling. According to 

different studies, the aberrant epigenetic signatures 

and impaired gene expression profiles are master 

occurrences in cancer cells in which oncogene and 

tumor suppressor genes are affected. Owing to the 

facts that epigenetic modifications are performed 

earlier than expression and are reversible, the 

epigenetic reprogramming of cancer cells could be 

applied potentially for their prevention, control, and 

therapy. The disruption of the acetylation signature, 

as a master epigenetic change in cancers, is related to 

the expression and the activity of HDACs. In this 

context, class I HDACs play a significant role in the 

regulation of cell proliferation and cancer. More 

recently, cancer stem cell (CSC) has been introduced 

as a minority population of tumor that is responsible 

for invasiveness, drug resistance, and relapse of 

cancers. It is now believed that controlling CSC via 

epigenetic reprogramming such as targeting HDACs 

could be helpful in regulating the acetylation pattern 

of chromatin. Recently, a number of reports have 

introduced some phytochemicals as HDAC inhibitors. 

The use of phytochemicals with the HDAC inhibition 

property could be potentially efficient in overcoming 

the mentioned problems of CSCs. This review 

presents a perspective concerning HDAC-targeted 

phytochemicals to control CSC in tumors. Hopefully, 

this new route would have more advantages in 

therapeutic applications and prevention against 

cancer. 

 

Bergh, J. (1995). "High-dose therapy with autologous 

bone marrow stem cell support in primary and 

metastatic human breast cancer. A review." Acta 

Oncol 34(5): 669-674. 

 A dose-response relationship has been 

demonstrated for metastatic human breast cancer. 

This increased response using moderately increased 

doses is generally not translated into an improved 

survival. The use of high-dose therapy to selected 

patients with metastases/recurrence responding to 

conventional doses of polychemotherapy may lead to 

an improved survival tail. Conventional doses of 

polychemotherapy in the adjuvant setting will reduce 

the relative mortality by around 25% 10 years after 

primary diagnosis. The use of high-dose therapy 

supported by autologous bone marrow stem cells may 

be markedly more effective in the adjuvant setting, 

especially to high-risk patients, compared with 

standard polychemotherapy. Several randomized 

studies are being planned or have already started in 

order to answer different aspects of this issue. 

 

Bergh, J. (2000). "Where next with stem-cell-

supported high-dose therapy for breast cancer?" 

Lancet 355(9208): 944-945. 

  

Berry, D. A., et al. (2011). "High-dose chemotherapy 

with autologous stem-cell support as adjuvant 
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therapy in breast cancer: overview of 15 randomized 

trials." J Clin Oncol 29(24): 3214-3223. 

 PURPOSE: Adjuvant high-dose 

chemotherapy (HDC) with autologous hematopoietic 

stem-cell transplantation (AHST) for high-risk 

primary breast cancer has not been shown to prolong 

survival. Individual trials have had limited power to 

show overall benefit or benefits within subsets. 

METHODS: We assembled individual patient data 

from 15 randomized trials that compared HDC versus 

control therapy without stem-cell support. 

Prospectively defined primary end points were 

relapse-free survival (RFS) and overall survival (OS). 

We compared the effect of HDC versus control by 

using log-rank tests and proportional hazards 

regression, and we adjusted for clinically relevant 

covariates. Subset analyses were by age, number of 

positive lymph nodes, tumor size, histology, hormone 

receptor (HmR) status, and human epidermal growth 

factor receptor 2 (HER2) status. RESULTS: Of 6,210 

total patients (n = 3,118, HDC; n = 3,092 control), 

the median age was 46 years; 69% were 

premenopausal, 29% were postmenopausal, and 2% 

were unknown menopausal status; 49.5% were HmR 

positive; 33.5% were HmR negative, and 17% were 

unknown HmR status. The median follow-up was 6 

years. After analysis was adjusted for covariates, 

HDC was found to prolong relapse-free survival 

(RFS; hazard ratio [HR], 0.87; 95% CI, 0.81 to 0.93; 

P < .001) but not overall survival (OS; HR, 0.94; 95% 

CI, 0.87 to 1.02; P = .13). For OS, no covariates had 

statistically significant interactions with treatment 

effect, and no subsets evinced a significant effect of 

HDC. Younger patients had a significantly better 

RFS on HDC than did older patients. CONCLUSION: 

Adjuvant HDC with AHST prolonged RFS in high-

risk primary breast cancer compared with control, but 

this did not translate into a significant OS benefit. 

Whether HDC benefits patients in the context of 

targeted therapies is unknown. 

 

Bhargav, H., et al. (2012). "Enhancement of cancer 

stem cell susceptibility to conventional treatments 

through complementary yoga therapy: possible 

cellular and molecular mechanisms." J Stem Cells 

7(4): 261-267. 

 Cancer stem cells (CSCs) are stem-like 

tumor populations that are reported to contribute 

towards tumor growth, maintenance and recurrence 

after therapy. Hypoxia increases CSC fraction and 

promotes acquisition of a stem-cell-like state. Cancer 

stem cells are critically dependant on the hypoxia-

inducible factor-1 (HIF-1) for survival, self-renewal, 

tumor growth and maintenance of their 

undifferentiated phenotype. Recent researches show 

that stage of differentiation of the tumor cells is 

predictive of their susceptibility to natural killer cell 

(NK) cell mediated cytotoxicity and cancer stem cells 

are significant targets of NK cell cytotoxicity. Studies 

also show that reversion of tumor cells to a less-

differentiated phenotype can be achieved by blocking 

NFkappaB. Yoga therapy (yogic lifestyle 

modifications encompassing physical postures, 

breathing practices, relaxation techniques and 

meditations) is known to modulate neural, endocrine 

and immune functions at the cellular level through 

influencing cell cycle control, aging, oxidative stress, 

apoptosis and several pathways of stress signaling 

molecules. Yoga therapy has also been shown to 

enhance natural killer cell activity and modulate 

stress and DNA damage in breast cancer patients 

receiving radiotherapy. Recent study found that brief 

daily yogic meditation may reverse the pattern of 

increased NFkappaB-related transcription of pro-

inflammatory cytokines in leukocytes. Thus, yoga 

therapy has the potential to reduce cancer stem cell 

survival, self -renewal and tumor growth by 

modifying the tumor micro-environment through 

various mechanisms such as; 1) reducing HIF-1 

activity by enhanced oxygenation, 2) promoting NK 

cell activity directly (or indirectly through down 

regulating NFkappaB expression), thereby enhancing 

NK cell mediated CSC lysis, and 3) by minimizing 

the aberrant expressions or activities of various 

hormones, cytokines, chemokines and tumor 

signaling pathways. Yoga therapy may have a 

synergistic effect with conventional modalities of 

treatment in preventing cancer progression and 

recurrences. 

 

Bhat, V., et al. (2019). "Role of the 

Microenvironment in Regulating Normal and Cancer 

Stem Cell Activity: Implications for Breast Cancer 

Progression and Therapy Response." Cancers (Basel) 

11(9). 

 The epithelial cells in an adult woman's 

breast tissue are continuously replaced throughout 

their reproductive life during pregnancy and estrus 

cycles. Such extensive epithelial cell turnover is 

governed by the primitive mammary stem cells 

(MaSCs) that proliferate and differentiate into 

bipotential and lineage-restricted progenitors that 

ultimately generate the mature breast epithelial cells. 

These cellular processes are orchestrated by tightly-

regulated paracrine signals and crosstalk between 

breast epithelial cells and their tissue 

microenvironment. However, current evidence 

suggests that alterations to the communication 

between MaSCs, epithelial progenitors and their 

microenvironment plays an important role in breast 
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carcinogenesis. In this article, we review the current 

knowledge regarding the role of the breast tissue 

microenvironment in regulating the special functions 

of normal and cancer stem cells. Understanding the 

crosstalk between MaSCs and their 

microenvironment will provide new insights into how 

an altered breast tissue microenvironment could 

contribute to breast cancer development, progression 

and therapy response and the implications of this for 

the development of novel therapeutic strategies to 

target cancer stem cells. 

 

Blagosklonny, M. V. (2007). "Cancer stem cell and 

cancer stemloids: from biology to therapy." Cancer 

Biol Ther 6(11): 1684-1690. 

 It has become a cliche that cancer therapy 

fails because it does not target rare cancer stem cells 

(CSCs). Here we are discuss that this is not how 

therapy fails and not any cancer cell with stem-like 

properties is CSC. Paradoxically, CSCs must be 

resting to explain their resistance to therapy yet must 

be cycling to explain their persistence in cell culture. 

To solve contradictions, this article introduces the 

term cancer stemloids (or stem cell-like cells) to 

describe proliferating self-renewing cells. The stem 

cell hierarchy (stem--proliferating--terminal cells) 

exists exactly to separate self-renewal (immortality) 

from proliferation. Cancer stemloids break the stem 

cell hierarchy and eventually may replace other cells. 

While CSC is shielded from any selective pressure 

and therefore unable to drive tumor progression, 

cancer stemloids undergo clonal selection, 

accumulate mutations, thus determining tumor 

progression and therapeutic failures. Unlike CSC, 

cancer stemloids are a crucial target for cancer 

therapy, exactly because they proliferate. 

Furthermore, two normally mutually-exclusive 

properties (proliferation and stemness) provide a 

means to design therapy to kill cancer stemloids 

selectively without killing normal stem and non-stem 

cells. In contrast, true CSCs are not only a difficult, 

but also an insufficient and perhaps even an 

unnecessary therapeutic target, especially in 

advanced malignancies. 

 

Bou-Khalil, J., et al. (2003). "Sequential high-dose 

alkylating therapy and stem cell support for high-risk 

stage III breast cancer." Breast J 9(6): 472-477. 

 Patients who receive neoadjuvant 

chemotherapy for locally advanced breast cancer and 

have four or more ipsilateral axillary lymph nodes 

involved at surgery are at high risk for recurrence, 

with a median time to relapse of 18 months. We 

offered such patients high-dose chemotherapy with 

stem cell rescue. Patients received cyclophosphamide 

or paclitaxel and granulocyte colony-stimulating 

factor (G-CSF) to mobilize stem cells. Melphalan 

140 mg/m2 was then given with stem cell rescue. 

Twenty-four to 35 days later, thiotepa 900 mg/m2 

was given with stem cell rescue. Patients with 

hormone receptor-positive tumors received tamoxifen. 

We treated 14 patients in this fashion from 1995 to 

1998. The mean age was 46.7 years. The majority of 

cancers were stage IIIB (79%). Thirteen women 

underwent mastectomy after anthracycline-containing 

chemotherapy and 50% had more than seven positive 

lymph nodes. Hospitalization was principally for 

neutropenic fever. Other morbidities were 

pneumonitis, cardiomyopathy, and grade 3/4 white 

blood cell (WBC) toxicity. No patient died of a 

treatment-related complication. Seven of 14 relapsed 

at 10, 12, <15, 15, 17, 21, and 36 months, with 

median follow-up of 26.5 months. Time to relapse in 

this small series is only modestly improved over 

historical experience with standard-dose adjuvant 

chemotherapy. Alternative strategies for treating 

locally advanced breast cancer should be pursued. 

 

Brasseur, N., et al. (2000). "Eradication of multiple 

myeloma and breast cancer cells by TH9402-

mediated photodynamic therapy: implication for 

clinical ex vivo purging of autologous stem cell 

transplants." Photochem Photobiol 72(6): 780-787. 

 High-dose chemotherapy combined with 

autologous transplantation using bone marrow or 

peripheral blood-derived stem cells (PBSC) is now 

widely used in the treatment of hematologic 

malignancies as well as some solid tumors like breast 

cancer (BC). However, some controversial results 

were recently obtained in the latter case. The 

presence of malignant cells in the autograft has been 

associated with the recurrence of the disease, and 

purging procedures are needed to eliminate this risk. 

The aim of this study was to evaluate the potential of 

the photosensitizer 4,5-dibromorhodamine methyl 

ester (TH9402), a dibrominated rhodamine derivative, 

to eradicate multiple myeloma (MM) and BC cell 

lines, while sparing more than 50% of normal 

pluripotential blood stem cells from healthy 

volunteers. The human BC MCF-7 and T-47D and 

MM RPMI 8226 and NCI-H929 cell lines were used 

to optimize the photodynamic purging process. Cell 

concentration and the cell suspension thickness as 

well as the dye and light doses were varied in order to 

eventually treat 1-2 L of apheresis. The light source 

consisted of two fluorescent scanning tubes emitting 

green light centered about 515 nm. The cellular 

uptake of TH9402 was measured during the 

incubation and washout periods and after 

photodynamic treatment (PDT) using 
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spectrofluorometric analysis. The limiting dilution 

assay showed that an eradication rate of more than 5 

logs is obtained when using a 40 min incubation with 

5-10 microM dye followed by a 90 min washout 

period and a light dose of 5-10 J/cm2 (2.8 mW/cm2) 

in all cell lines. Agitating the 2 cm thick cell 

suspension containing 20 x 10(6) cells/mL during 

PDT was essential for maximal photoinactivation. 

Experiments on mobilized PBSC obtained from 

healthy volunteers showed that even more drastic 

purging conditions than those found optimal for 

maximal eradication of the malignant cell lines were 

compatible with a good recovery of hematopoietic 

progenitors cells. The absence of significant toxicity 

towards normal hematopoietic stem cells, combined 

with the 5 logs eradication of cancer cell lines 

induced by this procedure suggests that TH9402 

offers an excellent potential as an ex vivo 

photodynamic purging agent for autologous 

transplantation in MM and BC treatment. 

 

Brenner, M. K. (2014). "Gene-modified cells for stem 

cell transplantation and cancer therapy." Hum Gene 

Ther 25(7): 563-569. 

  

Bryukhovetskiy, I., et al. (2020). "Personalized 

therapy and stem cell transplantation for pro-

inflammatory modulation of cancer stem cells 

microenvironment in glioblastoma: Review." Int Rev 

Neurobiol 151: 67-98. 

 Glioblastoma multiforme (GBM) is one of 

the most aggressive types of brain tumor in humans. 

The prognosis for patients with GBM is unfavorable 

and treatment is largely ineffective, where modern 

treatment regimens typically increase survival by 15 

months. GBM relapse and progression are associated 

with cancer stem cells (CSCs). The present review 

provides a critical analysis of the primary reasons 

underlying the lack of effectiveness of modern CSC 

management methods. An emphasis is placed on the 

role of the blood-brain barrier in the development of 

treatment resistance. The existing methods for 

increasing the efficiency of antitumor genotoxic 

therapy are also described, and a strategy for 

personalized regulation of CSC based on post-

genome technologies is suggested. The hypothesis 

that GBM cells employ a special mechanism for 

DNA repair based on their interactions with normal 

stem cells, is presented and the function of the tumor 

microenvironment in fulfilling the antitumor potential 

of normal stem cells is explained. Additionally, the 

mechanisms by which cancer stem cells regulate 

glioblastoma progression and recurrence are 

described based on novel biomedical technologies. 

 

Buchholz, T. A., et al. (2000). "Importance of 

radiation therapy for breast cancer patients treated 

with high-dose chemotherapy and stem cell 

transplant." Int J Radiat Oncol Biol Phys 46(2): 337-

343. 

 PURPOSE: To determine local-regional 

failure rates in breast cancer patients treated with 

surgery and high-dose chemotherapy with stem cell 

transplant and to relate local-regional failure to the 

use and timing of radiation treatment. METHODS 

AND MATERIALS: We retrospectively reviewed 

the records of 165 breast cancer patients treated on 

institutional protocols with surgery and high-dose 

chemotherapy with stem cell transplant. All patients 

had either Stage III disease, 10 or more positive 

axillary lymph nodes, or 4 or more positive axillary 

lymph nodes following neoadjuvant chemotherapy. 

Twelve patients had inflammatory breast cancer. 

Thirteen patients treated with breast preservation and 

5 patients who died from toxicity within 30 days of 

transplant were excluded from the analyses of local-

regional recurrences. In the remaining 147 patients, 

108 were treated with adjuvant radiation and 39 were 

not. The disease stage distribution for these two 

groups was comparable. The median follow-up for 

surviving patients was 35 months. RESULTS: The 3- 

and 5-year actuarial disease-free survival (DFS) for 

the entire group was 60% and 51%, respectively. The 

5-year rates of freedom from isolated local-regional 

recurrence were 95% in the patients treated with 

adjuvant radiation and 86% in the patients who did 

not receive radiation (p = 0.014, log rank 

comparison). The 5-year rates of any local-regional 

recurrence as a first event (isolated recurrences plus 

those with simultaneous local-regional and distant 

recurrences) were 92% versus 82%, respectively for 

patients whose treatment did and did not include 

radiation (p = 0.038). We could not demonstrate a 

correlation of the timing of radiation with the risk of 

local-regional recurrence. CONCLUSIONS: These 

data indicate that high-dose chemotherapy does not 

negate the importance of radiation in optimizing 

local-regional control in patients with high-risk breast 

cancer. Given the results of recent randomized trials 

studying postmastectomy radiation, which show that 

improving local-regional control improves overall 

survival (OS), we believe that all breast cancer 

patients with high-risk primary breast cancer who are 

treated with high-dose chemotherapy with stem cell 

transplant should receive radiation as a component of 

their treatment. 

 

Budillon, A., et al. (2019). "Identification and 

Targeting of Stem Cell-Activated Pathways in 

Cancer Therapy." Stem Cells Int 2019: 8549020. 
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Byun, J. Y., et al. (2022). "Targeting HIF-

1alpha/NOTCH1 pathway eliminates CD44(+) 

cancer stem-like cell phenotypes, malignancy, and 

resistance to therapy in head and neck squamous cell 

carcinoma." Oncogene 41(9): 1352-1363. 

 Poor prognosis of head and neck squamous 

cell carcinomas (HNSCCs) results from resistance to 

chemotherapy and radiotherapy. To uncover the 

drivers of HNSCC resistance, including stemness and 

hypoxia, in this study, we compared the gene 

expression between CD44(+) and CD44(-) HNSCC 

cells and assessed the correlation of CD44 and 

hypoxia-inducible factor 1alpha (HIF-1alpha) 

expression with mouse features and outcomes of 

patients with HNSCC. We combined the knockdown 

or activation of HIF-1alpha with in vitro and in vivo 

assays to evaluate effects on stemness and resistance 

of HNSCC cells. Analysis of clinical data showed 

that activation of HIF-1alpha in CD44(+) patients 

with HNSCC was correlated with worse prognosis. 

Functional assays showed that HIF-1alpha promoted 

stemness, resistance, and epithelial-mesenchymal 

transition in HNSCC CD44(+) cells. HIF-1alpha 

activated NOTCH1 signaling in HNSCC stem-like 

cells characterized by CD44 expression. Moreover, 

inhibition of these signaling proteins using shRNA or 

Evofosfamide (Evo) development for cancer 

treatment, reversed chemoresistance in vitro and in 

vivo. Taken together, our results indicated that 

targeting HIF-1alpha attenuated NOTCH1-induced 

stemness, which regulates responses to chemotherapy 

or radiotherapy and malignancy in CD44(+) 

HNSCCs. HIF-1alpha/NOTCH1 signaling may 

represent a target for HNSCC treatment. 

 

Cacciari, N., et al. (2000). "The addition of topotecan 

to carboplatin and paclitaxel as first-line therapy for 

advanced ovarian cancer; is it possible only with 

peripheral blood stem cell support?" Eur J Gynaecol 

Oncol 21(1): 84-85. 

 A phase I study was performed in order to 

evaluate the tolerability of the combination of fixed 

doses of carboplatin and paclitaxel and escalated 

doses of topotecan as first line chemotherapy for 

advanced epithelial ovarian cancer. Three stage III 

and one stage IV patients entered the study. The dose 

limiting toxicity (neutropenia and thrombocytopenia) 

was reached at the first dose level: paclitaxel 175 

mg/m2 on day 1, carboplatin AUC 5 on day I and 

topotecan 0.5 mg/m2 daily from day 1 to day 3. We 

conclude that it is not possible to add topotecan to 

standard regimens of carboplatin and paclitaxel 

without bone marrow support. 

 

Carey-Ewend, A. G., et al. (2020). "Developing 

Bioinspired Three-Dimensional Models of Brain 

Cancer to Evaluate Tumor-Homing Neural Stem Cell 

Therapy." Tissue Eng Part A. 

 Engineered neural stem cells (NSCs) have 

recently emerged as a promising therapy. Acting as a 

tumor-homing drug-delivery system, NSCs migrate 

through brain tissue to seek out primary and invasive 

tumor foci. NSCs can deliver therapeutic agents, such 

as TNFalpha-related apoptosis-inducing ligand, 

directly to the tumor and suppress glioblastoma 

(GBM) in murine models. While the mainstays for 

evaluating NSC migration and efficacy have been 

two-dimensional chemotaxis assays and mouse 

models, these low-throughput and small-scale 

systems limit our ability to implant and track these 

cells for human translation. To circumvent these 

challenges, we developed a three-dimensional culture 

system using a matrix of poly-l-lactic acid 6100 

microfibers suspended in agar. These bioinspired 

brain matrices were used to model tumor growth, 

NSC migration, and efficacy of NSC therapy at small 

and human scale. Kinetic fluorescent imaging 

confirmed growth of tumors in both small and 

human-sized bioinspired brain matrix. Tumors 

proliferated 50-fold and 3-fold for GBM and human 

metastatic breast cancer, respectively, over 7 days. 

We next explored the impact of tumor location on 

NSC migration. When NSCs were implanted 2 mm 

lateral from the tumor foci, NSCs colocalized with 

the GBM within 7 days. In models of multifocal 

disease, NSCs were found to colocalize with multiple 

tumors, preferentially migrating to tumor foci closest 

to the site of NSC implantation. Lastly, therapeutic 

NSCs were implanted at increasing distances (0, 2, 5, 

or 10 mm) laterally from GBM foci to investigate the 

effects of distance on NSC efficacy. Serial imaging 

showed reduced fluorescence at tumor sites, 

implicating GBM apoptosis across all distances. 

NSCs coinjected with tumor induced a near-complete 

response in <10 days, while NSCs implanted 10 mm 

laterally from the tumor induced a near-complete 

response by day 30. Lastly, GBM foci were 

established in each hemisphere of the model and 

control or therapeutic NSCs were implanted adjacent 

to tumor cells in the right hemisphere. Kinetic 

imaging showed that NSC therapy attenuated 

progression of GBM foci, while GBM cells treated 

with control NSC expanded rapidly over 21 days. In 

conclusion, we developed a new bioinspired model 

that supports growth of human brain cancer cells and 

enables rapid tracking of NSC therapy. Impact 

statement Tumor-homing and tumor-killing-

engineered neural stem cell (NSC) therapies have 

shown immense promise in both preclinical and 
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clinical trials. However, as cell therapies continue to 

evolve, cost-effective and high-throughput screening 

assays are needed to assess the proliferation, 

migration, and efficacy of these cells. In this study, 

we developed a bioinspired brain matrix for the 

evaluation of engineered NSCs. Importantly, this 

matrix is easy to fabricate, scalable, and allows for 

sterile real-time, noninvasive imaging using our 

custom bioreactor. We then utilized the bioinspired 

brain matrix system to answer key questions around 

the tumor-homing migration and efficacy of 

engineered NSC therapies that are challenging to 

address with traditional models. 

 

Carey-Ewend, A. G., et al. (2021). "Developing 

Bioinspired Three-Dimensional Models of Brain 

Cancer to Evaluate Tumor-Homing Neural Stem Cell 

Therapy." Tissue Eng Part A 27(13-14): 857-866. 

 Engineered neural stem cells (NSCs) have 

recently emerged as a promising therapy. Acting as a 

tumor-homing drug-delivery system, NSCs migrate 

through brain tissue to seek out primary and invasive 

tumor foci. NSCs can deliver therapeutic agents, such 

as TNFalpha-related apoptosis-inducing ligand, 

directly to the tumor and suppress glioblastoma 

(GBM) in murine models. While the mainstays for 

evaluating NSC migration and efficacy have been 

two-dimensional chemotaxis assays and mouse 

models, these low-throughput and small-scale 

systems limit our ability to implant and track these 

cells for human translation. To circumvent these 

challenges, we developed a three-dimensional culture 

system using a matrix of poly-l-lactic acid 6100 

microfibers suspended in agar. These bioinspired 

brain matrices were used to model tumor growth, 

NSC migration, and efficacy of NSC therapy at small 

and human scale. Kinetic fluorescent imaging 

confirmed growth of tumors in both small and 

human-sized bioinspired brain matrix. Tumors 

proliferated 50-fold and 3-fold for GBM and human 

metastatic breast cancer, respectively, over 7 days. 

We next explored the impact of tumor location on 

NSC migration. When NSCs were implanted 2 mm 

lateral from the tumor foci, NSCs colocalized with 

the GBM within 7 days. In models of multifocal 

disease, NSCs were found to colocalize with multiple 

tumors, preferentially migrating to tumor foci closest 

to the site of NSC implantation. Lastly, therapeutic 

NSCs were implanted at increasing distances (0, 2, 5, 

or 10 mm) laterally from GBM foci to investigate the 

effects of distance on NSC efficacy. Serial imaging 

showed reduced fluorescence at tumor sites, 

implicating GBM apoptosis across all distances. 

NSCs coinjected with tumor induced a near-complete 

response in <10 days, while NSCs implanted 10 mm 

laterally from the tumor induced a near-complete 

response by day 30. Lastly, GBM foci were 

established in each hemisphere of the model and 

control or therapeutic NSCs were implanted adjacent 

to tumor cells in the right hemisphere. Kinetic 

imaging showed that NSC therapy attenuated 

progression of GBM foci, while GBM cells treated 

with control NSC expanded rapidly over 21 days. In 

conclusion, we developed a new bioinspired model 

that supports growth of human brain cancer cells and 

enables rapid tracking of NSC therapy. Impact 

statement Tumor-homing and tumor-killing-

engineered neural stem cell (NSC) therapies have 

shown immense promise in both preclinical and 

clinical trials. However, as cell therapies continue to 

evolve, cost-effective and high-throughput screening 

assays are needed to assess the proliferation, 

migration, and efficacy of these cells. In this study, 

we developed a bioinspired brain matrix for the 

evaluation of engineered NSCs. Importantly, this 

matrix is easy to fabricate, scalable, and allows for 

sterile real-time, noninvasive imaging using our 

custom bioreactor. We then utilized the bioinspired 

brain matrix system to answer key questions around 

the tumor-homing migration and efficacy of 

engineered NSC therapies that are challenging to 

address with traditional models. 

 

Carnero, A., et al. (2016). "The cancer stem-cell 

signaling network and resistance to therapy." Cancer 

Treat Rev 49: 25-36. 

 The study of cancer stem cells (CSCs) has 

shown that tumors are driven by a subpopulation of 

self-renewing CSCs that retain the capacity to 

engender the various differentiated cell populations 

that form tumors. The characterization of CSCs has 

indicated that CSCs are remarkably resistant to 

conventional radio- and chemo-therapy. Clinically, 

the remaining populations of CSC are responsible for 

metastasis and recurrence in patients with cancer, 

which can lead to the disease becoming chronic and 

incurable. Therefore, the elimination of CSCs is an 

important goal of cancer treatments. Furthermore, 

CSCs are subject to strong regulation by the 

surrounding microenvironment, which also impacts 

tumor responses. In this review, we discuss the 

mechanisms by which pathways that are defective in 

CSCs influence ultimately therapeutic and clinical 

outcomes. 

 

Chae, Y. C. and J. H. Kim (2018). "Cancer stem cell 

metabolism: target for cancer therapy." BMB Rep 

51(7): 319-326. 

 Increasing evidence suggests that cancer 

stem cell (CSC) theory represents an important 
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mechanism underlying the observed failure of 

existing therapeutic modalities to fully eradicate 

cancers. In addition to their more established role in 

maintaining minimal residual disease after treatment 

and forming the new bulk of the tumor, CSCs might 

also critically contribute to tumor recurrence and 

metastasis. For this reason, specific elimination of 

CSCs may thus represent one of the most important 

treatment strategies. Emerging evidence has shown 

that CSCs have a different metabolic phenotype to 

that of differentiated bulk tumor cells, and these 

specific metabolic activities directly participate in the 

process of CSC transformation or support the 

biological processes that enable tumor progression. 

Exploring the role of CSC metabolism and the 

mechanism of the metabolic plasticity of CSCs has 

become a major focus in current cancer research. The 

targeting of CSC metabolism may provide new 

effective therapies to reduce the risk of recurrence 

and metastasis. In this review, we summarize the 

most significant discoveries regarding the 

metabolism of CSCs and highlight recent approaches 

in targeting CSC metabolism. [BMB Reports 2018; 

51(7): 319-326]. 

 

Chang, T. M. S. (2019). "ARTIFICIAL CELL 

evolves into nanomedicine, biotherapeutics, blood 

substitutes, drug delivery, enzyme/gene therapy, 

cancer therapy, cell/stem cell therapy, nanoparticles, 

liposomes, bioencapsulation, replicating synthetic 

cells, cell encapsulation/scaffold, 

biosorbent/immunosorbent 

haemoperfusion/plasmapheresis, regenerative 

medicine, encapsulated microbe, nanobiotechnology, 

nanotechnology." Artif Cells Nanomed Biotechnol 

47(1): 997-1013. 

 It is only in the last 20 years that many of 

the original ideas on artificial cells are being 

increasingly applied and extended by researchers 

around the world. Artificial cell has now evolved into 

nanomedicine, biotherapeutics, blood substitutes, 

drug delivery, enzyme/gene therapy, cancer therapy, 

cell/stem cell therapy, nanoparticles, liposomes, 

bioencapsulation, replicating synthetic cells, cell 

encapsulation/scaffold, biosorbent/immunosorbent 

haemoperfusion/plasmapheresis, regenerative 

medicine, encapsulated microbe, nanobiotechnology, 

nanotechnology and other areas. More futuristic 

research includes nanorobot, nanocomputer, 

multimodal locomotion delivery robot and others. 

This review starts with a general overview followed 

by specific examples in more details. 

 

Cheema, T. A., et al. (2013). "Multifaceted oncolytic 

virus therapy for glioblastoma in an 

immunocompetent cancer stem cell model." Proc 

Natl Acad Sci U S A 110(29): 12006-12011. 

 Glioblastoma (World Health Organization 

grade IV) is an aggressive adult brain tumor that is 

inevitably fatal despite surgery, radiation, and 

chemotherapy. Treatment failures are attributed to 

combinations of cellular heterogeneity, including a 

subpopulation of often-resistant cancer stem cells, 

aberrant vasculature, and noteworthy immune 

suppression. Current preclinical models and 

treatment strategies do not incorporate or address all 

these features satisfactorily. Herein, we describe a 

murine glioblastoma stem cell (GSC) model that 

recapitulates tumor heterogeneity, invasiveness, 

vascularity, and immunosuppressive 

microenvironment in syngeneic immunocompetent 

mice and should prove useful for a range of 

therapeutic studies. Using this model, we tested a 

genetically engineered oncolytic herpes simplex virus 

that is armed with an immunomodulatory cytokine, 

interleukin 12 (G47-mIL12). G47Delta-mIL12 

infects and replicates similarly to its unarmed 

oncolytic herpes simplex virus counterpart in mouse 

005 GSCs in vitro, whereas in vivo, it significantly 

enhances survival in syngeneic mice bearing 

intracerebral 005 tumors. Mechanistically, G47-

mIL12 targets not only GSCs but also increases IFN-

gamma release, inhibits angiogenesis, and reduces 

the number of regulatory T cells in the tumor. The 

increased efficacy is dependent upon T cells, but not 

natural killer cells. Taken together, our findings 

demonstrate that G47Delta-mIL12 provides a 

multifaceted approach to targeting GSCs, tumor 

microenvironment, and the immune system, with 

resultant therapeutic benefit in a stringent 

glioblastoma model. 

 

Chen, G., et al. (2008). "[Stem cell-targeted therapy--

a new strategy for cancer treatment]." Zhonghua 

Zhong Liu Za Zhi 30(11): 801-803. 

  

Chen, L. (2000). "Adenovirus-mediated targeted gene 

therapy for breast cancer and for purging 

hematopoietic stem-cell sources." Methods Mol Med 

35: 361-369. 

 Gene therapy provides a potentially 

powerful approach for cancer treatment. One strategy 

is based on direct transfer of a suicide gene, which 

encodes enzymes that can activate a prodrug within 

tumor cells and thereby render the tumor cells 

sensitive to agents that are otherwise nontoxic to the 

cell. For example, introduction of the herpes simplex 

virus thymidine kinase gene (HSV-tk) or the bacterial 

cytosine deaminase (CD) gene, which respectively 

render mammalian cells sensitive to the otherwise 
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nontoxic antiviral agent ganciclovir (1,2) and to the 

antifungal drug 5-fluorocytosine (3,4). Another novel 

prodrug activation system is the activation of 

conventional anticancer prodrug cyclo-phosphamide 

and ifosphamide by intratumor expression of 

mammalian cyto-chrome P450, such as rat 2B1 or 

human 2B6 to further sensitize cancer cells (5,6). 

Whereas gene therapy may provide a new therapeutic 

approach, clinical efficacy will require gene delivery 

systems, which possess both high gene-transduction 

efficiency and target-cell specificity. 

 

Chen, S. and E. H. Huang (2014). "The colon cancer 

stem cell microenvironment holds keys to future 

cancer therapy." J Gastrointest Surg 18(5): 1040-

1048. 

 BACKGROUND: Colorectal cancer 

remains the most common gastrointestinal cancer. 

While screening combined with effective surgical 

treatment has reduced its mortality, we still do not 

have effective means to prevent recurrence nor to 

treat metastatic disease. What we know about cancer 

biology has gone through revolutionary changes in 

recent decades. The advent of the cancer stem cell 

theory has accelerated our understanding of the 

cancer cell. However, there is increasing evidence 

that cancer cells are influenced by their surrounding 

microenvironment. PURPOSE: This review divides 

the tumor microenvironment into four functional 

components-the stem cell niche, cancer stroma, 

immune cells, and vascular endothelia-and examines 

their individual and collective influence on the 

growth and metastasis of the colon cancer stem cell. 

The discussion will highlight the need to fully exploit 

the tumor microenvironment when designing future 

prognostic tools and therapies. 

 

Chen, W., et al. (2016). "Cancer Stem Cell 

Quiescence and Plasticity as Major Challenges in 

Cancer Therapy." Stem Cells Int 2016: 1740936. 

 Cells with stem-like properties, tumorigenic 

potential, and treatment-resistant phenotypes have 

been identified in many human malignancies. Based 

on the properties they share with nonneoplastic stem 

cells or their ability to initiate and propagate tumors 

in vivo, such cells were designated as cancer stem 

(stem-like) or tumor initiating/propagating cells. 

Owing to their implication in treatment resistance, 

cancer stem cells (CSCs) have been the subject of 

intense investigation in past years. Comprehension of 

CSCs' intrinsic properties and mechanisms they 

develop to survive and even enhance their aggressive 

phenotype within the hostile conditions of the tumor 

microenvironment has reoriented therapeutic 

strategies to fight cancer. This report provides 

selected examples of malignancies in which the 

presence of CSCs has been evidenced and briefly 

discusses methods to identify, isolate, and 

functionally characterize the CSC subpopulation of 

cancer cells. Relevant biological targets in CSCs, 

their link to treatment resistance, proposed targeting 

strategies, and limitations of these approaches are 

presented. Two major aspects of CSC 

physiopathology, namely, relative in vivo quiescence 

and plasticity in response to microenvironmental cues 

or treatment, are highlighted. Implications of these 

findings in the context of the development of new 

therapies are discussed. 

 

Cheng, Y. C., et al. (2013). "Paclitaxel and 

Trastuzumab as Maintenance Therapy in Patients 

with HER2-Positive Metastatic Breast Cancer Who 

Underwent High-Dose Chemotherapy and 

Autologous Hematopoietic Stem Cell 

Transplantation." J Cancer 4(8): 679-685. 

 We examined the feasibility and safety of 

using paclitaxel and trastuzumab as maintenance 

therapy after high-dose chemotherapy (HDC) with 

autologous hematopoietic stem cell transplantation 

(AHST) for patients with HER2-positive metastatic 

breast cancer. Ten patients (9 women and 1 man) 

were enrolled in the study. The median age was 46.5 

years (range, 27-65 years). The median follow-up 

time was 1003 days (range, 216-2526 days). All 

patients had metastatic disease, but 2 had only bone 

metastasis. One patient had complete response, 6 had 

partial response and 3 had stable disease to the 

standard-dose chemotherapy prior to transplantation. 

The conditioning regimen consisted of 

cyclophosphamide, carmustine, and thiotepa. After 

AHST, patients received weekly paclitaxel for 12 

doses and trastuzumab every 3 weeks for 1 year as 

maintenance therapy. All patients experienced 

successful engraftment. The only grade 4 toxic 

effects observed were leukopenia and 

thrombocytopenia. The most common grade 3 toxic 

effect was neutropenic fever. No treatment-related 

deaths were observed. The median progression-free 

survival time was 441 days, and the median overall 

survival time was 955 days. Two patients died in 

accidents while their disease remained in remission. 

Five patients died with disease progression. At the 

time of this report, 3 patients are alive with stable 

disease, 1 of whom has remained free of disease 

progression for 2526 days since transplantation. Our 

findings indicate that paclitaxel plus trastuzumab as 

maintenance therapy after HDC with AHST for 

patients with HER2-positive metastatic breast cancer 

not only is feasible and safe but also results in 

survival outcomes similar to historical results. 
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Cheng, Y. C., et al. (2004). "The use of high-dose 

cyclophosphamide, carmustine, and thiotepa plus 

autologous hematopoietic stem cell transplantation as 

consolidation therapy for high-risk primary breast 

cancer after primary surgery or neoadjuvant 

chemotherapy." Biol Blood Marrow Transplant 

10(11): 794-804. 

 We assessed the 5-year results of a high-

dose cyclophosphamide, carmustine, and thiotepa 

(CBT) regimen plus autologous hematopoietic stem 

cell transplantation (AHST) as an adjuvant 

consolidation therapy for high-risk primary breast 

cancer patients with > or =10 positive axillary lymph 

nodes after primary surgery or > or =4 positive 

axillary lymph nodes after neoadjuvant chemotherapy 

and surgery. The associations of various potential 

prognostic factors with the relapse-free survival (RFS) 

rate and overall survival (OS) rate were determined. 

Between October 1992 and March 2000, 177 eligible 

patients (median age, 46 years) were given high-dose 

CBT followed by AHST. At a median follow-up of 

63 months, the acute treatment-related mortality was 

4.5%. Estimated 5-year RFS and OS rates were 62% 

and 68%, respectively, for all patients. For patients 

with > or =10 positive axillary lymph nodes after 

primary surgery, the 5-year RFS and OS rates were 

71% and 70%, respectively, and for patients with > or 

=4 positive axillary lymph nodes after neoadjuvant 

chemotherapy, the 5-year RFS and OS rates were 53% 

and 66%, respectively. In 2-sided log-rank tests, 

earlier disease stage, a lower lymph node ratio, and a 

lower tumor score were associated with a prolonged 

RFS and OS. In a multivariate proportional hazards 

model, disease stage and lymph node ratio remained 

significant. We concluded that high-dose CBT with 

AHST for high-risk primary breast cancer is feasible, 

with comparable efficacy to other phase II studies. 

More than a 50% estimated 5-year survival rate was 

seen in all high-risk primary breast cancer patients. In 

accordance with results from recent randomized 

studies, we need to continue high-dose chemotherapy 

with AHST for patients with high-risk primary breast 

cancer in the phase III randomized setting. 

 

Chiou, P. T., et al. (2021). "The Antiviral Drug 

Efavirenz in Breast Cancer Stem Cell Therapy." 

Cancers (Basel) 13(24). 

 Although many breast cancer therapies show 

initial success in the treatment of the primary tumour, 

they often fail to eliminate a sub-population of cells 

known as cancer stem cells (CSCs). These cells are 

recognised for their self-renewal properties and for 

their capacity for differentiation often leading to 

chemo/radio-resistance. The antiviral drug Efavirenz 

has been shown to be effective in eliminating triple-

negative breast cancer cells, and here we examine its 

effect on breast CSCs. The effects of Efavirenz on 

CSCs for several breast cancer cell lines were 

investigated by examining cellular changes upon 

drug treatment, including CSC numbers, morphology, 

RNA/microRNA expression and levels of 

epithelial/mesenchymal CSC subtypes. Efavirenz 

treatment resulted in a decrease in the size and 

number of tumorspheres and a reduction in epithelial-

type CSC levels, but an increase in mesenchymal-

type CSCs. Efavirenz caused upregulation of several 

CSC-related genes as well as miR-21, a CSC marker 

and miR-182, a CSC suppressor gene. We conclude 

that Efavirenz alters the phenotype and expression of 

key genes in breast CSCs, which has important 

potential therapeutic implications. 

 

Choi, S. A., et al. (2019). "Histone deacetylase 

inhibitor panobinostat potentiates the anti-cancer 

effects of mesenchymal stem cell-based sTRAIL 

gene therapy against malignant glioma." Cancer Lett 

442: 161-169. 

 Human adipose tissue-derived mesenchymal 

stem cells expressing the secreted form of the tumor 

necrosis factor-related apoptosis-inducing ligand 

(hAT-MSC.sTRAIL) have demonstrated therapeutic 

activity against various tumors in preclinical studies. 

However, the limited expression of TRAIL death 

receptors remains a challenge. We evaluated the 

therapeutic efficacy of panobinostat in enhancing the 

sensitivity of hAT-MSC.sTRAIL-mediated apoptosis 

in malignant glioma. Panobinostat effectively 

inhibited all malignant glioma cells (IC(50), 0.03-

0.23 muM), enhancing the expression of DRs, but not 

in hAT-MSCs. Combined treatment with hAT-

MSC.sTRAIL and panobinostat significantly 

suppressed cell viability and enhanced apoptosis. In a 

diffuse intrinsic pontine glioma (DIPG) mouse model, 

the combined treatment induced decreases in tumor 

volume and prolonged survival. Our study 

demonstrates that panobinostat enhances the 

expression of TRAIL DRs and potentiates the anti-

cancer effects of hAT-MSC.sTRAIL. 

 

Chopra, N., et al. (2019). "Potentials of "stem cell-

therapy" in pancreatic cancer: An update." 

Pancreatology 19(8): 1034-1042. 

 In recent times, cell-therapies like T-

activated cells, dendritic cells and natural killer cells 

have shown increasing promise in treating cancers as 

evidenced by both animal and human studies in the 

literature. In addition, stem cells are also being 

considered as potent anti-cancer agents since they act 

through multi-pronged approaches (chemokines, 
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cytokines, paracrine action). In this review, we have 

attempted to discuss the inferences of studies that 

have used different sub-types of stem cells namely 

mesenchymal stem cells (MSCs), hematopoietic stem 

cells (HSCs) and neural stem cells (NSCs) in in-

vitro/in-vivo mice and/or human studies as a 

treatment modality for pancreatic cancer. Pancreatic 

cancers are diagnosed in late/metastatic stages hence 

limiting its progress to partial/disease-free status. 

Recent literature supports evidences of stem cell 

therapy in pancreatic cancer with promising results; 

yet their impact remains inconclusive due to limited 

studies in human subjects. With reference to the 

treatment options for pancreatic cancer, the most 

studied sub-type of stem cells was HSCs as evident 

from the available clinical trials. The suggested 

mechanism of the HSC-transplantation is presumably 

via the graft-versus-tumor effect that elicits an anti-

tumor immune response activated by the T-cell 

repertoires. On the other hand, the property of MSCs 

like tropism, migration to tumor site and activation of 

host immune cells by its secretome, appear to be able 

to regulate pancreatic tumor microenvironment. 

Further, drug delivery potential could be mediated 

via engineered MSCs to enhance the bioavailability 

of drug/prodrug at tumor site. Conclusively, stem 

cells have shown great potentials as next-generation 

therapeutic options. 

 

Chu, D. T., et al. (2020). "Recent Progress of Stem 

Cell Therapy in Cancer Treatment: Molecular 

Mechanisms and Potential Applications." Cells 9(3). 

 The insufficient and unspecific target of 

traditional therapeutic approaches in cancer treatment 

often leads to therapy resistance and cancer 

recurrence. Over the past decades, accumulating 

discoveries about stem cell biology have provided 

new potential approaches to cure cancer patients. 

Stem cells possess unique biological actions, 

including self-renewal, directional migration, 

differentiation, and modulatory effects on other cells, 

which can be utilized as regenerative medicine, 

therapeutic carriers, drug targeting, and generation of 

immune cells. In this review, we emphasize the 

mechanisms underlying the use of various types of 

stem cells in cancer treatment. In addition, we 

summarize recent progress in the clinical applications 

of stem cells, as well as common risks of this therapy. 

We finally give general directions for future studies, 

aiming to improve overall outcomes in the fight 

against cancer. 

 

Cihova, M., et al. (2011). "Stem cell based cancer 

gene therapy." Mol Pharm 8(5): 1480-1487. 

 The attractiveness of prodrug cancer gene 

therapy by stem cells targeted to tumors lies in 

activating the prodrug directly within the tumor mass, 

thus avoiding systemic toxicity. Suicide gene therapy 

using genetically engineered mesenchymal stem cells 

has the advantage of being safe, because prodrug 

administration not only eliminates tumor cells but 

consequently kills the more resistant therapeutic stem 

cells as well. This review provides an explanation of 

the stem cell-targeted prodrug cancer gene therapy 

principle, with focus on the choice of prodrug, 

properties of bone marrow and adipose tissue-derived 

mesenchymal stem and neural stem cells as well as 

the mechanisms of their tumor homing ability. 

Therapeutic achievements of the cytosine 

deaminase/5-fluorocytosine prodrug system and 

Herpes simplex virus thymidine kinase/ganciclovir 

are discussed. In addition, delivery of 

immunostimulatory cytokines, apoptosis inducing 

genes, nanoparticles and antiangiogenic proteins by 

stem cells to tumors and metastases is discussed as a 

promising approach for antitumor therapy. 

Combinations of traditional, targeted and stem cell-

directed gene therapy could significantly advance the 

treatment of cancer. 

 

Clay, T. M., et al. (1999). "Potential use of T cell 

receptor genes to modify hematopoietic stem cells for 

the gene therapy of cancer." Pathol Oncol Res 5(1): 

3-15. 

 The purpose of this review is to illustrate 

some of the technical and biological hurdles that need 

to be addressed when developing new gene therapy 

based clinical trials. Gene transfer approaches can be 

used to "mark" cells to monitor their persistence in 

vivo in patients, to protect cells from toxic 

chemotherapeutic agents, correct a genetic defect 

within the target cell, or to confer a novel function on 

the target cell. Selection of the most suitable vector 

for gene transfer depends upon a number of factors 

such as the target cell itself and whether gene 

expression needs to be sustained or transient. The 

TCR gene transfer approach described here 

represents one innovative strategy being pursued as a 

potential therapy for metastatic melanoma. Tumor 

reactive T cells can be isolated from the tumor 

infiltrating lymphocytes (TIL) of melanoma patients. 

A retroviral vector has been constructed containing 

the T cell receptor (TCR) alpha and beta chain genes 

from a MART-1-specific T cell clone (TIL 5). Jurkat 

cells transduced with this virus specifically release 

cytokine in response to MART-1 peptide pulsed T2 

cells, showing that the virus can mediate expression 

of a functional TCR. HLA-A2 transgenic mice are 

being used to examine whether transduced bone 
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marrow progenitor cells will differentiate in vivo into 

mature CD8+ T cells expressing the MART-1-

specific TCR. Expression of the human TCR alpha 

and beta chain genes has been detected by RT-PCR 

in the peripheral blood of HLA-A2 transgenic mice 

reconstituted with transduced mouse bone marrow. 

Expression of the TIL 5 TCR genes in the peripheral 

blood of these mice was maintained for greater than 

40 weeks after bone marrow reconstitution. TIL 5 

TCR gene expression was also maintained following 

transfer of bone marrow from mice previously 

reconstituted with transduced bone marrow to 

secondary mouse recipients, suggesting that a 

pluripotent progenitor or lymphocyte progenitor cell 

has been transduced. 

 

Clement, F., et al. (2017). "Stem cell manipulation, 

gene therapy and the risk of cancer stem cell 

emergence." Stem Cell Investig 4: 67. 

 Stem cells (SCs) have been extensively 

studied in the context of regenerative medicine. 

Human hematopoietic stem cell (HSC)-based 

therapies have been applied to treat leukemic patients 

for decades. Handling of mesenchymal stem cells 

(MSCs) has also raised hopes and concerns in the 

field of tissue engineering. Lately, discovery of cell 

reprogramming by Yamanaka's team has profoundly 

modified research strategies and approaches in this 

domain. As we gain further insight into cell fate 

mechanisms and identification of key actors and 

parameters, this also raises issues as to the 

manipulation of SCs. These include the engraftment 

of manipulated cells and the potential predisposition 

of those cells to develop cancer. As a unique and 

pioneer model, the use of HSCs to provide new 

perspectives in the field of regenerative and curative 

medicine will be reviewed. We will also discuss the 

potential use of various SCs from embryonic to adult 

stem cells (ASCs), including induced pluripotent 

stem cells (iPSCs) as well as MSCs. Furthermore, to 

sensitize clinicians and researchers to unresolved 

issues in these new therapeutic approaches, we will 

highlight the risks associated with the manipulation 

of human SCs from embryonic or adult origins for 

each strategy presented. 

 

Conde, I., et al. (2022). "Breast Cancer Stem Cell 

Membrane Biomarkers: Therapy Targeting and 

Clinical Implications." Cells 11(6). 

 Breast cancer is the most common 

malignancy affecting women worldwide. Importantly, 

there have been significant improvements in 

prevention, early diagnosis, and treatment options, 

which resulted in a significant decrease in breast 

cancer mortality rates. Nevertheless, the high rates of 

incidence combined with therapy resistance result in 

cancer relapse and metastasis, which still contributes 

to unacceptably high mortality of breast cancer 

patients. In this context, a small subpopulation of 

highly tumourigenic cancer cells within the tumour 

bulk, commonly designated as breast cancer stem 

cells (BCSCs), have been suggested as key elements 

in therapy resistance, which are responsible for breast 

cancer relapses and distant metastasis. Thus, 

improvements in BCSC-targeting therapies are 

crucial to tackling the metastatic progression and 

might allow therapy resistance to be overcome. 

However, the design of effective and specific BCSC-

targeting therapies has been challenging since there is 

a lack of specific biomarkers for BCSCs, and the 

most common clinical approaches are designed for 

commonly altered BCSCs signalling pathways. 

Therefore, the search for a new class of BCSC 

biomarkers, such as the expression of membrane 

proteins with cancer stem cell potential, is an area of 

clinical relevance, once membrane proteins are 

accessible on the cell surface and easily recognized 

by specific antibodies. Here, we discuss the 

significance of BCSC membrane biomarkers as 

potential prognostic and therapeutic targets, 

reviewing the CSC-targeting therapies under clinical 

trials for breast cancer. 

 

Coombes, R. C., et al. (2005). "High dose 

chemotherapy and autologous stem cell 

transplantation as adjuvant therapy for primary breast 

cancer patients with four or more lymph nodes 

involved: long-term results of an international 

randomised trial." Ann Oncol 16(5): 726-734. 

 BACKGROUND: The purpose of this study 

was to assess whether a short course of anthracycline 

containing chemotherapy followed by high dose 

therapy with autologous stem-cell support improves 

disease-free and overall survival as compared with 

conventional, anthracycline containing chemotherapy, 

in patients with primary breast cancer and four or 

more histologically involved lymph nodes. 

PATIENTS AND METHODS: Two hundred and 

eighty one patients entered into a randomised clinical 

trial were allocated to receive standard, conventional 

treatment (5-fluorouracil, epirubicin and 

cyclophosphamide-FEC for six cycles) or FEC for 

three cycles followed by high dose therapy consisting 

of cyclophosphamide, thiotepa and carboplatin and 

stem cell rescue (HDT). To be eligible, patients had 

to be free of overt metastatic disease and be < or =60 

years of age. Analyses were according to intention to 

treat. RESULTS: At a median follow up of 68 

months, 118 patients have experienced a relapse or 

death from breast cancer (62 in the FEC followed by 
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HDT arm and 56 in the conventional FEC arm) and a 

total of 100 patients have died (54 in the FEC 

followed by HDT arm and 46 in the conventional 

FEC arm). No significant difference was observed in 

relapse-free survival [hazard ratio 1.06, 95% CI 0.74-

1.52, p = 0.76] or overall survival [hazard ratio 1.18, 

95% CI 0.80-1.75, p = 0.40]. Five patients died from 

treatment related causes, three as a consequence of 

HDT and two in the conventional FEC arm. 

CONCLUSIONS: At the present time, no benefit has 

been observed from replacing three cycles of 

conventional chemotherapy with the HDT regimen 

described here. Patients should continue to receive 

conventional chemotherapy as adjuvant therapy for 

breast cancer. 

 

Costea, D. E., et al. (2006). "Cancer stem cells - new 

and potentially important targets for the therapy of 

oral squamous cell carcinoma." Oral Dis 12(5): 443-

454. 

 There is increasing evidence that the growth 

and spread of cancers is driven by a small 

subpopulation of cancer stem cells (CSCs) - the only 

cells that are capable of long-term self-renewal and 

generation of the phenotypically diverse tumour cell 

population. Current failure of cancer therapies may 

be due to their lesser effect on potentially quiescent 

CSCs which remain vital and retain their full capacity 

to repopulate the tumour. Treatment strategies for the 

elimination of cancer therefore need to consider the 

consequences of the presence of CSCs. However, the 

development of new CSC-targeted strategies is 

currently hindered by the lack of reliable markers for 

the identification of CSCs and the poor understanding 

of their behaviour and fate determinants. Recent 

studies of cell lines derived from oral squamous cell 

carcinoma (OSCC) indicate the presence of 

subpopulations of cells with phenotypic and 

behavioural characteristics corresponding to both 

normal epithelial stem cells and to cells capable of 

initiating tumours in vivo. The present review 

discusses the relevance to OSCC of current CSC 

concepts, the state of various methods for CSC 

identification, characterization and isolation (clonal 

functional assay, cell sorting based on surface 

markers or uptake of Hoechst dye), and possible new 

approaches to therapy. 

 

Couriel, D. R., et al. (2000). "Role of tumor necrosis 

factor-alpha inhibition with inflixiMAB in cancer 

therapy and hematopoietic stem cell transplantation." 

Curr Opin Oncol 12(6): 582-587. 

 Tumor necrosis factor (TNF)-alpha is a 

central cytotoxic and proinflammatory cytokine. 

Research on the benefits of TNF-alpha inhibition as a 

form of therapy has focused almost exclusively on 

autoimmune, inflammatory disorders. InflixiMAB, a 

chimeric antibody to human TNF-alpha, was recently 

approved for the management of Crohn disease and 

rheumatoid arthritis. The potential applications of 

inflixiMAB in the management of cancer are just 

beginning to be explored. This article reviews the 

biology, mechanism of action, pharmacology, and 

toxicity of inflixiMAB. Existing clinical experience 

and inflixiMAB's potential role as an 

immunosuppressant and antitumor agent in the 

management of cancer are also discussed. 

 

Crump, M. and K. Pritchard (2000). "High dose 

therapy with stem cell support for breast cancer: the 

jury is still out." Cancer Treat Res 103: 115-136. 

  

Darvishi, B., et al. (2017). "Patterns of Cancer Stem 

Cell Negotiation with Breast Cancer Anti-angiogenic 

Therapy." Breast J 23(5): 612-614. 

  

Das, P. K., et al. (2020). "Plasticity of Cancer Stem 

Cell: Origin and Role in Disease Progression and 

Therapy Resistance." Stem Cell Rev Rep 16(2): 397-

412. 

 In embryonic development and throughout 

life, there are some cells can exhibit phenotypic 

plasticity. Phenotypic plasticity is the ability of cells 

to differentiate into multiple lineages. In normal 

development, plasticity is highly regulated whereas 

cancer cells re-activate this dynamic ability for their 

own progression. The re-activation of these 

mechanisms enables cancer cells to acquire a cancer 

stem cell (CSC) phenotype- a subpopulation of cells 

with increased ability to survive in a hostile 

environment and resist therapeutic insults. There are 

several contributors fuel CSC plasticity in different 

stages of disease progression such as a complex 

network of tumour stroma, epidermal 

microenvironment and different sub-compartments 

within tumour. These factors play a key role in the 

transformation of tumour cells from a stable 

condition to a progressive state. In addition, 

flexibility in the metabolic state of CSCs helps in 

disease progression. Moreover, epigenetic changes 

such as chromatin, DNA methylation could stimulate 

the phenotypic change of CSCs. Development of 

resistance to therapy due to highly plastic behaviour 

of CSCs is a major cause of treatment failure in 

cancers. However, recent studies explored that 

plasticity can also expose the weaknesses in CSCs, 

thereby could be utilized for future therapeutic 

development. Therefore, in this review, we discuss 

how cancer cells acquire the plasticity, especially the 

role of the normal developmental process, tumour 
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microenvironment, and epigenetic changes in the 

development of plasticity. We further highlight the 

therapeutic resistance property of CSCs attributed by 

plasticity. Also, outline some potential therapeutic 

options against plasticity of CSCs. Graphical 

Abstract . 

 

Das, U., et al. (2023). "Luminescent 11-Naphthalen-

1-yldipyrido[3,2-a:2',3'-c]phenazine-Based 

Ru(II)/Ir(III)/Re(I) Complexes for HCT-116 

Colorectal Cancer Stem Cell Therapy." ACS Appl 

Bio Mater 6(2): 410-424. 

 Due to a number of unpleasant 

considerations, marketed drugs have steadily lost 

their importance in the treatment of cancer. In order 

to find a viable cancer cell diagnostic agent, we 

therefore focused on metal complexes that displayed 

target adequacy, permeability to cancer cells, high 

standard water solubility, cytoselectivity, and 

luminescent behavior. In this aspect, luminescent 11-

naphthalen-1-yl dipyrido [3,2-a:2',3'-c] phenazine 

based Ru(II)/Ir(III)/Re(I) complexes have been 

prepared for HCT-116 colorectal cancer stem cell 

therapy. Our study successfully established the 

possible cytotoxicity of IrL complex at different 

doses on HCT-116 colorectal cancer stem cells 

(CRCSCs). Additionally, an immunochemistry 

analysis of the complex IrL showed that the molecule 

was subcellularly localized in the nucleus and other 

regions of the cytoplasm, where it caused nuclear 

DNA damage and mitochondrial dysfunction. The 

level of BAX and Bcl-2 was further quantified by 

qRT-PCR. The expression of proapoptotic BAX 

showed increased expression in the complex IrL-

treated cell compared to the control, indicating the 

potential of complex IrL for apoptotic induction. 

Upon further validation, complex IrL was developed 

as an inhibitor of autophagy for the eradication of 

cancer stem cells. 

 

De Angelis, M. L., et al. (2019). "Stem Cell Plasticity 

and Dormancy in the Development of Cancer 

Therapy Resistance." Front Oncol 9: 626. 

 Cancer treatment with either standard 

chemotherapy or targeted agents often results in the 

emergence of drug-refractory cell populations, 

ultimately leading to therapy failure. The biological 

features of drug resistant cells are largely overlapping 

with those of cancer stem cells and include 

heterogeneity, plasticity, self-renewal ability, and 

tumor-initiating capacity. Moreover, drug resistance 

is usually characterized by a suppression of 

proliferation that can manifest as quiescence, 

dormancy, senescence, or proliferative slowdown. 

Alterations in key cellular pathways such as 

autophagy, unfolded protein response or redox 

signaling, as well as metabolic adaptations also 

contribute to the establishment of drug resistance, 

thus representing attractive therapeutic targets. 

Moreover, a complex interplay of drug resistant cells 

with the micro/macroenvironment and with the 

immune system plays a key role in dictating and 

maintaining the resistant phenotype. Recent studies 

have challenged traditional views of cancer drug 

resistance providing innovative perspectives, 

establishing new connections between drug resistant 

cells and their environment and indicating 

unexpected therapeutic strategies. In this review we 

discuss recent advancements in understanding the 

mechanisms underlying drug resistance and we report 

novel targeting agents able to overcome the drug 

resistant status, with particular focus on strategies 

directed against dormant cells. Research on drug 

resistant cancer cells will take us one step forward 

toward the development of novel treatment 

approaches and the improvement of relapse-free 

survival in solid and hematological cancer patients. 

 

De Angelis, M. L., et al. (2016). "Cancer Stem Cell-

Based Models of Colorectal Cancer Reveal 

Molecular Determinants of Therapy Resistance." 

Stem Cells Transl Med 5(4): 511-523. 

 Colorectal cancer (CRC) therapy mainly 

relies on the use of conventional chemotherapeutic 

drugs combined, in a subset of patients, with 

epidermal growth factor receptor [EGFR]-targeting 

agents. Although CRC is considered a prototype of a 

cancer stem cell (CSC)-driven tumor, the effects of 

both conventional and targeted therapies on the CSC 

compartment are largely unknown. We have 

optimized a protocol for colorectal CSC isolation that 

allowed us to obtain CSC-enriched cultures from 

primary tumor specimens, with high efficiency. CSC 

isolation was followed by in vitro and in vivo 

validation, genetic characterization, and drug 

sensitivity analysis, thus generating panels of CSC 

lines with defined patterns of genetic mutations and 

therapy sensitivity. Colorectal CSC lines were 

polyclonal and maintained intratumor heterogeneity 

in terms of somatically acquired mutations and 

differentiation state. Such CSC-enriched cultures 

were used to investigate the effects of both 

conventional and targeted therapies on the CSC 

compartment in vivo and to generate a proteomic 

picture of signaling pathways implicated in 

sensitivity/resistance to anti-EGFR agents. We 

propose CSC lines as a sound preclinical framework 

to test the effects of therapies in vitro and in vivo and 

to identify novel determinants of therapy resistance. 

SIGNIFICANCE: Colorectal cancer stem cells (CSCs) 
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have been shown to be responsible for tumor 

propagation, metastatic dissemination, and relapse. 

However, molecular pathways present in CSCs, as 

well as mechanisms of therapy resistance, are mostly 

unknown. Taking advantage of genetically 

characterized CSC lines derived from colorectal 

tumors, this study provides an extensive analysis of 

CSC response to EGFR-targeted therapy in vivo and 

an overview of factors implicated in therapy response 

or resistance. Furthermore, the implementation of a 

biobank of molecularly annotated CSC lines provides 

an innovative resource for future investigations in 

colorectal cancer. 

 

Delaney, M., et al. (2003). "Neoadjuvant therapy 

with high dose chemotherapy via isolated pelvic 

intra-abdominal perfusion with bone marrow stem 

cell support for advanced endometrial cancer." Med 

Health R I 86(8): 252-255. 

  

deMagalhaes-Silverman, M., et al. (1997). "High-

dose chemotherapy and autologous stem cell support 

followed by posttransplantation doxorubicin as initial 

therapy for metastatic breast cancer." Clin Cancer 

Res 3(2): 193-197. 

 High-dose chemotherapy is associated with 

a high complete response rate and possibly some 

survival advantage in patients with metastatic breast 

cancer. We designed a clinical trial consisting of a 

two-step high-dose chemotherapy regimen followed 

by posttransplantation doxorubicin as the first 

chemotherapy treatment for metastatic disease. 

Twenty-one patients with metastatic breast cancer 

and no previous chemotherapy for metastatic disease 

were treated with high-dose cyclophosphamide (Cy; 

5000 mg/m2), followed by granulocyte colony-

stimulating factor. Peripheral blood stem cells were 

collected. Subsequently, patients received Cy (6000 

mg/m2), thiotepa (500 mg/m2), and carboplatin (800 

mg/m2) (CTCb) with hematopoietic rescue. Upon 

recovery of hematopoietic and gastrointestinal 

toxicity, three cycles of doxorubicin (Dox; 60 mg/m2) 

were delivered. After Cy, nine patients (45%) 

developed neutropenic fevers. There were no 

episodes of bacteremia. Patients received CTCb 37 

days after starting Cy and had a hospital stay of 19 

days. After CTCb, the median number of days to an 

absolute neutrophil count >5 x 10(9)/liter was 8, and 

the median number of days to a platelet count >20 x 

10(9)/liter was 9. Neutropenic fevers occurred in 12 

patients. There were no hemorrhagic complications. 

Fifty-five of the 63 planned courses of Dox were 

delivered. The median time from peripheral blood 

stem cell infusion to the first Dox cycle was 38 days. 

The median time to the second Dox cycle was 28 

days, and to the last cycle was 30 days. Three 

episodes of neutropenic fevers were observed. Two 

patients developed herpes zoster. This regimen is 

feasible, with acceptable toxicity. 

 

deMagalhaes-Silverman, M., et al. (1998). "High-

dose chemotherapy and autologous stem cell support 

followed by post-transplant doxorubicin and taxol as 

initial therapy for metastatic breast cancer: 

hematopoietic tolerance and efficacy." Bone Marrow 

Transplant 21(12): 1207-1211. 

 A multistep HDC regimen was designed as 

first-line chemotherapy for MBC. Twenty-four 

patients with MBC and no previous chemotherapy for 

metastatic disease were treated with high-dose 

cyclophosphamide (5000 mg/m2), and etoposide 

(1000 mg/m2) (CyVP16), followed by granulocyte 

colony-stimulating factor (G-CSF). Peripheral blood 

stem cells (PBSCs) were collected. Subsequently 

patients received cyclophosphamide (6000 mg/m2), 

thiotepa (500 mg/m2) and carboplatin (800 mg/m2) 

(CTCb) with hematopoietic rescue. Upon recovery 

from hematopoietic and gastrointestinal toxicity three 

cycles of doxorubicin (50 mg/m2) and taxol (150 

mg/m2) were delivered. After CyVP16 42% of 

patients developed neutropenic fevers. There was one 

documented episode of bacteremia. Patients received 

CTCb 32 days after starting CyVP16. After CTCb the 

median number of days to ANC >5 x 10(9)/l was 10 

and to a platelet count >20 x 10(9)/l was 14. 

Neutropenic fevers developed in 16 patients. There 

were no hemorrhagic episodes. A total of 69 cycles 

of doxorubicin and taxol were delivered (87% of 

planned). The median time from PBSC infusion to 

the first cycle was 38 days. The median time to the 

second cycle was 27 days and to the last cycle was 24 

days. One patient developed congestive heart failure. 

Two episodes of neutropenic fevers were observed. 

No toxicity-related deaths were observed. Grafts are 

stable at 6 months post transplantation. This 

multistep regimen is feasible with acceptable toxicity. 

 

Demirkazik, A., et al. (2002). "Effect of prior therapy 

and bone marrow metastases on progenitor cell 

content of blood stem cell harvests in breast cancer 

patients." Biol Blood Marrow Transplant 8(5): 268-

272. 

 This study was designed to examine the 

relationship of prior therapy, bone marrow metastases, 

mobilization, and blood progenitor/stem cell (BSC) 

collection in breast cancer patients. Cells were 

collected from 19 breast cancer patients during steady 

state (nonmobilized group) and from 69 breast cancer 

patients after cytokine administration (mobilized 

group). Characteristics of the patients were compared 
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with the cells obtained. A significant inverse 

association was found between the number of 

chemotherapy regimens the patients had received 

prior to BSC collection and the mononuclear cell 

(MNC) count of the product per liter of blood 

processed (LBP) with apheresis (P = .0006) and the 

granulocyte monocyte/macrophage colony-forming 

cell (GM-CFC) numbers per LBP (P = .0002). This 

association was evident in both mobilized and 

nonmobilized patients. Similar results were seen in 

those 25 patients who had received prior radiation 

therapy (MNC/LBP, P = .0003; GM-CFC/LBP, P 

= .0004). Patients in both the mobilized and 

nonmobilized groups with marrow metastases at the 

time of collection also had significantly lower levels 

of MNC/LBP (P = .0039) and GM-CFC/LBP (P 

= .0001) than did those without marrow metastases. 

The findings suggest that prior administration of 

radiation therapy and/or chemotherapy and the 

presence of marrow metastases all negatively 

impacted the collection of mobilized and 

nonmobilized progenitor cells from breast cancer 

patients. The mechanisms of this impact are not 

understood. 

 

Deng, Z., et al. (2015). "Adoptive T-cell therapy of 

prostate cancer targeting the cancer stem cell antigen 

EpCAM." BMC Immunol 16(1): 1. 

 BACKGROUND: Adoptive transfer of 

tumor infiltrating or circulating lymphocytes 

transduced with tumor antigen receptors has been 

examined in various clinical trials to treat human 

cancers. The tumor antigens targeted by transferred 

lymphocytes affects the efficacy of this therapeutic 

approach. Because cancer stem cells (CSCs) play an 

important role in tumor growth and metastasis, we 

hypothesized that adoptive transfer of T cells 

targeting a CSC antigen could result in dramatic anti-

tumor effects. RESULTS: An EpCAM-specific 

chimeric antigen receptor (CAR) was constructed to 

transduce human peripheral blood lymphocytes 

(PBLs) and thereby enable them to target the CSC 

marker EpCAM. To investigate the therapeutic 

capabilities of PBLs expressing EpCAM-specific 

CARs, we used two different tumor models, PC3, the 

human prostate cancer cell line, which has low 

expression levels of EpCAM, and PC3M, a highly 

metastatic clone of PC3 that has high expression 

levels of EpCAM. We demonstrate that CAR-

expressing PBLs can kill PC3M tumor cells in vitro 

and in vivo. Despite the low expression of EpCAM 

on PC3 cells, CAR-expressing PBLs significantly 

inhibited tumor growth and prolonged mouse 

survival in a PC3 metastasis model, probably by 

targeting the highly proliferative and metastatic 

population of cancer cells. CONCLUSIONS: Our 

data demonstrate that PBLs expressing with EpCAM-

specific CARs have significant anti-tumor activity 

against prostate cancer. Therefore, the adoptive 

transfer of T cells targeting EpCAM could have great 

potential as a cancer treatment. 

 

Deshmukh, A., et al. (2016). "Cancer stem cell 

metabolism: a potential target for cancer therapy." 

Mol Cancer 15(1): 69. 

 Cancer Stem cells (CSCs) are a unipotent 

cell population present within the tumour cell mass. 

CSCs are known to be highly chemo-resistant, and in 

recent years, they have gained intense interest as key 

tumour initiating cells that may also play an integral 

role in tumour recurrence following chemotherapy. 

Cancer cells have the ability to alter their metabolism 

in order to fulfil bio-energetic and biosynthetic 

requirements. They are largely dependent on aerobic 

glycolysis for their energy production and also are 

associated with increased fatty acid synthesis and 

increased rates of glutamine utilisation. Emerging 

evidence has shown that therapeutic resistance to 

cancer treatment may arise due to dysregulation in 

glucose metabolism, fatty acid synthesis, and 

glutaminolysis. To propagate their lethal effects and 

maintain survival, tumour cells alter their metabolic 

requirements to ensure optimal nutrient use for their 

survival, evasion from host immune attack, and 

proliferation. It is now evident that cancer cells 

metabolise glutamine to grow rapidly because it 

provides the metabolic stimulus for required energy 

and precursors for synthesis of proteins, lipids, and 

nucleic acids. It can also regulate the activities of 

some of the signalling pathways that control the 

proliferation of cancer cells.This review describes the 

key metabolic pathways required by CSCs to 

maintain a survival advantage and highlights how a 

combined approach of targeting cellular metabolism 

in conjunction with the use of chemotherapeutic 

drugs may provide a promising strategy to overcome 

therapeutic resistance and therefore aid in cancer 

therapy. 

 

Ding, X. W., et al. (2010). "ABCG2: a potential 

marker of stem cells and novel target in stem cell and 

cancer therapy." Life Sci 86(17-18): 631-637. 

 ABCG2 is a member of the ATP binding 

cassette (ABC) transporters, which can pump a wide 

variety of endogenous and exogenous compounds out 

of cells. Widely expressed in stem cells, ABCG2 is 

also found to confer the side population phenotype 

and is recognized as a universal marker of stem cells. 

Although the precise physiological role of ABCG2 in 

stem cells is still unclear, existing data strongly 
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suggest that ABCG2 plays an important role in 

promoting stem cell proliferation and the 

maintenance of the stem cell phenotype. In addition, 

ABCG2 is also found to be expressed in a number of 

cancer cells and appears to be a marker of cancer 

stem cells. Moreover, ABCG2 expression in tumors 

may contribute to their formation and progression. 

Thus, ABCG2 has potential applications in stem cell 

and tumor therapy. 

 

Dompe, C., et al. (2020). "Epigenetic Research in 

Stem Cell Bioengineering-Anti-Cancer Therapy, 

Regenerative and Reconstructive Medicine in Human 

Clinical Trials." Cancers (Basel) 12(4). 

 The epigenome denotes all the information 

related to gene expression that is not contained in the 

DNA sequence but rather results from chemical 

changes to histones and DNA. Epigenetic 

modifications act in a cooperative way towards the 

regulation of gene expression, working at the 

transcriptional or post-transcriptional level, and play 

a key role in the determination of phenotypic 

variations in cells containing the same genotype. 

Epigenetic modifications are important 

considerations in relation to anti-cancer therapy and 

regenerative/reconstructive medicine. Moreover, a 

range of clinical trials have been performed, 

exploiting the potential of epigenetics in stem cell 

engineering towards application in disease treatments 

and diagnostics. Epigenetic studies will most likely 

be the basis of future cancer therapies, as epigenetic 

modifications play major roles in tumour formation, 

malignancy and metastasis. In fact, a large number of 

currently designed or tested clinical approaches, 

based on compounds regulating epigenetic pathways 

in various types of tumours, employ these 

mechanisms in stem cell bioengineering. 

 

Donahue, T. R. and D. W. Dawson (2011). 

"Nodal/Activin signaling: a novel target for 

pancreatic cancer stem cell therapy." Cell Stem Cell 

9(5): 383-384. 

 Targeting of cancer stem cells (CSCs) has 

the potential to address the recalcitrance of pancreatic 

cancer to chemotherapy. In this issue of Cell Stem 

Cell, Lonardo et al. (2011) demonstrate that 

Nodal/Activin signaling is crucial for the 

maintenance and tumor-initiating capacity of 

pancreatic CSCs. 

 

Donnenberg, V. S. and A. D. Donnenberg (2015). 

"Stem cell state and the epithelial-to-mesenchymal 

transition: Implications for cancer therapy." J Clin 

Pharmacol 55(6): 603-619. 

 The cancer stem cell paradigm, the 

epithelial-to-mesenchymal transition and its converse, 

the mesenchymal-to-epithelial transition, have 

reached convergence. Implicit in this understanding 

is the notion that cancer cells can change state, and 

with such change come bidirectional alterations in 

motility, proliferative activity, and drug resistance. 

As such, tumors present a moving target for 

antineoplastic therapy. This article will review the 

evolving adult stem cell paradigm and how changes 

in our understanding of the bidirectional nature of 

cancer cell differentiation may affect the selection 

and timing of antineoplastic therapy. The goal is to 

determine how to best administer therapies 

potentially targeted against the cancer stem cell state 

in the context of established treatment regimens, and 

to evaluate long-term effects beyond tumor 

regression. 

 

Dwyer, R. M., et al. (2010). "Advances in 

mesenchymal stem cell-mediated gene therapy for 

cancer." Stem Cell Res Ther 1(3): 25. 

 Mesenchymal stem cells have a natural 

tropism for tumours and their metastases, and are also 

considered immunoprivileged. This remarkable 

combination of properties has formed the basis for 

many studies investigating their potential as tumour-

specific delivery vehicles for suicide genes, oncolytic 

viruses and secreted therapeutic proteins. The aim of 

the present review is to discuss the range of 

approaches that have been used to exploit the 

tumour-homing capacity of mesenchymal stem cells 

for gene delivery, and to highlight advances required 

to realize the full potential of this promising approach. 

 

Elias, A. D., et al. (1993). "High-dose combined 

alkylating agent therapy with autologous stem cell 

support and chest radiotherapy for limited small-cell 

lung cancer." Chest 103(4 Suppl): 433S-435S. 

 Although initially responsive to 

chemotherapy, patients with small-cell lung cancer 

(SCLC) almost invariably suffer relapse. Recurrent 

SCLC responds poorly to treatment. Previous trials 

using high-dose chemotherapy with bone marrow 

support have commonly used single agents or 

combined alkylating agents without chest 

radiotherapy. Among patients with limited disease 

receiving dose-intensive chemotherapy, locoregional 

relapse remained the predominant site of first failure. 

Recent phase II trials using intensive locoregional 

therapy (aggressive concurrent chemoradiotherapy) 

have resulted in promising survival. Our trial used 

combined alkylating agents with autologous marrow 

support and chest radiotherapy in patients with 

limited disease in response to conventional-dose 
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induction chemotherapy. Of 19 patients treated, the 

actuarial survival was 56% with a median follow-up 

of 18 months following high-dose therapy. Patients 

who achieved complete or near-complete response 

prior to high-dose therapy enjoyed the best prognosis. 

Continued evaluation of intensive systemic and local 

therapy for SCLC is indicated. 

 

Eltoukhy, H. S., et al. (2018). "Immune modulation 

by a cellular network of mesenchymal stem cells and 

breast cancer cell subsets: Implication for cancer 

therapy." Cell Immunol 326: 33-41. 

 The immune modulatory properties of 

mesenchymal stem cells (MSCs) are mostly 

controlled by the particular microenvironment. 

Cancer stem cells (CSCs), which can initiate a 

clinical tumor, have been the subject of intense 

research. This review article discusses investigative 

studies of the roles of MSCs on cancer biology 

including on CSCs, and the potential as drug delivery 

to tumors. An understanding of how MSCs behave in 

the tumor microenvironment to facilitate the survival 

of tumor cells would be crucial to identify drug 

targets. More importantly, since CSCs survive for 

decades in dormancy for later resurgence, studies are 

presented to show how MSCs could be involved in 

maintaining dormancy. Although the mechanism by 

which CSCs survive is complex, this article focus on 

the cellular involvement of MSCs with regard to 

immune responses. We discuss the 

immunomodulatory mechanisms of MSC-CSC 

interaction in the context of therapeutic outcomes in 

oncology. We also discuss immunotherapy as a 

potential to circumventing this immune modulation. 

 

Fabian, A., et al. (2013). "The hitchhikers guide to 

cancer stem cell theory: markers, pathways and 

therapy." Cytometry A 83(1): 62-71. 

 Cancer stem cell (CSC) biology is a rapidly 

developing field within cancer research. CSCs are 

postulated to be a unique cell population exclusively 

capable of infinite self renewal, multilineage 

differentiation and with ability to evade conventional 

cytotoxic cancer therapy. These traits distinguish 

CSCs from their more differentiated counterparts, 

which possess only limited or no potential for self 

renewal and tumor initiation. Therefore, CSCs would 

be the driving motor of malignant growth and therapy 

resistance. Accordingly, successful cancer treatment 

would need to eliminate this highly potent group of 

cells, since even small residual numbers would 

suffice to recapitulate the disease after therapy. 

Putative CSCs has been identified in a broad range of 

human malignancies and several cell surface markers 

have been associated with their stem cell phenotype. 

Despite all efforts, a pure CSC population has not 

been isolated and often in vitro clonogenic and in 

vivo tumorigenic potential is found in several cell 

populations with occasionally contradictory surface 

marker signatures. Here, we give a brief overview of 

recent advances in CSC theory, including the 

signaling pathways in CSCs that also appear crucial 

for stem cells homeostasis in normal tissues. We 

discuss evidence for the interaction of CSCs with the 

stromal tumor environment. Finally, we review the 

emerging potentially effective CSC-targeted 

treatment strategies and their future role in therapy. 

 

Fang, P., et al. (2020). "Targeting Strategies for 

Renal Cancer Stem Cell Therapy." Curr Pharm Des 

26(17): 1964-1978. 

 Renal cell carcinoma (RCC) is an intractable 

genitourinary malignancy that accounts for 

approximately 4% of adult malignancies. Currently, 

there is no approved targeted therapy for RCC that 

has yielded durable remissions, and they remain 

palliative in intent. Emerging evidence has indicated 

that renal tumorigenesis and RCC treatment-

resistance may originate from renal cancer stem cells 

(CSCs) with tumor-initiating capacity (CSC 

hypothesis). A better understanding of the 

mechanism underlying renal CSCs will help to 

dissect RCC heterogeneity and drug treatment 

efficiency, to promote more personalized and 

targeted therapies. In this review, we summarized the 

stem cell characteristics of renal CSCs. We outlined 

the targeting strategies and challenges associated 

with developing therapies that target renal CSCs 

angiogenesis, immunosuppression, signaling 

pathways, surface biomarkers, microRNAs and 

nanomedicine. In conclusion, CSCs are an important 

role in renal carcinogenesis and represent a valid 

target for treatment of RCC patients. 

 

Farahzadi, R., et al. (2023). "Investigation of L-

carnitine effects on CD44(+) cancer stem cells from 

MDA-MB-231 breast cancer cell line as anti-cancer 

therapy." Regen Ther 24: 219-226. 

 Breast cancer stem cells (BCSCs) are a 

small subpopulation of breast cancer cells, capable of 

metastasis, recurrence, and drug resistance in breast 

cancer patients. Therefore, targeting BCSCs appears 

to be a promising strategy for the treatment and 

prevention of breast cancer metastasis. Mounting 

evidence supports the fact that carnitine, a potent 

antioxidant, modulates various mechanisms by 

enhancing cellular respiration, inducing apoptosis, 

and reducing proliferation and inflammatory 

responses in tumor cells. The objective of this study 

was to investigate the impact of L-carnitine (LC) on 
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the rate of proliferation and induction of apoptosis in 

CD44(+) CSCs. To achieve this, the CD44(+) cells 

were enriched using the Magnetic-activated cell 

sorting (MACS) isolation method, followed by 

treatment with LC at various concentrations. Flow 

cytometry analysis was used to determine cell 

apoptosis and proliferation, and western blotting was 

performed to detect the expression levels of proteins. 

Treatment with LC resulted in a significant decrease 

in the levels of p-JAK2, p-STAT3, Leptin receptor, 

and components of the leptin pathway. Moreover, 

CD44(+) CSCs-treated cells with LC exhibited a 

reduction in the proliferation rate, accompanied by an 

increase in the percentage of apoptotic cells. Hence, 

it was concluded that LC could potentially influence 

the proliferation and apoptosis of CD44(+) CSC by 

modulating the expression levels of specific protein. 

 

Fatma, H. and H. R. Siddique (2023). "Cancer cell 

plasticity, stem cell factors, and therapy resistance: 

how are they linked?" Cancer Metastasis Rev. 

 Cellular plasticity can occur naturally in an 

organism and is considered an adapting mechanism 

during the developmental stage. However, abnormal 

cellular plasticity is observed in different diseased 

conditions, including cancer. Cancer cell plasticity 

triggers the stimuli of epithelial-mesenchymal 

transition (EMT), abnormal epigenetic changes, 

expression of stem cell factors and implicated 

signaling pathways, etc., and helps in the 

maintenance of CSC phenotype. Conversely, CSC 

maintains the cancer cell plasticity, EMT, and 

epigenetic plasticity. EMT contributes to increased 

cell migration and greater diversity within tumors, 

while epigenetic changes, stem cell factors (OCT4, 

NANOG, and SOX2), and various signaling 

pathways allow cancer cells to maintain various 

phenotypes, giving rise to intra- and inter-tumoral 

heterogeneity. The intricate relationships between 

cancer cell plasticity and stem cell factors help the 

tumor cells adopt drug-tolerant states, evade 

senescence, and successfully acquire drug resistance 

with treatment dismissal. Inhibiting 

molecules/signaling pathways involved in promoting 

CSCs, cellular plasticity, EMT, and epigenetic 

plasticity might be helpful for successful cancer 

therapy management. This review discussed the role 

of cellular plasticity, EMT, and stem cell factors in 

tumor initiation, progression, reprogramming, and 

therapy resistance. Finally, we discussed how the 

intervention in this axis will help better manage 

cancers and improve patient survivability. 

 

Fotinos, J., et al. (2023). "Effects of a differentiating 

therapy on cancer-stem-cell-driven tumors." J Theor 

Biol 572: 111563. 

 The growth of many solid tumors has been 

found to be driven by chemo- and radiotherapy-

resistant cancer stem cells (CSCs). A suitable 

therapeutic avenue in these cases may involve the use 

of a differentiating agent (DA) to force the 

differentiation of the CSCs and of conventional 

therapies to eliminate the remaining differentiated 

cancer cells (DCCs). To describe the effects of a DA 

that reprograms CSCs into DCCs, we adapt a 

differential equation model developed to investigate 

tumorspheres, which are assumed to consist of jointly 

evolving CSC and DCC populations. We analyze the 

mathematical properties of the model, finding the 

equilibria and their stability. We also present 

numerical solutions and phase diagrams to describe 

the system evolution and the therapy effects, 

denoting the DA strength by a parameter a(dif). To 

obtain realistic predictions, we choose the other 

model parameters to be those determined previously 

from fits to various experimental datasets. These 

datasets characterize the progression of the tumor 

under various culture conditions. Typically, for small 

values of a(dif) the tumor evolves towards a final 

state that contains a CSC fraction, but a strong 

therapy leads to the suppression of this phenotype. 

Nonetheless, different external conditions lead to 

very diverse behaviors. For microchamber-grown 

tumorspheres, there is a threshold in therapy strength 

below which both subpopulations survive, while high 

values of a(dif) lead to the complete elimination of 

the CSC phenotype. For tumorspheres grown on hard 

and soft agar and in the presence of growth factors, 

the model predicts a threshold not only in the therapy 

strength, but also in its starting time, an early 

beginning being potentially crucial. In summary, our 

model shows how the effects of a DA depend 

critically not only on the dosage and timing of the 

drug application, but also on the tumor nature and its 

environment. 

 

Fouse, S. D., et al. (2014). "Response of primary 

glioblastoma cells to therapy is patient specific and 

independent of cancer stem cell phenotype." Neuro 

Oncol 16(3): 361-371. 

 BACKGROUND: Glioblastoma multiforme 

(GBM) contains a population of cells that exhibit 

stem cell phenotypes. These cancer stem cells (CSCs) 

may be a source of therapeutic resistance, although 

support for this important concept is limited. 

METHODS: We determined whether early-passage 

GBM CSCs respond differently than patient-matched, 

genotypically similar non-CSCs to clinically relevant 
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single or serial doses of temozolomide (TMZ), 

radiation therapy (XRT), or alternating TMZ 

treatment and XRT, which is the standard of care for 

GBM patients. RESULTS: Despite the phenotypic 

differences, including the presence of stem cell 

markers and formation of intracranial tumors, the 

CSCs and matched non-CSCs were equally resistant 

to TMZ in a majority of patients, using 2 independent 

assays. TMZ response was consistent with 

methylated O(6)-DNA methylguanine-

methyltransferase (MGMT) and MGMT protein 

levels in both culture types. In contrast, CSCs were 

unexpectedly more responsive to XRT compared 

with matched non-CSCs from 2 patients despite 

having relatively equal resistance to TMZ. However, 

for the majority of culture pairs from individual 

patients, responses in CSCs were indistinguishable 

from non-CSC cultures. CONCLUSIONS: In our 

patient-matched primary cultures, response to TMZ 

was tightly linked to the individual tumor's MGMT 

status and independent of their phenotypic 

differences. TMZ and XRT together revealed no 

additive benefit compared with monotherapy for 

either culture type, in contrast to the notion that the 

CSC population is more resistant to XRT. If the 

tumor cell response in vitro mirrors therapeutic 

response in larger patient cohorts, these rapid assays 

in primary cultures could allow -empirical selection 

of efficacious therapeutic agents on a patient-specific 

basis. 

 

Frontiers Editorial, O. (2023). "Retraction: 

Mesenchymal stem/stromal cell-based delivery: a 

rapidly evolving strategy for cancer therapy." Front 

Cell Dev Biol 11: 1285267. 

 [This retracts the article DOI: 

10.3389/fcell.2021.686453.]. 

 

Gao, S., et al. (2023). "Biomimetic biomineralization 

nanoplatform-mediated differentiation therapy and 

phototherapy for cancer stem cell inhibition and 

antitumor immunity activation." Asian J Pharm Sci 

18(5): 100851. 

 Growing evidence suggests that the presence 

of cancer stem cells (CSCs) is a major challenge in 

current tumor treatments, especially the transition 

from non-CSCs to differentiation of CSCs for 

evading conventional therapies and driving 

metastasis. Here we propose a therapeutic strategy of 

synergistic differentiation therapy and phototherapy 

to induce differentiation of CSCs into mature tumor 

cells by differentiation inducers and synergistic 

elimination of them and normal cancer cells through 

phototherapy. In this work, we synthesized a 

biomimetic nanoplatform loaded with IR-780 and all-

trans retinoic acid (ATRA) via biomineralization. 

This method can integrate aluminum ions into small-

sized protein carriers to form nanoclusters, which 

undergo responsive degradation under acidic 

conditions and facilitate deep tumor penetration. 

With the help of CSC differentiation induced by 

ATRA, IR-780 inhibited the self-renewal of CSCs 

and cancer progression by generating hyperthermia 

and reactive oxygen species in a synergistic manner. 

Furthermore, ATRA can boost immunogenic cell 

death induced by phototherapy, thereby strongly 

causing a systemic anti-tumor immune response and 

efficiently eliminating CSCs and tumor cells. Taken 

together, this dual strategy represents a new paradigm 

of targeted eradication of CSCs and tumors by 

inducing CSC differentiation, improving 

photothermal therapy/photodynamic therapy and 

enhancing antitumor immunity. 

 

Garza Trevino, E. N., et al. (2023). "Cell Therapy as 

Target Therapy against Colon Cancer Stem Cells." 

Int J Mol Sci 24(9). 

 Cancer stem cells (CSCs) are a small 

subpopulation of cells within tumors with properties, 

such as self-renewal, differentiation, and 

tumorigenicity. CSCs have been proposed as a 

plausible therapeutic target as they are responsible for 

tumor recurrence, metastasis, and conventional 

therapy resistance. Selectively targeting CSCs is a 

promising strategy to eliminate the propagation of 

tumor cells and impair overall tumor development. 

Recent research shows that several immune cells play 

a crucial role in regulating tumor cell proliferation by 

regulating different CSC maintenance or proliferation 

pathways. There have been great advances in cellular 

immunotherapy using T cells, natural killer (NK) 

cells, macrophages, or stem cells for the selective 

targeting of tumor cells or CSCs in colorectal cancer 

(CRC). This review summarizes the CRC molecular 

profiles that may benefit from said therapy and the 

main vehicles used in cell therapy against CSCs. We 

also discuss the challenges, limitations, and 

advantages of combining conventional and/or current 

targeted treatments in the late stages of CRC. 

 

Gasch, C., et al. (2017). "Catching moving targets: 

cancer stem cell hierarchies, therapy-resistance & 

considerations for clinical intervention." Mol Cancer 

16(1): 43. 

 It is widely believed that targeting the 

tumour-initiating cancer stem cell (CSC) component 

of malignancy has great therapeutic potential, 

particularly in therapy-resistant disease. However, 

despite concerted efforts, CSC-targeting strategies 

have not been efficiently translated to the clinic. This 
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is partly due to our incomplete understanding of the 

mechanisms underlying CSC therapy-resistance. In 

particular, the relationship between therapy-

resistance and the organisation of CSCs as Stem-

Progenitor-Differentiated cell hierarchies has not 

been widely studied. In this review we argue that 

modern clinical strategies should appreciate that the 

CSC hierarchy is a dynamic target that contains 

sensitive and resistant components and expresses a 

collection of therapy-resisting mechanisms. We 

propose that the CSC hierarchy at primary 

presentation changes in response to clinical 

intervention, resulting in a recurrent malignancy that 

should be targeted differently. As such, addressing 

the hierarchical organisation of CSCs into our bench-

side theory should expedite translation of CSC-

targeting to bed-side practice. In conclusion, we 

discuss strategies through which we can catch these 

moving clinical targets to specifically compromise 

therapy-resistant disease. 

 

Geyik, G. I., et al. (2021). "The effect of music 

therapy on the physical and mental parameters of 

cancer patients during hematopoietic stem cell 

transplantation." Perspect Psychiatr Care 57(2): 558-

564. 

 PURPOSE: Music therapy has been used for 

relaxation in traditional medicine. This study 

explored the effect of music therapy on the physical 

and mental parameters of cancer patients during 

hematopoietic stem cell transplantation (HSCT). 

DESIGN AND METHODS: Thirty patients who 

were hospitalized for bone marrow transplantation 

were included. Traditional Music Therapy of Islamic 

Turkish Culture was applied to the patients during the 

transplantation process. Specific physical and 

psychological parameters of patients were evaluated 

before and after music therapy. FINDINGS: A 

positive relationship between anxiety and distress 

scores was observed. Music therapy had a significant 

impact on increasing levels of oxygen saturation, and 

decreasing anxiety and distress levels of the HSCT 

patients (P < .05). PRACTICE IMPLICATIONS: 

Music therapy may provide positive effects for 

patients during HSCT. 

 

Gholizadeh-Ghaleh Aziz, S., et al. (2019). "The 

human amniotic fluid mesenchymal stem cells 

therapy on, SKOV3, ovarian cancer cell line." Mol 

Genet Genomic Med 7(7): e00726. 

 PURPOSE: One of the most common 

malignancies peculiar to female health with few 

symptoms, low response to therapy, difficult 

diagnosis, frequent relapse, and high mortality, is 

ovarian cancer. Thus, our experiment, using Human 

amniotic fluid mesenchymal stem cells (hAFMSCs) 

as a therapeutic tool, aims to find an efficient 

treatment approach for patients suffering from 

SKOV3 ovarian cancer. MATERIAL & METHODS: 

In this study, we obtained 5 ml amniotic fluid from 

16-20 week pregnant women who underwent 

amniocentesis for routine prenatal diagnosis by 

karyotyping in Al-Zahra Hospital of Tabriz 

University of Medical Sciences, Iran. Using trans 

wells in 24 wells plate, hAFMSCs were isolated from 

all samples, co-cultured with SKOV3 ovarian cancer 

cell line, and characterized via flow cytometry and 

RT-PCR. Human skin fibroblast cells (HSFCs) were 

isolated and used as a negative control. SKOV3 and 

HSFCs' viability after 5 days was evaluated by MTT 

assay. Cell cycle and apoptotic genes were analyzed 

by real-time PCR. RESULTS: We successfully 

isolated and characterized hAFMSCs through it 

positivity for CD44 and CD90 specific mesenchymal 

stem cell markers and negativity for CD31 and CD45. 

Oct4 and NANOG were evaluated by RT-PCR as 

pluripotency markers, and visualized on 2% gel 

electrophoresis. We established hAFMS cell lines 

after 5 days of co-culturing the SKOV3 cells, 

viability was decreased; however, HSFCs did not 

show toxicity by MTT assay. The genes indicated 

upregulation and high expression by a real-time PCR. 

CONCLUSIONS: Our findings showed that 

hAFMSCs have natural tumor tropism, and can 

release soluble factors in a cell culture, which cause 

an efficient anticancer effect. Thus, we can use 

hAFMSCs for complete anticancer therapy on 

SKOV3 cell line at cell culture condition and 

possibly in vivo in the near future. 

 

Gholizadeh-Ghaleh Aziz, S., et al. (2017). "An 

update clinical application of amniotic fluid-derived 

stem cells (AFSCs) in cancer cell therapy and tissue 

engineering." Artif Cells Nanomed Biotechnol 45(4): 

765-774. 

 Recent studies have elucidated that cell-

based therapies are promising for cancer treatments. 

The human amniotic fluid stem (AFS) cells are 

advantageous cells for such therapeutic schemes that 

can be innately changed to express therapeutic 

proteins. HAFSCs display a natural tropism to cancer 

cells in vivo. They can be useful in cancer cells 

targeting. Moreover, they are easily available from 

surplus diagnostic samples during pregnancy and less 

ethical and legal concern are associated with the 

collection and application than other putative cells 

are subjected. This review will designate 

representatives of amniotic fluid and stem cell 

derived from amniotic fluid. For this propose, we 

collect state of human AFS cells data applicable in 
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cancer therapy by dividing this approach into two 

main classes (nonengineered and engineered based 

approaches). Our study shows the advantage of AFS 

cells over other putative cells types in terms 

differentiation ability to a wide range of cells by 

potential and effective use in preclinical studies for a 

variety of diseases. This study has shown the 

elasticity of human AFS cells and their favorable 

potential as a multipotent cell source for regenerative 

stem cell therapy and capable of giving rise to 

multiple lineages including such as osteoblasts and 

adipocyte. 

 

Ghorbani Alvanegh, A., et al. (2023). 

"Antiproliferative effects of mesenchymal stem cells 

carrying Newcastle disease virus and Lactobacillus 

Casei extract on CT26 Cell line: synergistic effects in 

cancer therapy." Infect Agent Cancer 18(1): 46. 

 BACKGROUND AND AIMS: Colorectal 

Cancer (CRC) is a frequent malignancy with a high 

mortality rate. Specific inherited and environmental 

influences can affect CRC. Oncolytic viruses and 

bacteria in treating CRC are one of the innovative 

therapeutic options. This study aims to determine 

whether mesenchymal stem cells (MSCs) infected 

with the Newcastle Disease Virus (NDV) in 

combination with Lactobacillus casei extract (L. casei) 

have a synergistic effects on CRC cell line growth. 

MATERIALS AND METHODS: MSCs taken from 

the bone marrow of BALB/c mice and were infected 

with the 20 MOI of NDV. Then, using the CT26 cell 

line in various groups as a single and combined 

treatment, the anticancer potential of MSCs 

containing the NDV and L. casei extract was 

examined. The evaluations considered the CT26 

survival and the rate at which LDH, ROS, and levels 

of caspases eight and nine were produced following 

various treatments. RESULTS: NDV, MSCs-NDV, 

and L. casei in alone or combined treatment 

significantly increased apoptosis percent, LDH, and 

ROS production compared with the control group 

(P<0.05). Also, NDV, in free or capsulated in MSCs, 

had anticancer effects, but in capsulated form, it had 

a delay compared with free NDV. The findings 

proved that L. casei primarily stimulates the extrinsic 

pathway, while NDV therapy promotes apoptosis 

through the activation of both intrinsic and extrinsic 

apoptosis pathways. CONCLUSIONS: The results 

suggest that MSCs carrying oncolytic NDV in 

combination with L. casei extract as a potentially 

effective strategy for cancer immunotherapy by 

promoting the generation of LDH, ROS, and 

apoptosis in the microenvironment of the CT26 cell 

line. 

 

Ghorbani, Z., et al. (2023). "Transcriptional 

Regulation of the Colorectal Cancer Stem Cell 

Markers, Nanog and Oct4, Induced by a 

Thermodynamic-Based Therapy Approach." Iran J 

Public Health 52(4): 848-856. 

 BACKGROUND: Cancer stem cells (CSC), 

as responsible issues to cancer development and 

progression, play a crucial role in tumorigenesis, 

recurrence, metastasis, and chemoresistance. Both 

hyperthermia and photodynamic therapy (PDT) may 

be effective for cancer treatment, particularly when 

combined with other therapeutic approaches. This 

study aimed to evaluate the effect of hyperthermia 

combined with PDT on colorectal CSC and the gene 

expression of the CSC markers, presenting a more 

effective approach for cancer therapy. METHODS: 

The study was conducted in the Pasteur institute of 

Iran, Tehran, Iran in 2018. We evaluated the 

anticancer role of hyperthermia, Gold nanoparticles 

coated with curcumin (Cur-GNPs) in PDT and 

combination of the two approaches on cell viability 

and the expression of CSC markers, Nanog and Oct4 

in colorectal cancer cell line HT-29. The cytotoxicity 

effect of Cur-GNPs against the cells was assessed in 

vitro. The cell viability was assessed using MTT 

assay, and the expression analysis of the CSC genes 

was evaluated using a q-real-time PCR. RESULTS: 

Cell viability was decreased by PDT (P=0.015) and 

the combination therapy (P=0.006) but not by 

hyperthermia alone (P=0.4), compared to control. 

Also, the expression of CSC markers, Nanog and 

Oct4 was shown to significantly down-regulate in all 

hyperthermia, PDT and combination groups. 

CONCLUSION: Hyperthermia combined with PDT 

was indicated to be more efficient in eliminating 

tumors than hyperthermia or PDT alone. 

 

Ghotra, V. P., et al. (2009). "The cancer stem cell 

microenvironment and anti-cancer therapy." Int J 

Radiat Biol 85(11): 955-962. 

 PURPOSE: Tumours are composed of a 

heterogeneous cell population. Cancer stem cells, 

which make up a minor fraction of a tumour, may be 

the cells that initiate and sustain tumour growth. 

Cancer stem cells are believed to share many 

properties with normal stem cells that render them 

relatively insensitive to classical radio- and 

chemotherapy. CONCLUSIONS: We discuss what 

those (cancer) stem cell properties are and how the 

interactions with the microenvironment--'the niche'--

control those aspects of (cancer) stem cell biology. 

We also describe possible strategies to target cancer 

stem cells in order to prevent cancers from escaping 

therapy. 
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Giulino-Roth, L., et al. (2018). "Outcome of children 

and adolescents with relapsed Hodgkin lymphoma 

treated with high-dose therapy and autologous stem 

cell transplantation: the Memorial Sloan Kettering 

Cancer Center experience." Leuk Lymphoma 59(8): 

1861-1870. 

 To evaluate outcomes and prognostic 

markers among children with relapsed Hodgkin 

lymphoma (HL) treated with autologous stem cell 

transplant (ASCT), we conducted a retrospective 

analysis of 36 consecutive pediatric patients treated at 

Memorial Sloan Kettering Cancer Center from 1989 

to 2013. With a median follow-up of 9.6 years, the 

10-year overall survival (OS) and event-free survival 

(EFS) were 74.1 and 67.1% respectively. Absence of 

B-symptoms, chemotherapy-sensitive disease, and 

transplant date after 1997 were each associated with 

superior EFS [HR 0.12 (p = .0015), 0.18 (p = .0039), 

and 0.17 (p = .0208), respectively]. Childhood 

Hodgkin International Prognostic Score at relapse (R-

CHIPS) was calculated in a subset of patients (n = 22) 

and a lower score was associated with improved OS 

(HR 0.29, p = .0352) and a trend toward improved 

EFS (HR 0.38, p = .0527). In summary, ASCT results 

in durable remission for the majority of pediatric 

patients with relapsed HL. R-CHIPS should be 

evaluated in larger cohorts as a potential predictive 

tool. 

 

Gooding, A. J. and W. P. Schiemann (2020). 

"Epithelial-Mesenchymal Transition Programs and 

Cancer Stem Cell Phenotypes: Mediators of Breast 

Cancer Therapy Resistance." Mol Cancer Res 18(9): 

1257-1270. 

 Epithelial-mesenchymal transition (EMT) 

programs play essential functions in normal 

morphogenesis and organogenesis, including that 

occurring during mammary gland development and 

glandular regeneration. Historically, EMT programs 

were believed to reflect a loss of epithelial gene 

expression signatures and morphologies that give 

way to those associated with mesenchymal cells and 

their enhanced migratory and invasive behaviors. 

However, accumulating evidence now paints EMT 

programs as representing a spectrum of phenotypic 

behaviors that also serve to enhance cell survival, 

immune tolerance, and perhaps even metastatic 

dormancy. Equally important, the activation of EMT 

programs in transformed mammary epithelial cells 

not only enhances their acquisition of invasive and 

metastatic behaviors, but also expands their 

generation of chemoresistant breast cancer stem cells 

(BCSC). Importantly, the net effect of these events 

results in the appearance of recurrent metastatic 

lesions that remain refractory to the armamentarium 

of chemotherapies and targeted therapeutic agents 

deployed against advanced stage breast cancers. Here 

we review the molecular and cellular mechanisms 

that contribute to the pathophysiology of EMT 

programs in human breast cancers and how these 

events impact their "stemness" and acquisition of 

chemoresistant phenotypes. 

 

Gordeeva, O. (2018). "Cancer-testis antigens: Unique 

cancer stem cell biomarkers and targets for cancer 

therapy." Semin Cancer Biol 53: 75-89. 

 Cancer-testis antigens (CTAs) are 

considered as unique and promising cancer 

biomarkers and targets for cancer therapy. CTAs are 

multifunctional protein group with specific 

expression patterns in normal embryonic and adult 

cells and various types of cancer cells. CTAs are 

involved in regulating of the basic cellular processes 

during development, stem cell differentiation and 

carcinogenesis though the biological roles and cell 

functions of CTA families remain largely unclear. 

Analysis of CTA expression patterns in embryonic 

germ and somatic cells, pluripotent and multipotent 

stem cells, cancer stem cells and their cell 

descendants indicates that rearrangements of 

characteristic CTA profiles (aberrant expression) 

could be associated with cancer transformation and 

failure of the developmental program of cell lineage 

specification and germ line restriction. Therefore, 

aberrant CTA profiles can be used as panels of 

biomarkers for diagnoses and the selection of cancer 

treatment strategies. Moreover, immunogenic CTAs 

are prospective targets for cancer immunotherapy. 

Clinical trials testing broad range of cancer 

therapeutic vaccines against antigens of MAGEA and 

NY-ESO-1 families for treating various cancers have 

shown mixed clinical efficiency, safety and 

tolerability, suggesting the requirement of in-depth 

research of CTA expression in normal and cancer 

stem cells and extensive clinical trials for improving 

cancer immunotherapy technologies. This review 

focuses on recent advancement in study of CTAs in 

normal and cancer cells, particularly in normal and 

cancer stem cells, and provides a new insight into 

CTA expression patterns during normal and cancer 

stem cell lineage development. Additionally, new 

approaches in development of effective CTA-based 

therapies exclusively targeting cancer stem cells will 

be discussed. 

 

Gruber, W., et al. (2017). "Understanding cell 

signaling in cancer stem cells for targeted therapy - 

can phosphoproteomics help to reveal the secrets?" 

Cell Commun Signal 15(1): 12. 
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 BACKGROUND: Cancer represents 

heterogeneous and aberrantly proliferative 

manifestations composed of (epi)genetically and 

phenotypically distinct cells with a common clonal 

origin. Cancer stem cells (CSC) make up a rare 

subpopulation with the remarkable capacity to initiate, 

propagate and spread a malignant disease. 

Furthermore, CSC show increased therapy resistance, 

thereby contributing to disease relapse. Elimination 

of CSC, therefore, is a crucial aim to design 

efficacious treatments for long-term survival of 

cancer patients. In this article, we highlight the nature 

of CSC and propose that phosphoproteomics based 

on unbiased high-performance liquid 

chromatography-mass spectrometry provides a 

powerful tool to decipher the molecular CSC 

programs. Detailed knowledge about the regulation 

of signaling processes in CSC is a prerequisite for the 

development of patient-tailored multi-modal 

treatments including the elimination of rare CSC. 

MAIN BODY: Phosphorylation is a crucial post-

translational modification regulating a plethora of 

both intra- and intercellular communication processes 

in normal and malignant cells. Small-molecule 

targeting of kinases has proven successful in the 

therapy, but the high rates of relapse and failure to 

stem malignant spread suggest that these kinase 

inhibitors largely spare CSC. Studying the kinetics of 

global phosphorylation patterns in an unbiased 

manner is, therefore, required to improve strategies 

and successful treatments within multi-modal 

therapeutic regimens by targeting the malignant 

behavior of CSC. The phosphoproteome comprises 

all phosphoproteins within a cell population that can 

be analyzed by phosphoproteomics, allowing the 

investigation of thousands of phosphorylation events. 

One major aspect is the perception of events 

underlying the activation and deactivation of kinases 

and phosphatases in oncogenic signaling pathways. 

Thus, not only can this tool be harnessed to better 

understand cellular processes such as those 

controlling CSC, but also applied to identify novel 

drug targets for targeted anti-CSC therapy. 

CONCLUSION: State-of-the-art phosphoproteomics 

approaches focusing on single cell analysis have the 

potential to better understand oncogenic signaling in 

heterogeneous cell populations including rare, yet 

highly malignant CSC. By eliminating the influence 

of heterogeneity of populations, single-cell studies 

will reveal novel insights also into the inter- and 

intratumoral communication processes controlling 

malignant CSC and disease progression, laying the 

basis for improved rational combination treatments. 

 

Guo, F., et al. (2023). "Natural killer cell therapy 

targeting cancer stem cells: Old wine in a new 

bottle." Cancer Lett 570: 216328. 

 A small proportion of cancer cells that have 

stem cell-like properties are known as cancer stem 

cells (CSCs). They can be used to identify malignant 

tumor phenotypes and patients with poor prognosis. 

Targeting these cells has been shown to improve the 

effectiveness of cancer therapies. Owing to the nature 

of CSCs, they are resistant to conventional treatment 

methods such as radio- and chemotherapy. Therefore, 

more effective anti-CSC therapies are required. 

Immunotherapy, including natural killer (NK) and T 

cell therapy, has demonstrated the ability to eliminate 

CSCs. NK cells have demonstrated superior anti-CSC 

capabilities compared to T cells in recognizing low 

levels of major histocompatibility complex (MHC) 

class I expression. However, CSC escape also occurs 

during NK cell therapy. It is important to determine 

CSC-specific immune evasion mechanisms and find 

out potential solutions to optimize NK cell function. 

Therefore, this review discusses promising strategies 

that can improve the efficiency of NK cell therapy in 

treating CSCs, and aims to provide a reference for 

future research. 

 

Guo, Y., et al. (2022). "Mesenchymal Stem Cell-

Derived Extracellular Vesicles: Pleiotropic Impacts 

on Breast Cancer Occurrence, Development, and 

Therapy." Int J Mol Sci 23(6). 

 Breast cancer (BC) is one of the most 

devastating cancers, with high morbidity and 

mortality, among the female population worldwide. 

In BC, mesenchymal stem cells (MSCs), as 

pluripotent stromal stem cells, play a significant role 

in TME formation and tumor progression. Recently, 

an increasing number of studies have demonstrated 

that extracellular vesicles (EVs) are essential for the 

crosstalk between MSCs and BC cells. MSC-derived 

EVs (MSC-EVs) can deliver a diversity of molecules, 

including lipids, proteins, and nucleic acids, etc., to 

target cells, and produce corresponding effects. 

Studies have demonstrated that MSC-EVs exert both 

inhibitory and promotive effects in different 

situations and different stages of BC. Meanwhile, 

MSC-EVs provide novel therapeutic options for BC, 

such as EVs as carriers for drug delivery. Therefore, 

in this review, we summarize the role of MSC-EVs in 

BC progression and application in clinical treatment, 

in the hope of providing a basis for further research. 

 

Haas, R., et al. (1997). "Tandem high-dose therapy 

with ifosfamide, epirubicin, carboplatin and 

peripheral blood stem cell support is an effective 
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adjuvant treatment for high-risk primary breast 

cancer." Eur J Cancer 33(3): 372-378. 

 We evaluated the therapeutic efficacy and 

toxicity of a tandem high-dose therapy with 

peripheral blood stem cell (PBSC) support in 40 

patients with high-risk, primary breast cancer (stage 

II-III) and involvement of ten or more positive 

axillary lymph nodes. Their median age was 44 years 

(range 23-56). Two cycles of cytotoxic chemotherapy 

with ifosfamide (10000 mg/m2) and epirubicin (100 

mg/m2) were administered. Granulocyte colony-

stimulating factor (G-CSF) was given to hasten 

neutrophil reconstitution and to mobilise PBSC 

during marrow recovery. Leukaphereses were 

performed following the first and/or second cycle. 

Tandem high-dose therapy consisted of two cycles 

with ifosfamide (15 or 12 g/m2) and epirubicin (150 

mg/m2), while carboplatin (900 mg/m2) was added 

for the last 24 patients included. Using an 

immunocytochemical method, two of 11 patients had 

cytokeratin-positive tumour cells in three 

leukapheresis products that were collected following 

the first G-CSF-supported cycle with ifosfamide and 

epirubicin, whereas only two harvests obtained 

following the second cycle in 26 patients contained 

cytokeratin-positive tumour cells. The number of 

CD34+ cells/kg re-infused following both high-dose 

cycles was similar (4.20 +/- 0.29 x 10(6), first cycle 

and 5.25 +/- 0.63 x 10(6), second cycle), and no 

notable difference was noted in the speed of 

haematological reconstitution. An absolute neutrophil 

count (ANC) of 0.5 x 10(9)/1 was reached after a 

median time of 13 days, while an unsupported 

platelet count of 20.0 x 10(9)/1 was achieved after a 

median time of 8 (first cycle) and 9 (second cycle) 

days post-transplantation. Patients autografted with 

more than 7.5 x 10(6) CD34+ cells/kg had platelet 

counts above 20 x 10(9)/1 within less than 10 days. 6 

patients relapsed between 7 and 11 months (median 8 

months) post-transplantation. 37 patients are alive 

and in remission with a median follow-up time of 11 

months (range 1-38). This translates into a 

probability of disease-free survival (DFS) of 77% (95% 

CI 32-95%) at 38 months. The probability of overall 

survival is 85%, since 3 patients with local relapse 

achieved a second complete remission following 

surgery and involved-field radiotherapy. In 

conclusion, a sequential high-dose therapy including 

ifosfamide, epirubicin, carboplatin and PBSC support 

is well tolerated and effective in patients with high-

risk primary breast cancer. Involved-field irradiation 

should be performed post-transplantation to reduce 

the risk of local relapse. 

 

Haga, E., et al. (2014). "Therapy of peritoneally 

disseminated colon cancer by TAP-deficient 

embryonic stem cell-derived macrophages in 

allogeneic recipients." J Immunol 193(4): 2024-2033. 

 We established a method to generate a large 

quantity of myeloid lineage cells from mouse 

embryonic stem (ES) cells, termed ES cell-derived 

proliferating myeloid cell lines (ES-ML). ES-ML 

continuously proliferated in the presence of M-CSF 

and GM-CSF. ES-ML genetically modified to 

express an anti-HER2 (neu) mAb single-chain V 

region fragment reduced the number of cocultured 

mouse Colon-26 cancer cells expressing HER2. 

Stimulation of ES-ML with IFN-gamma plus LPS or 

TNF resulted in almost complete killing of the 

Colon-26 cells by the ES-ML, and the cytotoxicity 

was mediated, in part, by NO produced by ES-ML. 

When ES-ML were injected into mice with i.p. 

established Colon-26 tumors, they efficiently 

infiltrated the tumor tissues. Injection of ES-ML with 

rIFN-gamma and LPS inhibited cancer progression in 

the mouse peritoneal cavity. Coinjection of TNF-

transfected or untransfected ES-ML with rIFN-

gamma inhibited cancer growth and resulted in 

prolonged survival of the treated mice. In this 

experiment, transporter associated with Ag 

processing (TAP)1-deficient ES-ML exhibited 

therapeutic activity in MHC-mismatched allogeneic 

recipient mice. Despite the proliferative capacity of 

ES-ML, malignancy never developed from the 

transferred ES-ML in the recipient mice. In summary, 

TAP-deficient ES-ML with anticancer properties 

exhibited a therapeutic effect in allogeneic recipients, 

suggesting the possible use of TAP-deficient human-

induced pluripotent stem cell-derived proliferating 

myeloid cell lines in cancer therapy. 

 

Hagiwara, S., et al. (2011). "The cancer stem cell 

marker CD133 is a predictor of the effectiveness of 

S1+ pegylated interferon alpha-2b therapy against 

advanced hepatocellular carcinoma." J Gastroenterol 

46(2): 212-221. 

 BACKGROUND: Combination therapy 

with the oral fluoropyrimidine anticancer drug S1 and 

interferon is reportedly effective for the treatment of 

advanced hepatocellular carcinoma (HCC), but 

selection criteria for this therapy have not been 

clarified. In this study, we attempted to identify 

factors predicting the effectiveness of this 

combination therapy. METHODS: Pathological 

specimens of HCC were collected before treatment 

from 31 patients with advanced HCC who underwent 

S1+ pegylated-interferon (PEG-IFN) alpha-2b 

therapy between January 2007 and January 2009. In 

these pathological specimens, the expression levels of 
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CD133, thymidylate synthase (TS), 

dihydropyrimidine dehydrogenase (DPD), and 

interferon-receptor 2 (IFNR2) proteins were 

determined by Western blot assay. The presence or 

absence of p53 gene mutations was determined by 

direct sequencing. The relationships between these 

protein expression levels and the response rate (RR), 

progression-free survival (PFS), and overall survival 

(OS) were evaluated. RESULTS: The CD133 protein 

expression level was significantly lower in the 

responder group than in the nonresponder group. 

Comparing the PFS and OS between high- and low-

level CD133 expression groups (n = 13 and 18, 

respectively) revealed that both parameters were 

significantly prolonged in the latter group. The 

expression levels of TS, DPD, and IFNR2 protein 

and the presence of p53 gene mutations did not 

correlate with the RR. CONCLUSIONS: CD133 was 

identified as a predictor of the therapeutic effect of 

S1+ PEG-IFN alpha-2b therapy against advanced 

HCC. 

 

Haiduk, T. S., et al. (2023). "Dysregulated Stem Cell 

Markers Musashi-1 and Musashi-2 are Associated 

with Therapy Resistance in Inflammatory Breast 

Cancer." Arch Med Res 54(6): 102855. 

 BACKGROUND AND AIM: While 

preliminary evidence points to pro-tumorigenic roles 

for the Musashi (MSI) RNA-binding proteins 

Musashi-1 (MSI1) and Musashi-2 (MSI2) in some 

breast cancer subtypes, no data exist for 

inflammatory breast cancer (IBC). METHODS: MSI 

gene expression was quantified in IBC SUM149PT 

cells. We then used small interfering RNA-based 

MSI1 and MSI2 double knockdown (DKD) to 

understand gene expression and functional changes 

upon MSI depletion. We characterized cancer stem 

cell characteristics, cell apoptosis and cell cycle 

progression via flow cytometry, mammospheres via 

spheroid assays, migration and proliferation via 

digital holographic microscopy, and cell viability 

using BrdU assays. Chemoresistance was determined 

for paclitaxel and cisplatin with MTT assays and 

radioresistance was assessed with clonogenic 

analyses. In parallel, we supported our in vitro data 

by analyzing publicly available patient IBC gene 

expression datasets. RESULTS: MSI1 and MSI2 are 

upregulated in breast cancer generally and IBC 

specifically. MSI2 is more commonly expressed 

compared to MSI1. MSI DKD attenuated 

proliferation, cell cycle progression, migration, and 

cell viability while increasing apoptosis. Stem cell 

characteristics CD44(+)/CD24(-), TERT and Oct4 

were associated with MSI expression in vivo and 

were decreased in vitro after MSI DKD as was 

ALDH expression and mammosphere formation. In 

vivo, chemoresistant tumors were characterized by 

MSI upregulation upon chemotherapy application. In 

vitro, MSI DKD was able to alleviate chemo- and 

radioresistance. CONCLUSIONS: The Musashi RNA 

binding proteins are dysregulated in IBC and 

associated with tumor proliferation, cancer stem cell 

phenotype, chemo- and radioresistance. MSI 

downregulation alleviates therapy resistance and 

attenuates tumor proliferation in vitro. 

 

Han, Y. K., et al. (2013). "A possible usage of a 

CDK4 inhibitor for breast cancer stem cell-targeted 

therapy." Biochem Biophys Res Commun 430(4): 

1329-1333. 

 Cancer stem cells (CSCs) are one of the 

main reasons behind cancer recurrence due to their 

resistance to conventional anti-cancer therapies. Thus, 

many efforts are being devoted to developing CSC-

targeted therapies to overcome the resistance of CSCs 

to conventional anti-cancer therapies and decrease 

cancer recurrence. Differentiation therapy is one 

potential approach to achieve CSC-targeted therapies. 

This method involves inducing immature cancer cells 

with stem cell characteristics into more mature or 

differentiated cancer cells. In this study, we found 

that a CDK4 inhibitor sensitized MDA-MB-231 cells 

but not MCF7 cells to irradiation. This difference 

appeared to be associated with the relative percentage 

of CSC-population between the two breast cancer 

cells. The CDK4 inhibitor induced differentiation and 

reduced the cancer stem cell activity of MDA-MB-

231 cells, which are shown by multiple marker or 

phenotypes of CSCs. Thus, these results suggest that 

radiosensitization effects may be caused by reducing 

the CSC-population of MDA-MB-231 through the 

use of the CDK4 inhibitor. Thus, further 

investigations into the possible application of the 

CDK4 inhibitor for CSC-targeted therapy should be 

performed to enhance the efficacy of radiotherapy for 

breast cancer. 

 

Hassanzadeh, A., et al. (2021). "Mesenchymal 

Stem/Stromal Cell-Based Delivery: A Rapidly 

Evolving Strategy for Cancer Therapy." Front Cell 

Dev Biol 9: 686453. 

 Mesenchymal stem/stromal cell (MSC)-

based therapy has become an attractive and advanced 

scientific research area in the context of cancer 

therapy. This interest is closely linked to the MSC-

marked tropism for tumors, suggesting them as a 

rational and effective vehicle for drug delivery for 

both hematological and solid malignancies. 

Nonetheless, the therapeutic application of the MSCs 

in human tumors is still controversial because of the 
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induction of several signaling pathways largely 

contributing to tumor progression and metastasis. In 

spite of some evidence supporting that MSCs may 

sustain cancer pathogenesis, increasing proofs have 

indicated the suppressive influences of MSCs on 

tumor cells. During the last years, a myriad of 

preclinical and some clinical studies have been 

carried out or are ongoing to address the safety and 

efficacy of the MSC-based delivery of therapeutic 

agents in diverse types of malignancies. A large 

number of studies have focused on the MSC 

application as delivery vehicles for tumor necrosis 

factor-related apoptosis-inducing ligand (TRAIL), 

chemotherapeutic drug such as gemcitabine (GCB), 

paclitaxel (PTX), and doxorubicin (DOX), prodrugs 

such as 5-fluorocytosine (5-FC) and ganciclovir 

(GCV), and immune cell-activating cytokines along 

with oncolytic virus. In the current review, we 

evaluate the latest findings rendering the potential of 

MSCs to be employed as potent gene/drug delivery 

vehicle for inducing tumor regression with a special 

focus on the in vivo reports performed during the last 

two decades. 

 

Hassanzadeh, A., et al. (2022). "Genetically-modified 

Stem Cell in Regenerative Medicine and Cancer 

Therapy; A New Era." Curr Gene Ther 22(1): 23-39. 

 Recently, genetic engineering by various 

strategies to stimulate gene expression in a specific 

and controllable mode is a speedily growing 

therapeutic approach. Genetic modification of human 

stem or progenitor cells, such as Embryonic Stem 

Cells (ESCs), Neural Progenitor Cells (NPCs), 

Mesenchymal Stem/Stromal Cells (MSCs), and 

Hematopoietic Stem Cells (HSCs) for direct delivery 

of specific therapeutic molecules or genes has been 

evidenced as an opportune plan in the context of 

regenerative medicine due to their supported viability, 

proliferative features, and metabolic qualities. On the 

other hand, a large number of studies have 

investigated the efficacy of modified stem cells in 

cancer therapy using cells from various sources, 

disparate transfection means for gene delivery, 

different transfected yields, and wide variability of 

tumor models. Accordingly, cell-based gene therapy 

holds substantial aptitude for the treatment of human 

malignancy as it could relieve signs or even cure 

cancer succeeding expression of therapeutic or 

suicide transgene products; however, there exist 

inconsistent results in this regard. Herein, we deliver 

a brief overview of stem cell potential to use in 

cancer therapy and regenerative medicine and 

importantly discuss stem cells based gene delivery 

competencies to stimulate tissue repair and 

replacement in concomitant with their potential to use 

as an anti-cancer therapeutic strategy, focusing on the 

last two decades' in vivo studies. 

 

Hellman, S., et al. (2008). "Stem-cell biology and 

cancer therapy: the more things change." J Clin 

Oncol 26(6): 821-822. 

  

Hellman, S., et al. (1983). "Functional organization 

of the hematopoietic stem cell compartment: 

implications for cancer and its therapy." J Clin Oncol 

1(4): 277-284. 

 Recent discoveries indicate that 

hematopoietic stem cells have limits on their 

proliferative capacity and are unable to divide 

indefinitely. There is great heterogeneity within the 

compartment as to the extent of this proliferative 

limitation. At any given time it appears that 

hematopoiesis is maintained by the progeny of only a 

few stem cells. When these are exhausted the 

progeny from other stem cells take their place. The 

observations of proliferative limitation, heterogeneity, 

and clonal succession must be incorporated into any 

model of stem cell organization. These new 

discoveries and the models incorporating them have 

important clinical implications. They may explain the 

inability of normal tissues to develop drug resistance 

and they also offer a mechanism by which cell 

renewal systems decrease the development of 

malignancies. In the selection of chemotherapeutic 

agents not only the effectiveness of the drug upon the 

tumor must be considered, but also how specific 

agents affect the stem cell compartment. These data 

have important implications in the use of bone 

marrow transplantation for both malignant and 

nonmalignant disease. 

 

Hendijani, F. and S. H. Javanmard (2015). "Dual 

Protective and Cytotoxic Benefits of Mesenchymal 

Stem Cell Therapy in Combination with 

Chemotherapy/Radiotherapy for Cancer Patients." 

Crit Rev Eukaryot Gene Expr 25(3): 203-207. 

 Cancer is a major health problem in the 

world, and scientists seek innovative treatment 

strategies with higher efficacy and lower toxicity than 

the existing therapeutic agents. In this way, stem cell 

researchers try to reveal new pathways that will 

eventually benefit patients. Stem cell research has 

proven that mesenchymal stem cells (MSCs) possess 

anticancer activities, and their protein-rich secretome 

showed similar effects. MSCs also secrete cytokines 

that play an active role in healing and regeneration 

processes. Because of their known plasticity, MSCs 

display a variety of characteristics and functions in 

different environments, depending on their 

interactions with various cell types and tissues. 
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Therefore, we hypothesize that MSC therapy in 

combination with anticancer medicines can potentiate 

cytotoxic effects on cancer cells. In addition, because 

of their regenerative capacity, MSCs can protect 

normal tissues from adverse cytotoxic drug reactions. 

They may also help rescue injured tissues from these 

toxic damages or systemic pathological events that 

occur during cancer treatment. MSC therapy may 

double the beneficial effects on cancer and normal 

cells. As our knowledge of systems biology and 

biotechnological methodology is progressing, this 

idea can move forward as a treatment option. 

 

Hennessy, B., et al. (2002). "High dose chemotherapy 

and stem cell support for poor risk and recurrent 

nonseminomatous germ cell cancer: initial experience 

with sequential therapy." Ir J Med Sci 171(3): 158-

160. 

 BACKGROUND: Approximately 20% of 

patients with germ cell tumours do not respond fully 

to standard therapy, or relapse after treatment. The 

prognosis of these patients is poor with conventional 

chemotherapy. Preliminary data suggest that they 

may have a higher durable response rate with high 

dose chemotherapy and peripheral blood stem cell 

support. AIMS: To treat a group of testicular cancer 

patients, either with relapsed disease or with poor 

prognostic features initially, with high dose 

chemotherapy and stem cell support, and evaluate 

their outcome. METHODS: Five patients with 

testicular cancer were treated with high dose 

chemotherapy and stem cell support. Of these, four 

underwent this treatment as salvage therapy and one 

patient with poor prognostic features was treated as 

primary treatment. RESULTS: At an average follow-

up of 18 months, four patients remain free of disease 

while one patient has developed relapse. 

CONCLUSION: This report provides further support 

for high dose chemotherapy in this setting although 

randomised, controlled trials are essential to clarify 

its use. 

 

Herbrecht, R., et al. (2010). "Caspofungin first-line 

therapy for invasive aspergillosis in allogeneic 

hematopoietic stem cell transplant patients: an 

European Organisation for Research and Treatment 

of Cancer study." Bone Marrow Transplant 45(7): 

1227-1233. 

 Caspofungin at standard dose was evaluated 

as first-line monotherapy of mycologically 

documented probable/proven invasive aspergillosis 

(IA) (unmodified European Organisation for 

Research and Treatment of Cancer/Mycosis Study 

Group criteria) in allogeneic hematopoietic SCT 

patients. The primary efficacy end point was 

complete or partial response at end of caspofungin 

treatment. Response at week 12, survival and safety 

were additional end points. Enrollment was stopped 

prematurely because of low accrual, with 42 enrolled 

and 24 eligible, giving the study a power of 85%. 

Transplant was from unrelated donors in 16 patients; 

acute or chronic GVHD was present in 15. In all, 12 

patients were neutropenic (<500/microl) at baseline, 

10 received steroids and 16 calcineurin inhibitors or 

sirolimus. Median duration of caspofungin treatment 

was 24 days. At the end of caspofungin therapy, 10 

(42%) patients had complete or partial response (95% 

confidence interval: 22-63%); 1 (4%) and 12 (50%) 

had stable and progressing disease, respectively; one 

was not evaluable. At week 12, eight patients (33%) 

had complete or partial response. Survival rates at 

week 6 and 12 were 79 and 50%, respectively. No 

patient had a drug-related serious adverse event or 

discontinued because of toxicity. Caspofungin first-

line therapy was effective and well tolerated in 

allogeneic hematopoietic SCT patients with 

mycologically documented IA. 

 

Herrera, F., et al. (2023). "Short Course of Antibiotic 

Therapy for Gram-Negative Bacilli Bacteremia in 

Patients with Cancer and Hematopoietic Stem Cell 

Transplantation: Less Is Possible." Microorganisms 

11(2). 

 Data about short courses of antibiotic 

therapy for Gram-negative bacilli (GNB) bacteremia 

in immunosuppressed patients are limited. This is a 

prospective observational study performed on adult 

patients with cancer and hematopoietic stem cell 

transplant (HSCT) who developed GNB bacteremia 

and received appropriate empirical antibiotic therapy 

(EAT), had a clinical response within 7 days and 

survived 48 h after the end of therapy. They received 

antibiotic therapy in the range of 7-15 days and were 

divided into short course, with a median of 7 days 

(SC), or long course, with a median of 14 days (LC). 

Seventy-four patients were included (SC: 36 and LC: 

38). No differences were observed in baseline 

characteristics or in the presence of neutropenia: 58.3% 

vs. 60.5% (p = 0.84). Clinical presentation and 

microbiological characteristics were similar in SC 

and LC, respectively: clinical source of bacteremia 

72.2% vs. 76.3% (p = 0.68); shock 2.8% vs. 10.5% (p 

= 0.35) and multidrug-resistant GNB 27.8% vs. 21.1% 

(p = 0.50). Overall, mortality was 2.8% vs. 7.9% (p = 

0.61), and bacteremia relapse was 2.8% vs. 0 (p = 

0.30). The length of hospitalization since bacteremia 

was 7 days (interquartile range (IQR), 6-15) for SC 

and 12 days (IQR, 7-19) (p = 0.021) for LC. In the 

case of patients with cancer or HSCT and GNB 

bacteremia who receive appropriate EAT with 
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clinical response, 7 days of antibiotic therapy might 

be adequate. 

 

Hirao, A. (2015). "[Targeted molecular therapy based 

on advanced cancer stem cell model]." Nihon Rinsho 

73(8): 1256-1262. 

 Improvement of cell purification and 

transplantation techniques have contributed to the 

identification of cell populations known as tumor-

initiating cells (TICs). Although it was hypothesized 

that tumors are organized as hierarchies of tumor 

cells that are sustained by rare TICs, like normal 

tissue stem cells, there are several controversies 

towards such cancer stem cell model, e.g. reversible 

change of stem cell like population based on 

epigenetic changes, clonal genetic evolution and 

problems in xenotransplantation system. Despite 

complexity in cancer stem cell models, studies in 

cancer stem cell field have revealed that there are 

close relationship between cancer malignancy and 

stem cell properties, called "stemness". 

Understanding molecular mechanisms for controlling 

stemness would contribute to establishment of novel 

diagnostics or therapeutics for cancer. 

 

Ho, C. T., et al. (2021). "Combination of 

Mesenchymal Stem Cell-Delivered Oncolytic Virus 

with Prodrug Activation Increases Efficacy and 

Safety of Colorectal Cancer Therapy." Biomedicines 

9(5). 

 Although oncolytic viruses are currently 

being evaluated for cancer treatment in clinical trials, 

systemic administration is hindered by many factors 

that prevent them from reaching the tumor cells. 

When administered systemically, mesenchymal stem 

cells (MSCs) target tumors, and therefore constitute 

good cell carriers for oncolytic viruses. MSCs were 

primed with trichostatin A under hypoxia, which 

upregulated the expression of CXCR4, a chemokine 

receptor involved in tumor tropism, and 

coxsackievirus and adenovirus receptor that plays an 

important role in adenoviral infection. After priming, 

MSCs were loaded with conditionally replicative 

adenovirus that exhibits limited proliferation in cells 

with a functional p53 pathway and encodes 

Escherichia coli nitroreductase (NTR) enzymes 

(CRAdNTR) for targeting tumor cells. Primed MSCs 

increased tumor tropism and susceptibility to 

adenoviral infection, and successfully protected 

CRAdNTR from neutralization by anti-adenovirus 

antibodies both in vitro and in vivo, and specifically 

targeted p53-deficient colorectal tumors when 

infused intravenously. Analyses of deproteinized 

tissues by UPLC-MS/QTOF revealed that these 

MSCs converted the co-administered prodrug 

CB1954 into cytotoxic metabolites, such as 4-

hydroxylamine and 2-amine, inducing oncolysis and 

tumor growth inhibition without being toxic for the 

host vital organs. This study shows that the 

combination of oncolytic viruses delivered by MSCs 

with the activation of prodrugs is a new cancer 

treatment strategy that provides a new approach for 

the development of oncolytic viral therapy for 

various cancers. 

 

Hohaus, S., et al. (1999). "Adjuvant high-dose 

therapy with peripheral blood stem cell support for 

patients with high-risk breast cancer." Cancer 

Chemother Pharmacol 44 Suppl: S13-17. 

 We report on the efficacy and toxicity of a 

sequential high-dose therapy with peripheral blood 

stem cell (PBSC) support in 107 patients with high-

risk stage II/III breast cancer. There were 90 patients 

with more than 9 tumour-positive axillary lymph 

nodes. An induction therapy of two cycles of 

ifosfamide (total dose, 7,500 mg/m(2)) and epirubicin 

(120 mg/m(2)) was given, and PBSC were harvested 

during granulocyte colony-stimulating factor (G-

CSF)-supported leukocyte recovery following the 

second cycle. The PBSC-supported high-dose 

chemotherapy consisted of two cycles of ifosfamide 

(total dose 12,000 mg/m(2)), carboplatin (900 

mg/m(2)) and epirubicin (180 mg/m(2)). Patients 

were autografted with a median number of 4.1 x 10(6) 

CD34+ cells/kg (range 1.9-26.5 x 10(6)), resulting in 

haematological reconstitution within approximately 2 

weeks following high-dose therapy. The toxicity was 

moderate in general, and there was no treatment-

related toxic death. Twenty-nine patients (27.1% of 

all patients) relapsed between 3 and 46 months 

following the last cycle of high-dose therapy (median 

15 months). The probability of disease-free and 

overall survival at 3 years was 56% and 83%, 

respectively. A multivariate analysis showed that 

patients with stage II disease had a significantly 

better probability of disease-free survival (71%) in 

comparison with patients with stage III disease (30%). 

The probability of disease-free survival was also 

significantly better for patients with oestrogen 

receptor-positive tumours (62%) compared with 

patients with receptor-negative ones (40%). In 

conclusion, sequential high-dose chemotherapy with 

PBSC support can be safely administered to patients 

with high-risk stage II/III breast cancer. Further 

intensification of the therapy including the addition 

of non-cross-resistant drugs or immunological 

approaches may be envisaged for patients with stage 

III disease and hormone receptor-negative tumours. 
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Hohaus, S., et al. (1998). "Efficacy and toxicity of 

sequential high-dose therapy with peripheral blood 

stem cell support in patients with high-risk breast 

cancer." Semin Oncol 25(2 Suppl 4): 7-11; discussion 

45-18. 

 Patients with high-risk breast cancer may 

benefit from dose-escalated chemotherapy. We 

studied toxicity and therapeutic efficacy of sequential 

high-dose therapy consisting of two cycles of 

ifosfamide 12,000 mg/m2, carboplatin 900 mg/m2, 

and epirubicin 180 mg/m2 (ICE) with peripheral 

blood stem cell support. Ninety-one patients with 

advanced breast cancer were included. Fifty-one 

patients with stage II/III disease and 10 or more 

tumor-positive axillary lymph nodes received high-

dose therapy as adjuvant treatment; the remaining 40 

patients were treated for metastatic disease. 

Peripheral blood stem cells were collected following 

granulocyte colony-stimulating factor-supported 

induction chemotherapy. In 68 patients, induction 

chemotherapy included two cycles of ifosfamide 

7,500 mg/m2 and epirubicin 120 mg/m2, while 23 

patients received one cycle of paclitaxel (Taxol; 

Bristol-Myers Squibb Company, Princeton, NJ) 135 

mg/m2, ifosfamide 6,000 mg/m2, and epirubicin 90 

mg/m2. One hundred ninety-two cycles of ICE were 

supported with a median of 3.5 x 10(6) CD34+ 

cells/kg body weight (range, 1.7 to 38 x 10(6) CD34+ 

cells/kg body weight), which resulted in rapid 

hematologic reconstitution with recovery times, for a 

median neutrophil count of 0.5 x 10(9)/L of 13 days 

(range, 6 to 20 days) and for a median platelet count 

greater than 20 x 10(9)L of 9 days (range, 5 to 24 

days). Seven patients received only one cycle of ICE 

because of progressive disease (in two patients with 

metastatic disease), central nervous system toxicity 

(one patient), cardiac toxicity (one patient), severe 

enterocolitis (one patient), development of human 

leukocyte antigen antibodies (one patient), and wish 

to withdraw from the study (one patient). Seventeen 

patients with metastatic disease received an 

additional high-dose cycle consisting of the non-

cross-resistant agents thiotepa 600 mg/m2, etoposide 

1,500 mg/m2, and paclitaxel 165 mg/m2. In patients 

treated adjuvantly, the probability of disease-free 

survival was 64% at 47 months, which compares 

favorably with results of conventional treatment 

protocols, with a 47% event-free probability at the 

same time period. The probability of progression-free 

survival in patients with metastatic disease was 18% 

at 44 months. In conclusion, sequential high-dose 

therapy with peripheral blood stem cell support in 

patients with high-risk breast cancer can be 

administered safely and offers a potential benefit in 

the adjuvant setting. 

 

Hsi, E. D., et al. (2008). "Ki67 and PIM1 expression 

predict outcome in mantle cell lymphoma treated 

with high dose therapy, stem cell transplantation and 

rituximab: a Cancer and Leukemia Group B 59909 

correlative science study." Leuk Lymphoma 49(11): 

2081-2090. 

 The proliferation index in mantle cell 

lymphoma (MCL) has not been validated in the 

context of aggressive therapy regimens in the 

rituximab era. We assessed Ki67 and PIM1 (a cell 

cycle-related gene upregulated in blastoid MCL) 

expression by immunohistochemistry in a phase II 

study Cancer and Leukemia Group B 59909 of 

aggressive chemotherapy and rituximab followed by 

autologous stem cell transplantation plus rituximab in 

untreated MCL patients <70 years of age. As a 

continuous variable or using a cutoff of 35%, higher 

image analysis (IA Ki67, n = 52) was associated with 

shorter progression free survival (PFS) (P < or = 

0.030) and event free survival (EFS) (P < or = 0.017). 

PIM1 expression (n = 50) was associated with PFS (P 

= 0.033) and EFS (P = 0.043). Bivariate Cox models 

showed IA Ki67 and PIM1 were independent of 

clinical factors. High Ki67 (>35%) is an important 

independent prognostic marker in aggressively 

treated MCL in the rituximab era. PIM1 expression 

predicts poor outcome and, given its potential role as 

a therapeutic target, deserves further study. 

 

Hu, F., et al. (2020). "Lung adenocarcinoma 

resistance to therapy with EGFR‑tyrosine kinase 

inhibitors is related to increased expression of cancer 

stem cell markers SOX2, OCT4 and NANOG." 

Oncol Rep 43(2): 727-735. 

 The present study aimed to explore the 

relationship between the efficacy of epidermal 

growth factor receptor tyrosine kinase inhibitors 

(EGFR‑TKIs) and the expression of the cancer stem 

cell (CSC)‑related markers. Specimens of 72 cases of 

lung adenocarcinoma with significantly different 

therapeutic effects of the first‑generation EGFR‑TKI 

treatment were collected. The patients were divided 

into a sensitive group [progression‑free survival (PFS) 

longer than 26 months] and a resistant group (PFS 

less than 5 months) according to the efficacy of 

first‑line EGFR‑TKI treatment. The expression of 

CSC‑related markers (OCT4, SOX2, NANOG) in 

tumor tissues of the two groups was detected by 

immunohistochemical (IHC) staining, 

immunofluorescence and reverse 

transcriptase‑quantitative polymerase chain reaction 

(RT‑qPCR). IHC staining was quantified using 

H‑scores. The unpaired nonparametric t‑test was used 

to detect the differences in the results of IHC and 
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RT‑qPCR analyses between the groups. The 

Chi‑square test was used to detect the differences in 

the clinical characteristics between the two groups. 

The t‑test revealed that the IHC H‑scores of SOX2 

(P=0.003), OCT4 (P=0.036) and NANOG (P=0.032) 

were significantly higher in the resistant group than 

in the sensitive group. The results of RT‑qPCR 

revealed that the relative levels of SOX2 (P=0.018), 

OCT4 (P=0.035) and NANOG (P=0.044) were 

significantly higher in the resistant group than in the 

sensitive group. The number of male patients, 

patients who smoked, patients with stage IV lung 

adenocarcinoma disease, and patients with poor 

differentiation was higher in the resistant group than 

in the sensitive group, with statistically significant 

differences. The poor efficacy of first‑generation 

EGFR‑TKIs for lung adenocarcinoma appears to be 

related to the increased expression of CSC markers. 

 

Hu, W., et al. (2011). "Human umbilical blood 

mononuclear cell-derived mesenchymal stem cells 

serve as interleukin-21 gene delivery vehicles for 

epithelial ovarian cancer therapy in nude mice." 

Biotechnol Appl Biochem 58(6): 397-404. 

 Ovarian cancer causes more deaths than any 

other cancer of the female reproductive system, and 

its overall cure rate remains low. The present study 

investigated human umbilical blood mononuclear cell 

(UBMC)-derived mesenchymal stem cells (UBMC-

MSCs) as interleukin-21 (IL-21) gene delivery 

vehicles for ovarian cancer therapy in nude mice. 

MSCs were isolated from UBMCs and the expanded 

cells were phenotyped by flow cytometry. Cultured 

UBMCs were differentiated into osteocytes and 

adipocytes using appropriate media and then the 

UBMC-MSCs were transfected with recombinant 

pIRES2-IL-21-enhancement green fluorescent 

protein. UBMC-MSCs expressing IL-21 were named 

as UBMC-MSC-IL-21. Mice with A2780 ovarian 

cancer were treated with UBMC-MSC-IL-21 

intravenously, and the therapeutic efficacy was 

evaluated by the tumor volume and mouse survival. 

To address the mechanism of UBMC-MSC-IL-21 

against ovarian cancer, the expression of IL-21, 

natural killer glucoprotein 2 domain and major 

histocompatibility complex class I chain-related 

molecules A/B were detected in UBMC-MSC-IL-21 

and in the tumor sites. Interferon-gamma-secreting 

splenocyte numbers and natural killer cytotoxicity 

were significantly increased in the UBMC-MSC-IL-

21-treated mice as compared with the UBMC-MSCs 

or the UBMC-MSC-mock plasmid-treated mice. 

Most notably, tumor growth was delayed and 

survival was prolonged in ovarian-cancer-bearing 

mice treated with UBMC-MSC-IL-21. Our data 

provide important evidence that UBMC-MSCs can 

serve as vehicles for IL-21 gene delivery and inhibit 

the established tumor. 

 

Huang, B., et al. (2021). "Cancer Stem Cell for 

Tumor Therapy." Cancers (Basel) 13(19). 

 Tumors pose a significant threat to human 

health. Although many methods, such as operations, 

chemotherapy and radiotherapy, have been proposed 

to eliminate tumor cells, the results are unsatisfactory. 

Targeting therapy has shown potential due to its 

specificity and efficiency. Meanwhile, it has been 

revealed that cancer stem cells (CSCs) play a crucial 

role in the genesis, development, metastasis and 

recurrence of tumors. Thus, it is feasible to inhibit 

tumors and improve prognosis via targeting CSCs. In 

this review, we provide a comprehensive 

understanding of the biological characteristics of 

CSCs, including mitotic pattern, metabolic phenotype, 

therapeutic resistance and related mechanisms. 

Finally, we summarize CSCs targeted strategies, 

including targeting CSCs surface markers, targeting 

CSCs related signal pathways, targeting CSC niches, 

targeting CSC metabolic pathways, inducing 

differentiation therapy and immunotherapy (tumor 

vaccine, CAR-T, oncolytic virus, targeting CSCs-

immune cell crosstalk and immunity checkpoint 

inhibitor). We highlight the potential of immunity 

therapy and its combinational anti-CSC therapies, 

which are composed of different drugs working in 

different mechanisms. 

 

Huang, L., et al. (2019). "Intelligent Photosensitive 

Mesenchymal Stem Cells and Cell-Derived 

Microvesicles for Photothermal Therapy of Prostate 

Cancer." Nanotheranostics 3(1): 41-53. 

 Targeted delivery of nanomedicines into the 

tumor site and improving the intratumoral 

distribution remain challenging in cancer treatment. 

Here, we report an effective transportation system 

utilizing both of mesenchymal stem cells (MSCs) and 

their secreted microvesicles containing assembled 

gold nanostars (GNS) for targeted photothermal 

therapy of prostate cancer. The stem cells act as a cell 

carrier to actively load and assemble GNS into the 

lysosomes. Accumulation of GNS in the lysosomes 

facilitates the close interaction of nanoparticles, 

which could result in a 20 nm red-shift of surface 

plasmon resonance of GNS with a broad absorption 

in the near infrared region. Moreover, the MSCs can 

behave like an engineering factory to pack and 

release the GNS clusters into microvesicles. The 

secretion of GNS can be stimulated via light 

irradiation, providing an external trigger-assisted 

approach to encapsulate nanoparticles into cell 

http://www.sciencepub.net/stem


Stem Cell 2024;15(3)                                 http://www.sciencepub.net/stem        SCJ   

 
 

41 

 

derived microvesicles. In vivo studies demonstrate 

that GNS-loaded MSCs have an extensive 

intratumoral distribution, as monitored via 

photoacoustic imaging, and efficient antitumor effect 

under light exposure in a prostate-cancer 

subcutaneous model by intratumoral and intravenous 

injection. Our work presents a light-responsive 

transportation approach for GNS in combination of 

MSCs and their extracellular microvesicles and holds 

the promise as an effective strategy for targeted 

cancer therapy including prostate cancer. 

 

Huang, T., et al. (2020). "Stem cell programs in 

cancer initiation, progression, and therapy 

resistance." Theranostics 10(19): 8721-8743. 

 Over the past few decades, substantial 

evidence has convincingly revealed the existence of 

cancer stem cells (CSCs) as a minor subpopulation in 

cancers, contributing to an aberrantly high degree of 

cellular heterogeneity within the tumor. CSCs are 

functionally defined by their abilities of self-renewal 

and differentiation, often in response to cues from 

their microenvironment. Biological phenotypes of 

CSCs are regulated by the integrated transcriptional, 

post-transcriptional, metabolic, and epigenetic 

regulatory networks. CSCs contribute to tumor 

progression, therapeutic resistance, and disease 

recurrence through their sustained proliferation, 

invasion into normal tissue, promotion of 

angiogenesis, evasion of the immune system, and 

resistance to conventional anticancer therapies. 

Therefore, elucidation of the molecular mechanisms 

that drive cancer stem cell maintenance, plasticity, 

and therapeutic resistance will enhance our ability to 

improve the effectiveness of targeted therapies for 

CSCs. In this review, we highlight the key features 

and mechanisms that regulate CSC function in tumor 

initiation, progression, and therapy resistance. We 

discuss factors for CSC therapeutic resistance, such 

as quiescence, induction of epithelial-to-

mesenchymal transition (EMT), and resistance to 

DNA damage-induced cell death. We evaluate 

therapeutic approaches for eliminating therapy-

resistant CSC subpopulations, including anticancer 

drugs that target key CSC signaling pathways and 

cell surface markers, viral therapies, the awakening 

of quiescent CSCs, and immunotherapy. We also 

assess the impact of new technologies, such as single-

cell sequencing and CRISPR-Cas9 screening, on the 

investigation of the biological properties of CSCs. 

Moreover, challenges remain to be addressed in the 

coming years, including experimental approaches for 

investigating CSCs and obstacles in therapeutic 

targeting of CSCs. 

 

Imataki, O., et al. (2006). "Intensive multimodality 

therapy including paclitaxel and reduced-intensity 

allogeneic hematopoietic stem cell transplantation in 

the treatment of adrenal cancer with multiple 

metastases." Int J Clin Oncol 11(2): 156-158. 

 Adrenocortical carcinoma is a rare 

malignancy in adolescents and young adults. The 

prognosis of unresectable/metastatic adrenocortical 

carcinoma remains very poor because the rarity of the 

tumor has made it difficult to establish treatment 

guidelines, and diagnosis and the resultant treatment 

can be greatly delayed. We treated a 24-year-old 

woman who was diagnosed with adrenocortical 

carcinoma of the right adrenal gland which extended 

to the inferior vena cava. Although she underwent 

surgical resection of the extensive tumor as the 

primary treatment, the disease recurred in the lung 

and liver as multiple metastases shortly after surgery. 

She received intensive multimodality therapy, 

including chemotherapy with paclitaxel, ifosfamide, 

and cisplatin (TIP regimen), embolization of the 

feeding arteries, and proton irradiation for the liver 

mass. Finally, she underwent reduced-intensity 

allogeneic hematopoietic stem cell transplantation 

from an HLA 1-locus-mismatched sibling donor. A 

prolonged survival of 39 months after the onset of the 

disease was achieved. Although this experience is 

limited, we suggest that TIP chemotherapy was 

effective for adrenocortical carcinoma, and a graft-

versus-tumor effect after reduced-intensity stem cell 

transplantation may have contributed to the 

prolonged survival. 

 

Iwamoto, H., et al. (2013). "[Cancer vaccine therapy 

using genetically modified induced pluripotent stem 

cell-derived dendritic cells expressing the TAA 

gene]." Gan To Kagaku Ryoho 40(12): 1575-1577. 

 It is generally accepted that the difficulty in 

obtaining a sufficient number of functional dendritic 

cells (DCs) poses a serious problem in DC-based 

immunotherapy. Therefore, we used induced 

pluripotent stem (iPS) cell-derived DCs (iPSDCs) 

instead. If the therapeutic efficacy of iPSDCs was 

equivalent to that of bone marrow-derived 

DCs( BMDCs), then the above-mentioned problems 

may be solved. In this study, we generated iPSDCs 

from iPS cells and compared their capacity to mature 

and migrate to the regional lymph nodes with that of 

BMDCs. We adenovirally transduced the hgp100 

gene, which codes for a natural tumor antigen, into 

the DCs and immunized the mice with these 

genetically modified DCs. The cytotoxic activity of 

CD8( +) cytotoxic T lymphocytes( CTLs) was 

assayed using a 51Cr-release assay. The therapeutic 

efficacy of the vaccination was examined in a 
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subcutaneous tumor model. Our results demonstrated 

that iPSDCs equaled BMDCs in terms of their 

maturation and migration capacity. Furthermore, 

hgp100-specific CTLs were generated in mice that 

were immunized with the genetically modified 

iPSDCs. These CTLs exhibited a high level of 

cytotoxicity against B16 cells, which is similar to that 

exhibited by CTLs generated in BMDCs immunized 

mice. Moreover, vaccination with genetically 

modified iPSDCs elicited a high level of therapeutic 

efficacy equaling that of vaccination with BMDCs. 

This study clarified experimentally that genetically 

modified iPSDCs are equivalent to BMDCs in terms 

of tumor-associated antigen-specific therapeutic 

antitumor immunity. This vaccination strategy may 

therefore be useful for future clinical application as a 

cancer vaccine. 

 

Jacobs, S. R., et al. (2007). "Evaluation of the 

functional assessment of cancer therapy cognitive 

scale with hematopoietic stem cell transplant 

patients." J Pain Symptom Manage 33(1): 13-23. 

 The current study evaluated a newly 

developed self-report measure of cognitive 

complaints with cancer patients, the Functional 

Assessment of Cancer Therapy Cognitive Scale 

(FACT-Cog). Six or 12 months following 

hematopoietic stem cell transplantation, participants 

completed a psychosocial assessment that included 

the FACT-Cog and a neuropsychological assessment. 

Using a criterion of two or more times a week, an 

average of 12 of a total of 50 items were endorsed as 

complaints on the FACT-Cog. FACT-Cog total, 

domain, and subscale scores were significantly 

correlated with measures of depression, fatigue, 

anxiety, and physical and mental well-being. FACT-

Cog scores, with the exception of one subscale, Other 

People Noticed Deficits, were not significantly 

correlated with cognitive performance. In general, the 

FACT-Cog and a commonly used measure of 

cognitive complaints (European Organization for 

Research and Treatment of Cancer-Quality of Life 

Questionnaire-C30 Cognitive Functioning Scale) 

demonstrated similar psychometric properties. 

However, the FACT-Cog assesses broader aspects of 

cognitive complaints, thereby providing greater 

information about the types of cognitive complaints 

patients are experiencing. 

 

Jang, E., et al. (2016). "Nanovesicle-mediated 

systemic delivery of microRNA-34a for CD44 

overexpressing gastric cancer stem cell therapy." 

Biomaterials 105: 12-24. 

 The cancer stem cell (CSC) hypothesis 

postulates that cancer cells overexpressing CD44 are 

marked as CSCs that cause tumorigenesis and 

recurrence. This hypothesis suggests that CD44 is a 

potential therapeutic target that can interfere with 

CSCs qualities. MicroRNA-34a (miR-34a) is a 

promising candidate for CD44 repression-based 

cancer therapy as it has been reported to inhibit 

proliferation, metastasis, and survival of CD44-

positive CSCs. Here, we used nanovesicles 

containing PLI/miR complexes (NVs/miR) to 

systemically deliver miR-34a and induce miR-34a-

triggered CD44 suppression in orthotopically and 

subcutaneously implanted tumors in nude mice. 

Poly(l-lysine-graft-imidazole) (PLI) condenses miRs 

and is functionally modified to deliver miRs to the 

site of action by buffering effect of imidazole 

residues under endosomal pH. Indeed, NVs/miR 

consisting of PEGylated lipids enveloping PLI/miR 

complexes greatly reduced inevitable toxicity of 

polycations by compensating their surface charge and 

markedly improved their in vivo stability and 

accumulation to tumor tissue compared to PLI/miR 

polyplexes. Our NVs-mediated miR-34a delivery 

system specifically increased endogenous target miR 

levels, thereby attenuating proliferation and 

migration of gastric cancer cells by repressing the 

expression of CD44 with decreased levels of Bcl-2, 

Oct 3/4 and Nanog genes. Our strategy led to a 

greater therapeutic outcome than PLI-based delivery 

with highly selective tumor cell death and 

significantly delayed tumor growth in CD44-positive 

tumor-bearing mouse models, thus providing a 

fundamental therapeutic window for CSCs. 

 

Jenq, R. R. and M. R. van den Brink (2010). 

"Allogeneic haematopoietic stem cell transplantation: 

individualized stem cell and immune therapy of 

cancer." Nat Rev Cancer 10(3): 213-221. 

 The year 2009 marked the fiftieth 

anniversary of the first successful allogeneic 

haematopoietic stem cell transplant (HSCT). The 

field of HSCT has pioneered some of the most 

exciting areas of research today. HSCT was the 

original stem cell therapy, the first cancer immune 

therapy and the earliest example of individualized 

cancer therapy. In this Timeline article we review the 

history of the development of HSCT and major 

advances made in the past 50 years. We highlight 

accomplishments made by researchers who continue 

to strive to improve outcomes for patients and 

increase the availability of this potentially life-saving 

therapy for patients with otherwise incurable 

malignancies. 
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Jung, H. S., et al. (2023). "Cu(ii)-BODIPY 

photosensitizer for CAIX overexpressed cancer stem 

cell therapy." Chem Sci 14(7): 1808-1819. 

 Chemoresistance originating from cancer 

stem cells (CSCs) is a major cause of cancer 

treatment failure and highlights the need to develop 

CSC-targeting therapies. Although enormous 

progress in both photodynamic therapy (PDT) and 

chemodynamic therapy (CDT) has been made in 

recent decades, the efficacy of these modalities 

against CSC remains limited. Here, we report a new 

generation photosensitizer, CA9-BPS-Cu(ii), a 

system that combines three subunits within a single 

molecule, namely a copper catalyst for CDT, a boron 

dipyrromethene photosensitizer for PDT, and 

acetazolamide for CSC targeting via carbonic 

anhydrase-9 (CA9) binding. A therapeutic effect in 

MDA-MB-231 cells was observed that is ascribed to 

elevated oxidative stress mediated by a combined 

CDT/PDT effect, as well as through copper-catalysed 

glutathione oxidation. The CSC targeting ability of 

CA9-BPS-Cu(ii) was evident from the enhanced 

affinity of CA9-BPS-Cu(ii) towards CD133-positive 

MDA-MB-231 cells where CA9 is overexpressed vs. 

CD133-negative cells. Moreover, the efficacy of 

CA9-BPS-Cu(ii) was successfully demonstrated in a 

xenograft mouse tumour model. 

 

Kakarala, M. and M. S. Wicha (2008). "Implications 

of the cancer stem-cell hypothesis for breast cancer 

prevention and therapy." J Clin Oncol 26(17): 2813-

2820. 

 Recent research in breast biology has 

provided support for the cancer stem-cell hypothesis. 

Two important components of this hypothesis are that 

tumors originate in mammary stem or progenitor 

cells as a result of dysregulation of the normally 

tightly regulated process of self-renewal. As a result, 

tumors contain and are driven by a cellular 

subcomponent that retains key stem-cell properties 

including self-renewal, which drives tumorigenesis 

and differentiation that contributes to cellular 

heterogeneity. Advances in stem-cell technology 

have led to the identification of stem cells in normal 

and malignant breast tissue. The study of these stem 

cells has helped to elucidate the origin of the 

molecular complexity of human breast cancer. The 

cancer stem-cell hypothesis has important 

implications for early detection, prevention, and 

treatment of breast cancer. Both hereditary and 

sporadic breast cancers may develop through 

dysregulation of stem-cell self-renewal pathways. 

These aberrant stem cells may provide targets for the 

development of cancer prevention strategies. 

Furthermore, because breast cancer stem cells may be 

highly resistant to radiation and chemotherapy, the 

development of more effective therapies for this 

disease may require the effective targeting of this cell 

population. 

 

Kalimuthu, S., et al. (2018). "A New Approach for 

Loading Anticancer Drugs Into Mesenchymal Stem 

Cell-Derived Exosome Mimetics for Cancer 

Therapy." Front Pharmacol 9: 1116. 

 Exosomes derived from mesenchymal stem 

cells (MSCs) have been evaluated for their potential 

to be used as drug delivery vehicles. Synthetically 

personalized exosome mimetics (EMs) could be the 

alternative vesicles for drug delivery. In this study, 

we aimed to isolate EMs from human MSCs. Cells 

were mixed with paclitaxel (PTX) and PTX-loaded 

EMs (PTX-MSC-EMs) were isolated and evaluated 

for their anticancer effects against breast cancer. EMs 

were isolated from human bone marrow-derived 

MSCs. MSCs (4 x 10(6) cells/mL) were mixed with 

or without PTX at different concentrations in 

phosphate-buffered saline (PBS) and serially 

extruded through 10-, 5-, and 1-mum polycarbonate 

membrane filters using a mini-extruder. MSCs were 

centrifuged to remove debris and the supernatant was 

filtered through a 0.22-mum filter, followed by 

ultracentrifugation to isolate EMs and drug-loaded 

EMs. EMs without encapsulated drug (MSC-EMs) 

and those with encapsulated PTX (PTX-MSC-EMs) 

were characterized by western blotting, nanoparticle 

tracking analysis (NTA), and transmission electron 

microscopy (TEM). The anticancer effects of MSC-

EMs and PTX-MSC-EMs were assessed with breast 

cancer (MDA-MB-231) cells both in vitro and in 

vivo using optical imaging. EMs were isolated by the 

extrusion method and ultracentrifugation. The 

isolated vesicles were positive for membrane markers 

(ALIX and CD63) and negative for golgi (GM130) 

and endoplasmic (calnexin) marker proteins. NTA 

revealed the size of MSC-EM to be around 149 nm, 

while TEM confirmed its morphology. PTX-MSC-

EMs significantly (p < 0.05) decreased the viability 

of MDA-MB-231 cells in vitro at increasing 

concentrations of EM. The in vivo tumor growth was 

significantly inhibited by PTX-MSC-EMs as 

compared to control and/or MSC-EMs. Thus, MSC-

EMs were successfully isolated using simple 

procedures and drug-loaded MSC-EMs were shown 

to be therapeutically efficient for the treatment of 

breast cancer both in vitro and in vivo. MSC-EMs 

may be used as drug delivery vehicles for breast 

cancers. 
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Kannan, N., et al. (2014). "Integrin beta3 links 

therapy resistance and cancer stem cell properties." 

Nat Cell Biol 16(5): 397-399. 

 Heterogeneity in tumour cell properties 

underlies many treatment failures. Understanding the 

sources of such heterogeneity has proved to be 

challenging, but remains critical to improving patient 

outcomes. Integrin alpha(v)beta(3) expression in 

multiple types of solid tumour stem cells is now 

shown to control a pro-survival pathway that 

contributes to therapy resistance. 

 

Kapoor, S., et al. (2020). "CD34 cells in somatic, 

regenerative and cancer stem cells: Developmental 

biology, cell therapy, and omics big data 

perspective." J Cell Biochem 121(5-6): 3058-3069. 

 The transmembrane phosphoglycoprotein 

protein CD34 has conventionally been regarded as a 

marker for hematopoietic progenitors. Its expression 

on these cells has been leveraged for cell therapy 

applications in various hematological disorders. More 

recently, the expression of CD34 has also been 

reported on cells of nonhematopoietic origin. The list 

includes somatic cells such as endothelial cells, 

fibrocytes and interstitial cells and regenerative stem 

cells such as corneal keratocytes, muscle satellite 

cells, and muscle-derived stem cells. Furthermore, its 

expression on some cancer stem cells (CSCs) has 

also been reported. Till date, the functional roles of 

this molecule have been implicated in a multitude of 

cellular processes including cell adhesion, signal 

transduction, and maintenance of progenitor 

phenotype. However, the complete understanding 

about this molecule including its developmental 

origins, its embryonic connection, and associated 

functions is far from complete. Here, we review our 

present understanding of the structure and putative 

functions of the CD34 molecule based upon our 

literature survey. We also probed various biological 

databases to retrieve data related to the expression 

and associated molecular functions of CD34. Such 

information, upon synthesis, is hence likely to 

provide the suitability of such cells for cell therapy. 

Moreover, we have also covered the existing cell 

therapy and speculated cell therapy applications of 

CD34(+) cells isolated from various lineages. We 

have also attempted here to speculate the role(s) of 

CD34 on CSCs. Finally, we discuss number of large-

scale proteomics and transcriptomics studies that 

have been performed using CD34(+) cells. 

 

Karami Fath, M., et al. (2022). "The therapeutic 

effect of exosomes from mesenchymal stem cells on 

colorectal cancer: Toward cell-free therapy." Pathol 

Res Pract 237: 154024. 

 Colorectal cancer (CRC) is known for its 

high mortality rate and affects more men than women. 

The treatment requires invasive surgical interventions, 

however, the progression of CRC metastasis is 

difficult to control in most cases. Mesenchymal stem 

cells (MSCs) with their outstanding characteristics 

have been widely used in the treatment of 

degenerative diseases as well as cancers. They affect 

the tumor microenvironment through either cell-cell 

interactions or communications with their secretome. 

While stem cells may represent a dual role in tumor 

proliferation and progression, exosomes have 

attracted much attention as a cell-free therapy in CRC 

treatment. Exosomes derived from native or 

genetically modified MSCs, as well as exosomal 

microRNAs (miRNAs), have been evaluated on CRC 

progression. Moreover, MSC-derived exosomes have 

been used as a carrier to deliver anticancer agents in 

colorectal cancer. In this review, we overview and 

discuss the current knowledge in both stem cell-based 

and cell-free exosome therapy of CRC. 

 

Keraliya, A. R., et al. (2015). "Imaging of Fluid in 

Cancer Patients Treated With Systemic Therapy: 

Chemotherapy, Molecular Targeted Therapy, and 

Hematopoietic Stem Cell Transplantation." AJR Am 

J Roentgenol 205(4): 709-719. 

 OBJECTIVE: The purpose of this article is 

to provide a comprehensive review of the imaging 

features of various systemic treatment-related causes 

of fluid accumulation in cancer patients. 

CONCLUSION: Systemic treatment-related fluid 

accumulation can occur with chemotherapy, 

molecular targeted therapy, or hematopoietic stem 

cell transplantation. Imaging findings such as new 

ascites, pleural and pericardial effusions, and 

subcutaneous edema should be interpreted with 

caution on restaging studies. 

 

Kerk, S. A., et al. (2017). "5T4-Targeted Therapy 

Ablates Cancer Stem Cells and Prevents Recurrence 

of Head and Neck Squamous Cell Carcinoma." Clin 

Cancer Res 23(10): 2516-2527. 

 Purpose: Locoregional recurrence is a 

frequent treatment outcome for patients with 

advanced head and neck squamous cell carcinoma 

(HNSCC). Emerging evidence suggests that tumor 

recurrence is mediated by a small subpopulation of 

uniquely tumorigenic cells, that is, cancer stem cells 

(CSC), that are resistant to conventional 

chemotherapy, endowed with self-renewal and 

multipotency.Experimental Design: Here, we 

evaluated the efficacy of MEDI0641, a novel 

antibody-drug conjugate targeted to 5T4 and carrying 

a DNA-damaging "payload" (pyrrolobenzodiazepine) 
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in preclinical models of HNSCC.Results: Analysis of 

a tissue microarray containing 77 HNSCC with 

follow-up of up to 12 years revealed that patients 

with 5T4(high) tumors displayed lower overall 

survival than those with 5T4(low) tumors (P = 0.038). 

5T4 is more highly expressed in head and neck CSC 

(ALDH(high)CD44(high)) than in control cells (non-

CSC). Treatment with MEDI0641 caused a 

significant reduction in the CSC fraction in HNSCC 

cells (UM-SCC-11B, UM-SCC-22B) in vitro Notably, 

a single intravenous dose of 1 mg/kg MEDI0641 

caused long-lasting tumor regression in three patient-

derived xenograft (PDX) models of HNSCC. 

MEDI0641 ablated CSC in the PDX-SCC-M0 model, 

reduced it by five-fold in the PDX-SCC-M1, and 

two-fold in the PDX-SCC-M11 model. Importantly, 

mice (n = 12) treated with neoadjuvant, single 

administration of MEDI0641 prior to surgical tumor 

removal showed no recurrence for more than 200 

days, whereas the control group had 7 recurrences (in 

12 mice; P = 0.0047).Conclusions: Collectively, these 

findings demonstrate that an anti-5T4 antibody-drug 

conjugate reduces the fraction of CSCs and prevents 

local recurrence and suggest a novel therapeutic 

approach for patients with HNSCC. Clin Cancer Res; 

23(10); 2516-27. (c)2016 AACR. 

 

Khan, S., et al. (2021). "Stem cell therapy: A 

paradigm shift in breast cancer treatment." World J 

Stem Cells 13(7): 841-860. 

 As per the latest Globocan statistics, the 

high prevalence rate of breast cancer in low- and 

middle-income countries has led to it becoming the 

most common cancer to be diagnosed, hence posing a 

major public health challenge. As per this data, more 

than 11.7% of the estimated new cancer cases in 

2020 were due to breast cancer. A small but 

significant subpopulation of cells with self- renewing 

ability are present in the tumor stroma and have been 

given the nomenclature of cancer stem cells (CSCs). 

These cells display a high degree of plasticity owing 

to their ability to transition from the slowly cycling 

quiescent phase to the actively proliferating 

phenotype. This attribute of CSCs allows them to 

differentiate into various cell types having diverse 

functions. Breast CSCs have a pivotal role in 

development, metastasis, treatment resistance and 

relapse of breast cancers. This review focuses on the 

pathways regulating breast CSC maintenance and the 

current strategies that are being explored for directing 

the development of novel, targeted, therapeutic 

approaches for limiting and eradicating this aberrant 

stem cell population. 

 

Khoo, B. L., et al. (2019). "Low-dose anti-

inflammatory combinatorial therapy reduced cancer 

stem cell formation in patient-derived preclinical 

models for tumour relapse prevention." Br J Cancer 

120(4): 407-423. 

 BACKGROUND: Emergence of drug-

resistant cancer phenotypes is a challenge for anti-

cancer therapy. Cancer stem cells are identified as 

one of the ways by which chemoresistance develops. 

METHOD: We investigated the anti-inflammatory 

combinatorial treatment (DA) of doxorubicin and 

aspirin using a preclinical microfluidic model on 

cancer cell lines and patient-derived circulating 

tumour cell clusters. The model had been previously 

demonstrated to predict patient overall prognosis. 

RESULTS: We demonstrated that low-dose aspirin 

with a sub-optimal dose of doxorubicin for 72 h 

could generate higher killing efficacy and enhanced 

apoptosis. Seven days of DA treatment significantly 

reduced the proportion of cancer stem cells and 

colony-forming ability. DA treatment delayed the 

inhibition of interleukin-6 secretion, which is 

mediated by both COX-dependent and independent 

pathways. The response of patients varied due to 

clinical heterogeneity, with 62.5% and 64.7% of 

samples demonstrating higher killing efficacy or 

reduction in cancer stem cell (CSC) proportions after 

DA treatment, respectively. These results highlight 

the importance of using patient-derived models for 

drug discovery. CONCLUSIONS: This preclinical 

proof of concept seeks to reduce the onset of CSCs 

generated post treatment by stressful stimuli. Our 

study will promote a better understanding of anti-

inflammatory treatments for cancer and reduce the 

risk of relapse in patients. 

 

Kim, H., et al. (2015). "Successful empirical 

antifungal therapy of intravenous itraconazole with 

pharmacokinetic evidence in pediatric cancer patients 

undergoing hematopoietic stem cell transplantation." 

Clin Drug Investig 35(7): 437-446. 

 BACKGROUND AND OBJECTIVES: 

Empirical antifungal therapy prevents invasive fungal 

infections in patients with cancer. This study assessed 

the empirical efficacy of intravenous itraconazole in 

pediatric patients undergoing hematopoietic stem cell 

transplantation, and investigated the 

pharmacokinetics and clinical implications. 

METHODS: Oral itraconazole syrup was started (2.5 

mg/kg twice daily) for prophylaxis, and patients with 

persistent neutropenic fever for more than 2 days 

were switched to intravenous itraconazole (5 mg/kg 

twice daily for 2 days for induction and 5 mg/kg 

daily for maintenance) as empirical treatment. 

Empirical antifungal efficacy was assessed 
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retrospectively in 159 transplantations, and a full 

pharmacokinetic study was prospectively conducted 

in six of these patients. Successful antifungal efficacy 

was defined as the fulfillment of all components of a 

five-part composite end point. RESULTS: The 

overall empirical antifungal success rate fulfilling all 

criteria was 42.1 %. No death or drug-related serious 

adverse events occurred during the study. Mean 

trough plasma concentration of itraconazole after oral 

prophylaxis and intravenous induction were 577.2 

and 1659.7 mug/L, respectively. Mean area under the 

concentration-time curve of itraconazole and its 

metabolite at steady state were 42,837 +/- 24,746 

mug.h/L and 63,094 +/- 19,255 mug.h/L. 

CONCLUSIONS: Intravenous itraconazole was 

effective and safe as an empirical antifungal agent in 

pediatric patients; this was due to the fast and 

satisfactory increase in drug concentration by 

switching from oral to intravenous therapy. 

 

Kim, J. H., et al. (2014). "Stem cell based gene 

therapy in prostate cancer." Biomed Res Int 2014: 

549136. 

 Current prostate cancer treatment, especially 

hormone refractory cancer, may create profound 

iatrogenic outcomes because of the adverse effects of 

cytotoxic agents. Suicide gene therapy has been 

investigated for the substitute modality for current 

chemotherapy because it enables the treatment 

targeting the cancer cells. However the classic 

suicide gene therapy has several profound side effects, 

including immune-compromised due to viral vector. 

Recently, stem cells have been regarded as a new 

upgraded cellular vehicle or vector because of its 

homing effects. Suicide gene therapy using 

genetically engineered mesenchymal stem cells or 

neural stem cells has the advantage of being safe, 

because prodrug administration not only eliminates 

tumor cells but consequently kills the more resistant 

therapeutic stem cells as well. The attractiveness of 

prodrug cancer gene therapy by stem cells targeted to 

tumors lies in activating the prodrug directly within 

the tumor mass, thus avoiding systemic toxicity. 

Therapeutic achievements using stem cells in prostate 

cancer include the cytosine deaminase/5-

fluorocytosine prodrug system, herpes simplex virus 

thymidine kinase/ganciclovir, carboxyl 

esterase/CPT11, and interferon-beta. The aim of this 

study is to review the stem cell therapy in prostate 

cancer including its proven mechanisms and also 

limitations. 

 

Kim, S. H., et al. (2016). "Prostate Stem Cell Antigen 

Expression in Radical Prostatectomy Specimens 

Predicts Early Biochemical Recurrence in Patients 

with High Risk Prostate Cancer Receiving 

Neoadjuvant Hormonal Therapy." PLoS One 11(3): 

e0151646. 

 We aimed to identify tissue biomarkers that 

predict early biochemical recurrence (BCR) in 

patients with high-risk prostate cancer (PC), toward 

the goal of increasing the benefits of neoadjuvant 

hormonal therapy (NHT). In 2005-2012, 

prostatectomy specimens were collected from 134 PC 

patients who had received NHT and radical 

prostatectomy. The expression of 13 tissue 

biomarkers was assessed in the specimens via 

immunohistochemistry. Time to BCR and factors 

predictive of BCR were determined by using the Cox 

proportional hazards model. During the follow-up 

period (median, 57.5 months), 67 (50.0%) patients 

experienced BCR. Four (3.0%) patients were tumor-

free in the final pathology assessment, and 101 

(75.4%) had negative resection margins. Prostate 

stem cell antigen (PSCA) was the only significant 

prognostic tissue biomarker of BCR [hazard ratio 

(HR), 2.58; 95% confidence interval (CI), 1.06-6.27; 

p = 0.037] in a multivariable analysis adjusted by the 

clinicopathological variables that also significantly 

predicted BCR; these were seminal vesicle invasion 

(HR, 2.39; 95% CI, 1.32-4.34), initial prostate serum 

antigen level (HR 1.01; 95% CI, 1.001-1.020), 

prostate size (HR, 0.93; 95% CI, 0.90-0.97), and the 

Gleason score of preoperative biopsies (HR, 1.34; 95% 

CI, 1.01-1.79). We suggest that PSCA is a useful 

tissue marker for predicting BCR in patients with 

high risk PC receiving NHT and radical 

prostatectomy. 

 

Kitamura, H., et al. (2009). "Cancer stem cell: 

implications in cancer biology and therapy with 

special reference to lung cancer." Lung Cancer 66(3): 

275-281. 

 The cancer stem cell (CSC) theory is 

currently central to the field of cancer research, 

because it is not only a matter of academic interest 

but also crucial in cancer therapy. CSCs share a 

variety of biological properties with normal somatic 

stem cells in terms of self-renewal, the propagation of 

differentiated progeny, the expression of specific cell 

markers and stem cell genes, and the utilization of 

common signaling pathways and the stem cell niche. 

However, CSCs differ from normal stem cells in their 

tumorigenic activity. Thus, CSCs are also termed 

cancer initiating cells. In this paper, we briefly 

review hitherto described study results and refer to 

some excellent review articles to understand the basic 

properties of CSCs. In addition, we focus upon CSCs 

of lung cancers, since lung cancer is still increasing 

in incidence worldwide and remains the leading 
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cause of cancer deaths. Understanding the properties 

of, and exploring cell markers and signaling 

pathways specific to, CSCs of lung cancers, will lead 

to progress in therapy, intervention, and improvement 

of the prognosis of patients with lung cancer. In the 

near future, the evaluation of CSCs may be a routine 

part of practical diagnostic pathology. 

 

Knoop, K., et al. (2011). "Image-guided, tumor 

stroma-targeted 131I therapy of hepatocellular cancer 

after systemic mesenchymal stem cell-mediated NIS 

gene delivery." Mol Ther 19(9): 1704-1713. 

 Due to its dual role as reporter and therapy 

gene, the sodium iodide symporter (NIS) allows 

noninvasive imaging of functional NIS expression by 

(123)I-scintigraphy or (124)I-PET imaging before the 

application of a therapeutic dose of (131)I. NIS 

expression provides a novel mechanism for the 

evaluation of mesenchymal stem cells (MSCs) as 

gene delivery vehicles for tumor therapy. In the 

current study, we stably transfected bone marrow-

derived CD34(-) MSCs with NIS cDNA (NIS-MSC), 

which revealed high levels of functional NIS protein 

expression. In mixed populations of NIS-MSCs and 

hepatocellular cancer (HCC) cells, clonogenic assays 

showed a 55% reduction of HCC cell survival after 

(131)I application. We then investigated body 

distribution of NIS-MSCs by (123)I-scintigraphy and 

(124)I-PET imaging following intravenous (i.v.) 

injection of NIS-MSCs in a HCC xenograft mouse 

model demonstrating active MSC recruitment into 

the tumor stroma which was confirmed by 

immunohistochemistry and ex vivo gamma-counter 

analysis. Three cycles of systemic MSC-mediated 

NIS gene delivery followed by (131)I application 

resulted in a significant delay in tumor growth. Our 

results demonstrate tumor-specific accumulation and 

therapeutic efficacy of radioiodine after MSC-

mediated NIS gene delivery in HCC tumors, opening 

the prospect of NIS-mediated radionuclide therapy of 

metastatic cancer using MSCs as gene delivery 

vehicles. 

 

Knoop, K., et al. (2015). "Mesenchymal stem cell-

mediated, tumor stroma-targeted radioiodine therapy 

of metastatic colon cancer using the sodium iodide 

symporter as theranostic gene." J Nucl Med 56(4): 

600-606. 

 The tumor-homing property of 

mesenchymal stem cells (MSCs) allows targeted 

delivery of therapeutic genes into the tumor 

microenvironment. The application of sodium iodide 

symporter (NIS) as a theranostic gene allows 

noninvasive imaging of MSC biodistribution and 

transgene expression before therapeutic radioiodine 

application. We have previously shown that linking 

therapeutic transgene expression to induction of the 

chemokine CCL5/RANTES allows a more focused 

expression within primary tumors, as the adoptively 

transferred MSC develop carcinoma-associated 

fibroblast-like characteristics. Although 

RANTES/CCL5-NIS targeting has shown efficacy in 

the treatment of primary tumors, it was not clear if it 

would also be effective in controlling the growth of 

metastatic disease. METHODS: To expand the 

potential range of tumor targets, we investigated the 

biodistribution and tumor recruitment of MSCs 

transfected with NIS under control of the 

RANTES/CCL5 promoter (RANTES-NIS-MSC) in a 

colon cancer liver metastasis mouse model 

established by intrasplenic injection of the human 

colon cancer cell line LS174t. RANTES-NIS-MSCs 

were injected intravenously, followed by (123)I 

scintigraphy, (124)I PET imaging, and (131)I therapy. 

RESULTS: Results show robust MSC recruitment 

with RANTES/CCL5-promoter activation within the 

stroma of liver metastases as evidenced by tumor-

selective iodide accumulation, 

immunohistochemistry, and real-time polymerase 

chain reaction. Therapeutic application of (131)I in 

RANTES-NIS-MSC-treated mice resulted in a 

significant delay in tumor growth and improved 

overall survival. CONCLUSION: This novel gene 

therapy approach opens the prospect of NIS-mediated 

radionuclide therapy of metastatic cancer after MSC-

mediated gene delivery. 

 

Knorr, D. A. and D. S. Kaufman (2010). "Pluripotent 

stem cell-derived natural killer cells for cancer 

therapy." Transl Res 156(3): 147-154. 

 Human embryonic stem cells (hESCs) and 

induced pluripotent stem cells (iPSCs) provide an 

accessible, genetically tractable, and homogenous 

starting cell population to efficiently study human 

blood cell development. These cell populations 

provide platforms to develop new cell-based 

therapies to treat both malignant and nonmalignant 

hematological diseases. Our group previously 

demonstrated the ability of hESC-derived 

hematopoietic precursors to produce functional 

natural killer (NK) cells as well as an explanation of 

the underlying mechanism responsible for the 

inefficient development of T and B cells from hESCs. 

hESCs and iPSCs, which can be engineered reliably 

in vitro, provide an important new model system to 

study human lymphocyte development and produce 

enhanced cell-based therapies with the potential to 

serve as a "universal" source of antitumor 

lymphocytes. This review will focus on the 

application of hESC-derived NK cells with currently 
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used and novel therapeutics for clinical trials, barriers 

to translation, and future applications through genetic 

engineering approaches. 

 

Kolstad, A., et al. (1996). "[High-dose therapy with 

autologous stem cell support in malignant lymphoma 

and breast cancer. Experiences with hematopoietic 

stem cells isolate from blood]." Tidsskr Nor 

Laegeforen 116(21): 2547-2551. 

 Since 1994, 17 breast cancer patients and 16 

lymphoma patients have been treated at the 

Norwegian Radium Hospital with high-dose therapy 

supported by autologous peripheral progenitor cells. 

All the patients were given granulocyte colony 

stimulating factor in the recovery phase after 

cytotoxic treatment in order to mobilize and harvest 

peripheral progenitor cells. Aphareses were 

successful in all patients and the mean number of 

CD34 cells reinfused per kilo body weight was 7.05 x 

10(6) for the lymphoma patients and 11.1 x 10(6) for 

the breast cancer patients. The mean time to recover > 

or = 0.5 x 10(9)/l granulocytes and > or = 20 x 

10(9)/l platelets after reinfusion of stem cells was 10 

days and 11.7 days respectively for the lymphoma 

patients, while the breast cancer patients engrafted at 

day 8.6 and day 9.3. No severe treatment-related 

complications were observed. 

 

Korbling, M. (1995). "Blood stem cell transplantation 

and gene therapy of cancer." Stem Cells 13 Suppl 3: 

106-113. 

 Based on the concept of circulating 

hematopoietic stem cells with indefinite self-renewal 

capacity that gives rise to all three cell lineages, 

peripheral blood progenitor cells (PBPCs) have 

widely replaced the use of bone marrow (BM) 

progenitors for autologous transplantation purposes 

in patients with malignant hematological disorders 

and selected solid tumors. Ex vivo purification of 

normal CD34+ cell subsets contained in the patient's 

apheresis product possibly eliminates clonogenic 

tumor cells, but also serves as a target cell population 

for gene transduction. Genetic tagging of PBPC 

autografts has proven that: 1) NEOR gene expression 

is sustained for more than 18 months and 2) 

clonogenic tumor cells contaminating the autograft 

contribute to relapse. A second generation of gene 

transduction studies includes new treatment strategies 

such as the induction of chemoprotection (multidrug 

resistance gene-1), chemotherapy sensitization (p53), 

cancer vaccination and genetic chemosensitization. 

Most recently allogeneic PBPC transplantation has 

successfully been introduced with the intention of 

improving the graft-versus-leukemia effect without 

inducing a higher incidence or more severe graft-

versus-host disease (GVHD) than what is expected 

after BM transplantation. Introducing the herpes virus 

thymidine kinase cDNA into activated donor T cells 

makes them susceptible to gangciclovir, thus 

allowing the in vivo inactivation of GVHD-inducing 

T cells. With the close interaction of molecular 

genetics and clinical oncology/hematology, genetic 

engineering of stem cell grafts will lead into a new 

stage of stem cell transplantation technology. 

 

Kotasek, D., et al. (1994). "Dose intensive therapy 

with autologous blood stem cell transplantation in 

breast cancer." Aust N Z J Med 24(3): 288-295. 

 BACKGROUND: Breast cancer is the 

commonest form of cancer in Australian women. 

Although approximately 50% of women with breast 

cancer achieve long term survival by current 

management methods, recurrent or metastatic disease 

is generally incurable. In addition, women with Stage 

II disease with > 10 positive axillary lymph nodes 

and also women with locally advanced disease (Stage 

III) have a poor survival even with adjuvant therapy. 

AIMS: To assess the toxicity and efficacy of high-

dose chemotherapy with autologous peripheral blood 

stem cell (PBSC) transplantation in women with both 

metastatic and poor prognosis primary breast cancer. 

METHODS: Twenty-eight women with either 

metastatic (15) or poor prognosis (13) primary breast 

cancer were enrolled in the study between November 

1988 to January 1993. PBSC were harvested using 

high-dose cyclophosphamide (Cy) with or without 

granulocyte-colony stimulating factor (G-CSF) and a 

myeloablative regimen of Cy, melphalan and 

carboplatin (CMCp) was used in the transplantation 

phase. RESULTS: Optimum numbers of stem cells 

were harvested in 85% of patients. The use of five 

G/m2 Cy plus G-CSF resulted in better PBSC yields 

and a significant reduction in haematologic morbidity 

when compared to mobilisation with Cy alone. 

Twenty-two women underwent 23 PBSC transplants 

(PBSCT). There have been two early deaths due to 

sepsis. The predominant morbidities observed 

following high dose chemotherapy and 

transplantation have been nausea, mucositis and 

diarrhoea. The median number of days to discharge 

following infusion of PBSC was 15 (range 11-21). At 

a median follow up time of 1.1 years (range 0 

months-3.6 years), 8/22 (36%) evaluable patients 

remain alive and disease free while 14/22 (64%) have 

relapsed or progressed or died. CONCLUSION: 

High-dose chemotherapy and autologous PBSCT is a 

potentially highly effective treatment of women with 

metastatic and poor prognosis primary breast cancer. 

Randomised studies are required to compare this 
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form of therapy to more standard forms of treatment 

in breast cancer. 

 

Kruyt, F. A. E. (2023). "Cancer stem cells and 

cellular plasticity: A preface to the special issue 

"Advances in understanding cancer stem cell biology 

and perspectives for targeted therapy"." Biochem 

Pharmacol 214: 115670. 

  

Kucukguven, M. B. and B. Celebi-Saltik (2021). 

"Different Aspects of Head and Neck Squamous Cell 

Carcinoma: Cancer Stem Cells, their Niche and 

Targeted Therapy." Curr Stem Cell Res Ther 16(3): 

286-306. 

 Head and Neck Squamous Cell Carcinoma 

(HNSCC) is categorized as the sixth most common 

cancer worldwide, with an incidence of more than 

830,000 cases per year and a mortality rate of 50%. 

Tobacco use, alcohol consumption, and Human 

Papillomavirus infection are the prominent risks for 

HNSCC. Despite significant developments in the 

treatment of HNSCC, a high rate of recurrences 

makes the clinical situation worse and results in poor 

survival rates. Recent perspectives demonstrate that 

although epithelial transformation plays a crucial role 

in cancer development, tumor surrounding 

microenvironment takes part in the progression of 

cancer as well. Cancer Stem Cells (CSCs), which 

harbor unlimited self-renewal capacity, have a crucial 

role in the growth of HNSCC and this cell population 

is responsible for tumor recurrence unless eliminated 

by targeted therapy. CSCs are not only a promising 

target for tumor therapy but also a crucial biomarker 

to determine the patients at high risk for 

undetermined results and disease development, just 

as the bone marrow, which is the niche of 

hematopoietic and mesenchymal stem cells, is 

important for stem cell maintenance. Similarly, the 

concept of microenvironment is also important for 

the maintenance of CSCs. Apart from the cell-cell 

interactions, there are many parameters in the cancer 

microenvironment that affect the development of 

cancer, such as extracellular regulation, 

vascularization, microbial flora, pH, and oxygenation. 

The purpose of this review is to introduce HNSCC, 

explain the role of CSCs and their microenvironment, 

and refer to the conventional and novel targeted 

therapy for HNSCC and CSCs. 

 

Kunnummal, M., et al. (2021). "PIWI proteins and 

piRNAs in cervical cancer: a propitious dart in cancer 

stem cell-targeted therapy." Hum Cell 34(6): 1629-

1641. 

 Any form of cancer is a result of 

uncontrolled cell growth caused by mutations and/or 

epigenetic alterations, implying that a balance of 

chromatin remodeling activities and epigenetic 

regulators is crucial to prevent the transformation of a 

normal cell to a cancer cell. Many of the chromatin 

remodelers do not recognize any specific sites on 

their targets and require guiding molecules to reach 

the respective targets. PIWI proteins and their 

interacting small non-coding RNAs (piRNAs) have 

proved to act as a guiding signal for such molecules. 

While epigenetic alterations lead to tumorigenesis, 

the stemness of cancer cells contributes to recurrence 

and metastasis of cancer. Various studies have 

propounded that the PIWI-piRNA complex also 

promotes stemness of cancer cells, providing new 

doors for target-mediated anti-cancer therapies. 

Despite the progress in diagnosis and development of 

vaccines, cervical cancer remains to be the second 

most prevalent cancer among women, due to the lack 

of cost-effective and accessible diagnostic and 

prevention methods. With the emergence of liquid 

biopsy, there is a significant demand for the ideal 

biomarker in the diagnosis of cancer. PIWI and 

piRNAs have been recommended to serve as 

prognostic and diagnostic markers, to differentiate 

early and later stages of cancer, including cervical 

cancer. This review discusses how PIWIs and 

piRNAs are involved in disease progression as well 

as their potential role in diagnostics and therapeutics 

in cervical cancer. 

 

Kvalheim, G., et al. (1996). "[High-dose therapy of 

cancer with CD34 positive cells as stem cell 

support]." Tidsskr Nor Laegeforen 116(21): 2542-

2546. 

 In this article we report our initial clinical 

experiences in connection with immunomagnetic 

isolated CD34-positive cells from peripheral blood 

progenitor cells. Six patients, five with breast cancer 

and one with non-Hodgkin's lymphoma, were 

mobilized by chemotherapy and G-CSF (5ug/kg). 

CD34-positive cells were isolated by means of 

immunomagnetic beads (Dynalbeads) and Isolex 300 

Cell Separator (Baxter, USA). Mean purity of 

isolated CD34-positive cells was 97% (94.7-99.7) 

and mean yield was 54% (35-68). Three patients 

were treated with high dose therapy followed by 

reinfusion of CD34-positive cells as stem cell support. 

Recovery of neutrophils (> 0.5 x 10(9) 

leucocytes/liter) occurred at day 8, 11 and 13 and of 

platelets (> 20 x 10(9) platelets/litre) at day 9,14 and 

32. It is concluded that immunomagnetic isolated 

CD34-positive cells give high purity and yield. 

Although use of CD34-positive cells reduces the 

content of contaminating tumour cells in the graft, 
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breast cancer cells were still detectable in two out of 

five CD34-positive cell products. 

 

Kyle, R. A. (2011). "Role of maintenance therapy 

after autologous stem cell transplant for multiple 

myeloma: lessons for cancer therapy." Mayo Clin 

Proc 86(5): 419-420. 

  

Lai, Y. H., et al. (2023). "Stem cell-nanomedicine 

system as a theranostic bio-gadolinium agent for 

targeted neutron capture cancer therapy." Nat 

Commun 14(1): 285. 

 The potential clinical application of 

gadolinium-neutron capture therapy (Gd-NCT) for 

glioblastoma multiforme (GBM) treatment has been 

compromised by the fast clearance and nonspecific 

biodistribution of gadolinium-based agents. We have 

developed a stem cell-nanoparticle system (SNS) to 

actively target GBM for advanced Gd-NCT by 

magnetizing umbilical cord mesenchymal stem cells 

(UMSCs) using gadodiamide-concealed magnetic 

nanoparticles (Gd-FPFNP). Nanoformulated 

gadodiamide shielded by a dense surface composed 

of fucoidan and polyvinyl alcohol demonstrates 

enhanced cellular association and biocompatibility in 

UMSCs. The SNS preserves the ability of UMSCs to 

actively penetrate the blood brain barrier and home to 

GBM and, when magnetically navigates by an 

external magnetic field, an 8-fold increase in tumor-

to-blood ratio is achieved compared with clinical data. 

In an orthotopic GBM-bearing rat model, using a 

single dose of irradiation and an ultra-low gadolinium 

dose (200 mug kg(-1)), SNS significantly attenuates 

GBM progression without inducing safety issues, 

prolonging median survival 2.5-fold compared to free 

gadodiamide. The SNS is a cell-based delivery 

system that integrates the strengths of cell therapy 

and nanotechnology, which provides an alternative 

strategy for the treatment of brain diseases. 

 

Le Du, F., et al. (2020). "EpCAM-independent 

isolation of circulating tumor cells with epithelial-to-

mesenchymal transition and cancer stem cell 

phenotypes using ApoStream(R) in patients with 

breast cancer treated with primary systemic therapy." 

PLoS One 15(3): e0229903. 

 BACKGROUND: Tumor cells with a 

mesenchymal phenotype and/or cancer stem-like 

cells (CSCs) are known to contribute to metastasis 

and drug resistance. Circulating tumor cells (CTCs) 

undergoing epithelial-mesenchymal transition (EMT) 

and CTCs reflecting a dedifferentiated CSC 

phenotype may not be detected using only an anti-

EpCAM antibody to capture them. We used an 

antibody-independent CTC enrichment platform, 

ApoStream(R), which does not rely on any antibody, 

including anti-EpCAM, to capture EMT- and CSC-

CTCs in breast cancer patients who received 

neoadjuvant chemotherapy and correlated them to 

pathological complete response (pCR). METHODS: 

Blood samples from newly diagnosed breast cancer 

patients were prospectively collected before 

neoadjuvant chemotherapy (T0), after chemotherapy 

but before surgery (T1), and after surgery (T2) and 

processed using ApoStream. CTCs detected were 

stained with additional markers to define 3 CTC 

subsets with the following phenotypes: epithelial 

CTCs (CK+, EpCAM+ or E-cadherin+), EMT-CTCs 

(beta-catenin+ or vimentin+), and CSC-CTCs 

(CD44+ and CD24low). RESULTS: We enrolled 55 

patients, 47 of which had data for analysis. EMT-

CTCs were detected in 57%, 62%, and 72% and 

CSC-CTCs in 9%, 22%, and 19% at the T0, T1, and 

T2 time points, respectively. Counts of epithelial (P = 

0.225) and EMT (P = 0.522) phenotypes of CTCs at 

T0 did not significantly predict pCR. Moreover, no 

correlation between CTC count change and pCR was 

demonstrated. CONCLUSIONS: ApoStream was 

successful in detecting EMT-CTCs among patients 

after neoadjuvant chemotherapy. However, EMT-

/CSC-CTC counts did not correlate with pCR. Due to 

the small sample size and heterogeneity of this 

patient population, further study in a larger cohort of 

molecularly homogeneous patients is warranted. 

 

Leal, J. A., et al. (2013). "Stem cell microRNAs in 

senescence and immortalization: novel players in 

cancer therapy." Med Res Rev 33(1): 112-138. 

 The molecular etiology of malignancy 

remains one of the most challenging disease 

processes under scientific investigation; therefore, 

improved approaches for their treatment are urgently 

needed. MicroRNAs are highly conserved 

nonprotein-coding RNAs that regulate gene 

expression. They are involved in important 

homeostatic processes, such as cellular proliferation, 

cell death and development, and affect many diseases, 

including cancer. High-throughput screenings based 

on microRNAs related to senescence/immortalization 

are potential tools for identifying novel proliferative 

microRNAs that might be involved in carcinogenesis. 

Recently, a subgroup of highly proliferative 

microRNAs, which belong to a cluster expressed 

exclusively in embryonic stem cells and their 

malignant derivatives (embryonic carcinoma cells), 

was revealed to play a role in senescence bypass, 

thereby providing immortalization to human cells. 

This finding supports the cancer stem cell theory and 

the relevance of microRNAs in human tumors. This 

article recapitulates the role of microRNAs that are 
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associated with stem cell properties and their possible 

link in common pathways related to immortalization 

and cancer. Ultimately, cancer therapy that is based 

on the induction of a senescence response is proposed 

to be highly associated with the loss of stemness 

properties. Thus, it would be possible to "kill two 

birds with one stone": along with the inhibition of 

stemness properties in cancer stem cells, the 

senescence response could be induced to destroy the 

cancer stem cell population within a tumor. 

 

Lee, C. S., et al. (2023). "Stem Cell-Derived 

Extracellular Vesicles for Cancer Therapy and Tissue 

Engineering Applications." Mol Pharm 20(11): 5278-

5311. 

 Recently, stem cells and their secretomes 

have attracted great attention in biomedical 

applications, particularly extracellular vesicles (EVs). 

EVs are secretomes of cells for cell-to-cell 

communication. They play a role as intercellular 

messengers as they carry proteins, nucleic acids, 

lipids, and therapeutic agents. They have also been 

utilized as drug-delivery vehicles due to their 

biocompatibility, low immunogenicity, stability, 

targetability, and engineerable properties. The 

therapeutic potential of EVs can be further enhanced 

by surface engineering and modification using 

functional molecules such as aptamers, peptides, and 

antibodies. As a consequence, EVs hold great 

promise as effective delivery vehicles for enhancing 

treatment efficacy while avoiding side effects. 

Among various cell types that secrete EVs, stem cells 

are ideal sources of EVs because stem cells have 

unique properties such as self-renewal and 

regenerative potential for transplantation into 

damaged tissues that can facilitate their regeneration. 

However, challenges such as immune rejection and 

ethical considerations remain significant hurdles. 

Stem cell-derived EVs have been extensively 

explored as a cell-free approach that bypasses many 

challenges associated with cell-based therapy in 

cancer therapy and tissue regeneration. In this review, 

we summarize and discuss the current knowledge of 

various types of stem cells as a source of EVs, their 

engineering, and applications of EVs, focusing on 

cancer therapy and tissue engineering. 

 

Lee, H. E., et al. (2011). "An increase in cancer stem 

cell population after primary systemic therapy is a 

poor prognostic factor in breast cancer." Br J Cancer 

104(11): 1730-1738. 

 BACKGROUND: The cancer stem cell 

(CSC) hypothesis has important clinical implications 

for cancer therapeutics because of the proposed role 

of CSCs in chemoresistance. The aim of this study 

was to investigate changes in the CSC populations 

before and after primary systemic therapy (PST) and 

their prognostic role in human breast cancer. 

METHODS: Paired samples (before and after PST) 

of breast cancer tissue were obtained from clinical 

stage II or III patients (n=92) undergoing PST with 

the regimen of doxorubicin plus docetaxel (AD) 

(n=50) or doxorubicin plus cyclophosphamide (AC) 

(n=42) and subsequent breast resection. The 

proportions of putative CSCs with CD44+/CD24- or 

aldehyde dehydrogenase 1+ (ALDH1+) phenotypes 

were determined by immunohistochemistry. 

RESULTS: A higher proportion of CD44+/CD24- 

tumour cells and ALDH1 positivity in pre-

chemotherapy tissue was correlated with higher 

histologic grade, oestrogen receptor (ER) negativity, 

high Ki-67 proliferation index and basal-like subtype 

of breast cancer. Aldehyde dehydrogenase 1 

positivity in pre-chemotherapy biopsy was also 

associated with a higher rate of pathologic complete 

response following PST. In comparisons of putative 

CSC populations before and after PST, the 

proportions of CD44+/CD24- and ALDH1+ tumour 

cells were significantly increased after PST. The 

cases with increased CD44+/CD24- tumour cell 

populations after PST showed high Ki-67 

proliferation index in post-chemotherapy specimens 

and those with increased ALDH1+ tumour cell 

population after PST were associated with ER 

negativity and p53 overexpression. Furthermore, 

cases showing such an increase had significantly 

shorter disease-free survival time than those with no 

change or a reduced number of CSCs, and the 

survival difference was most notable with regard to 

the changes of ALDH1+ tumour cell population in 

the patients who received AC regimen. 

CONCLUSION: The present study provides the 

clinical evidence that the putative CSCs in breast 

cancer are chemoresistant and are associated with 

tumour progression, emphasising the need for 

targeting of CSCs in the breast cancer therapeutics. 

 

Lee, K. S., et al. (2019). "Reprogramming of cancer 

stem cells into non-tumorigenic cells using stem cell 

exosomes for cancer therapy." Biochem Biophys Res 

Commun 512(3): 511-516. 

 Cancer stem cells (CSCs) are a small 

population of cells with stem cell-like properties 

found in tumors. CSCs are closely associated with 

tumor heterogeneity, which influences tumor 

progress, metastasis, and drug resistance. Here, we 

propose a concept to enhance efficacy of cancer 

therapy through CSC reprogramming into non-

tumorigenic cells using stem cell-derived exosomes 

with osteoinductive potential. We hypothesized that 
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exosomes derived from osteogenic differentiating 

human adipose-derived stem cells (OD-EXOs) 

contain specific cargos capable of inducing 

osteogenic differentiation of CSCs. Quantitative RT-

PCR analysis revealed that OD-EXOs enhanced the 

expression of osteogenic-related genes, such as 

alkaline phosphatase (ALPL), osteocalcin (BGLAP), 

and runt-related transcription factor 2 (RUNX2). In 

addition, expression of drug-resistance genes such as 

ATP binding cassette (ABC) transporter, the breast 

cancer gene family (BCRA1 and BCRA2), and the 

ErbB gene family were significantly decreased in 

OD-EXO-treated CSCs. Our findings suggest that 

OD-EXOs function as a biochemical cue for CSC 

reprogramming and contribute to overcoming 

therapeutic resistance. 

 

Lenos, K. J., et al. (2018). "Stem cell functionality is 

microenvironmentally defined during tumour 

expansion and therapy response in colon cancer." Nat 

Cell Biol 20(10): 1193-1202. 

 Solid malignancies have been speculated to 

depend on cancer stem cells (CSCs) for expansion 

and relapse after therapy. Here we report on 

quantitative analyses of lineage tracing data from 

primary colon cancer xenograft tissue to assess CSC 

functionality in a human solid malignancy. The 

temporally obtained clone size distribution data 

support a model in which stem cell function in 

established cancers is not intrinsically, but is entirely 

spatiotemporally orchestrated. Functional stem cells 

that drive tumour expansion predominantly reside at 

the tumour edge, close to cancer-associated 

fibroblasts. Hence, stem cell properties change in 

time depending on the cell location. Furthermore, 

although chemotherapy enriches for cells with a CSC 

phenotype, in this context functional stem cell 

properties are also fully defined by the 

microenvironment. To conclude, we identified 

osteopontin as a key cancer-associated fibroblast-

produced factor that drives in situ clonogenicity in 

colon cancer. 

 

Leung, E. Y., et al. (2017). "Endocrine Therapy of 

Estrogen Receptor-Positive Breast Cancer Cells: 

Early Differential Effects on Stem Cell Markers." 

Front Oncol 7: 184. 

 INTRODUCTION: Endocrine therapy of 

breast cancer, which either deprives cancer tissue of 

estrogen or prevents estrogen pathway signaling, is 

the most common treatment after surgery and 

radiotherapy. We have previously shown for the 

estrogen-responsive MCF-7 cell line that exposure to 

tamoxifen, or deprivation of estrogen, leads initially 

to inhibition of cell proliferation, followed after 

several months by the emergence of resistant sub-

lines that are phenotypically different from the 

parental line. We examined the early responses of 

MCF-7 cells following either exposure to 4-

hydroxytamoxifen or deprivation of estrogen for 

periods of 2 days-4 weeks. METHODS: Endocrine-

sensitive or -resistant breast cancer cell lines were 

used to examine the expression of the stem cell gene 

SOX2, and the Wnt effector genes AXIN2 and 

DKK1 using quantitative PCR analysis. Breast cancer 

cell lines were used to assess the anti-proliferative 

effects (as determined by IC(50) values) of Wnt 

pathway inhibitors LGK974 and IWP-2. RESULTS: 

Hormone therapy led to time-dependent increases of 

up to 10-fold in SOX2 expression, up to threefold in 

expression of the Wnt target genes AXIN2 and 

DKK1, and variable changes in NANOG and OCT4 

expression. The cells also showed increased 

mammosphere formation and increased CD24 surface 

protein expression. Some but not all hormone-

resistant MCF-7 sub-lines, emerging after long-term 

hormonal stress, showed up to 50-fold increases in 

SOX2 expression and smaller increases in AXIN2 

and DKK1 expression. However, the increase in Wnt 

target gene expression was not accompanied by an 

increase in sensitivity to Wnt pathway inhibitors 

LGK974 and IWP-2. A general trend of lower IC(50) 

values was observed in 3-dimensional spheroid 

culture conditions (which allowed enrichment of cells 

with cancer stem cell phenotype) relative to 

monolayer cultures. The endocrine-resistant cell lines 

showed no significant increase in sensitivity to Wnt 

inhibitors. CONCLUSION: Hormone treatment of 

cultured MCF-7 cells leads within 2 days to increased 

expression of components of the SOX2 and Wnt 

pathways and to increased potential for 

mammosphere formation. We suggest that these 

responses are indicative of early adaptation to 

endocrine stress with features of stem cell character 

and that this facilitates the survival of emerging 

hormone-resistant cell populations. 

 

Li, G., et al. (2023). "Stem cell-assisted 

enzyme/prodrug therapy makes drug-resistant 

ovarian cancer cells vulnerable to natural killer cells 

through upregulation of NKG2D ligands." Med 

Oncol 40(4): 110. 

 Cancer stem-like cells (CSCs) are believed 

to be responsible for cancer recurrence and metastasis. 

Therefore, a therapeutic approach is needed to 

eliminate both rapidly proliferating differentiated 

cancer cells and slow-growing drug-resistant CSCs. 

Using established ovarian cancer cells lines as well as 

ovarian cancer cells isolated from a patient with high-

grade drug-resistant ovarian carcinoma, we 
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demonstrate that ovarian CSCs consistently express 

lower levels of NKG2D ligands (MICA/B and 

ULBPs) on their surfaces, a mechanism by which 

they evade natural killer (NK) cells' surveillance. 

Here, we discovered that exposure of ovarian cancer 

(OC) cells to SN-38 followed by 5-FU not only acts 

synergistically to kill the OC cells, but also makes the 

CSCs vulnerable to NK92 cells through upregulation 

of NKG2D ligands. Since systemic administration of 

these two drugs is marred by intolerance and 

instability, we engineered and isolated an adipose-

derived stem cell (ASC) clone, which stably 

expresses carboxylesterase-2 and yeast cytosine 

deaminase enzymes to convert irinotecan and 5-FC 

prodrugs into SN-38 and 5-FU cytotoxic drugs, 

respectively. Co-incubation of ASCs and prodrugs 

with drug-resistant OC cells not only led to the death 

of the drug-resistant OC cells but also made them 

significantly vulnerable to NK92 cells. This study 

provides proof of principle for a combined ASC-

directed targeted chemotherapy with NK92-assisted 

immunotherapy to eradicate drug-resistant OC cells. 

 

Li, K., et al. (2009). "[Cancer stem cell theory and 

cancer therapy]." Zhongguo Xiu Fu Chong Jian Wai 

Ke Za Zhi 23(1): 30-33. 

 OBJECTIVE: To analyze the advances of 

cancer stem cell (CSC) in recent years, and to 

propose a prospect for CSC research and cancer 

therapy. METHODS: Articles about important 

advances of CSC theory and cancer therapy were 

reviewed, and then selected and summarized. 

RESULTS: In 2001, CSC was first put forward as a 

concept, till now, which has been confirmed in many 

tissues. In recent years, efforts were dedicated to such 

topics including: identification of CSC in solid 

tumors, the origin of CSC, its niche and growth 

mechanism, cancer therapy, etc. According to the 

CSC theory, traditional therapeutic methods have 

deficiencies, and new treatment targeting CSC may 

thoroughly eliminate tumors. CONCLUSION: At 

present, CSC theory is still controversial, while it 

proposed revolutionary methods and directions for 

the therapy of cancer. 

 

Li, Y., et al. (2018). "Specific cancer stem cell-

therapy by albumin nanoparticles functionalized with 

CD44-mediated targeting." J Nanobiotechnology 

16(1): 99. 

 BACKGROUND: Cancer stem cells (CSCs) 

are highly proliferative and tumorigenic, which 

contributes to chemotherapy resistance and tumor 

occurrence. CSCs specific therapy may achieve 

excellent therapeutic effects, especially to the drug-

resistant tumors. RESULTS: In this study, we 

developed a kind of targeting nanoparticle system 

based on cationic albumin functionalized with 

hyaluronic acid (HA) to target the CD44 

overexpressed CSCs. All-trans-retinoic acid (ATRA) 

was encapsulated in the nanoparticles with ultrahigh 

encapsulation efficiency (EE%) of 93% and loading 

content of 8.37%. TEM analysis showed the 

nanoparticles were spherical, uniform-sized and 

surrounded by a coating layer consists of HA. Four 

weeks of continuously measurements of size, PDI 

and EE% revealed the high stability of nanoparticles. 

Thanks to HA conjugation on the surface, the 

resultant nanoparticles (HA-eNPs) demonstrated high 

affinity and specific binding to CD44-enriched 

B16F10 cells. In vivo imaging revealed that HA-

eNPs can targeted accumulate in tumor-bearing lung 

of mouse. The cytotoxicity tests illustrated that 

ATRA-laden HA-eNPs possessed better killing 

ability to B16F10 cells than free drug or normal 

nanoparticles in the same dose, indicating its good 

targeting property. Moreover, HA-eNPs/ATRA 

treatment decreased side population of B16F10 cells 

significantly in vitro. Finally, tumor growth was 

significantly inhibited by HA-eNPs/ATRA in lung 

metastasis tumor mice. CONCLUSIONS: These 

results demonstrate that the HA functionalized 

albumin nanoparticles is an efficient system for 

targeted delivery of antitumor drugs to eliminate the 

CSCs. 

 

Li, Z., et al. (2009). "Toward a stem cell gene therapy 

for breast cancer." Blood 113(22): 5423-5433. 

 Current approaches for treatment of late-

stage breast cancer rarely result in a long-term cure. 

In part this is due to tumor stroma that prevents 

access of systemically or intratumorally applied 

therapeutics. We propose a stem cell gene therapy 

approach for controlled tumor stroma degradation 

that uses the pathophysiologic process of recruitment 

of inflammatory cells into the tumor. This approach 

involves genetic modification of hematopoietic stem 

cells (HSCs) and their subsequent transplantation into 

tumor-bearing mice. We show that inducible, 

intratumoral expression of relaxin (Rlx) either by 

transplanting tumor cells that contained the Rlx gene 

or by transplantation of mouse HSCs transduced with 

an Rlx-expressing lentivirus vector delays tumor 

growth in a mouse model of breast cancer. The 

antitumor effect of Rlx was mediated through 

degradation of tumor stroma, which provided 

increased access of infiltrating antitumor immune 

cells to their target tumor cells. Furthermore, we have 

shown in a human/mouse chimeric model that 

genetically modified HSCs expressing a transgene 
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can access the tumor site. Our findings are relevant 

for cancer gene therapy and immunotherapy. 

 

Lin, S. Z. (2015). "Era of stem cell therapy for 

regenerative medicine and cancers: an introduction 

for the special issue of Pan Pacific Symposium on 

Stem Cells and Cancer Research." Cell Transplant 

24(3): 311-312. 

  

Lin, Z., et al. (2022). "Mesenchymal stem cell-

derived exosomes in cancer therapy resistance: recent 

advances and therapeutic potential." Mol Cancer 

21(1): 179. 

 Mesenchymal stem cells (MSCs) are 

multipotent stromal cells that can be obtained from 

various human tissues and organs. They can 

differentiate into a wide range of cell types, including 

osteoblasts, adipocytes and chondrocytes, thus 

exhibiting great potential in regenerative medicine. 

Numerous studies have indicated that MSCs play 

critical roles in cancer biology. The crosstalk 

between tumour cells and MSCs has been found to 

regulate many tumour behaviours, such as 

proliferation, metastasis and epithelial-mesenchymal 

transition (EMT). Multiple lines of evidence have 

demonstrated that MSCs can secrete exosomes that 

can modulate the tumour microenvironment and play 

important roles in tumour development. Notably, 

very recent works have shown that mesenchymal 

stem cell-derived exosomes (MSC-derived exosomes) 

are critically involved in cancer resistance to 

chemotherapy agents, targeted-therapy drugs, 

radiotherapy and immunotherapy. In this review, we 

systematically summarized the emerging roles and 

detailed molecular mechanisms of MSC-derived 

exosomes in mediating cancer therapy resistance, 

thus providing novel insights into the clinical 

applications of MSC-derived exosomes in cancer 

management. 

 

Liu, D. Q. and X. T. Pei (2005). "[Hope to the cancer 

therapy: cancer stem cell]." Zhongguo Yi Xue Ke 

Xue Yuan Xue Bao 27(6): 659-661. 

 Cancer stem cells are defined as rare cells in 

cancer tissues with indefinite potential for self-

renewal that drives tumorigenesis. It was first 

extensively documented for leukaemia and multiple 

myeloma. It has also been found in solid cancers such 

as human breast cancer and nervous system tumors. 

Studies of cancer stem cell biology and mechanisms 

of tumorigenesis are lending insight into the origins 

of cancer and will ultimately yield new approaches to 

fight cancer. 

 

Liu, M., et al. (2023). "Targeting cancer stem cell 

pathways for lung cancer therapy." Curr Opin Oncol 

35(1): 78-85. 

 PURPOSE OF REVIEW: The unique 

properties of cancer stem cells (CSCs) make lung 

cancer untargetable for quite an extended period. The 

functional mechanism of this cell type has been 

illustrated step by step. However, the outcomes of 

lung cancer patients are still lower than expected 

clinically. The attempts made by scientists to make 

challenge history against stemness maintenance of 

lung cancer cells and their druggable targets are 

worth elucidating. RECENT FINDINGS: Many 

agents, including the Bispecific T-cell engager (BiTE) 

and AMG 119 targeting DLL3-positive cells, are a 

tremendous breakthrough in the preclinical and 

clinical treatment of SCLC. More studies focus on 

targeting CSCs to overcome TKI resistance in 

NSCLC. The combo targeting of CSC and the 

immune microenvironment can favor the treatment of 

lung cancer patients. SUMMARY: The current 

review elucidates the characteristics and related 

regulating pathways of lung CSCs from essential to 

preclinical research. We retrospectively introduce an 

update on the clinical development of therapeutics 

targeting CSC-associated developmental signaling 

pathways and discuss the opportunities to target 

CSC-immune interactions in lung cancer. 

 

Liu, X., et al. (2013). "Nonlinear growth kinetics of 

breast cancer stem cells: implications for cancer stem 

cell targeted therapy." Sci Rep 3: 2473. 

 Cancer stem cells (CSCs) have been 

identified in primary breast cancer tissues and cell 

lines. The CSC population varies widely among 

cancerous tissues and cell lines, and is often 

associated with aggressive breast cancers. Despite of 

intensive research, how the CSC population is 

regulated within a tumor is still not well understood 

so far. In this paper, we present a mathematical 

model to explore the growth kinetics of CSC 

population both in vitro and in vivo. Our 

mathematical models and supporting experiments 

suggest that there exist non-linear growth kinetics of 

CSCs and negative feedback mechanisms to control 

the balance between the population of CSCs and that 

of non-stem cancer cells. The model predictions can 

help us explain a few long-standing questions in the 

field of cancer stem cell research, and can be 

potentially used to predict the efficicacy of anti-

cancer therapy. 

 

Loblein, M. T., et al. (2021). "Dual Knockdown of 

Musashi RNA-Binding Proteins MSI-1 and MSI-2 

Attenuates Putative Cancer Stem Cell Characteristics 
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and Therapy Resistance in Ovarian Cancer Cells." Int 

J Mol Sci 22(21). 

 In ovarian cancer, therapy resistance 

mechanisms complicate cancer cell eradication. 

Targeting Musashi RNA-binding proteins (MSI) may 

increase therapeutic efficacy. Database analyses were 

performed to identify gene expression associations 

between MSI proteins and key therapy resistance and 

cancer stem cell (CSC) genes. Then, ovarian cancer 

cells were subjected to siRNA-based dual 

knockdown of MSI-1 and MSI-2. CSC and cell cycle 

gene expression was investigated using quantitative 

polymerase chain reaction (qPCR), western blots, and 

flow cytometry. Metabolic activity and 

chemoresistance were assessed by MTT assay. 

Clonogenic assays were used to quantify cell survival 

post-irradiation. Database analyses demonstrated 

positive associations between MSI proteins and 

putative CSC markers NOTCH, MYC, and 

ALDH4A1 and negative associations with NOTCH 

inhibitor NUMB. MSI-2 expression was negatively 

associated with the apoptosis regulator p21. MSI-1 

and MSI-2 were positively correlated, informing 

subsequent dual knockdown experiments. After MSI 

silencing, CSC genes were downregulated, while cell 

cycle progression was reduced. Metabolic activity 

was decreased in some cancer cells. Both chemo- and 

radioresistance were reduced after dual knockdown, 

suggesting therapeutic potential. Dual knockdown of 

MSI proteins is a promising venue to impede tumor 

growth and sensitize ovarian cancer cells to 

irradiation and chemotherapy. 

 

Lopez-Moncada, F., et al. (2022). "The Transcription 

Factors Zeb1 and Snail Induce Cell Malignancy and 

Cancer Stem Cell Phenotype in Prostate Cells, 

Increasing Androgen Synthesis Capacity and Therapy 

Resistance." Adv Exp Med Biol 1393: 51-64. 

 Prostate cancer (PCa) incidence has 

increased during the last decades, becoming one of 

the leading causes of death by cancer in men 

worldwide. During an extended period of prostate 

cancer, malignant cells are androgen-sensitive being 

testosterone the main responsible for tumor growth. 

Accordingly, treatments blocking production and 

action of testosterone are mostly used. However, 

during disease progression, PCa cells become 

androgen insensitive producing a castration-resistant 

stage with a worse prognosis. Overcoming castration-

resistant prostate cancer (CRPC) has become a great 

challenge in the management of this disease. In the 

search for molecular pathways leading to therapy 

resistance, the epithelial-mesenchymal transition 

(EMT), and particularly the transcription factors zinc 

finger E-box-binding homeobox 1 (Zeb1) and zinc 

finger protein SNAI1 (Snail), master genes of the 

EMT, have shown to have pivotal roles. Also, the 

discovery that cancer stem cells (CSCs) can be 

generated de novo from their non-CSCs counterpart 

has led to the question whereas these EMT 

transcription factors could be implicated in this 

dynamic conversion between non-CSC and CSC. In 

this review, we analyze evidence supporting the idea 

that Zeb1 and Snail induce cell malignancy and 

cancer stem cell phenotype in prostate cells, 

increasing androgen synthesis capacity and therapy 

resistance. 

 

Lucena-Cacace, A., et al. (2018). "NAMPT Is a 

Potent Oncogene in Colon Cancer Progression that 

Modulates Cancer Stem Cell Properties and 

Resistance to Therapy through Sirt1 and PARP." Clin 

Cancer Res 24(5): 1202-1215. 

 Purpose: Colorectal cancer is the second 

most common cancer in women and the third most 

common in men worldwide. However, despite 

current progress, many patients with advanced and 

metastatic tumors still die from the malignancy. 

Refractory disease often relies on nicotinamide 

adenine dinucleotide (NAD)-dependent mechanisms. 

NAD metabolism and a stable NAD regeneration 

circuit are required to maintain tissue homeostasis 

and metabolism. However, high levels of NAD 

confer therapy resistance to tumors.Experimental 

Design: Ectopic overexpression of nicotinamide 

phosphoribosil transferase (NAMPT) and shRNAs in 

colorectal cancer cell lines, tumorigenic and stemness 

properties and transcription measurement in culture 

and in vivo Transcriptional analysis in public 

databases. Therapeutic approaches.Results: NAMPT, 

the rate-limiting enzyme responsible for the highest 

source of physiologic NAD biosynthesis, increases 

tumorigenic properties and induces cancer stem cell-

like properties through pathways that control stem 

cell signaling, thus enriching the cancer-initiating cell 

(CIC) population. Furthermore, NAMPT expression 

correlated with high levels of CIC-like cells in colon 

tumors directly extracted from patients, and 

transcription meta-analysis revealed that NAMPT is 

also a key factor that induces cancer stem pathways 

in colorectal cancer tumors. This effect is mediated 

by PARP and SIRT1. In addition, we report a novel 

NAMPT-driven signature that stratifies prognosis 

from high to low expression groups. The NAMPT 

signature contained SIRT1 and PARP1 levels as well 

as other cancer stem cell-related genes. Finally, 

NAMPT inhibition increased the sensitivity to 

apoptosis in both NAMPT-expressing cells and 

tumorspheres.Conclusions: NAMPT represents a 

novel therapeutic target in colon cancer progression 
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and relapse, particularly the CIC subset of human 

colon cancers. Clin Cancer Res; 24(5); 1202-15. 

(c)2017 AACR. 

 

Luo, M. and M. S. Wicha (2019). "Targeting Cancer 

Stem Cell Redox Metabolism to Enhance Therapy 

Responses." Semin Radiat Oncol 29(1): 42-54. 

 Cancer has long been viewed as a disease of 

altered metabolism. Although it has long been 

recognized that the majority of cancer cells display 

increased dependence on glycolysis, the metabolism 

of "cancer stem-like cells" (CSCs) that drive tumor 

growth and metastasis is less well characterized. In 

this chapter, we review the current state of 

knowledge of CSC metabolism with an emphasis on 

the development of therapeutic strategies to exploit 

the metabolic vulnerabilities of these cells. We 

outline emerging evidence indicating distinct 

metabolic pathways active in the proliferative, 

epithelial- (E) and quiescent, mesenchymal-like (M) 

CSC states in triple negative breast cancer. These 

CSC states are characterized by their different redox 

potentials and divergent sensitivities to inhibitors of 

glycolysis and redox metabolism. We highlight the 

roles of two redox-regulated signaling pathways, 

hypoxia-inducible factor 1alpha and nuclear factor 

erythroid 2-related factor 2, in regulating CSC 

epithelial-mesenchymal plasticity during metabolic 

and/or oxidative stress, and discuss clinical strategies 

using combinations of pro-oxidant-based therapeutics 

simultaneously targeting E- and M-like CSCs. By 

specifically targeting CSCs of both states, these 

strategies have the potential to increase the 

therapeutic efficacy of traditional chemotherapy and 

radiation therapy. 

 

Luo, Y. and D. Zhu (2014). "Combinatorial control 

of transgene expression by hypoxia-responsive 

promoter and microrna regulation for neural stem 

cell-based cancer therapy." Biomed Res Int 2014: 

751397. 

 Owing to their strong migratory capacity, 

tumor tropism, and tumor inhibitory effect, neural 

stem cells (NSCs) have recently emerged as one of 

the most attractive gene delivery vectors for cancer 

therapy. However, further animal studies found that 

proportional NSC vectors were distributed to 

nontarget organs after intravenous injection and the 

nonspecific transgene expression led to significant 

cytotoxic effects in these organs. Hence, an 

expression cassette that controls the transgene 

expression within NSC vectors in a tumor site-

specific manner is desired. Considering hypoxia as a 

hallmark of tumor microenvironment, we have 

developed a novel NSC vector platform coupling 

transcriptional targeting with microRNA (miRNA) 

regulation for tumor hypoxia targeting. This 

combinatorial vector employed a hypoxia-responsive 

promoter and repeated targeting sequences of an 

miRNA that is enriched in NSCs but downregulated 

upon hypoxia induction to control the transgene 

expression. This resulted in significantly improved 

hypoxic selectivity over the use of a control vector 

without miRNA regulation. Thus, incorporating 

miRNA regulation into a transcriptional targeting 

vector adds an extra layer of security to prevent off-

target transgene expression and should be useful for 

the development of NSC vectors with high targeting 

specifcity for cancer therapy. 

 

Lytle, N. K., et al. (2018). "Stem cell fate in cancer 

growth, progression and therapy resistance." Nat Rev 

Cancer 18(11): 669-680. 

 Although we have come a long way in our 

understanding of the signals that drive cancer growth, 

and how these signals can be targeted, effective 

control of this disease remains a key scientific and 

medical challenge. The therapy resistance and relapse 

that are commonly seen are driven in large part by 

the inherent heterogeneity within cancers that allows 

drugs to effectively eliminate some, but not all, 

malignant cells. Here, we focus on the fundamental 

drivers of this heterogeneity by examining emerging 

evidence that shows that these traits are often 

controlled by the disruption of normal cell fate and 

aberrant adoption of stem cell signals. We discuss 

how undifferentiated cells are preferentially primed 

for transformation and often serve as the cell of 

origin for cancers. We also consider evidence 

showing that activation of stem cell programmes in 

cancers can lead to progression, therapy resistance 

and metastatic growth and that targeting these 

attributes may enable better control over a difficult 

disease. 

 

Ma, Y. and H. X. Wang (2010). "[Signal pathways in 

breast cancer stem cells and the targeted stem cell 

therapy]." Zhonghua Zhong Liu Za Zhi 32(12): 881-

885. 

  

Mader, E. K., et al. (2009). "Mesenchymal stem cell 

carriers protect oncolytic measles viruses from 

antibody neutralization in an orthotopic ovarian 

cancer therapy model." Clin Cancer Res 15(23): 

7246-7255. 

 PURPOSE: Preexisting antiviral antibodies 

in cancer patients can quickly neutralize oncolytic 

measles virus (MV) and decrease its antitumor 

potency. In contrast to "naked" viruses, cell-

associated viruses are protected from antibody 
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neutralization. Hence, we hypothesized that measles 

virotherapy of ovarian cancer in measles-immune 

mice might be superior if MV-infected mesenchymal 

stem cell (MSC) carriers are used. EXPERIMENTAL 

DESIGN: Antimeasles antibodies titers in ovarian 

cancer patients were determined. The protection of 

MV by MSC from antimeasles antibodies, the in vivo 

biodistribution profiles, and tumor infiltration 

capability of MSC were determined. Measles-naive 

or immune tumor-bearing mice were treated with 

naked virus or MSC-associated virus and mice 

survivals were compared. RESULTS: MSC 

transferred MV infection to target cells via cell-to-

cell heterofusion and induced syncytia formation in 

the presence of high titers of antimeasles antibody, at 

levels that completely inactivated naked virus. 

Athymic mice bearing i.p. human SKOV3ip.1 

ovarian tumor xenografts passively immunized with 

measles-immune human serum were treated with 

saline, naked MV, or MV-infected MSC. 

Bioluminescent and fluorescent imaging data 

indicated that i.p. administered MSC localized to 

peritoneal tumors, infiltrated into the tumor 

parenchyma, and transferred virus infection to tumors 

in measles naive and passively immunized mice. 

Survival of the measles-immune mice was 

significantly enhanced by treatment with MV-

infected MSC. In contrast, survivals of passively 

immunized mice were not prolonged by treatment 

with naked virus or uninfected MSC. 

CONCLUSIONS: MSC should be used as carriers of 

MV for intraperitoneal virotherapy in measles-

immune ovarian cancer patients. 

 

Mandpe, P., et al. (2020). "Role of Liposomes-Based 

Stem Cell for Multimodal Cancer Therapy." Stem 

Cell Rev Rep 16(1): 103-117. 

 The utilization of stem cells as novel carriers 

to target tissues or organs of interest is a challenging 

task in delivery system. The composite cellular 

delivery with diverse signalling molecules as 

therapeutics increases stem cell capability and 

possesses the promising potential to augment, modify 

or commence localized or systemic restoration for 

vital applications in regenerative medicine. The 

inherent potential of stem cells to immigrate and 

reside at wounded site facilitates transportation of 

genes, polypeptides or nanosized molecules. 

Liposomes are micro- to nano-lipidic vesicles formed 

in aqueous solutions to encapsulate complex 

hydrophilic and lipophilic chemical substances. 

Moreover, these novel nanocarriers provide safer and 

efficient delivery of bioactives together with their 

potential applications in vaccine production, 

cosmeceuticals, imaging and diagnostic purpose. 

Tissue engineering promotes rejuvenation process 

and involves the synchronized utilization of cells 

with 3D bio-material scaffolds to fabricate living 

structures. This strategy requires regulated stimulus 

of cultured cells through combined mechanical 

signals and bioactive agents. This review highlights 

and summarizes the mechanism involved in stem cell 

migration, strategies to enhance homing, safety and 

efficacy studies of stem cells in various disease 

models and discusses the potential role of liposomes 

in prolonged and localized delivery of bioactives for 

regenerative medicines and tissue engineering 

techniques. Graphical Abstract Role of PEGylated 

liposomes in cancer stem cell therapy. 

 

Marini, F. C., et al. (1999). "Purging of 

contaminating breast cancer cells from hematopoietic 

stem cell grafts by adenoviral GAL-TEK gene 

therapy and magnetic antibody cell separation." Clin 

Cancer Res 5(6): 1557-1568. 

 The presence of contaminating tumor cells 

in autologous bone marrow or peripheral blood stem 

cell (PB-SC) preparations increase the likelihood of 

relapse in women receiving transplants for metastatic 

breast cancer. We describe a new technique for 

purging breast cancer cells (BCCs) that combines two 

independent strategies: (a) the specific enrichment of 

CD34+ progenitor stem cells by magnetic antibody 

cell separation (MACS), and then (b) infection of the 

contaminating BCCs with a recombinant adGAL-

TEK marker/suicide gene adenovirus (ad-v), 

followed by the addition of ganciclovir (GCV). 

Infection with this ad-v results in three to four times 

greater expression of ad-v-delivered reporter gene in 

BCCs than in CD34+ cells. In addition -2 h, -low 

multiplicity of infection (50:1) adGAL-TEK 

infections of BCC lines (MCF-7 and BT474) 

eradicated >99% of BCCs after 72 h of exposure to 

20 microM GCV. However, exposure to both 

adenovirus and GCV at the MOIs and doses used had 

little effect on hematopoietic stem cells to form 

colonies in colony-forming unit assays. adGAL-TEK 

infection in our model system (10(3)-10(5) BCCs 

added into 10(7) HSCs) also resulted in the 3 to 5 log 

eradication of clonogenic BCCs after the addition of 

GCV. MACS enrichment/purification of CD34+ cells 

from PB-SC contaminated with 2 x 10(6) to 5 x 10(7) 

BCCs followed by adGAL-TEK infection and GCV 

addition resulted in 5-7-log depletion of clonogenic 

BCCs as well as enrichment of CD34+ progenitor 

cells to >98%, with the recovery of >70% of 

hematopoietic stem cells. This adenoviral purging 

system is so robust that poor MACS purification, 

resulting in 1.5-log depletion of BCCs, still permits 

excellent ad-v infection and BCC killing. 
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Marofi, F., et al. (2017). "Mesenchymal 

Stromal/Stem Cells: A New Era in the Cell-Based 

Targeted Gene Therapy of Cancer." Front Immunol 8: 

1770. 

 In recent years, in light of the promising 

potentials of mesenchymal stromal/stem cells (MSCs) 

for carrying therapeutic anticancer genes, a complete 

revisitation on old chemotherapy-based paradigms 

has been established. This review attempted to bring 

forward and introduce the novel therapeutic 

opportunities of using genetically engineered MSCs. 

The simplicities and advantages of MSCs for medical 

applications make them a unique and promising 

option in the case of cancer therapy. Some of the 

superiorities of using MSCs as therapeutic gene 

micro-carriers are the easy cell-extraction procedures 

and their abundant proliferation capacity in vitro 

without losing their main biological properties. 

Targeted therapy by using MSCs as the delivery 

vehicles of therapeutic genes is a new approach in the 

treatment of various types of cancers. Some of the 

distinct properties of MSCs, such as tumor-tropism, 

non-immunogenicity, stimulatory effect on the anti-

inflammatory molecules, inhibitory effect on 

inflammatory responses, non-toxicity against the 

normal tissues, and easy processes for the clinical use, 

have formed the basis of attention to MSCs. They can 

be easily used for the treatment of damaged or 

injured tissues, regenerative medicine, and immune 

disorders. This review focused on the drugability of 

MSCs and their potential for the delivery of 

candidate anticancer genes. It also briefly reviewed 

the vectors and methods used for MSC-mediated 

gene therapy of malignancies. Also, the challenges, 

limitations, and considerations in using MSCs for 

gene therapy of cancer and the new methods 

developed for resolution of these problems are 

reviewed. 

 

Martinez-Climent, J. A., et al. (2000). "Chromosomal 

abnormalities in women with breast cancer after 

autologous stem cell transplantation are infrequent 

and may not predict development of therapy-related 

leukemia or myelodysplastic syndrome." Bone 

Marrow Transplant 25(11): 1203-1208. 

 We determined prospectively the incidence 

of chromosomal abnormalities in patients with high-

risk breast cancer (HRBC) after high-dose 

chemotherapy (HDCT) and autologous stem cell 

transplantation (ASCT), and correlated the 

cytogenetic abnormalities with the development of 

post-transplant myelodysplastic syndrome or acute 

myeloid leukemia (MDS/AML). From 1990 to 1999, 

229 women with HRBC underwent ASCT. 

Cytogenetic analysis of bone marrow (BM) cells was 

performed 12-59 months after ASCT in 60 

consecutive women uniformly treated with six 

courses of FAC/FEC followed by HDCT and ASCT. 

With a median follow-up of 36 months after ASCT, 

there were no cases of MDS/AML among the 229 

patients. In the selected cohort of 60 patients, three 

(5%) showed clonal chromosomal abnormalities (two 

single trisomy X and one t(1;6)), whereas two 

additional patients showed non-clonal reciprocal 

translocations. Two of the patients with clonal 

aberrations had blood cytopenias as well as subtle 

dysplastic pictures in BM which were not classifiable 

as MDS according to the FAB criteria. Similar 

dysplastic features were also observed in four 

patients with normal karyotypes. All cytogenetic 

aberrations were transient and disappeared, except a 

+X detected by FISH in a residual cell population in 

one of the patients. Retrospective cytogenetic and 

FISH studies of samples obtained after six cycles of 

FAC/FEC and before transplant demonstrated no 

chromosomal abnormalities in any of the five patients 

with post-ASCT karyotypic changes. Early changes 

in karyotype detected in breast cancer patients 

following ASCT are transient and do not correlate 

with or predict development of MDS/AML. As these 

aberrations were not present before ASCT, they may 

be related to the HDCT regimen or transplant 

procedure rather than to the prior adjuvant therapy. 

Our results suggest that ASCT may be less likely to 

cause MDS or AML in breast cancer patients as 

compared to other malignancies. Bone Marrow 

Transplantation (2000) 25, 1203-1208. 

 

Martino, M., et al. (2022). "Long-term survival in a 

fraction of patients with metastatic breast cancer who 

received consolidation therapy with high-dose 

chemotherapy and autologous stem cell transplant 

between 2000 and 2015: an EBMT registry-based 

study." Bone Marrow Transplant 57(2): 276-278. 

  

Martin-Padura, I., et al. (2012). "Residual dormant 

cancer stem-cell foci are responsible for tumor 

relapse after antiangiogenic metronomic therapy in 

hepatocellular carcinoma xenografts." Lab Invest 

92(7): 952-966. 

 Hepatocellular carcinoma (HCC) is the fifth 

most common solid tumor and the third leading cause 

of cancer-related deaths. Currently available 

chemotherapeutic options are not curative due in part 

to tumor resistance to conventional therapies. We 

generated orthotopic HCC mouse models in 

immunodeficient NOD/SCID/IL2rgamma null mice 

by injection of human alpha-feto protein (hAFP)- 

and/or luciferase-expressing HCC cell lines and 

http://www.sciencepub.net/stem


Stem Cell 2024;15(3)                                 http://www.sciencepub.net/stem        SCJ   

 
 

59 

 

primary cells from patients, where tumor growth and 

spread can be accurately monitored in a non-invasive 

way. In this model, low-dose metronomic 

administration of cyclophosphamide (LDM-CTX) 

caused complete regression of the tumor mass. A 

significant increase in survival (P<0.0001), reduced 

aberrant angiogenesis and hyperproliferation, and 

decrease in the number of circulating tumor cells 

were found in LDM-CTX-treated animals, in 

comparison with untreated mice. Co-administration 

of LDM-CTX with anti-VEGF therapy further 

improved the therapeutic efficacy. However, the 

presence of residual circulating hAFP levels 

suggested that some tumor cells were still present in 

livers of treated mice. Immunohistochemistry 

revealed that those cells had a 

hAFP+/CD13+/PCNA- phenotype, suggesting that 

they were dormant cancer stem cells (CSC). Indeed, 

discontinuation of therapy resulted in tumor regrowth. 

Moreover, in-vitro LDM-CTX treatment reduced 

hepatosphere formation in both number and size, and 

the resulting spheres were enriched in CD13+ cells 

indicating that these cells were particularly resistant 

to therapy. Co-treatment of the CD13-targeting drug, 

bestatin, with LDM-CTX leads to slower tumor 

growth and a decreased tumor volume. Therefore, 

combining a CD13 inhibitor, which targets the CSC-

like population, with LDM-CTX chemotherapy may 

be used to eradicate minimal residual disease and 

improve the treatment of liver cancer. 

 

Maruyama, F., et al. (1995). "[High-dose 

chemotherapy with peripheral blood stem cell 

transplantation as a consolidation therapy for 

testicular cancer with poor prognosis]." Gan To 

Kagaku Ryoho 22(2): 297-300. 

  

Masoumi, J., et al. (2021). "Cancer stem cell-targeted 

chimeric antigen receptor (CAR)-T cell therapy: 

Challenges and prospects." Acta Pharm Sin B 11(7): 

1721-1739. 

 Cancer stem cells (CSCs) with their self-

renewal ability are accepted as cells which initiate 

tumors. CSCs are regarded as interesting targets for 

novel anticancer therapeutic agents because of their 

association with tumor recurrence and resistance to 

conventional therapies, including radiotherapy and 

chemotherapy. Chimeric antigen receptor (CAR)-T 

cells are engineered T cells which express an 

artificial receptor specific for tumor associated 

antigens (TAAs) by which they accurately target and 

kill cancer cells. In recent years, CAR-T cell therapy 

has shown more efficiency in cancer treatment, 

particularly regarding blood cancers. The expression 

of specific markers such as TAAs on CSCs in varied 

cancer types makes them as potent tools for CAR-T 

cell therapy. Here we review the CSC markers that 

have been previously targeted with CAR-T cells, as 

well as the CSC markers that may be used as possible 

targets for CAR-T cell therapy in the future. 

Furthermore, we will detail the most important 

obstacles against CAR-T cell therapy and suggest 

solutions. 

 

Masters, J. R., et al. (2008). "Prostate cancer stem 

cell therapy: hype or hope?" Prostate Cancer Prostatic 

Dis 11(4): 316-319. 

 The stem cell concept of cancer suggests 

that each cancer contains a small fraction of stem 

cells responsible for the maintenance and progression 

of the disease. The implication of this concept is that 

by targeting and killing the cancer stem cells, it may 

be possible to improve survival or even cure the 

disease. Prostate cancer stem cell therapy is a valid 

goal to aim for, but there are massive hurdles to 

overcome, even if the concept is shown to be correct. 

 

Maurer, K., et al. (2021). "COVID-19 and 

hematopoietic stem cell transplantation and immune 

effector cell therapy: a US cancer center experience." 

Blood Adv 5(3): 861-871. 

 The novel coronavirus severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), 

identified in late 2019 as the causative agent of 

COVID-19, was declared a pandemic by the World 

Health Organization on 11 March 2020. Widespread 

community transmission in the United States 

triggered a nationwide shutdown, raising major 

challenges for administration of hematopoietic stem 

cell transplant (HSCT) and chimeric antigen receptor 

(CAR)-T cell therapies, leading many centers to 

delay or cancel operations. We sought to assess the 

impact of the COVID-19 pandemic on operations and 

clinical outcomes for HSCT and CAR-T cellular 

therapies at the Dana-Farber Cancer Institute by 

reviewing administration and outcomes in 127 cell 

therapy patients treated during the initial COVID-19 

surge: 62 adult allogeneic HSCT (allo-HSCT), 38 

autologous HSCT (auto-HSCT), and 27 CAR-T 

patients. Outcomes were compared with 66 allo-

HSCT, 43 auto-HSCT, and 33 CAR-T patients 

treated prior to the pandemic. A second control 

cohort was evaluated for HSCT groups to reflect 

seasonal variation in infections. Although there were 

changes in donor selection and screening as well as 

cryopreservation patterns of donor products, no 

differences were observed across groups in 100-day 

overall survival, progression-free survival, rates of 

non-COVID-19 infections, including hospital length 

of stay, neutrophil engraftment, graft failure, acute 
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graft-versus-host disease in allo-HSCT patients, or 

cytokine release syndrome and neurotoxicity in 

CAR-T patients. No HSCT patients contracted 

COVID-19 between days 0 and 100. One CAR-T 

patient contracted COVID-19 at day +51 and died of 

the disease. Altogether, our data indicate that cellular 

therapies can be safely administered throughout the 

ongoing COVID-19 pandemic with appropriate 

safeguards. 

 

Mayank and V. Jaitak (2016). "Molecular docking 

study of natural alkaloids as multi-targeted hedgehog 

pathway inhibitors in cancer stem cell therapy." 

Comput Biol Chem 62: 145-154. 

 Cancer is responsible for millions of deaths 

throughout the world every year. Increased 

understanding as well as advancements in the 

therapeutic aspect seems suboptimal to restrict the 

huge deaths associated with cancer. The major cause 

responsible for this is high resistance as well as 

relapse rate associated with cancers. Several 

evidences indicated that cancer stem cells (CSC) are 

mainly responsible for the resistance and relapses 

associated with cancer. Furthermore, agents targeting 

a single protein seem to have higher chances of 

resistance than multitargeting drugs. According to the 

concept of network model, partial inhibition of 

multiple targets is more productive than single hit 

agents. Thus, by fusing both the premises that CSC 

and single hit anticancer drugs, both are responsible 

for cancer related resistances and screened alkaloids 

for the search of leads having CSC targeting ability 

as well as the capability to modulating multiple target 

proteins. The in silico experimental data indicated 

that emetine and cortistatin have the ability to 

modulate hedgehog (Hh) pathway by binding to sonic 

hedgehog (Hh), smoothened (Smo) and Gli protein, 

involved in maintenance CSCs. Furthermore, 

solamargine, solasonine and tylophorine are also 

seems to be good lead molecules targeting towards 

CSCs by modulating Hh pathway. Except 

solamargine and solasonine, other best lead 

molecules also showed acceptable in silico ADME 

profile. The predicted lead molecules can be suitably 

modified to get multitargeting CSC targeting agent to 

get rid of associate resistances. 

 

Mehralizadeh, H., et al. (2023). "Cytokine sustained 

delivery for cancer therapy; special focus on stem 

cell- and biomaterial- based delivery methods." 

Pathol Res Pract 247: 154528. 

 As immune regulators, cytokines serve 

critical role as signaling molecules in response to 

danger, tissue damage, or injury. Importantly, due to 

their vital role in immunological surveillance, 

cytokine therapy has become a promising 

therapeutics for cancer therapy. Cytokines have, 

however, been used only in certain clinical settings. 

Two key characteristics of cytokines contribute to 

this clinical translational challenge: first, they are 

highly pleiotropic, and second, in healthy physiology, 

they are typically secreted and act very locally in 

tissues. Systemic administration of the cytokines can 

consequently result in serious side effects. Thus, 

scientists have sought various strategies to 

circumvent theses hurdles. Recent in vivo reports 

signify that cytokine delivery platforms can increase 

their safety and therapeutic efficacy in tumor 

xenografts. Meanwhile, cytokine delivery using 

multipotent stem cells, in particular mesenchymal 

stem/stromal cells (MSCs), and also a diversity of 

particles and biomaterials has demonstrated greater 

capability in this regards. Herein, we take a glimpse 

into the recent advances in cytokine sustained 

delivery using stem cells and also biomaterials to 

ease safe and effective treatments of a myriad of 

human tumors. 

 

Meng, T., et al. (2016). "Multi-cycle chemotherapy 

with the glycolipid-like polymeric micelles evade 

cancer stem cell enrichment in breast cancer 

therapy." Oncotarget 7(45): 72978-72989. 

 Multi-cycle chemotherapy is commonly 

used in the clinic, while the phenomena of 

enrichment of cancer stem cells (CSCs) and enhanced 

multi-drug resistance (MDR) are commonly involved. 

This research was designed for evaluating this 

successive administration. Chitosan oligosaccharide-

g-stearic acid (CSOSA) polymer was used as the 

drug delivery system (DDS) to perform tri-cycle 

chemotherapy on a new tumor model induced by 

mammosphere cells. In vitro, on CSCs enriched 

mammospheres model, the doxorubicin-loaded 

CSOSA (CSOSA/DOX) displayed an improved 

growth inhibition effect measured by acid 

phosphatase assay (APH). While in vivo, the 

CSOSA/DOX micelles blocked tumor progression 

and led to a marked decrease of CSCs proportion as 

well as MDR capacity. What's more, the 

CSOSA/DOX helped decay the microenvironment 

and attenuate systemic side effects. We concluded 

that the CSOSA polymer could be a potential DDS 

for long-term multi-cycle chemotherapy in antitumor 

research. 

 

Mercer-Smith, A. R., et al. (2021). "Cytotoxic 

Engineered Induced Neural Stem Cells as an 

Intravenous Therapy for Primary Non-Small Cell 

Lung Cancer and Triple-Negative Breast Cancer." 

Mol Cancer Ther 20(11): 2291-2301. 

http://www.sciencepub.net/stem


Stem Cell 2024;15(3)                                 http://www.sciencepub.net/stem        SCJ   

 
 

61 

 

 Converting human fibroblasts into 

personalized induced neural stem cells (hiNSC) that 

actively seek out tumors and deliver cytotoxic agents 

is a promising approach for treating cancer. Herein, 

we provide the first evidence that intravenously-

infused hiNSCs secreting cytotoxic agent home to 

and suppress the growth of non-small cell lung 

cancer (NSCLC) and triple-negative breast cancer 

(TNBC). Migration of hiNSCs to NSCLC and TNBC 

in vitro was investigated using time-lapse motion 

analysis, which showed directional movement of 

hiNSCs to both tumor cell lines. In vivo, migration of 

intravenous hiNSCs to orthotopic NSCLC or TNBC 

tumors was determined using bioluminescent 

imaging (BLI) and immunofluorescent post-mortem 

tissue analysis, which indicated that hiNSCs 

colocalized with tumors within 3 days of intravenous 

administration and persisted through 14 days. In vitro, 

efficacy of hiNSCs releasing cytotoxic TRAIL 

(hiNSC-TRAIL) was monitored using kinetic 

imaging of co-cultures, in which hiNSC-TRAIL 

therapy induced rapid killing of both NSCLC and 

TNBC. Efficacy was determined in vivo by infusing 

hiNSC-TRAIL or control cells intravenously into 

mice bearing orthotopic NSCLC or TNBC and 

tracking changes in tumor volume using BLI. Mice 

treated with intravenous hiNSC-TRAIL showed a 70% 

or 72% reduction in NSCLC or TNBC tumor volume 

compared with controls within 14 or 21 days, 

respectively. Safety was assessed by hematology, 

blood chemistry, and histology, and no significant 

changes in these safety parameters was observed 

through 28 days. These results indicate that 

intravenous hiNSCs-TRAIL seek out and kill 

NSCLC and TNBC tumors, suggesting a potential 

new strategy for treating aggressive peripheral 

cancers. 

 

Miekus, K. (2017). "The Met tyrosine kinase receptor 

as a therapeutic target and a potential cancer stem cell 

factor responsible for therapy resistance (Review)." 

Oncol Rep 37(2): 647-656. 

 The MET tyrosine kinase receptor plays an 

important role during tumor development and 

progression being responsible for proliferation, 

morphogenetic transformation, cell motility and 

invasiveness. High expression of the MET receptor 

has been shown to correlate with increased tumor 

growth and metastasis, poor prognosis and resistance 

to radiotherapy. Moreover, MET expression and 

activation has been shown to be associated with 

therapy resistance. The occurrence of resistance to 

targeted therapy might be related to the presence of 

cancer stem cells (CSCs). CSCs are a subpopulation 

of cells in the tumor that possess the ability of self-

renewal, clonogenicity, radioresistance and self-

sustained protection from apoptosis. Recently, MET 

has been postulated as an essential factor supporting 

the functional stem cell phenotype in some tumors 

and as a CSC factor is believed to be responsible for 

therapy resistance. This review presents the results 

from recent studies identifying MET as a potential 

marker of CSCs and tumor initiating cells, 

demonstrating pivotal role of MET in supporting 

stem cell phenotype and indicating the role of MET 

in acquiring resistance to antitumor therapy. 

 

Millar, B. C., et al. (1998). "The importance of 

CD34+/CD33- cells in platelet engraftment after 

intensive therapy for cancer patients given peripheral 

blood stem cell rescue." Bone Marrow Transplant 

22(5): 469-475. 

 The study was designed to determine 

whether the number of CD34+/CD33- cells given at 

autologous peripheral blood stem cell (PBSC) rescue 

after intensive therapy for cancer was a better 

predictor of platelet engraftment than the total 

number of CD34+ cells infused. Comparison between 

the total number of CD34+ cells/kg infused with the 

number of CD34+/CD33- cells/kg infused showed 

that, generally, 2 x 10(6) total CD34+ cells contained 

1.38 x 10(6) CD34+/CD33- cells. There was poor 

correlation between the number of CD34+/CD33- 

and CD34+/CD33+ cells in the graft (r = 0.332). 

Engraftment times for platelets and neutrophils were 

evaluated in 68 patients. There was no significant 

difference between the times for platelets to 

reach >25 x 10(9)/l or neutrophils to reach >0.5 x 

10(9)/l among patients who received > or <2 x 10(6) 

total CD34+ cells or > or <1.38 x 10(6) 

CD34+/CD33- cells although the latter was 

consistently the better predictor. Platelet recovery 

to >50 x 10(9)/l and >100 x 10(9)/l was delayed 

significantly in patients who received <1.38 x 10(6) 

CD34+/CD33-/kg infused (P < 0.02 and P < 0.05, 

respectively). The number of CD34+/CD33- cells/kg 

infused was a stronger predictor of platelet recovery 

than the total number of CD34+ cells infused (P < 

0.05 for platelets >50 or >100 x 10(9)/l). Although 

platelet recovery was delayed significantly in patients 

who had <4 x 10(4) granulocyte-macrophage colony-

forming units (CFU-GM)/kg infused, the time delay 

between receipt of PBSCs and availability of the 

colony counts limits the use of this assay to patients 

who do not require stem cells to be given 

immediately. Our data suggest that the number of 

CD34+/CD33- cells given at PBSC rescue provide 

information about the quality of the graft necessary 

for long-term platelet engraftment. However, since 

the percentage of CD34+/CD33- cells shows 
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considerable inter-patient variation, measurement of 

this cell population may be important in patients who 

experience poor stem cell mobilization or when a 

target dose of 2 x 10(6) total CD34+ cells/kg is not 

achieved. 

 

Miller, P., et al. (2023). "Joint consensus statement 

on the vaccination of adult and paediatric 

haematopoietic stem cell transplant recipients: 

Prepared on behalf of the British society of blood and 

marrow transplantation and cellular therapy 

(BSBMTCT), the Children's cancer and Leukaemia 

Group (CCLG), and British Infection Association 

(BIA)." J Infect 86(1): 1-8. 

 Haematopoietic stem cell transplant (HSCT) 

recipients have deficiencies in their adaptive 

immunity against vaccine preventable diseases. 

National and International guidance recommends that 

HSCT recipients are considered 'never vaccinated' 

and offered a comprehensive course of revaccination. 

This position statement aims to draw upon the current 

evidence base and existing guidelines, and align this 

with national vaccine availability and licensing 

considerations in order to recommend a pragmatic 

and standardised re-vaccination schedule for adult 

and paediatric HSCT recipients in the UK. 

 

Miyaguchi, K., et al. (2023). "Activated T cell 

therapy targeting glioblastoma cancer stem cells." Sci 

Rep 13(1): 196. 

 Naive T cells become effector T cells 

following stimulation by antigen-loaded dendritic 

cells (DCs) and sequential cytokine activation. We 

aimed to develop procedures to efficiently activate T 

cells with tumor-associated antigens (TAAs) to 

glioblastoma (GBM) stem cells. To remove antigen 

presentation outside of the immunosuppressive tumor 

milieu, three different glioma stem cell (GSC) 

specific antigen sources to load DCs were compared 

in their ability to stimulate lymphocytes. An activated 

T cell (ATC) protocol including cytokine activation 

and expansion in culture to target GSCs was 

generated and optimized for a planned phase I 

clinical trial. We compared three different antigen-

loading methods on DCs to effectively activate T 

cells, which were GBM patient-derived GSC-lysate, 

acid-eluate of GSCs and synthetic peptides derived 

from proteins expressed in GSCs. DCs derived from 

HLA-A2 positive blood sample were loaded with 

TAAs. Autologous T cells were activated by co-

culturing with loaded DCs. Efficiency and 

cytotoxicity of ATCs were evaluated by targeting 

TAA-pulsed DCs or T2 cells, GSCs, or autologous 

PHA-blasts. Characteristics of ATCs were evaluated 

by Flow Cytometry and ELISpot assay, which 

showed increased number of ATCs secreting IFN-

gamma targeting GSCs as compared with non-

activated T cells and unloaded target cells. Neither 

GSC-lysate nor acid-eluate loading showed 

enhancement in response of ATCs but the synthetic 

peptide pool showed significantly increased IFN-

gamma secretion and increased cytotoxicity towards 

target cells. These results demonstrate that ATCs 

activated using a TAA synthetic peptide pool 

efficiently enhance cytotoxicity specifically to target 

cells including GSC. 

 

Mohammadi, M., et al. (2016). "Mesenchymal stem 

cell: a new horizon in cancer gene therapy." Cancer 

Gene Ther 23(9): 285-286. 

 Cancer is one of the main problems in public 

health worldwide. Despite rapid advances in the 

diagnosis and treatment of cancer, the efficacy of 

current treatment strategies is still limited. There are 

promising new results in animal models whereby 

mesenchymal stem cells (MSCs) can be used as 

vehicles for targeted therapies. The use of MSCs as 

therapeutic biological vehicles in cell therapy has 

several advantages, including immune-silence, tumor 

tropism, easy and rapid isolation, ex vivo expansion, 

multilineage differentiation and the capacity to 

deliver a number of therapeutic agents. Some studies 

have shown that the microenvironment of the tumor 

provides a preferential niche for homing and survival 

of MSCs. Here, we have highlighted various 

applications of MSCs in cancer gene therapy. 

 

Montazersaheb, P., et al. (2023). "Magnetic 

nanoparticle-based hyperthermia: A prospect in 

cancer stem cell tracking and therapy." Life Sci 323: 

121714. 

 Tumor heterogeneity is a major problem in 

cancer treatment. Cancer stem cells (CSCs) are a 

subpopulation of tumor masses that produce 

proliferating and quiescent cells. Under stress-related 

conditions, quiescent cells are capable of 

repopulating tumor masses. Consequently, many 

attempts have been made to identify, isolate, and 

eradicate CSCs from various tumors. Research has 

found that quiescent CSCs are less susceptible to 

conventional therapy than bulk cancer cells. This 

could be due to reduced cell cycling and increased 

DNA repair capacity of these cells. Indeed, disease 

progression is temporarily suppressed by eliminating 

fast-proliferating tumor cells and sparing quiescent 

CSCs lead to cancer relapse. Among all the available 

therapeutic modalities for cancer treatment, 

hyperthermia uses moderate heat to kill tumor cells. 

Nanoparticle-based platforms have the potential to 

deposit heat locally and selectively with the 
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simultaneous activation of nanoparticles as heat 

transducers. Over the past few decades, magnetic 

nanoparticles (MNPs) have been widely investigated 

in the biomedical field. Magnetic hyperthermia 

therapy (MHT) is a promising therapeutic approach 

in which MNPs are delivered directly through 

targeting (systemic) or by direct injection into a 

tumor under exposure to an alternating magnetic field 

(AMF). Heat is generated by the MNPs subjected to 

AMF at a frequency of 100 kHz. Despite the 

widespread use of MHT alone or in combination 

therapies, its effectiveness in targeting CSCs remains 

unclear. This review discusses various types of MHT 

and their related mechanisms in cancer therapy, 

particularly concerning the eradication of CSCs. 

 

Moore, H. C., et al. (1999). "Autologous stem-cell 

transplant after conventional dose adjuvant 

chemotherapy for high-risk breast cancer: impact on 

the delivery of local-regional radiation therapy." Ann 

Oncol 10(8): 929-936. 

 BACKGROUND: High-dose chemotherapy 

with autologous stem-cell transplantation is used 

increasingly in the treatment of poor-prognosis 

primary breast cancer. Because these patients may be 

cured with standard multimodality therapy, it is 

important to address both the efficacy of 

transplantation, and its effect on the delivery of 

standard treatments including local radiation therapy. 

PATIENTS AND METHODS: Patients with high 

risk primary breast cancer were treated with high-

dose cyclophosphamide and thiotepa and stem-cell 

transplant following surgery and conventional-dose 

adjuvant chemotherapy. Outcome, including sites of 

failure and delivery of local radiation therapy, was 

assessed for 103 patients. RESULTS: Overall and 

disease-free survival rates at 18 months were 83% 

(+/- 4%) and 77% (+/- 4%) respectively. Twenty 

patients (19.4%) received radiation therapy prior to 

transplant. Of the remaining 83, 77 received radiation 

therapy after transplant. Overall, 5 (19.2%) of 26 first 

sites of recurrence were local alone. For patients 

receiving radiation prior to transplant, 3 of 7 (43%, 

95% CI: 6%-80%) sites of first recurrence were local, 

while 2 of 19 (10.5%, 95% CI: 0%-24.5%) sites of 

first recurrence were local alone in patients receiving 

post-transplant radiation or no radiation. 

CONCLUSION: Transplantation does not appear to 

significantly compromise the delivery or outcome of 

local radiation therapy for primary breast cancer. 

 

Moreno, M., et al. (2002). "Radiation therapy after 

high-dose chemotherapy with peripheral blood stem 

cell support for high-risk breast cancer." Am J Clin 

Oncol 25(4): 347-353. 

 Multidisciplinary treatment in high-risk 

breast cancer improves survival and local control. 

The feasibility and patterns of failure after several 

induction and high-dose consolidation regimens of 

chemotherapy were evaluated in this study. Between 

November 1990 and January 1997, 65 patients with 

histologically proven breast cancer American Joint 

Committee on Cancer stages II-III with four or more 

axillary lymph nodes positive or locally advanced 

breast cancer underwent high-dose chemotherapy 

(HDC) with peripheral stem cell support after surgery 

and induction chemotherapy. All patients were 

subsequently treated with radiotherapy (up to total 

doses of 50-60 Gy), which included the ipsilateral 

axilla and supraclavicular fossa and the chest wall or 

breast. A minimum follow-up period of 2 years from 

the completion of radiotherapy was required for 

analysis. Local control (LC), disease-free survival 

(DFS), overall survival (OS), and toxicity were 

evaluated. With a median follow-up of 62 months 

(range: 32-107 months), LC was 89%, and 5-year OS 

and DFS were 78% and 63%, respectively. 

Symptomatic pneumonitis developed in six patients 

(9%); only one patient had her radiotherapy 

interrupted because of hematologic toxicity. No 

treatment-related mortality was observed. Radiation 

therapy after HDC provides excellent local control 

rates without excessive toxicity. Delaying the start of 

irradiation until recovery from HDC does not seem to 

increase local failure rates. 

 

Morgan, J., et al. (2010). "Substrate affinity of 

photosensitizers derived from chlorophyll-a: the 

ABCG2 transporter affects the phototoxic response 

of side population stem cell-like cancer cells to 

photodynamic therapy." Mol Pharm 7(5): 1789-1804. 

 Photosensitizers (PS) synthesized with the 

aim of optimizing photodynamic therapy (PDT) of 

tumors do not always fulfill their potential when 

tested in vitro and in vivo in different tumor models. 

The ATP-dependent transporter ABCG2, a multidrug 

resistant pump expressed at variable levels in 

cancerous cells, can bind and efflux a wide range of 

structurally different classes of compounds including 

several PS used preclinically and clinically such as 

porphyrins and chlorins. ABCG2 may lower 

intracellular levels of substrate PS below the 

threshold for cell death in tumors treated by PDT, 

leaving resistant cells to repopulate the tumor. To 

determine some of the structural factors that affect 

substrate affinity of PS for ABCG2, we used an 

ABCG2-expressing cell line (HEK 293 482R) and its 

nonexpressing counterpart, and tyrosine kinase 

ABCG2 inhibitors in a simple flow cytometric assay 

to identify PS effluxed by the ABCG2 pump. We 
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tested a series of conjugates of substrate PS with 

different groups attached at different positions on the 

tetrapyrrole macrocycle to examine whether a change 

in affinity for the pump occurred and whether such 

changes depended on the position or the 

structure/type of the attached group. PS without 

substitutions including pyropheophorbides and 

purpurinimides were generally substrates for ABCG2, 

but carbohydrate groups conjugated at positions 8, 12, 

13, and 17 but not at position 3 abrogated ABCG2 

affinity regardless of structure or linking moiety. At 

position 3, affinity was retained with the addition of 

iodobenzene, alkyl chains and monosaccharides, but 

not with disaccharides. This suggests that structural 

characteristics at position 3 may offer important 

contributions to requirements for binding to ABCG2. 

We examined several tumor cell lines for ABCG2 

activity, and found that although some cell lines had 

negligible ABCG2 activity in bulk, they contained a 

small ABCG2-expressing side population (SP) 

thought to contain cells which are responsible for 

initiating tumor regrowth. We examined the 

relevance of the SP to PDT resistance with ABCG2 

substrates in vitro and in vivo in the murine 

mammary tumor 4T1. We show for the first time in 

vivo that the substrate PS HPPH (2-[1-

hexyloxyethyl]-2-devinyl pyropheophorbide-a) but 

not the nonsubstrate PS HPPH-Gal (a galactose 

conjugate of HPPH) selectively preserved the SP 

which was primarily responsible for regrowth in vitro. 

The SP could be targeted by addition of imatinib 

mesylate, a tyrosine kinase inhibitor which inhibits 

the ATPase activity of ABCG2, and prevents efflux 

of substrates. A PDT resistant SP may be responsible 

for recurrences observed both preclinically and 

clinically. To prevent ABCG2 mediated resistance, 

choosing nonsubstrate PS or administering an 

ABCG2 inhibitor alongside a substrate PS might be 

advantageous when treating ABCG2-expressing 

tumors with PDT. 

 

Moro, M., et al. (2012). "Patient-derived xenografts 

of non small cell lung cancer: resurgence of an old 

model for investigation of modern concepts of 

tailored therapy and cancer stem cells." J Biomed 

Biotechnol 2012: 568567. 

 Current chemotherapy regimens have 

unsatisfactory results in most advanced solid tumors. 

It is therefore imperative to devise novel therapeutic 

strategies and to optimize selection of patients, 

identifying early those who could benefit from 

available treatments. Mouse models are the most 

valuable tool for preclinical evaluation of novel 

therapeutic strategies in cancer and, among them, 

patient-derived xenografts models (PDX) have made 

a recent comeback in popularity. These models, 

obtained by direct implants of tissue fragments in 

immunocompromised mice, have great potential in 

drug development studies because they faithfully 

reproduce the patient's original tumor for both 

immunohistochemical markers and genetic 

alterations as well as in terms of response to common 

therapeutics They also maintain the original tumor 

heterogeneity, allowing studies of specific cellular 

subpopulations, including their modulation after drug 

treatment. Moreover PDXs maintain at least some 

aspects of the human microenvironment for weeks 

with the complete substitution with murine stroma 

occurring only after 2-3 passages in mouse and 

represent therefore a promising model for studies of 

tumor-microenvironment interaction. This review 

summarizes our present knowledge on mouse 

preclinical cancer models, with a particular attention 

on patient-derived xenografts of non small cell lung 

cancer and their relevance for preclinical and 

biological studies. 

 

Motegi, A., et al. (2016). "Impact of Expression of 

CD44, a Cancer Stem Cell Marker, on the Treatment 

Outcomes of Intensity Modulated Radiation Therapy 

in Patients With Oropharyngeal Squamous Cell 

Carcinoma." Int J Radiat Oncol Biol Phys 94(3): 461-

468. 

 PURPOSE: To investigate the significance 

of CD44 protein expression on the treatment 

outcomes of radiation therapy in patients with 

oropharyngeal squamous cell carcinoma (OPSCC) 

with or without p16 protein expression in the tumor 

tissue. METHODS AND MATERIALS: We 

reviewed the medical records of 58 OPSCC patients 

who had undergone radiation therapy and examined 

the tumor tissue expressions of CD44 and p16 protein 

by immunohistochemical staining. The correlations 

between the expressions of these proteins and the 

patients' treatment outcomes were analyzed. 

RESULTS: The data of 58 consecutive OPSCC 

patients who had undergone definitive intensity 

modulated radiation therapy were analyzed. The 

male/female ratio was 55:3, and the median age was 

64 years. The clinical stage of the disease was stage 

II in 7 patients, stage III in 5 patients, stage IVA in 

35 patients, and stage IVB in 11 patients. Of the 

patients, 79% received additional induction and/or 

concurrent chemotherapy. The median follow-up 

duration was 34 months. The 3-year overall survival, 

progression-free survival (PFS) and locoregional 

control (LRC) rates of all the patients, regardless of 

the results of immunohistochemistry, were 73%, 64% 

and 76%, respectively. The PFS and LRC rates in the 

CD44(-) patients (86% and 93%, respectively) were 
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significantly higher than those in the CD44(+) 

patients (57% and 70%, respectively). The PFS and 

LRC rates in the p16(+) patients (83% and 90%, 

respectively) were significantly higher than those in 

the p16(-) patients (45% and 61%, respectively). 

Patients who were CD44(-)/p16(+) showed the best 

LRC rates, and those who were CD44(+)/p16(-) 

showed the worst PFS and LRC rates among all the 

groups. CONCLUSIONS: Profiling of CD44 and p16 

protein expressions by immunohistochemical staining 

is useful for predicting the treatment outcomes in 

patients with OPSCC undergoing definitive intensity 

modulated radiation therapy. 

 

Muller, A. M., et al. (2016). "Hypoxia-targeted 131I 

therapy of hepatocellular cancer after systemic 

mesenchymal stem cell-mediated sodium iodide 

symporter gene delivery." Oncotarget 7(34): 54795-

54810. 

 Adoptively transferred mesenchymal stem 

cells (MSCs) home to solid tumors. Biologic features 

within the tumor environment can be used to 

selectively activate transgenes in engineered MSCs 

after tumor invasion. One of the characteristic 

features of solid tumors is hypoxia. We evaluated a 

hypoxia-based imaging and therapy strategy to target 

expression of the sodium iodide symporter (NIS) 

gene to experimental hepatocellular carcinoma (HCC) 

delivered by MSCs.MSCs engineered to express 

transgenes driven by a hypoxia-responsive promoter 

showed robust transgene induction under hypoxia as 

demonstrated by mCherry expression in tumor cell 

spheroid models, or radioiodide uptake using NIS. 

Subcutaneous and orthotopic HCC xenograft mouse 

models revealed significant levels of perchlorate-

sensitive NIS-mediated tumoral radioiodide 

accumulation by tumor-recruited MSCs using 123I-

scintigraphy or 124I-positron emission tomography. 

Functional NIS expression was further confirmed by 

ex vivo 123I-biodistribution analysis. Administration 

of a therapeutic dose of 131I in mice treated with 

NIS-transfected MSCs resulted in delayed tumor 

growth and reduced tumor perfusion, as shown by 

contrast-enhanced sonography, and significantly 

prolonged survival of mice bearing orthotopic HCC 

tumors. Interestingly, radioiodide uptake into 

subcutaneous tumors was not sufficient to induce 

therapeutic effects. Our results demonstrate the 

potential of using tumor hypoxia-based approaches to 

drive radioiodide therapy in non-thyroidal tumors. 

 

Murakami, S., et al. (2015). "SRY and OCT4 Are 

Required for the Acquisition of Cancer Stem Cell-

Like Properties and Are Potential Differentiation 

Therapy Targets." Stem Cells 33(9): 2652-2663. 

 The acquisition of stemness is a hallmark of 

aggressive human hepatocellular carcinoma (hHCC). 

The stem cell marker OCT4 is frequently expressed 

in HCCs, and its expression correlates with those of 

putative cancer stem cell (CSC) markers and CSC 

properties. Here, we describe a novel mechanism of 

CSC maintenance by SRY through OCT4. We 

previously reported that Sry is involved in tumor 

malignancy in rodent HCCs. However, the oncogenic 

function of SRY in hHCCs is poorly understood. 

Ectopic expression of SRY increased multiple stem 

cell factors, including OCT4 and CD13. The OCT4 

promoter contained SRY-binding sites that were 

directly activated by SRY. In HCC-derived cells, 

SRY knockdown decreased OCT4 expression and 

cancer stem-like phenotypes such as self-renewal, 

chemoresistance, and tumorigenicity. Conversely, 

OCT4 and SRY overexpression promoted cancer 

stem-like phenotypes. OCT4 knockdown in SRY 

clones downregulated the self-renewal capacity and 

chemoresistance. These data suggest that SRY is 

involved in the maintenance of cancer stem-like 

characteristics through OCT4. Moreover, CSCs of 

HCC-derived cells differentiated into Tuj1-positive 

neuron-like cells by retinoic acid. Noteworthily, SRY 

was highly expressed in some hHCC patients. Taken 

together, our findings imply a novel therapeutic 

strategy against CSCs of hHCCs. 

 

Najafabad, B. K., et al. (2023). "Effect of 

photothermal and photodynamic therapy with cobalt 

ferrite superparamagnetic nanoparticles loaded with 

ICG and PpIX on cancer stem cells in MDA-MB-231 

and A375 cell lines." Photodiagnosis Photodyn Ther 

43: 103648. 

 BACKGROUND: Cancer cells are resistant 

to treatments such as chemotherapy and radiotherapy 

due to their characteristics such as self-renewal, high 

proliferation and other resistance mechanisms. To 

overcome this resistance, we combined a light-based 

treatment with nanoparticles to get advantage of both 

PDT and PTT in order to increase efficiency and 

beater outcome. METHODS AND MATERIAL: 

After synthesis and characterization of 

CoFe2O4@citric@PEG@ICG@ PpIX NPs, their 

dark cytotoxicity concentration was determined with 

MTT assay. Then light-base treatments were 

performed by two different light source for MDA-

MB-231 and A375 cell lines. After treatment, the 

results were evaluated 48 h and 24 h after treatment 

by MTT assay and flow cytometry. Among CSCs 

defined markers, CD44, CD24 and CD133 are the 

most widely-used markers in CSC research and are 

also therapeutic targets in cancers. So we used proper 

antibodies to detect CSCs. Then indexes like ED50, 
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synergism defined to evaluated the treatment. 

RESULTS: ROS production and temperature 

increase have a direct relationship with exposure time. 

In both cell lines, the death rate in combinational 

treatment (PDT/PTT) is higher than single treatment 

and the amount of cells with CD44+CD24- and 

CD133+CD44+ markers has decreased. According to 

the synergism index, conjugated NPs show a high 

efficiency in use in light-based treatments. This index 

was higher in cell line MDA-MB-231 than A375. 

And the ED50 is proof of the high sensitivity of 

A375 cell line compared to MDA-MB-231 in PDT 

and PTT. CONCLUSION: Conjugated NPs along 

with combined photothermal and photodynamic 

therapies may play an important role in eradication 

CSCs. 

 

Najafi, M., et al. (2019). "Cancer stem cell 

(a)symmetry & plasticity: Tumorigenesis and therapy 

relevance." Life Sci 231: 116520. 

 Cancer stem cells (CSCs) are self-renewal 

population localized within cancer niches and play 

critical roles in tumor initiation, recurrence and 

metastasis. Despite extensive research, challenges 

about identity of CSCs and combating them in cancer 

therapy still remain steady. Cellular plasticity is a 

cardinal feature of tumor microenvironment (TME) 

tremendously influencing tumor aggressive behavior. 

Plasticity and CSC a (symmetry) are interconnecting 

processes essential for shaping a cancer through 

nurturing a wide number of cells with tumor 

promoting capacities. The plastic nature of TME 

cellularity infers that destemming just CSCs is not 

sufficient in respect with therapy, especially for high-

grade cancers-instead, deploying mechanisms to 

retard tumor type-dependent TME-CSC interplay is a 

suggested strategy for making a durable remission of 

cancer. This requires extending our understanding 

about CSC divisional profiling and plasticity in order 

to find critical drivers in cancer progression. 

 

Nguyen, G. H., et al. (2011). "Cancer stem cell 

radioresistance and enrichment: where frontline 

radiation therapy may fail in lung and esophageal 

cancers." Cancers (Basel) 3(1): 1232-1252. 

 Many studies have highlighted the role 

cancer stem cells (CSC) play in the development and 

progression of various types of cancer including lung 

and esophageal cancer. More recently, it has been 

proposed that the presence of CSCs affects treatment 

efficacy and patient prognosis. In reviewing this new 

area of cancer biology, we will give an overview of 

the current literature regarding lung and esophageal 

CSCs and radioresistance of CSC, and discuss the 

potential therapeutic applications of these findings. 

 

Nichols, G., et al. (2002). "Therapy-related 

myelodysplastic syndrome after autologous stem cell 

transplantation for breast cancer." Leukemia 16(9): 

1673-1679. 

 Therapy-related myelodysplastic syndrome 

and acute myelogenous leukemia (t-MDS/AML) are 

serious complications of chemotherapy and 

radiotherapy for cancer. High-dose chemotherapy 

followed by autologous stem cell transplantation 

(ASCT) may be associated with an increased 

incidence of these complications. The frequency of t-

MDS/AML after ASCT for breast cancer is uncertain. 

We reviewed our database of 379 consecutive breast 

cancer ASCT patients treated with alkylator-based 

chemotherapy, followed for a median of 1.52 years 

(range 0-8.97), with a median survival of 6.16 years. 

Three patients have developed tMDS/AML. The 

probability of developing this complication at 5 years 

is 0.032 in our series. We have used pathologic, 

cytogenetic and molecular methods to evaluate which 

portions of therapy may have predisposed to the 

development of this complication. Cytogenetic 

abnormalities were not found in the stem cell 

harvests of these patients by metaphase analysis or by 

fluorescence in situ hybridization (FISH). One patient 

demonstrated a clonal X chromosome inactivation 

pattern in her stem cell harvest, indicating pre-

transplant chemotherapy may have been responsible 

for the development of her leukemia. As two of our 

patients developed this complication at greater than 4 

years post-transplant, the number of cases may 

increase with longer follow-up. While the incidence 

appears to be low, further prospective and 

retrospective analysis will be necessary to determine 

which portions of therapy predispose to the 

development of t-MDS/AML in patients undergoing 

ASCT for treatment of breast cancer. 

 

Nicodemou, A., et al. (2023). "Emerging Roles of 

Mesenchymal Stem/Stromal-Cell-Derived 

Extracellular Vesicles in Cancer Therapy." 

Pharmaceutics 15(5). 

 Despite the tremendous efforts of many 

researchers and clinicians, cancer remains the second 

leading cause of mortality worldwide. Mesenchymal 

stem/stromal cells (MSCs) are multipotent cells 

residing in numerous human tissues and presenting 

unique biological properties, such as low 

immunogenicity, powerful immunomodulatory and 

immunosuppressive capabilities, and, in particular, 

homing abilities. Therapeutic functions of MSCs are 

mediated mostly by the paracrine effect of released 

functional molecules and other variable components, 

and among them the MSC-derived extracellular 

http://www.sciencepub.net/stem


Stem Cell 2024;15(3)                                 http://www.sciencepub.net/stem        SCJ   

 
 

67 

 

vesicles (MSC-EVs) seem to be one of the central 

mediators of the therapeutic functions of MSCs. 

MSC-EVs are membrane structures secreted by the 

MSCs, rich in specific proteins, lipids, and nucleic 

acids. Amongst these, microRNAs have achieved the 

most attention currently. Unmodified MSC-EVs can 

promote or inhibit tumor growth, while modified 

MSC-EVs are involved in the suppression of cancer 

progression via the delivery of therapeutic molecules, 

including miRNAs, specific siRNAs, or suicide 

RNAs, as well as chemotherapeutic drugs. Here, we 

present an overview of the characteristics of the 

MSCs-EVs and describe the current methods for their 

isolation and analysis, the content of their cargo, and 

modalities for the modification of MSC-EVs in order 

for them to be used as drug delivery vehicles. Finally, 

we describe different roles of MSC-EVs in the tumor 

microenvironment and summarize current advances 

of MCS-EVs in cancer research and therapy. MSC-

EVs are expected to be a novel and promising cell-

free therapeutic drug delivery vehicle for the 

treatment of cancer. 

 

Novak Kujundzic, R., et al. (2021). "Nicotinamide N-

Methyltransferase in Acquisition of Stem Cell 

Properties and Therapy Resistance in Cancer." Int J 

Mol Sci 22(11). 

 The activity of nicotinamide N-

methyltransferase (NNMT) is tightly linked to the 

maintenance of the nicotinamide adenine 

dinucleotide (NAD(+)) level. This enzyme catalyzes 

methylation of nicotinamide (NAM) into methyl 

nicotinamide (MNAM), which is either excreted or 

further metabolized to N1-methyl-2-pyridone-5-

carboxamide (2-PY) and H(2)O(2). Enzymatic 

activity of NNMT is important for the prevention of 

NAM-mediated inhibition of NAD(+)-consuming 

enzymes poly-adenosine -diphosphate (ADP), ribose 

polymerases (PARPs), and sirtuins (SIRTs). 

Inappropriately high expression and activity of 

NNMT, commonly present in various types of cancer, 

has the potential to disrupt NAD(+) homeostasis and 

cellular methylation potential. Largely overlooked, in 

the context of cancer, is the inhibitory effect of 2-PY 

on PARP-1 activity, which abrogates NNMT's 

positive effect on cellular NAD(+) flux by stalling 

liberation of NAM and reducing NAD(+) synthesis in 

the salvage pathway. This review describes, and 

discusses, the mechanisms by which NNMT 

promotes NAD(+) depletion and epigenetic 

reprogramming, leading to the development of 

metabolic plasticity, evasion of a major tumor 

suppressive process of cellular senescence, and 

acquisition of stem cell properties. All these 

phenomena are related to therapy resistance and 

worse clinical outcomes. 

 

Ocansey, D. K. W., et al. (2020). "The Achievements 

and Challenges of Mesenchymal Stem Cell-Based 

Therapy in Inflammatory Bowel Disease and Its 

Associated Colorectal Cancer." Stem Cells Int 2020: 

7819824. 

 Approximately 18.1 x 10(6) new cases of 

cancer were recorded globally in 2018, out of which 

9.6 million died. It is known that people who have 

Inflammatory Bowel Disease (IBD) turn to be prone 

to increased risks of developing colorectal cancer 

(CRC), which has global incident and mortality rates 

of 10.2% and 9.2%, respectively. Over the years, 

conventional treatments of IBD and its associated 

CRC have been noted to provide scarce desired 

results and often with severe complications. The 

introduction of biological agents as a better 

therapeutic approach has witnessed a great deal of 

success in both experimental and clinical models. 

With regard to mesenchymal stem cell (MSC) 

therapy, the ability of these cells to actively 

proliferate, undergo plastic differentiation, trigger 

strong immune regulation, exhibit low 

immunogenicity, and express abundant trophic 

factors has ensured their success in regenerative 

medicine and immune intervention therapies. 

Notwithstanding, MSC-based therapy is still 

confronted with some challenges including the 

likelihood of promoting tumor growth and metastasis, 

and possible overestimated therapeutic potentials. We 

review the success story of MSC-based therapy in 

IBD and its associated CRC as documented in 

experimental models and clinical trials, examining 

some of the challenges encountered and possible 

ways forward to producing an optimum MSC 

therapeutic imparts. 

 

Oelmann, E., et al. (2002). "Early tandem high-dose 

ifosfamide, carboplatin, etoposide therapy with stem 

cell rescue for small-cell lung cancer: brief report on 

the results of a phase-I/II trial." Oncology 63(3): 248-

253. 

 OBJECTIVE: High-dose therapy (HDT) for 

small-cell lung cancer is experimental. Late 

intensification HDT for chemosensitive disease can 

increase the number and quality of remissions and 

prolong relapse-free survival, but has not yet shown 

impact on overall survival. This is possibly due to 

resistant residual disease. To overcome the 

development of resistance, we have tested early 

intensification tandem HDT. METHODS: We 

performed a phase-I/II trial using 1 conventional 

cycle of ifosfamide, carboplatin, etoposide (ICE) plus 
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granulocyte colony-stimulating factor for stem cell 

recruitment followed by 2 cycles of high-dose ICE 

with rescue by CD34+ cell-enriched peripheral blood 

mononuclear cells. Dose escalation was performed 

for the 2 high-dose ICE cycles. Radiotherapy for 

limited disease was according to standard protocols. 

RESULTS: 17 patients were entered: 2 female 

patients; 15 male patients; median age 53 (range 36-

65) years; 2 patients with limited disease, and 15 

patients with extensive disease. We treated 4 patients 

at dose level 1, 11 patients at level 2, and 2 patients at 

level 3. The maximum tolerable dose was at level 2 

with neuropathy being dose-limiting. Overall, 

toxicity was < or = grade 2 for all patients up to dose 

level 2 with hematotoxicity being grade 4 for all 

patients. There were 15 partial remissions (88%), 1 

no change (6%), and 1 progressive disease (6%). 

Median time to progression was 7.9 months. Overall 

survival was 12.9 months (median). CONCLUSIONS: 

Early intensification with this protocol is feasible. 

Although a comparatively good response rate and 

median time to progression have been observed in 

this group dominated by patients with extensive 

disease, overall survival is short and no substantial 

long-term survival was found. 

 

O'Flaherty, J. D., et al. (2012). "The cancer stem-cell 

hypothesis: its emerging role in lung cancer biology 

and its relevance for future therapy." J Thorac Oncol 

7(12): 1880-1890. 

 The cancer stem-cell (CSC) hypothesis 

suggests that there is a small subset of cancer cells 

that are responsible for tumor initiation and growth, 

possessing properties such as indefinite self-renewal, 

slow replication, intrinsic resistance to chemotherapy 

and radiotherapy, and an ability to give rise to 

differentiated progeny. Through the use of 

xenotransplantation assays, putative CSCs have been 

identified in many cancers, often identified by 

markers usually expressed in normal stem cells. This 

is also the case in lung cancer, and the accumulated 

data on side population cells, CD133, CD166, CD44 

and ALDH1 are beginning to clarify the true 

phenotype of the lung cancer stem cell. Furthermore, 

it is now clear that many of the pathways of normal 

stem cells, which guide cellular proliferation, 

differentiation, and apoptosis are also prominent in 

CSCs; the Hedgehog (Hh), Notch, and Wnt signaling 

pathways being notable examples. The CSC 

hypothesis suggests that there is a small reservoir of 

cells within the tumor, which are resistant to many 

standard therapies, and can give rise to new tumors in 

the form of metastases or relapses after apparent 

tumor regression. Therapeutic interventions that 

target CSC pathways are still in their infancy and 

clinical data of their efficacy remain limited. 

However Smoothened inhibitors, gamma-secretase 

inhibitors, anti-DLL4 antagonists, Wnt antagonists, 

and CBP/beta-catenin inhibitors have all shown 

promising anticancer effects in early studies. The 

evidence to support the emerging picture of a lung 

cancer CSC phenotype and the development of novel 

therapeutic strategies to target CSCs are described in 

this review. 

 

Oosterhuis, J. W., et al. (2013). "Patient with two 

secondary somatic-type malignancies in a late 

recurrence of a testicular non-seminoma: illustration 

of potential and flaw of the cancer stem cell therapy 

concept." Int J Dev Biol 57(2-4): 153-157. 

 Here, we report the case of a patient with a 

non-seminoma of the left testicle, with an intestinal-

type adenocarcinoma and a low grade 

leiomyosarcoma in a late recurrence 19 years after 

initial diagnosis. The history of the patient, alive with 

disease 21 years after initial treatment, illustrates the 

potential and flaw of the cancer stem cell therapy 

concept. In addition, it is proposed that residual 

mature teratoma can be regarded as normalization of 

cancer due to embryonic patterning, and the 

development of a secondary somatic-type malignancy 

as failure of normalization. 

 

O'Reilly, D., et al. (2019). "Hypoxia induced cancer 

stem cell enrichment promotes resistance to androgen 

deprivation therapy in prostate cancer." Steroids 152: 

108497. 

 Androgen deprivation therapy (ADT) is the 

main treatment to prolong survival in advance stage 

prostate cancer (PCa) but associated resistance leads 

to the development of terminal castrate resistant PCa 

(CRPC). Current research demonstrates that prostate 

cancer stem cells (PCSC) play a critical role in the 

development of treatment resistance and subsequent 

disease progression. Despite uncertainty surrounding 

the origin of these cells, studies clearly show they are 

associated with poorer outcomes and that ADT 

significantly enhances their numbers. Here in we 

highlight how activation of HIF signalling, in 

response to hypoxic conditions within the tumour 

microenvironment, results in the expression of genes 

associated with stemness and EMT promoting PCSC 

emergence which ultimately drives tumour relapse to 

CRPC. Hypoxic conditions are not only enhanced by 

ADT but the associated decrease in AR activation 

also promotes PI3K/AKT signalling which actively 

enhances HIF and its effects on PCSC's. Furthermore, 

emerging evidence now indicates that HIF-2alpha, 

rather than the commonly considered HIF-1alpha, is 

the main family member that drives PCSC emergence. 
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Taken together this clearly identifies HIF and 

associated pathways as key targets for new 

therapeutic strategies that could potentially prevent or 

slow PCSC promoted resistance to ADT, thus 

holding potential to prolong patient survival. 

 

Palau, J., et al. (2000). "[Cost of antibiotic therapy in 

neutropenic patients undergoing peripheral blood 

stem cell transplantation for breast cancer]." Rev Esp 

Quimioter 13(2): 193-198. 

 The increase in pharmaceutical costs, 

especially for expensive procedures such as bone 

marrow transplants, has led to the study of the 

economic impact of febrile neutropenia in peripheral 

blood stem cell transplantation (PBSCT). We 

analyzed 89 consecutive patients with breast cancer 

who underwent PBSCT. All patients developed 

febrile neutropenia and were administered an 

empirical intravenous regimen based on the 

combination of piperacillin-tazobactam and amikacin. 

We analyzed the direct costs of this treatment and 

grouped them into drug acquisition cost, 

administration costs (cost of the additional material), 

and preparation costs (time employed for the 

preparation and administration of the drug). We 

found that the overall cost was $1,110, 65% of which 

corresponded to the initial therapy and the rest (35%) 

to the use of additional antibiotics. This higher cost 

was especially related to the use of vancomycin or 

teicoplanin (50%). The acquisition costs accounted 

for 90% of the overall treatment costs. Thirty-six 

patients (40%) did not need additional antibiotics and 

the cost in this group was less ($663). We concluded 

that knowledge of the costs of pharmacological 

therapy for infection in PBSCT is indispensable for 

the appropriate development of treatment units, 

especially in terms of optimizing resources and 

comparing different therapeutic or prophylactic 

approaches. 

 

Pang, L. Y., et al. (2016). "Cyclooxygenase-2: A 

Role in Cancer Stem Cell Survival and Repopulation 

of Cancer Cells during Therapy." Stem Cells Int 2016: 

2048731. 

 Cyclooxygenase-2 (COX-2) is an inducible 

form of the enzyme that catalyses the synthesis of 

prostanoids, including prostaglandin E2 (PGE(2)), a 

major mediator of inflammation and angiogenesis. 

COX-2 is overexpressed in cancer cells and is 

associated with progressive tumour growth, as well 

as resistance of cancer cells to conventional 

chemotherapy and radiotherapy. These therapies are 

often delivered in multiple doses, which are spaced 

out to allow the recovery of normal tissues between 

treatments. However, surviving cancer cells also 

proliferate during treatment intervals, leading to 

repopulation of the tumour and limiting the 

effectiveness of the treatment. Tumour cell 

repopulation is a major cause of treatment failure. 

The central dogma is that conventional chemotherapy 

and radiotherapy selects resistant cancer cells that are 

able to reinitiate tumour growth. However, there is 

compelling evidence of an active proliferative 

response, driven by increased COX-2 expression and 

downstream PGE(2) release, which contribute to the 

repopulation of tumours and poor patient outcome. In 

this review, we will examine the evidence for a role 

of COX-2 in cancer stem cell biology and as a 

mediator of tumour repopulation that can be 

molecularly targeted to overcome resistance to 

therapy. 

 

Patel, S. A., et al. (2009). "Inflammatory mediators: 

Parallels between cancer biology and stem cell 

therapy." J Inflamm Res 2: 13-19. 

 Inflammation encompasses diverse 

molecular pathways, and it is intertwined with a wide 

array of biological processes. Recently, there has 

been an upsurge of interest in the interactions 

between mediators of inflammation and other cells 

such as stem cells and cancer cells. Since tissue 

injuries are associated with the release of 

inflammatory mediators, it would be difficult to 

address this subject without considering the 

implications of their systemic effects. In this review, 

we discuss the effects of inflammatory reactions on 

stem cells and extrapolate on information pertaining 

to cancer biology. The discussion focuses on 

integrins and cytokines, and identifies the 

transcription factor, nuclear factor-kappa B 

(NFkappaB) as central to the inflammatory response. 

Since stem cell therapy has been proposed for type II 

diabetes mellitus, metabolic syndrome, pulmonary 

edema, these disorders are used as examples to 

discuss the roles of inflammatory mediators. We 

propose prospects for future research on targeting the 

NFkappaB signaling pathway. Finally, we explore 

the bridge between inflammation and stem cells, 

including neural stem cells and adult stem cells from 

the bone marrow. The implications of mesenchymal 

stem cells in regenerative medicine as pertaining to 

inflammation are vast based on their anti-

inflammatory and immunosuppressive effects. Such 

features of stem cells offer great potential for therapy 

in graft-versus-host disease, conditions with a 

significant inflammatory component, and tissue 

regeneration. 

 

Patel, S. R., et al. (2008). "Vaccinations in children 

treated with standard-dose cancer therapy or 
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hematopoietic stem cell transplantation." Pediatr Clin 

North Am 55(1): 169-186, xi. 

 Most children with cancer are 

immunocompromised during therapy and for a 

variable period after completion of therapy. They are 

at an increased risk of infections, including vaccine-

preventable infections. There is a reduction in 

immunity to vaccine-preventable diseases after 

completion of standard-dose chemotherapy and after 

hematopoietic stem cell transplant. It is important to 

protect these children against vaccine-preventable 

diseases by reimmunization. 

 

Patriarca, F., et al. (2003). "Prognostic significance of 

the detection of tumour cells in peripheral blood stem 

cell collections in stage II and III breast cancer 

patients treated with high-dose therapy." Bone 

Marrow Transplant 31(9): 789-794. 

 The purpose of this study was to evaluate 

the incidence and extent of tumour cell contamination 

in bone marrow specimens and stem cell collections 

from 34 breast cancer patients undergoing high-dose 

therapy as adjuvant treatment, and to determine the 

prognostic significance for the clinical outcome. 

Tumour cell contamination was evaluated by flow 

cytometry using a double-colour test and an anti- Pan 

cytokeratin (CK) antibody. Two out of 34 (6%) 

baseline bone marrow specimens, none of seven 

marrow harvests and nine out of 32 aphereses (28%) 

mobilised from seven out of 27 patients (26%) 

contained CK+ cells. Tumour contamination was 

more frequent in patients with 10 or more involved 

lymph nodes and in those who received a shorter 

course of adjuvant chemotherapy before mobilisation. 

At a median follow-up of 43 months, 24 patients are 

in complete remission, whereas 10 patients 

experienced recurrence. Out of the 10 patients who 

relapsed, five (50%) had CK+ peripheral blood stem 

cell (PBSC) collections, whereas disease recurrence 

was seen in only two out of 24 (8%) patients who 

received CK- products (P=0.02). Moreover, CK+ 

PBSC collections were associated with a significantly 

shorter event-free survival and overall survival. CK+ 

collection is an unfavourable prognostic factor for 

patients treated with high-dose therapy. Whether the 

negative impact on clinical outcome depends on 

reinfusion of tumour cells or whether it simply 

indicates a larger disease extension is still unclear. 

 

Peng, Z., et al. (2023). "Active Hydrophilic Graphene 

Oxide Nanocomposites Delivery Mediated by 

Adipose-Derived Stem Cell for Elevated 

Photothermal Therapy of Breast Cancer." Int J 

Nanomedicine 18: 971-986. 

 PURPOSE: Graphene oxide (GO) and its 

derivatives have recently been identified as 

promising candidates for early disease diagnosis and 

therapy. However, the physiological stability and 

precise launch requirements present limitations on 

further clinical practices. Adipose-derived stem cells 

(ADSCs) were employed as an unobstructed 

biological vehicle to address the validate this ADSC-

based tumor-targeting system for highly efficient GO 

delivery combined with two-stage NIR radiation for 

superior tumor ablation. METHODS: GO was 

modified with poly-ethylene glycol (PEG) and folic 

acid (FA). Afterward, the GO nanocomposite was 

internalized into ADSCs. The GO-PEG-FA-laden 

ADSCs were injected into the tail veins of the tumor-

bearing mice. Subsequently, first-stage NIR radiation 

was utilized to disrupt the ADSCs for GO-PEG-FA 

release. After this, the heat generated by secondary-

stage NIR radiation destroy the malignant cells and 

shrink the tumor, and the cascade process could be 

recycled until complete tumor ablation if necessary. 

RESULTS: The GO-PEG-FA nanocomposite 

exhibited negligible cytotoxicity and could be 

internalized into ADSCs to target specific tumor sites 

after 32 days of intravenous injection. The 

nanocomposite was released from the ADSCs and 

taken up into cancer cells again with the assistance of 

FA after the first dose of near-infrared radiation. 

Then, the second radiation dose could directly strike 

the cancer cell for cancer ablation. CONCLUSION: 

In summary, we reported a stem cell-based anticancer 

system that used GO-PEG-FA-laden ADSCs for 

breast cancer therapy through NIR treatment in mice 

potentially opens a new avenue not only to address 

precise drug targeting in tumor therapy, but also 

future clinical practice in diverse areas. 

 

Petrelli, A., et al. (2015). "By promoting cell 

differentiation, miR-100 sensitizes basal-like breast 

cancer stem cells to hormonal therapy." Oncotarget 

6(4): 2315-2330. 

 Basal-like breast cancer is an aggressive 

tumor subtype with a poor response to conventional 

therapies. Tumor formation and relapse are sustained 

by a cell subset of Breast Cancer Stem Cells 

(BrCSCs). Here we show that miR-100 inhibits 

maintenance and expansion of BrCSCs in basal-like 

cancer through Polo-like kinase1 (Plk1) down-

regulation. Moreover, miR-100 favors BrCSC 

differentiation, converting a basal like phenotype into 

luminal. It induces the expression of a functional 

estrogen receptor (ER) and renders basal-like 

BrCSCs responsive to hormonal therapy. The key 

role played by miR-100 in breast cancer free-survival 

is confirmed by the analysis of a cohort of patients' 
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tumors, which shows that low expression of miR-100 

is a negative prognostic factor and is associated with 

gene signatures of high grade undifferentiated tumors. 

Our findings indicate a new possible therapeutic 

strategy, which could make aggressive breast cancers 

responsive to standard treatments. 

 

Petrelli, A., et al. (2019). "Correction: By promoting 

cell differentiation, miR-100 sensitizes basal-like 

breast cancer stem cells to hormonal therapy." 

Oncotarget 10(48): 5003-5004. 

 [This corrects the article DOI: 

10.18632/oncotarget.2962.]. 

 

Poondla, N., et al. (2022). "The Promise of CAR T-

Cell Therapy for the Treatment of Cancer Stem Cells: 

A Short Review." Curr Stem Cell Res Ther 17(5): 

400-406. 

 Chimeric antigen receptor (CAR) T-cell 

therapy is a type of sophisticated tailored 

immunotherapy used to treat a variety of tumors. 

Immunotherapy works by utilizing the body's own 

immune system to discover and destroy malignant 

cells. In CAR-T therapy, a patient's own immune 

cells are genetically engineered to recognize and 

attack cancer. Treatments employing CAR T-cells are 

currently showing promising therapeutic results in 

patients with hematologic malignancies, and their 

safety and feasibility in solid tumors have been 

verified. In this review, we will discuss in detail the 

likelihood that CAR Tcells inhibit cancer stem cells 

(CSCs) by selectively targeting their cell surface 

markers will ultimately improve the therapeutic 

response for patients with various forms of cancer. 

This review addresses the major components of 

cancer stem cell (CSC)-targeted CAR T-cells against 

malignancies, from bench to bedside. 

 

Praharaj, P. P., et al. (2022). "Dysregulation of 

mitophagy and mitochondrial homeostasis in cancer 

stem cells: Novel mechanism for anti-cancer stem 

cell-targeted cancer therapy." Br J Pharmacol 179(22): 

5015-5035. 

 Despite the potential of cancer medicine, 

cancer stem cells (CSCs) associated with 

chemoresistance and disease recurrence are the 

significant challenges currently opposing the efficacy 

of available cancer treatment options. Mitochondrial 

dynamics involving the fission-fusion cycle and 

mitophagy are the major contributing factors to better 

adaptation, enabling CSCs to survive and grow better 

under tumour micro-environment-associated stress. 

Moreover, mitophagy is balanced with mitochondrial 

biogenesis to maintain mitochondrial homeostasis in 

CSCs, which are necessary for the growth and 

maintenance of CSCs and regulate metabolic 

switching from glycolysis to oxidative 

phosphorylation. In this review, we discuss different 

aspects of mitochondrial dynamics, mitophagy, and 

mitochondrial homeostasis and their effects on 

modulating CSCs behaviour during cancer 

development. Moreover, the efficacy of 

pharmacological targeting of these cellular processes 

using anti-CSC drugs in combination with currently 

available chemotherapeutic drugs improves the 

patient's survival of aggressive cancer types. 

 

Prokopi, M., et al. (2014). "The Secret Role of 

microRNAs in Cancer Stem Cell Development and 

Potential Therapy: A Notch-Pathway Approach." 

Front Oncol 4: 389. 

 MicroRNAs (miRNAs) have been 

implicated in the development of some if not all 

cancer types and have been identified as attractive 

targets for prognosis, diagnosis, and therapy of the 

disease. miRNAs are a class of small non-coding 

RNAs (20-22 nt in length) that bind imperfectly to 

the 3'-untranslated region of target mRNA regulating 

gene expression. Aberrantly expressed miRNAs in 

cancer, sometimes known as oncomiRNAs, have 

been shown to play a major role in oncogenesis, 

metastasis, and drug resistance. Amplification of 

oncomiRNAs during cancer development correlates 

with the silencing of tumor suppressor genes; on the 

other hand, down-regulation of miRNAs has also 

been observed in cancer and cancer stem cells 

(CSCs). In both cases, miRNA regulation is inversely 

correlated with cancer progression. Growing 

evidence indicates that miRNAs are also involved in 

the metastatic process by either suppressing or 

promoting metastasis-related genes leading to the 

reduction or activation of cancer cell migration and 

invasion processes. In particular, circulating miRNAs 

(vesicle-encapsulated or non-encapsulated) have 

significant effects on tumorigenesis: membrane-

particles, apoptotic bodies, and exosomes have been 

described as providers of a cell-to-cell 

communication system transporting oncogenic 

miRNAs from tumors to neighboring cells and distant 

metastatic sites. It is hypothesized that miRNAs 

control cancer development in a traditional manner, 

by regulating signaling pathways and factors. In 

addition, recent developments indicate a non-

conventional mechanism of cancer regulation by 

stem cell reprograming via a regulatory network 

consisting of miRNAs and Wnt/beta-catenin, Notch, 

and Hedgehog signaling pathways, all of which are 

involved in controlling stem cell functions of CSCs. 

In this review, we focus on the role of miRNAs in the 

Notch-pathway and how they regulate CSC self-
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renewal, differentiation and tumorigenesis by 

direct/indirect targeting of the Notch-pathway. 

 

Rachakatla, R. S., et al. (2008). "Combination 

treatment of human umbilical cord matrix stem cell-

based interferon-beta gene therapy and 5-fluorouracil 

significantly reduces growth of metastatic human 

breast cancer in SCID mouse lungs." Cancer Invest 

26(7): 662-670. 

 Umbilical cord matrix stem (UCMS) cells 

that were engineered to express interferon-beta (IFN-

beta) were transplanted weekly for three weeks into 

MDA 231 breast cancer xenografts bearing SCID 

mice in combination with 5-fluorouracil (5-FU). The 

UCMS cells were found within lung tumors but not 

in other tissues. Although both treatments 

significantly reduced MDA 231 tumor area in the 

SCID mouse lungs, the combined treatment resulted 

in a greater reduction in tumor area than by either 

treatment used alone. These results indicate that a 

combination treatment of UCMS-IFN-beta cells and 

5-FU is a potentially effective therapeutic procedure 

for breast cancer. 

 

Rachmadi, L., et al. (2019). "Role of Cancer Stem 

Cell, Apoptotic Factor, DNA Repair, and Telomerase 

Toward Radiation Therapy Response in Stage IIIB 

Cervical Cancer." Oman Med J 34(3): 224-230. 

 OBJECTIVES: Cancer stem cells are 

involved in radioresistant cancers. Transcription 

factors Sry-related HMG box (SOX2) and octamer 

binding transcription factor 4 (OCT4) can confer 

pluripotent cell characteristics and self-renewal 

ability and are involved in carcinogenesis, metastasis, 

tumor recurrence, and resistance to therapy. 

Apoptosis, DNA repair, and telomerase factors also 

contribute to radioresistance. We sought to identify 

the role of SOX2 and OCT4 as cancer stem cell 

markers and their effects on apoptosis (via caspase 3), 

DNA repair (Chk1) and telomerase (hTERT) in 

conferring resistance to radiotherapy. METHODS: 

We conducted a case-control study of 40 patients 

with stage IIIB cervical squamous cell carcinoma 

who completed radiation therapy at Cipto 

Mangunkusumo Hospital, Jakarta, Indonesia. The 

patients were classified according to their treatment 

response as having exhibited a complete or 

incomplete response. Clinical follow-up and Pap 

smears were performed between six and 12 months 

after therapy for those with a good initial response to 

determine the final response to therapy. 

Immunohistochemistry was used to analyze SOX2, 

OCT4, caspase-3, Chk1, and hTERT expression in 

paraffin sections of the initial biopsy. RESULTS: 

Strong expression of SOX2 (p = 0.011, p = 0.001) 

and OCT4 (p < 0.001, p < 0.001) was significantly 

associated with both an incomplete initial and final 

therapy response, respectively. Multivariate analysis 

showed that SOX2 and OCT4 expression levels were 

the strongest markers of an incomplete response to 

radiotherapy (odds ratio (OR) = 5.12, p = 0.034, and 

OR = 17.03, p = 0.004, respectively). 

CONCLUSIONS: Strong expression of SOX2 and 

OCT4 may be a good indicator of incomplete 

radiotherapy outcome in patients with stage IIIB 

cervical cancer. 

 

Rameshwar, P. (2012). "Would cancer stem cells 

affect the future investment in stem cell therapy." 

World J Exp Med 2(2): 26-29. 

 The common goal within the overwhelming 

interests in stem cell research is to safely translate the 

science to patients. Although there are various 

methods by which this goal can be reached, this 

editorial emphasizes the safety of mesenchymal stem 

cell (MSC) transplant and possible confounds by the 

growing information on cancer stem cells (CSCs). 

There are several ongoing clinical trials with MSCs 

and their interactions with CSCs need to be examined. 

The rapid knowledge on MSCs and CSCs has now 

collided with regards to the safe treatment of MSCs. 

The information discussed on MSCs can be 

extrapolated to other stem cells with similar 

phenotype and functions such as placenta stem cells. 

MSCs are attractive for cell therapy, mainly due to 

reduced ethical concerns, ease in expansion and 

reduced ability to be transformed. Also, MSCs can 

exert both immune suppressor and tissue regeneration 

simultaneously. It is expected that any clinical trial 

with MSCs will take precaution to ensure that the 

cells are not transformed. However, going forward, 

the different centers should be aware that MSCs 

might undergo oncogenic events, especially as 

undifferentiated cells or early differentiated cells. 

Another major concern for MSC therapy is their 

ability to promote tumor growth and perhaps, to 

protect CSCs by altered immune responses. These 

issues are discussed in light of a large number of 

undiagnosed cancers. 

 

Rassi, H. (2009). "Stem cell therapy for hereditary 

breast cancer." Tsitol Genet 43(3): 80-88. 

 Both hereditary and sporadic breast cancers 

may develop through dysregulation of self-renewal 

pathways of normal mammary stem cells. Networks 

of proto-oncogenes and tumor suppressors that 

control cancer cell proliferation also regulate stem 

cell self-renewal and possibly stem cell aging. Breast 

cancer susceptibility gene (BRCA1) is a nuclear 

phosphoprotein expressed in many nuclear processes, 
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including stem cell regulator, DNA damage repair, 

recombination, transcription, ubiquitination, cell 

cycle checkpoint enforcement, and centrosome 

regulation. In this study, we report on recent 

advances on the functions of embryonic, fetal, and 

adult stem cell progenitors for hereditary breast 

cancer therapies. Several molecular targeting 

therapies are described by activation and blocking 

distinct developmental signaling cascade elements, 

such as BRCA1, EGFR, hedgehog, Wnt/beta-catenin, 

and/or Notch pathways, which are frequently 

upregulated in cancer progenitor cells during the 

initiation and development of breast cancer. 

 

Raymakers-Janssen, P., et al. (2019). "Epidemiology 

and Outcome of Critically Ill Pediatric Cancer and 

Hematopoietic Stem Cell Transplant Patients 

Requiring Continuous Renal Replacement Therapy: 

A Retrospective Nationwide Cohort Study." Crit Care 

Med 47(11): e893-e901. 

 OBJECTIVE: Acute kidney injury requiring 

continuous renal replacement therapy is a serious 

treatment-related complication in pediatric cancer 

and hematopoietic stem cell transplant patients. The 

purpose of this study was to assess epidemiology and 

outcome of these patients requiring continuous renal 

replacement therapy in the PICU. DESIGN: A 

nationwide, multicenter, retrospective, observational 

study. SETTING: Eight PICUs of a tertiary care 

hospitals in the Netherlands. PATIENTS: Pediatric 

cancer and hematopoietic stem cell transplant 

patients (cancer and noncancer) who received 

continuous renal replacement therapy from January 

2006 to July 2017 in the Netherlands. 

INTERVENTIONS: None. MEASUREMENT AND 

MAIN RESULTS: Of 1,927 PICU admissions of 

pediatric cancer and hematopoietic stem cell 

transplant patients, 68 of 70 evaluable patients who 

received continuous renal replacement therapy were 

included. Raw PICU mortality was 11.2% (216/1,972 

admissions). PICU mortality of patients requiring 

continuous renal replacement therapy was 54.4% 

(37/68 patients). Fluid overload (odds ratio, 1.08; 95% 

CI, 1.01-1.17) and need for inotropic support (odds 

ratio, 6.53; 95% CI, 1.86-23.08) at the start of 

continuous renal replacement therapy were associated 

with PICU mortality. Serum creatinine levels 

increased above 150% of baseline 3 days before the 

start of continuous renal replacement therapy. Urine 

production did not reach the critical limit of oliguria. 

In contrast, body weight (fluid overload) increased 

already 5 days prior to continuous renal replacement 

therapy initiation. CONCLUSIONS: PICU mortality 

of pediatric cancer and hematopoietic stem cell 

transplant patients requiring continuous renal 

replacement therapy is sadly high. Fluid overload at 

the initiation of continuous renal replacement therapy 

is the most important and earliest predictor of PICU 

mortality. Our results suggest that the most 

commonly used criteria of acute kidney injury, that is, 

serum creatinine and urine production, are not useful 

as a trigger to initiate continuous renal replacement 

therapy. This highlights the urgent need for 

prospective studies to generate recommendations for 

effective therapeutic interventions at an early phase 

in this specific patient population. 

 

Reagan, M. R., et al. (2012). "Stem Cell Implants for 

Cancer Therapy: TRAIL-Expressing Mesenchymal 

Stem Cells Target Cancer Cells In Situ." J Breast 

Cancer 15(3): 273-282. 

 PURPOSE: Tumor-specific delivery of 

tumor necrosis factor-related apoptosis-inducing 

ligand (TRAIL), an apoptosis-inducing peptide, at 

effective doses remains challenging. Herein we 

demonstrate the utility of a scaffold-based delivery 

system for sustained therapeutic cell release that 

capitalizes on the tumor-homing properties of 

mesenchymal stem cells (MSCs) and their ability to 

express genetically-introduced therapeutic genes. 

METHODS: Implants were formed from porous, 

biocompatible silk scaffolds seeded with full length 

TRAIL-expressing MSCs (FLT-MSCs). under a 

doxycycline inducible promoter. In vitro studies with 

FLT-MSCs demonstrated TRAIL expression and 

antitumor effects on breast cancer cells. Next, FLT-

MSCs were administered to mice using three 

administration routes (mammary fat pad co-injections, 

tail vein injections, and subcutaneous implantation on 

scaffolds). RESULTS: In vitro cell-specific 

bioluminescent imaging measured tumor cell specific 

growth in the presence of stromal cells and 

demonstrated FLT-MSC inhibition of breast cancer 

growth. FLT-MSC implants successfully decreased 

bone and lung metastasis, whereas liver metastasis 

decreased only with tail vein and co-injection 

administration routes. Average tumor burden was 

decreased when doxycycline was used to induce 

TRAIL expression for co-injection and scaffold 

groups, as compared to controls with no induced 

TRAIL expression. CONCLUSION: This implant-

based therapeutic delivery system is an effective and 

completely novel method of anticancer therapy and 

holds great potential for clinical applications. 

 

Reed, E., et al. (2003). "Occult tumor cells detected 

in autologous blood stem cell harvests have no 

impact on 5 year outcomes for breast cancer patients 

with 4-9 positive nodes treated with adjuvant high-
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dose therapy and stem cell transplantation." Bone 

Marrow Transplant 31(7): 571-574. 

 Breast cancer cells have been detected in 

autologous blood stem cell collections of early stage 

breast cancer patients, but their clinical significance 

is undefined. From October 1993 to August 1998, 32 

consecutive Stage II breast cancer patients with 4-9-

positive nodes underwent stem cell apheresis. The 

patients were treated with cyclophosphamide 1.75 

gm/m(2), etoposide 400 mg/m(2) and cisplatin 50 

mg/m(2) daily for 3 days, followed by infusion of the 

autologous cells. Cytospins of cells from each 

apheresis collections and from an aliquot of three 

pooled collections were examined for cytokeratin 

expression using an immunocytochemical assay. The 

cells were considered positive for tumor if at least 

one cell with tumor morphology stained positively 

for cytokeratin. Negative aliquots were confirmed 

with RT-PCR. Six patients (19%) had positive 

collections. In total, 24 patients (75%) were disease 

free a median of 61 (30-86) months after transplant. 

Eight patients relapsed at a median of 17 (8-27) 

months after transplant. Four of the disease-free 

patients and two of the relapsed patients had positive 

apheresis collections. There was no significant 

correlation between the presence of detectable tumor 

cells in the graft product and outcome. 

 

Reisner, Y. and H. Segall (1995). "Hematopoietic 

stem cell transplantation for cancer therapy." Curr 

Opin Immunol 7(5): 687-693. 

 Bone marrow transplantation has become 

well established in the treatment of malignant 

disorders. High-dose chemotherapy with 

hematopoietic stem cell support is widely used for 

most hematological malignancies, as well as for some 

solid tumors. In the light of recent developments in 

blood progenitor cell harvest, there have been clinical 

trials with autologous and allogeneic transplants. In 

particular, the availability of large numbers of blood 

stem cells, mobilized by granulocyte colony-

stimulating factor and collected by leukapheresis, has 

made it possible to overcome histocompatibility 

barriers in HLA-mismatched leukemia patients. 

Other recent developments include new methods for 

blood progenitor cells mobilization and ex vivo 

expansion, the use of umbilical cord blood as an 

alternative source of stem cells, and molecular 

techniques that may, in the future, provide other 

modalities of purging tumor cells from autologous 

grafts. 

 

Richman, C. M., et al. (1999). "Dosimetry-based 

therapy in metastatic breast cancer patients using 90Y 

monoclonal antibody 170H.82 with autologous stem 

cell support and cyclosporin A." Clin Cancer Res 

5(10 Suppl): 3243s-3248s. 

 Radioimmunoconjugates of 170H.82 (m170), 

a panadenocarcinoma monoclonal antibody, are 

effective for imaging primary and metastatic breast 

cancer. To evaluate m170 as a targeting agent for 

therapy, we developed (111)In- and 90Y-2-

iminothiolane-2-[p-(bromoacetamido)benzyl]-

1,4,7,10 tetraazacyclododecane-N,N',N'',N'''-

tetraacetic acid-m170 immunoconjugates with 99% 

purity by molecular sieving and immunoreactivity 

comparable to unmodified antibody. (111)In-m170 

pharmacokinetic studies were performed prior to 

each therapy to determine the maximum dose of 

90Y-m170 that could be administered without 

exceeding a limit of 800 rad to the liver, lungs, or 

kidneys or 250 rad to the whole body or bone marrow 

for each of three cycles of treatment. Peripheral blood 

stem cells (PBSCs) were harvested and cyclosporin A 

(5 mg/kg twice daily) was administered as strategies 

to ameliorate myelosuppression and prevent the 

development of HAMA, respectively. An (111)In 

imaging/pharmacokinetic study was performed, and 

the 90Y dose was calculated and administered. The 

liver was the 90Y dose-limiting organ. The mean and 

range of calculated doses (in rad/mCi) for the five 

patients evaluated were as follows: whole body, 2.3 

(2.1-2.4); liver, 17.8 (12.7-22.2); lung, 6.4 (4.8-7.2); 

kidney, 6.9 (6.3-11.5); marrow, 3.6 (1.9-4.4); and 

tumors (n = 25), 71.5 (14.1-141.5). Of the three 

patients treated, with doses of 37, 54, and 57 mCi of 

90Y, one had a partial response, one had measurable 

tumor reduction but less than a partial response, and 

one had stable disease for more than 1 month. PBSCs 

prevented prolonged myelosuppression. The 

therapeutic responses, coupled with an absence, thus 

far, of significant adverse sequelae, suggest that this 

dosimetry-based approach combined with PBSCs 

may lead to effective therapy when higher 90Y doses 

are reached. 

 

Rizzieri, D. A., et al. (1999). "Prognostic and 

predictive factors for patients with metastatic breast 

cancer undergoing aggressive induction therapy 

followed by high-dose chemotherapy with autologous 

stem-cell support." J Clin Oncol 17(10): 3064-3074. 

 PURPOSE: We performed a retrospective 

review to determine predictive and prognostic factors 

in patients with metastatic breast cancer who received 

induction therapy, and, if they responded to treatment, 

high-dose chemotherapy. PATIENTS AND 

METHODS: Patients with metastatic breast cancer 

received induction therapy with doxorubicin, 

fluorouracil, and methotrexate (AFM). Partial 

responders then received immediate high-dose 
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chemotherapy, whereas those who achieved complete 

remission were randomized to immediate or delayed 

high-dose chemotherapy with hematopoietic stem-

cell support. We performed a retrospective review of 

data from these patients and used Cox proportional 

hazards regression models for analyses. RESULTS: 

The overall response rate for the 425 patients 

enrolled was 74% (95% confidence interval, 70% to 

78%). Multivariate analysis of data from all 425 

patients revealed that positive estrogen receptor 

status (P =.0041), smaller metastatic foci (</= 2 v > 2 

cm) (P =. 0165), a longer disease-free interval from 

initial diagnosis to diagnosis of metastases (</= 2 v > 

2 years) (P =.0051), and prior treatment with 

tamoxifen (P =.0152) were good prognostic signs for 

overall survival. Patients who had received prior 

adjuvant therapy (P =.0001) and those who 

developed liver metastases (P =.0001) had decreased 

long-term survival. In the subgroup of responders to 

AFM induction, multivariate analysis showed that 

those with visceral metastases did less well (P 

=.0006), as did patients who had received prior 

adjuvant therapy (P =.0023). However, those who 

had received tamoxifen therapy in the adjuvant 

setting did better (P =. 0143). CONCLUSION: The 

chance for long-term remission with induction 

therapy with AFM and high-dose chemotherapy is 

increased for hormone receptor positive-patients with 

nonvisceral metastases who have not received prior 

adjuvant chemotherapy and have long disease-free 

intervals. 

 

Rodova, M., et al. (2012). "Sonic hedgehog signaling 

inhibition provides opportunities for targeted therapy 

by sulforaphane in regulating pancreatic cancer stem 

cell self-renewal." PLoS One 7(9): e46083. 

 Dysregulation of the sonic hedgehog (Shh) 

signaling pathway has been associated with cancer 

stem cells (CSC) and implicated in the initiation of 

pancreatic cancer. Pancreatic CSCs are rare tumor 

cells characterized by their ability to self-renew, and 

are responsible for tumor recurrence accompanied by 

resistance to current therapies. The lethality of these 

incurable, aggressive and invasive pancreatic tumors 

remains a daunting clinical challenge. Thus, the 

objective of this study was to investigate the role of 

Shh pathway in pancreatic cancer and to examine the 

molecular mechanisms by which sulforaphane (SFN), 

an active compound in cruciferous vegetables, 

inhibits self-renewal capacity of human pancreatic 

CSCs. Interestingly, we demonstrate here that Shh 

pathway is highly activated in pancreatic CSCs and 

plays important role in maintaining stemness by 

regulating the expression of stemness genes. Given 

the requirement for Hedgehog in pancreatic cancer, 

we investigated whether hedgehog blockade by SFN 

could target the stem cell population in pancreatic 

cancer. In an in vitro model, human pancreatic CSCs 

derived spheres were significantly inhibited on 

treatment with SFN, suggesting the clonogenic 

depletion of the CSCs. Interestingly, SFN inhibited 

the components of Shh pathway and Gli 

transcriptional activity. Interference of Shh-Gli 

signaling significantly blocked SFN-induced 

inhibitory effects demonstrating the requirement of 

an active pathway for the growth of pancreatic CSCs. 

SFN also inhibited downstream targets of Gli 

transcription by suppressing the expression of 

pluripotency maintaining factors (Nanog and Oct-4) 

as well as PDGFRalpha and Cyclin D1. Furthermore, 

SFN induced apoptosis by inhibition of BCL-2 and 

activation of caspases. Our data reveal the essential 

role of Shh-Gli signaling in controlling the 

characteristics of pancreatic CSCs. We propose that 

pancreatic cancer preventative effects of SFN may 

result from inhibition of the Shh pathway. Thus 

Sulforaphane potentially represents an inexpensive, 

safe and effective alternative for the management of 

pancreatic cancer. 

 

Rovida, E., et al. (2014). "The metabolically-

modulated stem cell niche: a dynamic scenario 

regulating cancer cell phenotype and resistance to 

therapy." Cell Cycle 13(20): 3169-3175. 

 This Perspective addresses the interactions 

of cancer stem cells (CSC) with environment which 

result in the modulation of CSC metabolism, and 

thereby of CSC phenotype and resistance to therapy. 

We considered first as a model disease chronic 

myeloid leukemia (CML), which is triggered by a 

well-identified oncogenetic protein (BCR/Abl) and 

brilliantly treated with tyrosine kinase inhibitors 

(TKi). However, TKi are extremely effective in 

inducing remission of disease, but unable, in most 

cases, to prevent relapse. We demonstrated that the 

interference with cell metabolism (oxygen/glucose 

shortage) enriches cells exhibiting the leukemia stem 

cell (LSC) phenotype and, at the same time, 

suppresses BCR/Abl protein expression. These LSC 

are therefore refractory to the TKi Imatinib-mesylate, 

pointing to cell metabolism as an important factor 

controlling the onset of TKi-resistant minimal 

residual disease (MRD) of CML and the related 

relapse. Studies of solid neoplasias brought another 

player into the control of MRD, low tissue pH, which 

often parallels cancer growth and progression. Thus, 

a 3-party scenario emerged for the regulation of 

CSC/LSC maintenance, MRD induction and disease 

relapse: the "hypoxic" versus the "ischemic" vs. the 

"acidic" environment. As these environments are 
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unlikely constrained within rigid borders, we named 

this model the "metabolically-modulated stem cell 

niche." 

 

Sakamoto, N., et al. (2017). "Non-coding RNAs are 

promising targets for stem cell-based cancer therapy." 

Noncoding RNA Res 2(2): 83-87. 

 The term "non-coding RNA" (ncRNA) is 

generally used to indicate RNA that does not encode 

a protein and includes several classes of RNAs, such 

as microRNA and long non-coding RNA. Several 

lines of evidence suggest that ncRNAs appear to be 

involved in a hidden layer of biological procedures 

that control various levels of gene expression in 

physiology and development including stem cell 

biology. Stem cells have recently constituted a 

revolution in regenerative medicine by providing the 

possibility of generating suitable cell types for 

therapeutic use. Here, we review the recent progress 

that has been made in elaborating the interaction 

between ncRNAs and tissue/cancer stem cells, 

discuss related technical and biological challenges, 

and highlight plausible solutions to surmount these 

difficulties. This review particularly emphasises the 

involvement of ncRNAs in stem cell biology and in 

vivo modulation to treat and cure specific 

pathological disorders especially in cancer. We 

believe that a better understanding of the molecular 

machinery of ncRNAs as related to pluripotency, 

cellular reprogramming, and lineage-specific 

differentiation is essential for progress of cancer 

therapy. 

 

Salim, E. I., et al. (2016). "Expression Patterns of 

Cancer Stem Cell Markers During Specific Celecoxib 

Therapy in Multistep Rat Colon Carcinogenesis 

Bioassays." Asian Pac J Cancer Prev 17(3): 1023-

1035. 

 The purpose of this study was to investigate 

the role of colon cancer stem cells (CSCs) during 

chemicallyinduced rat multi-step colon 

carcinogenesis with or without the treatment with a 

specific cyclooxygenase-2 inhibitor drug (celecoxib). 

Two experiments were performed, the first, a short 

term 12 week colon carcinogenesis bioassay in which 

only surrogate markers for colon cancer, aberrant 

crypt foci (ACF) lesions, were formed. The other 

experiment was a medium term colon cancer rat 

assay in which tumors had developed after 32 weeks. 

Treatment with celecoxib lowered the numbers of 

ACF, as well as the tumor volumes and multiplicities 

after 32 weeks. Immunohistochemical proliferating 

cell nuclear antigen (PCNA) labeling indexes LI (%) 

were downregulated after treatment by celecoxib. 

Also different cell surface antigens known to 

associate with CSCs such as the epithelial cell 

adhesion molecule (EpCAM), CD44 and CD133 

were compared between the two experiments and 

showed differential expression patterns depending on 

the stage of carcinogenesis and treatment with 

celecoxib. Flow cytometric analysis demonstrated 

that the numbers of CD133 cells were increased in 

the colonic epithelium after 12 weeks while those of 

CD44 but not CD133 cells were increased after 32 

weeks. Moreover, aldehyde dehydrogenase-1 activity 

levels in the colonic epithelium (a known CSC 

marker) detected by ELISA assay were found down-

regulated after 12 weeks, but were up-regulated after 

32 weeks. The data have also shown that the 

protective effect of celecoxib on these specific 

markers and populations of CSCs and on other 

molecular processes such as apoptosis targeted by 

this drug may vary depending on the genetic and 

phenotypic stages of carcinogenesis. Therefore, 

uncovering these distinction roles of CSCs during 

different phases of carcinogenesis and during specific 

treatment could be useful for targeted therapy. 

 

Santolaya, M. E., et al. (2019). "[Antimicrobial 

therapy in cancer patients and hematopoietic stem 

cell transplantation receptors]." Rev Chilena Infectol 

36(2): 167-178. 

 This manuscript includes the antiinfective 

therapeutic resources for immunocompromised 

patients under chemotherapy by cancer or 

hematopoietic stem cells transplant (HSCT) receptors. 

The document presents the antimicrobial therapy 

indicated in the most prevalent clinical situations in 

this population and the primary and alternative 

therapy for some specific microorganisms. The 

clinical situations included in the analysis are: febrile 

neutropenia without focus, sepsis, infections of the 

central nervous system, pneumonia, skin and soft 

tissue infections, neutropenic enterocolitis and 

urinary tract infection. The therapeutic resources, 

recommended doses and special precautions for the 

use of antimicrobial recommended in bacterial, viral, 

fungal and parasitic infections in this population are 

described, including the measurement of plasma 

concentrations of certain drugs in specific situations. 

 

Sapi, E. (2009). "Novel cancer stem cell therapy on 

the horizon." Cancer Biol Ther 8(18): 1754-1755. 

  

Scherwath, A., et al. (2006). "Neuropsychological 

function in high-risk breast cancer survivors after 

stem-cell supported high-dose therapy versus 

standard-dose chemotherapy: evaluation of long-term 

treatment effects." Ann Oncol 17(3): 415-423. 
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 BACKGROUND: Studies on cognitive 

functioning in breast cancer patients point out that a 

subset of women exhibit chemotherapy-related 

neuropsychological impairment. Thereby, high-dose 

therapy may elevate the risk of cognitive 

dysfunctions. The primary purpose of the study was 

to evaluate the impact of high-dose versus standard-

dose chemotherapy on the late neuropsychological 

outcome in randomized assigned high-risk breast 

cancer survivors. Next to focusing prevalence, 

function specificity and extent of cognitive 

impairment, the question as to whether doses-

dependent group differences occur was investigated. 

PATIENTS AND METHODS: Twenty-four high-

dose and 23 standard-dose patients 5 years, on 

average, after treatment underwent a comprehensive 

neuropsychological assessment. In addition, 29 early-

stage breast cancer patients matched for age, 

education and time since treatment were recruited as 

a comparison group. RESULTS: Global cognitive 

impairment was observed in 8% of high-dose versus 

13% of standard-dose compared with 3% of early-

stage breast cancer patients. Compared with 

normative data, all patient groups performed worse 

on one attention subtest measuring the simple 

reaction time (P < 0.001 in each case). By contrast, 

no significant between-group differences on the late 

neuropsychological outcome were found. 

CONCLUSIONS: Five years after treatment, 

standard-dose patients were slightly, but not 

significantly, more impaired in cognitive 

performance than high-dose patients. 

 

Schneider, D., et al. (2010). "Monitoring adult stem 

cell response on superparamagnetic iron oxide 

nanoparticles for cancer therapy." J Stem Cells Regen 

Med 6(2): 144. 

  

Sehl, M., et al. (2011). "Extinction models for cancer 

stem cell therapy." Math Biosci 234(2): 132-146. 

 Cells with stem cell-like properties are now 

viewed as initiating and sustaining many cancers. 

This suggests that cancer can be cured by driving 

these cancer stem cells to extinction. The problem 

with this strategy is that ordinary stem cells are apt to 

be killed in the process. This paper sets bounds on the 

killing differential (difference between death rates of 

cancer stem cells and normal stem cells) that must 

exist for the survival of an adequate number of 

normal stem cells. Our main tools are birth-death 

Markov chains in continuous time. In this framework, 

we investigate the extinction times of cancer stem 

cells and normal stem cells. Application of extreme 

value theory from mathematical statistics yields an 

accurate asymptotic distribution and corresponding 

moments for both extinction times. We compare 

these distributions for the two cell populations as a 

function of the killing rates. Perhaps a more telling 

comparison involves the number of normal stem cells 

NH at the extinction time of the cancer stem cells. 

Conditioning on the asymptotic time to extinction of 

the cancer stem cells allows us to calculate the 

asymptotic mean and variance of NH. The full 

distribution of NH can be retrieved by the finite 

Fourier transform and, in some parameter regimes, by 

an eigenfunction expansion. Finally, we discuss the 

impact of quiescence (the resting state) on stem cell 

dynamics. Quiescence can act as a sanctuary for 

cancer stem cells and imperils the proposed therapy. 

We approach the complication of quiescence via 

multitype branching process models and stochastic 

simulation. Improvements to the tau-leaping method 

of stochastic simulation make it a versatile tool in this 

context. We conclude that the proposed therapy must 

target quiescent cancer stem cells as well as actively 

dividing cancer stem cells. The current cancer models 

demonstrate the virtue of attacking the same 

quantitative questions from a variety of modeling, 

mathematical, and computational perspectives. 

 

Sehl, M. E., et al. (2009). "Differential destruction of 

stem cells: implications for targeted cancer stem cell 

therapy." Cancer Res 69(24): 9481-9489. 

 Cancer stem cells represent a novel 

therapeutic target. The major challenge in targeting 

leukemic stem cells (LSC) is finding therapies that 

largely spare normal hematopoietic stem cells (HSC) 

while eradicating quiescent LSCs. We present a 

mathematical model to predict how selective a 

therapy must be to ensure that enough HSCs survive 

when LSCs have been eradicated. Stem cell 

population size is modeled as a birth-death process. 

This permits comparison of LSC and HSC 

eradication times under therapy and calculation of the 

number of HSCs at the time of LSC eradication for 

varied initial population sizes and stem cell death 

rates. We further investigate the effects of LSC 

quiescence and resistance mutations on our 

predictions. From a clinical point of view, our models 

suggest criteria by which cancer stem cell therapy 

safety can be assessed. We anticipate that in 

conjunction with experimental observation of cancer 

stem cell killing rates, our results will be useful in 

screening targeted therapies for both hematologic and 

solid tumor malignancies. 

 

Sell, S. (2004). "Stem cell origin of cancer and 

differentiation therapy." Crit Rev Oncol Hematol 

51(1): 1-28. 
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 Our forefathers in pathology, on observing 

cancer tissue under the microscope in the mid-19th 

century, noticed the similarity between embryonic 

tissue and cancer, and suggested that tumors arise 

from embryo-like cells [Recherches dur le Traitement 

du Cancer, etc. Paris. (1829); Editoral Archiv fuer 

pathologische Anatomie und Physiologie und fuer 

klinische Medizin 8 (1855) 23]. The concept that 

adult tissues contain embryonic remnants that 

generally lie dormant, but that could be activated to 

become cancer was later formalized by Cohnheim 

[Path. Anat. Physiol. Klin. Med. 40 (1867) 1-79; 

Virchows Arch. 65 (1875) 64] and Durante [Arch. 

Memori ed Osservazioni di Chirugia Practica 11 

(1874) 217-226], as the "embryonal rest" theory of 

cancer. An updated version of the embryonal rest 

theory of cancer is that cancers arise from tissue stem 

cells in adults. Analysis of the cellular origin of 

carcinomas of different organs indicates that there is, 

in each instance, a determined stem cell required for 

normal tissue renewal that is the most likely cell of 

origin of carcinomas [Lab. Investig. 70 (1994) 6-22]. 

In the present review, the nature of normal stem cells 

(embryonal, germinal and somatic) is presented and 

their relationships to cancer are further expanded. 

Cell signaling pathways shared by embryonic cells 

and cancer cells suggest a possible link between 

embryonic cells and cancer cells. Wilm's tumors 

(nephroblastomas) and neuroblastomas are presented 

as possible tumors of embryonic rests in children. 

Teratocarcinoma is used as the classic example of the 

totipotent cancer stem cell which can be influenced 

by its environment to differentiate into a mature adult 

cell. The observation that "promotion" of an 

epidermal cancer may be accomplished months or 

even years after the initial exposure to carcinogen 

("initiation"), implies that the original carcinogenic 

event occurs in a long-lived epithelial stem cell 

population. The cellular events during 

hepatocarcinogenesis illustrate that cancers may arise 

from cells at various stages of differentiation in the 

hepatocyte lineage. Examples of genetic mutations in 

epithelial and hematopoietic cancers show how 

specific alterations in gene expression may be 

manifested as maturation arrest of a cell lineage at a 

specific stage of differentiation. Understanding the 

signals that control normal development may 

eventually lead us to insights in treating cancer by 

inducing its differentiation (differentiation therapy). 

Retinoid acid (RA) induced differentiation therapy 

has acquired a therapeutic niche in treatment of acute 

promyelocytic leukemia and the ability of RA to 

prevent cancer is currently under examination. 

 

Shao, L., et al. (2013). "Hematopoietic stem cell 

senescence and cancer therapy-induced long-term 

bone marrow injury." Transl Cancer Res 2(5): 397-

411. 

 Due to improvements in early detection and 

treatment of cancer, the number of long-term cancer 

survivors is increasing. Unfortunately, these 

survivors are at increased risk for developing cancer 

treatment-related late effects, including ionizing 

radiation (IR)- and chemotherapy-induced long-term 

bone marrow (LT-BM) injury. Because LT-BM 

injury can deteriorate over time or after the patients 

receiving additional cancer treatment or undergoing 

autologous BM transplantation, it may eventually 

lead to the development of hypoplastic anemia or 

myelodysplastic syndrome. This review is to provide 

a survey of some of these recent findings regarding 

the underlying mechanisms by which IR and 

chemotherapy cause LT-BM injury. Particularly, we 

will highlight the discoveries of the role of reactive 

oxygen species in regulating HSC self-renewal and 

the role of oxidative stress in mediating IR- and 

chemotherapy-induced HSC senescence and LT-BM 

injury. These discoveries may lead to the 

development of new therapeutic strategies that have 

the potential to reduce the late adverse effects of 

conventional cancer therapy on the hematopoietic 

system in long-term cancer survivors. 

 

Sharkis, S. J., et al. (2012). "Pluripotent stem cell-

based cancer therapy: promise and challenges." Sci 

Transl Med 4(127): 127ps129. 

 The development of induced pluripotent 

stem cell (iPSC) technology has generated 

enthusiasm about the therapeutic potential of these 

cells for treating a variety of diseases. However, the 

evidence that they actually will be clinically useful is 

limited. Here, we discuss the potential therapeutic 

applications of iPSCs for treating cancer and other 

diseases and highlight the current barriers restricting 

their use. 

 

Sharma, B. and R. K. Singh (2011). "Emerging 

candidates in breast cancer stem cell maintenance, 

therapy resistance and relapse." J Carcinog 10: 36. 

 Therapy resistance is a major concern while 

treating breast cancer. Various mechanisms have 

been proposed, but so far nothing has been able to 

effectively address this problem. Accumulating 

evidences suggest that a subset of cancer cells 

provides survival benefits to the tumor and are 

responsible for therapy resistance and relapse of 

cancer. These so called the cancer stem cells, are 

known to be regulated by several pathways. 

Evidences shows that the tumor microenvironment 
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plays a crucial role in maintaining the cancer stem 

cell pool. Signaling within the tumor is modulated by 

surrounding cells which secrete signals favoring 

tumor growth and metastasis. In breast cancer, the 

cancer stem cells have recently been reported to be 

influenced by tumor microenvironment via cytokines 

which act as chemoattractants for leukocytes. This 

review elucidates the emerging role of chemokine 

receptor and receptor activator of NFkappaB (RANK) 

ligand/RANK signaling pathways in mediating 

therapy resistance of breast cancer by maintaining the 

cancer stem cell pool. 

 

Sharma, N. and Y. A. Efebera (2023). "Editorial: 

Autologous and Allogeneic Stem Cell Transplant in 

Cancer Therapy." Cancers (Basel) 15(5). 

 Over the last 10 to 20 years, there have been 

significant improvements in the fields of both 

autologous and allogenic transplantation [...]. 

 

Sharp, T. E., 3rd and J. C. George (2014). "Stem cell 

therapy and breast cancer treatment: review of stem 

cell research and potential therapeutic impact against 

cardiotoxicities due to breast cancer treatment." Front 

Oncol 4: 299. 

 A new problem has emerged with the ever-

increasing number of breast cancer survivors. While 

early screening and advances in treatment have 

allowed these patients to overcome their cancer, these 

treatments often have adverse cardiovascular side 

effects that can produce abnormal cardiovascular 

function. Chemotherapeutic and radiation therapy 

have both been linked to cardiotoxicity; these 

therapeutics can cause a loss of cardiac muscle and 

deterioration of vascular structure that can eventually 

lead to heart failure (HF). This cardiomyocyte 

toxicity can leave the breast cancer survivor with a 

probable diagnosis of dilated or restrictive 

cardiomyopathy (DCM or RCM). While current HF 

standard of care can alleviate symptoms, other than 

heart transplantation, there is no therapy that replaces 

cardiac myocytes that are killed during cancer 

therapies. There is a need to develop novel 

therapeutics that can either prevent or reverse the 

cardiac injury caused by cancer therapeutics. These 

new therapeutics should promote the regeneration of 

lost or deteriorating myocardium. Over the last 

several decades, the therapeutic potential of cell-

based therapy has been investigated for HF patients. 

In this review, we discuss the progress of pre-clinical 

and clinical stem cell research for the diseased heart 

and discuss the possibility of utilizing these novel 

therapies to combat cardiotoxicity observed in breast 

cancer survivors. 

 

Sharrow, A. C., et al. (2016). "Characterization of 

aldehyde dehydrogenase 1 high ovarian cancer cells: 

Towards targeted stem cell therapy." Gynecol Oncol 

142(2): 341-348. 

 OBJECTIVE: The cancer stem cell (CSC) 

paradigm hypothesizes that successful clinical 

eradication of CSCs may lead to durable remission 

for patients with ovarian cancer. Despite mounting 

evidence in support of ovarian CSCs, their phenotype 

and clinical relevance remain unclear. We and others 

have found high aldehyde dehydrogenase 1 

(ALDH(high)) expression in a variety of normal and 

malignant stem cells, and sought to better 

characterize ALDH(high) cells in ovarian cancer. 

METHODS: We compared ALDH(high) to 

ALDH(low) cells in two ovarian cancer models 

representing distinct subtypes: FNAR-C1 cells, 

derived from a spontaneous rat endometrioid 

carcinoma, and the human SKOV3 cell line 

(described as both serous and clear cell subtypes). 

We assessed these populations for stem cell features 

then analyzed expression by microarray and qPCR. 

RESULTS: ALDH(high) cells displayed CSC 

properties, including: smaller size, quiescence, 

regenerating the phenotypic diversity of the cell lines 

in vitro, lack of contact inhibition, nonadherent 

growth, multi-drug resistance, and in vivo 

tumorigenicity. Microarray and qPCR analysis of the 

expression of markers reported by others to enrich for 

ovarian CSCs revealed that ALDH(high) cells of both 

models showed downregulation of CD24, but 

inconsistent expression of CD44, KIT and CD133. 

However, the following druggable targets were 

consistently expressed in the ALDH(high) cells from 

both models: mTOR signaling, her-2/neu, CD47 and 

FGF18/FGFR3. CONCLUSIONS: Based on 

functional characterization, ALDH(high) ovarian 

cancer cells represent an ovarian CSC population. 

Differential gene expression identified druggable 

targets that have the potential for therapeutic efficacy 

against ovarian CSCs from multiple subtypes. 

 

Shen, S., et al. (2016). "Nanomedicine-mediated 

cancer stem cell therapy." Biomaterials 74: 1-18. 

 Circumstantial evidence suggests that most 

tumours are heterogeneous and contain a small 

population of cancer stem cells (CSCs) that exhibit 

distinctive self-renewal, proliferation and 

differentiation capabilities, which are believed to play 

a crucial role in tumour progression, drug resistance, 

recurrence and metastasis in multiple malignancies. 

Given that the existence of CSCs is a primary 

obstacle to cancer therapy, a tremendous amount of 

effort has been put into the development of anti-CSC 

strategies, and several potential approaches to kill 
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therapeutically-resistant CSCs have been explored, 

including inhibiting ATP-binding cassette 

transporters, blocking essential signalling pathways 

involved in self-renewal and survival of CSCs, 

targeting CSCs surface markers and destroying the 

tumour microenvironment. Meanwhile, an increasing 

number of therapeutic agents (e.g. small molecule 

drugs, nucleic acids and antibodies) to selectively 

target CSCs have been screened or proposed in recent 

years. Drug delivery technology-based approaches 

hold great potential for tackling the limitations 

impeding clinical applications of CSC-specific agents, 

such as poor water solubility, short circulation time 

and inconsistent stability. Properly designed 

nanocarrier-based therapeutic agents (or 

nanomedicines) offer new possibilities of penetrating 

CSC niches and significantly increasing therapeutic 

drug accumulation in CSCs, which are difficult for 

free drug counterparts. In addition, intelligent 

nanomedicine holds great promise to overcome 

pump-mediated multidrug resistance which is driven 

by ATP and to decrease detrimental effects on 

normal somatic stem cells. In this review, we 

summarise the distinctive biological processes related 

to CSCs to highlight strategies against inherently 

drug-resistant CSCs. We then focus on some 

representative examples that give a glimpse into 

state-of-the-art nanomedicine approaches developed 

for CSCs elimination. A perspective on innovative 

therapeutic strategies and the potential direction of 

nanomedicine-based CSC therapy in the near future 

is also presented. 

 

Shetty, A. K. and M. A. Winter (2012). 

"Immunization of children receiving 

immunosuppressive therapy for cancer or 

hematopoietic stem cell transplantation." Ochsner J 

12(3): 228-243. 

 In the past 3 decades, the number of 

immunocompromised children has increased steadily 

because of dramatic improvement in survival rates in 

certain malignancies as a result of intensive curative 

treatment regimens and an increase in the number of 

children undergoing life-saving hematopoietic stem 

cell transplantation (HSCT). Children receiving 

immunosuppressive therapy for cancer, as well as 

HSCT recipients, will benefit from vaccination but 

warrant close evaluation for a variety of reasons, such 

as the risk of developing severe infections, serious 

adverse events following certain vaccines, and 

decreased vaccine efficacy caused by poor immune 

response to vaccination. Various professional 

organizations have published vaccination guidelines 

for immunocompromised patients. Given their 

heterogeneity, recommendations for the 

immunization of immunocompromised patients may 

not be universally applicable. The safety of many 

commonly used vaccines has not been established in 

immunocompromised children. In addition, no large-

scale vaccine studies have evaluated the clinical 

outcome of disease prevention in this population. All 

killed vaccines are generally safe, while live vaccines 

may be administered to immunocompromised 

children in select circumstances, depending on the 

degree of altered immunocompetence and the 

underlying primary condition. Healthcare providers 

should be knowledgeable about the indications, 

contraindications, and precautions for vaccine 

administration in immunocompromised patients. To 

protect immunocompromised patients, all family, 

household contacts, and healthcare workers should 

also be immunized with all routinely recommended 

vaccines. Pediatricians play a crucial role in 

identifying and effectively communicating the risks 

and benefits of vaccines to immunocompromised 

patients and their parents. 

 

Shi, S., et al. (2013). "Systemic delivery of 

microRNA-34a for cancer stem cell therapy." Angew 

Chem Int Ed Engl 52(14): 3901-3905. 

  

Shi, S., et al. (2021). "Feasibility of Bone Marrow 

Mesenchymal Stem Cell-Mediated Synthetic 

Radiosensitive Promoter-Combined Sodium Iodide 

Symporter for Radiogenetic Ovarian Cancer 

Therapy." Hum Gene Ther 32(15-16): 828-838. 

 Ovarian cancer is the most lethal 

gynecological cancer, most patients relapse within 

12-24 months, and eventually die, especially 

platinum-resistant patients. Gene therapy has been 

one of the most potential methods for tumor 

treatment. Bone marrow mesenchymal stem cells 

(BMSCs) have been used for systemic delivery of 

therapeutic genes to solid tumors. Sodium iodide 

symporter (NIS) is an intrinsic membrane 

glycoprotein and can concentrate (131)I, which is 

important for radionuclide therapy and nuclear 

medicine imaging in recent years. However, the rapid 

iodine efflux has become a bottleneck for NIS-

mediated radionuclide gene therapy. Our previous 

studies found that the early growth response-1 (Egr1) 

promoter containing CC(A/T)6GG (CArG) elements 

had an (131)I radiation-positive feedback effect on 

the NIS gene. Other research showed the synthesized 

Egr1 promoter containing four CArG elements, E4, 

was nearly three times as sensitive as the Egr1 

promoter. In our study, BMSC-E4-NIS was 

engineered to express NIS under the control of E4 

promoter using lentivirial vectors. After BMSC-E4-

NIS implantation, no tumors were seen in BALB/c 
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nude mice and BMSC-E4-NIS did not promote the 

growth of SKOV3 tumor. BMSCs migrated toward 

ovarian cancer samples in chemotaxis assays and to 

ovarian tumors in mice. Using micro-single-photon 

emission computed tomography/computed 

tomography (SPECT/CT) imaging, we found that E4 

promoter produced a notable increase in (125)I 

uptake after (131)I irradiation, the radionuclide 

uptake is almost three and six times more than Egr1 

and cytomegalovirus (CMV) promoters. These 

studies confirmed the feasibility of using BMSCs as 

carriers for lentivirus-mediated E4-NIS gene therapy 

for ovarian cancer. Further research on BMSC-E4-

NIS gene therapy for ovarian cancer in vivo will also 

be carried on, and if successful, this might provide a 

new adjuvant therapeutical option for platinum-

resistant ovarian cancer patients and provide a new 

method for dynamic evaluation of curative effect. 

 

Shi, S. and W. Li (2020). "Cancer Stem Cell Based 

Targeted Therapy." Curr Pharm Des 26(17): 1951. 

  

Shi, Y., et al. (2019). "Stem Cell Factor LIFted as a 

Promising Clinical Target for Cancer Therapy." Mol 

Cancer Ther 18(8): 1337-1340. 

  

Shigdar, S., et al. (2012). "Cancer stem cell targeting: 

the next generation of cancer therapy and molecular 

imaging." Ther Deliv 3(2): 227-244. 

 Cancer stem cells (CSCs) have the capacity 

to generate the heterogeneous lineages of all cancer 

cells comprising a tumor and these populations of 

cells are likely to be more relevant in determining 

prognosis. However, these cells do not operate in 

isolation, but instead rely upon signals co-opted from 

their microenvironment, making the targeting and 

imaging of CSCs within a cancer mass a daunting 

task. A better understanding of the molecular cell 

biology underlying CSC pathology will facilitate the 

development of new therapeutic targets and novel 

strategies for the successful eradication of cancer. In 

addition, the continued investigation of sensitive 

molecular-imaging modalities will enable more 

accurate staging, treatment planning and the ability to 

monitor the effectiveness of CSC-targeted therapies 

in vivo. In this review, we explore the possibilities 

and limitations of CSC-directed therapies and 

molecular imaging modalities. 

 

Silva, L. C., et al. (2015). "The Impact of Low-Level 

Laser Therapy on Oral Mucositis and Quality of Life 

in Patients Undergoing Hematopoietic Stem Cell 

Transplantation Using the Oral Health Impact Profile 

and the Functional Assessment of Cancer Therapy-

Bone Marrow Transplantation Questionnaires." 

Photomed Laser Surg 33(7): 357-363. 

 OBJECTIVE: The aim of this study was to 

assess the impact of low-level laser therapy (LLLT) 

on oral mucositis (OM) and quality of life (QoL) of 

hematopoietic stem cell transplantation (HSCT) 

patients. BACKGROUND DATA: OM related to 

high-dose chemotherapy is often associated with 

increased risk of mortality and impaired QoL in 

HSCT patients. LLLT has shown promising effects in 

the prevention and treatment of chemotherapy-

induced OM. There is a dearth of literature focused 

on subjective aspects involving OM and QoL in 

patients receiving LLLT. METHODS: Thirty-nine 

patients were randomly assigned to two groups: 

control (n=19) and laser (n=20). LLLT was 

performed from the 1st day of the conditioning 

regimen until day 7 post-HSCT (D+7). OM severity 

was evaluated in all patients [World Health 

Organization (WHO) scale]. A blinded observer 

collected subjective outcomes from patients on 

admission (AD), D+7 and at discharge (DC). QoL 

was assessed using the Oral Health Impact Profile 

(OHIP-14) and the Functional Assessment of Cancer 

Therapy-Bone Marrow Transplantation (FACT-BMT) 

questionnaires. Statistical analyses included 

descriptive, bivariate and multivariate (generalized 

estimating equation) tests. RESULTS: The overall 

FACT-BMT (p=0.074) and OHIP-14 (p=0.749) 

scores were not associated with the use of laser 

therapy. Both instruments showed a deterioration in 

QoL for the whole sample on D+7. The laser group 

presented less severe OM than the control group 

(p<0.001). CONCLUSIONS: LLLT did not influence 

the oral and general health-related QoL of patients 

undergoing HSCT, although it was clinically 

effective in reducing the severity of chemotherapy-

induced OM. 

 

Sisay, M., et al. (2017). "The RANK/RANKL/OPG 

system in tumorigenesis and metastasis of cancer 

stem cell: potential targets for anticancer therapy." 

Onco Targets Ther 10: 3801-3810. 

 The molecular triad involving receptor 

activator of nuclear factor kbeta (RANK)/RANK 

ligand (RANKL)/osteoprotegerin cytokine system 

has been well implicated in several physiological and 

pathological processes including bone metabolism, 

mammary gland development, regulation of the 

immune function, tumorigenesis and metastasis of 

cancer stem cell, thermoregulation, and vascular 

calcification. However, this review aimed to 

summarize several original and up-to-date articles 

focusing on the role of this signaling system in cancer 

cell development and metastasis as well as potential 
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therapeutic agents targeting any of the three tumor 

necrotic factor super family proteins and/or their 

downstream signaling pathways. The 

RANK/RANKL axis has direct effects on tumor cell 

development. The system is well involved in the 

development of several primary and secondary 

tumors including breast cancer, prostate cancer, bone 

tumors, and leukemia. The signaling of this triad 

system has also been linked to tumor invasiveness in 

the advanced stage. Bone is by far the most common 

site of cancer metastasis. Several therapeutic agents 

targeting this system have been developed. Among 

them, a monoclonal antibody, denosumab, was 

clinically approved for the treatment of osteoporosis 

and cancer-related diseases. 

 

Smeland, K. B., et al. (2016). "A national study on 

conditional survival, excess mortality and second 

cancer after high dose therapy with autologous stem 

cell transplantation for non-Hodgkin lymphoma." Br 

J Haematol 173(3): 432-443. 

 This national population-based study aimed 

to investigate conditional survival and standardized 

mortality ratios (SMR) after high-dose therapy with 

autologous stem-cell transplantation (HDT-ASCT) 

for non-Hodgkin lymphoma (NHL), and to analyse 

cause of death, relapses and second malignancies. All 

patients >/=18 years treated with HDT-ASCT for 

NHL in Norway between 1987 and 2008 were 

included (n = 578). Information from the Cause of 

Death Registry and Cancer Registry of Norway were 

linked with clinical data. The 5-, 10- and 20-year 

overall survival was 61% (95% confidence interval 

[CI] 56-64%), 52% (95%CI 48-56%) and 45% 

(95%CI 40-50%), respectively. The 5-year survival 

conditional on having survived 2, 5 and 10 years after 

HDT-ASCT was 81%, 86% and 93%. SMRs were 

12.3 (95%CI 11.0-13.9), 4.9 (95%CI 4.1-5.9), 2.4 

(95%CI 1.8-3.2) and 1.0 (95%CI 0.6-1.8) for the 

entire cohort and for patients having survived 2, 5 

and 10 years after HDT-ASCT respectively. Of the 

281 deaths observed, 77% were relapse-related. 

Treatment-related mortality was 3.6%. The 10-year 

cumulative incidence of second malignancies was 7.9% 

and standardized incidence ratio was 2.0 (95%CI 1.5-

2.6). NHL patients treated with HDT-ASCT were at 

increased risk of second cancer and premature death. 

The mortality was still elevated at 5 years, but after 

10 years mortality equalled that of the general 

population. 

 

Smith, B. H., et al. (2018). "Clinical laboratory and 

imaging evidence for effectiveness of agarose-

agarose macrobeads containing stem-like cells 

derived from a mouse renal adenocarcinoma cell 

population (RMBs) in treatment-resistant, advanced 

metastatic colorectal cancer: Evaluation of a 

biological-systems approach to cancer therapy (U.S. 

FDA IND-BB 10091; NCT 02046174, NCT 

01053013)." Chin J Cancer Res 30(1): 72-83. 

 OBJECTIVE: The complexity, 

heterogeneity and capacity of malignant neoplastic 

cells and tumors for rapid change and evolution 

suggest that living-cell-based biological-systems 

approaches to cancer treatment are merited. Testing 

this hypothesis, the tumor marker, metabolic activity, 

and overall survival (OS) responses, to the use of one 

such system, implantable macrobeads [RENCA 

macrobeads (RMBs)], in phase I and IIa clinical trials 

in advanced, treatment-resistant metastatic colorectal 

cancer (mCRC) are described here. METHODS: 

Forty-eight mCRC patients (30 females; 18 males), 

who had failed all available, approved treatments, 

underwent RMB implantation (8 RMB/kg body 

weight) up to 4 times in phase I and phase IIa open-

label trials. Physicals, labs [tumor and inflammation 

markers, lactate dehydrogenase (LDH)] and positron 

emission tomography-computed tomography (PET-

CT) imaging to measure number/volume and 

metabolic activity of the tumors were performed pre- 

and 3-month-post-implantation to evaluate safety and 

initial efficacy (as defined by biological responses). 

PET-CT maximum standard uptake value 

(SUV(max)) (baseline and d 90; SUV(max) >/=2.5), 

LDH, and carcinoembryonic antigen (CEA) and/or 

cancer antigen 19-9 (CA 19-9) response (baseline, d 

30 and/or d 60) were assessed and compared to OS. 

RESULTS: Responses after implantation were 

characterized by an at least 20% decrease in CEA 

and/or CA 19-9 in 75% of patients. 

Fluorodeoxyglucose (FDG)-positive lesions (phase I, 

39; 2a, 82) were detected in 37/48 evaluable patients, 

with 35% stable volume and stable or decreased SUV 

(10) plus four with necrosis; 10, increased tumor 

volume, SUV. LDH levels remained stable and low 

in Responders (R) (d 0-60, 290.4-333.9), but 

increased steadily in Non-responders (NR) (d 0-60, 

382.8-1,278.5) (d 60, P=0.050). Responders to RMBs, 

indicated by the changes in the above markers, 

correlated with OS (R mean OS=10.76 months; NR 

mean OS=4.9 months; P=0.0006). CONCLUSIONS: 

The correlations of the tumor marker, tumor volume 

and SUV changes on PET-CT, and LDH levels 

themselves, and with OS, support the concept of a 

biological response to RMB implantation and the 

validity of the biological-systems approach to mCRC. 

A phase III clinical trial is planned. 

 

Sohrabi, B., et al. (2022). "Mesenchymal stem cell 

(MSC)-derived exosomes as novel vehicles for 
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delivery of miRNAs in cancer therapy." Cancer Gene 

Ther 29(8-9): 1105-1116. 

 Mesenchymal stem cells (MSCs) are known 

as promising sources for cancer therapy and can be 

utilized as vehicles in cancer gene therapy. MSC-

derived exosomes are central mediators in the 

therapeutic functions of MSCs, known as the novel 

cell-free alternatives to MSC-based cell therapy. 

MSC-derived exosomes show advantages including 

higher safety as well as more stability and 

convenience for storage, transport and administration 

compared to MSCs transplant therapy. Unmodified 

MSC-derived exosomes can promote or inhibit 

tumors while modified MSC-derived exosomes are 

involved in the suppression of cancer development 

and progression via the delivery of several 

therapeutics molecules including chemotherapeutic 

drugs, miRNAs, anti-miRNAs, specific siRNAs, and 

suicide gene mRNAs. In most malignancies, 

dysregulation of miRNAs not only occurs as a 

consequence of cancer progression but also is directly 

involved during tumor initiation and development 

due to their roles as oncogenes (oncomiRs) or tumor 

suppressors (TS-miRNAs). MiRNA restoration is 

usually achieved by overexpression of TS-miRNAs 

using synthetic miRNA mimics and viral vectors or 

even downregulation of oncomiRs using anti-

miRNAs. Similar to other therapeutic molecules, the 

efficacy of miRNAs restoration in cancer therapy 

depends on the effectiveness of the delivery system. 

In the present review, we first provided an overview 

of the properties and potentials of MSCs in cancer 

therapy as well as the application of MSC-derived 

exosomes in cancer therapy. Finally, we specifically 

focused on harnessing the MSC-derived exosomes 

for the aim of miRNA delivery in cancer therapy. 

 

Stack, J. P., et al. (2019). "Cancer therapy-induced 

cardiomyopathy: can human induced pluripotent stem 

cell modelling help prevent it?" Eur Heart J 40(22): 

1764-1770. 

 Cardiotoxic effects from cancer therapy are 

a major cause of morbidity during cancer treatment. 

Unexpected toxicity can occur during treatment 

and/or after completion of therapy, into the time of 

cancer survivorship. While older drugs such as 

anthracyclines have well-known cardiotoxic effects, 

newer drugs such as tyrosine kinase inhibitors, 

proteasome inhibitors, and immunotherapies also can 

cause diverse cardiovascular and metabolic 

complications. Human induced pluripotent stem cell-

derived cardiomyocytes (hiPSC-CMs) are 

increasingly being used as instruments for disease 

modelling, drug discovery, and mechanistic toxicity 

studies. Promising results with hiPSC-CM 

chemotherapy studies are raising hopes for improving 

cancer therapies through personalized medicine and 

safer drug development. Here, we review the 

cardiotoxicity profiles of common chemotherapeutic 

agents as well as efforts to model them in vitro using 

hiPSC-CMs. 

 

Steenbakkers, R., et al. (2022). "Parotid Gland Stem 

Cell Sparing Radiation Therapy for Patients With 

Head and Neck Cancer: A Double-Blind Randomized 

Controlled Trial." Int J Radiat Oncol Biol Phys 

112(2): 306-316. 

 PURPOSE: Radiation therapy for head and 

neck cancer frequently leads to salivary gland 

damage and subsequent xerostomia. The radiation 

response of the parotid glands of rats, mice, and 

patients critically depends on dose to parotid gland 

stem cells, mainly located in the gland's main ducts 

(stem cell rich [SCR] region). Therefore, this double-

blind randomized controlled trial aimed to test the 

hypothesis that parotid gland stem cell sparing 

radiation therapy preserves parotid gland function 

better than currently used whole parotid gland 

sparing radiation therapy. METHODS AND 

MATERIALS: Patients with head and neck cancer (n 

= 102) treated with definitive radiation therapy were 

randomized between standard parotid-sparing and 

stem cell sparing (SCS) techniques. The primary 

endpoint was >75% reduction in parotid gland saliva 

production compared with pretreatment production 

(FLOW(12M)). Secondary endpoints were several 

aspects of xerostomia 12 months after treatment. 

RESULTS: Fifty-four patients were assigned to the 

standard arm and 48 to the SCS arm. Only dose to the 

SCR regions (contralateral 16 and 11 Gy [P = .004] 

and ipsilateral 26 and 16 Gy [P = .001] in the 

standard and SCS arm, respectively) and pretreatment 

patient-rated daytime xerostomia (35% and 13% [P 

= .01] in the standard and SCS arm, respectively) 

differed significantly between the arms. In the SCS 

arm, 1 patient (2.8%) experienced FLOW(12M) 

compared with 2 (4.9%) in the standard arm (P = 

1.00). However, a trend toward better relative parotid 

gland salivary function in favor of SCS radiation 

therapy was shown. Moreover, multivariable analysis 

showed that mean contralateral SCR region dose was 

the strongest dosimetric predictor for moderate-to-

severe patient-rated daytime xerostomia and 

grade >/=2 physician-rated xerostomia, the latter 

including reported alteration in diet. 

CONCLUSIONS: No significantly better parotid 

function was observed in SCS radiation therapy. 

However, additional multivariable analysis showed 

that dose to the SCR region was more predictive of 

the development of parotid gland function-related 
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xerostomia endpoints than dose to the entire parotid 

gland. 

 

Sun, T. M., et al. (2014). "Cancer stem cell therapy 

using doxorubicin conjugated to gold nanoparticles 

via hydrazone bonds." Biomaterials 35(2): 836-845. 

 Nanoparticle-mediated delivery of 

chemotherapies has demonstrated enhanced anti-

cancer efficacy, mainly through the mechanisms of 

both passive and active targeting. Herein, we report 

other than these well-elucidated mechanisms, 

rationally designed nanoparticles can efficiently 

deliver drugs to cancer stem cells (CSCs), which in 

turn contributes significantly to the improved anti-

cancer efficacy. We demonstrate that doxorubicin-

tethered gold nanoparticles via a poly(ethylene glycol) 

spacer and an acid-labile hydrazone bond mediate 

potent doxorubicin delivery to breast CSCs, which 

reduces their mammosphere formation capacity and 

their cancer initiation activity, eliciting marked 

enhancement in tumor growth inhibition in murine 

models. The drug delivery mediated by the 

nanoparticles also markedly attenuates tumor growth 

during off-therapy stage by reducing breast CSCs in 

tumors, while the therapy with doxorubicin alone 

conversely evokes an enrichment of breast CSCs. 

Our findings suggest that with well-designed drug 

delivery system, the conventional chemotherapeutic 

agents are promising for cancer stem cell therapy. 

 

Sun, X., et al. (2020). "Hypoxia-mediated cancer 

stem cell resistance and targeted therapy." Biomed 

Pharmacother 130: 110623. 

 Drug resistance is a major obstacle in the 

treatment of tumors, which easily lead to relapse or 

poor prognosis. Cancer stem cells (CSCs) are 

regarded as one of the important targets that mediate 

tumor resistance. Increasing evidence shows that the 

tumor hypoxia microenvironment is closely related to 

the resistance of CSCs to chemotherapy and 

radiotherapy. In this review, we intend to review the 

articles that have described how the hypoxic 

microenvironment affects CSC stemness and 

mediates tumor resistance and provide new directions 

and methods in the clinical treatment of tumors. Here, 

we also discuss the feasibility and development 

prospects of using hypoxia-inducible factors (HIFs) 

that regulate the hypoxic microenvironment of 

tumors as targeted agents to treat tumors, as well as 

to reduce or even reverse the resistance of tumors to 

chemotherapy and radiotherapy. 

 

Sun, X. Y., et al. (2011). "Mesenchymal stem cell-

mediated cancer therapy: A dual-targeted strategy of 

personalized medicine." World J Stem Cells 3(11): 

96-103. 

 Cancer remains one of the leading causes of 

mortality and morbidity throughout the world. To a 

significant extent, current conventional cancer 

therapies are symptomatic and passive in nature. The 

major obstacle to the development of effective cancer 

therapy is believed to be the absence of sufficient 

specificity. Since the discovery of the tumor-oriented 

homing capacity of mesenchymal stem cells (MSCs), 

the application of specific anticancer gene-engineered 

MSCs has held great potential for cancer therapies. 

The dual-targeted strategy is based on MSCs' 

capacity of tumor-directed migration and 

incorporation and in situ expression of tumor-specific 

anticancer genes. With the aim of translating bench 

work into meaningful clinical applications, we 

describe the tumor tropism of MSCs and their use as 

therapeutic vehicles, the dual-targeted anticancer 

potential of engineered MSCs and a putative 

personalized strategy with anticancer gene-

engineered MSCs. 

 

Sun, Z., et al. (2021). "Roles of Mesenchymal Stem 

Cell-Derived Exosomes in Cancer Development and 

Targeted Therapy." Stem Cells Int 2021: 9962194. 

 Exosomes have emerged as a new drug 

delivery system. In particular, exosomes derived 

from mesenchymal stem cells (MSCs) have been 

extensively studied because of their tumor-homing 

ability and yield advantages. Considering that MSC-

derived exosomes are a double-edged sword in the 

development, metastasis, and invasion of tumors, 

engineered exosomes have broad potential use. In 

this review, we focused on the latest development in 

the treatment of tumors using engineered and 

nonengineered MSC-derived exosomes (MSC-EXs). 

Nonengineered MSC-EXs exert an antitumor effect 

on several well-studied tumors by affecting tumor 

growth, angiogenesis, metastasis, and invasion. 

Furthermore, engineered exosomes have promising 

research prospects as drug-carrying tools for the 

transport of miRNAs, small-molecule drugs, and 

proteins. Although exosomes lack uniform standards 

in terms of definition, separation, and purification, 

they still have great research value because of their 

unique advantages, such as high biocompatibility and 

low toxicity. Future studies on MSC-EXs should 

elucidate the mechanisms underlying their anticancer 

effect and the safety of their application. 

 

Suo, X., et al. (2020). "A nano-based thermotherapy 

for cancer stem cell-targeted therapy." J Mater Chem 

B 8(18): 3985-4001. 
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 Cancer stem cells (CSCs) exhibit high 

resistance to conventional therapy and are 

responsible for cancer metastasis and tumor relapse. 

Therefore, it is of significance to develop effective 

novel strategies to target CSCs for cancer therapies. 

The challenges associated with developing novel 

strategies include specific CSC targeting and 

overcoming their therapeutic resistance. In the 

present review, we summarize the various strategies 

for CSC-targeted cancer thermotherapy and 

combinational therapy, and the potential challenges 

and prospects for future work in this emerging field. 

 

Tabassum, N., et al. (2018). "Nanomedicine in cancer 

stem cell therapy: from fringe to forefront." Cell 

Tissue Res 374(3): 427-438. 

 Nanomedicine is the spin-off of modern 

medicine and nanotechnology and aims to prevent 

and treat diseases using nanoscale materials such as 

biocompatible nanoparticles and nanorobots. 

Targeted cellular and tissue-specific clinical 

applications with maximal therapeutic effects and 

insignificant side effects could be achieved by the 

pursuit of nanotechnology in medicine and healthcare 

regimen. The majority of conventional cancer 

therapies eliminate the cells of the tumor but not the 

cancer stem cells (CSCs). Conversely, the use of 

nanotechnology in CSC-based therapies is an 

emerging field of biomedical sciences. This article 

summarizes the recent trends and application of 

nanomedicine especially in CSC therapy along with 

its limitations. 

 

Tampakis, A., et al. (2017). "Nestin and CD146 

expression in metaplastic breast cancer: stem-cell 

therapy in need? Lessons reported from a male 

patient." Eur Rev Med Pharmacol Sci 21(18): 4137-

4140. 

 OBJECTIVE: Metaplastic breast carcinomas 

represent a rare subtype of breast cancer exhibiting 

aggressive clinical features. They appear as highly 

chemoresistant tumors, therefore showing poor 

outcome and high rates of local recurrence or distant 

metastasis. CASE REPORT: A 37-year-old greek 

man was referred to our hospital for evaluation of a 

locally advanced, ulcerated, fixed, irregular and hard 

in consistency mass covering his left breast and chest 

wall. Further work out with CT and biopsy of the 

tumor revealed a triple negative metaplastic breast 

cancer classified as cT4cN3cM1. The patient 

received first line chemotherapy and afterward a 

palliative resection of the tumor. The histology 

revealed the presence of a combined triple negative 

adenocarcinoma with a predominant metaplastic 

squamous carcinoma and a spindle cell (sarcomatoid) 

carcinoma of the breast. In the tissue sample stem 

cell markers, nestin and CD146 (MCAM) were 

expressed, enhancing the theory that cancer cells of 

this tumor could possibly harbor stem cell properties. 

The patient received several chemotherapy regimens 

but died 6 months after the initiation of treatment. 

CONCLUSIONS: Metaplastic breast cancer consists 

of cells with stem cell properties. New targeted 

therapies are warranted in the view of the tumor's 

high resistance to conventional chemotherapy. 

Targeting nestin and CD146 might be a promising 

therapy as they seem to be implicated in the EMT 

pathway. 

 

Tang, C., et al. (2007). "Cancer stem cell: target for 

anti-cancer therapy." FASEB J 21(14): 3777-3785. 

 Cancer has long been viewed as a 

heterogeneous population of cells. While the great 

majority of cells that make up tumors are destined to 

differentiate, albeit aberrantly, and eventually stop 

dividing, only a minority population of cells, termed 

cancer stem cells, possess extensive self-renewal 

capability and can recapitulate tumor 

pathophysiology in an immune-compromised animal 

model. Tumor-initiating cells have been identified 

and isolated in a variety of cancers of the blood, 

breast, central nervous system, pancreas, skin, head 

and neck, colon, and prostate. In this review we 

present scientific evidence supporting the cancer 

stem cell model of tumor progression, and discuss the 

experimental and therapeutic implications. The 

concept of cancer stem cells may have profound 

implications for our understanding of tumor biology 

and for the design of novel treatments targeted 

toward these cells. Current therapeutic strategies 

include targeting the cancer stem cell as well as its 

microenvironmental niche. We present an interesting, 

novel strategy that takes into account the reactive 

oxygen species status in cancer stem cells and how it 

might serve as a method for eradicating these cells in 

tumor growth. 

 

Telang, N. (2022). "Stem Cell Models for Cancer 

Therapy." Int J Mol Sci 23(13). 

 Metastatic progression of female breast and 

colon cancer represents a major cause of mortality in 

women. Spontaneous/acquired resistance to 

conventional and targeted chemo-endocrine therapy 

is associated with the emergence of drug-resistant 

tumor-initiating cancer stem cell populations. The 

cancer-initiating premalignant stem cells exhibit 

activation of select cancer cell signaling pathways 

and undergo epithelial-mesenchymal transition, 

leading to the evolution of a metastatic phenotype. 

The development of reliable cancer stem cell models 
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provides valuable experimental approaches to 

identify novel testable therapeutic alternatives for 

therapy-resistant cancer. Drug-resistant stem cell 

models for molecular subtypes of clinical breast 

cancer and for genetically predisposed colon cancer 

are developed by selecting epithelial cells that 

survive in the presence of cytostatic concentrations of 

relevant therapeutic agents. These putative stem cells 

are characterized by the expression status of select 

cellular and molecular stem cell markers. The stem 

cell models are utilized as experimental approaches 

to examine the stem-cell-targeted growth inhibitory 

efficacy of naturally occurring dietary 

phytochemicals. The present review provides a 

systematic discussion on (i) conceptual and 

experimental aspects relevant to the chemo-endocrine 

therapy of breast and colon cancer, (ii) 

molecular/cellular aspects of cancer stem cells and 

(iii) potential stem-cell-targeting lead compounds as 

testable alternatives against the progression of 

therapy-resistant breast and colon cancer. 

 

Teng, K. Y., et al. (2022). "Off-the-Shelf Prostate 

Stem Cell Antigen-Directed Chimeric Antigen 

Receptor Natural Killer Cell Therapy to Treat 

Pancreatic Cancer." Gastroenterology 162(4): 1319-

1333. 

 BACKGROUND & AIMS: Pancreatic 

cancer (PC) is the third leading cause of cancer-

related death with a 5-year survival rate of 

approximately 10%. It typically presents as a late-

stage incurable cancer and chemotherapy provides 

modest benefit. Here, we demonstrate the feasibility, 

safety, and potency of a novel human natural killer 

(NK) cell-based immunotherapy to treat PC. 

METHODS: The expression of prostate stem cell 

antigen (PSCA) was evaluated in primary PC at 

messenger RNA and protein levels. The processes of 

retroviral transduction, expansion, activation, and 

cryopreservation of primary human NK cells 

obtained from umbilical cord blood were optimized, 

allowing us to develop frozen, off-the-shelf, 

allogeneic PSCA chimeric antigen receptor (CAR) 

NK cells. The safety and efficacy of PSCA CAR NK 

cells also expressing soluble (s) interleukin 15 (PSCA 

CAR_s15 NK cells) were evaluated in vitro and in 

vivo. RESULTS: PSCA was elevated in primary 

human PC compared with the adjacent or other 

normal tissues. PSCA CAR_s15 NK cells displayed 

significant tumor-suppressive effects against PSCA(+) 

PC in vitro before and after 1 cycle of freeze-thaw. 

The viability of frozen PSCA CAR_s15 NK cells 

persisted more than 90 days in vivo after their last 

infusion and significantly prolonged the survival of 

mice engrafted with human PC. CONCLUSIONS: 

PSCA CAR_s15 NK cells showed therapeutic 

efficacy in human metastatic PC models without 

signs of systematic toxicity, providing a strong 

rationale to support clinical development. 

 

Tewari, A. B., et al. (2023). "Extirpating the cancer 

stem cell hydra: Differentiation therapy and 

Hyperthermia therapy for targeting the cancer stem 

cell hierarchy." Clin Exp Med 23(7): 3125-3145. 

 Ever since the discovery of cancer stem cells 

(CSCs), they have progressively attracted more 

attention as a therapeutic target. Like the mythical 

hydra, this subpopulation of cells seems to contribute 

to cancer immortality, spawning more cells each time 

that some components of the cancer cell hierarchy are 

destroyed. Traditional modalities focusing on cancer 

treatment have emphasized apoptosis as a route to 

eliminate the tumor burden. A major problem is that 

cancer cells are often in varying degrees of 

dedifferentiation contributing to what is known as the 

CSCs hierarchy and cells which are known to be 

resistant to conventional therapy. Differentiation 

therapy is an experimental therapeutic modality 

aimed at the conversion of malignant phenotype to a 

more benign one. Hyperthermia therapy (HT) is a 

modality exploiting the changes induced in cells by 

the application of heat produced to aid in cancer 

therapy. While differentiation therapy has been 

successfully employed in the treatment of acute 

myeloid leukemia, it has not been hugely successful 

for other cancer types. Mounting evidence suggests 

that hyperthermia therapy may greatly augment the 

effects of differentiation therapy while 

simultaneously overcoming many of the hard-to-treat 

facets of recurrent tumors. This review summarizes 

the progress made so far in integrating hyperthermia 

therapy with existing modules of differentiation 

therapy. The focus is on studies related to the 

successful application of both hyperthermia and 

differentiation therapy when used alone or in 

conjunction for hard-to-treat cancer cell niche with 

emphasis on combined approaches to target the CSCs 

hierarchy. 

 

Todorova, R. (2014). "Ewing's sarcoma cancer stem 

cell targeted therapy." Curr Stem Cell Res Ther 9(1): 

46-62. 

 Ewing;s sarcoma (ES) family of tumors 

(ESFTs) are round cell tumors of bone and soft 

tissues, afflicting children and young adults. This 

review summarizes the present findings about ES 

cancer stem cell (CSC) targeted therapy: prognostic 

factors, chromosomal translocations, initiation, 

epigenetic mechanisms, candidate cell of ES origin 

(Mesenchymal stem cells (MSCs) and Neural crest 
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stem cells (NCSCs)). The ES CSC model, 

histopathogenesis, histogenesis, pathogenesis, ES 

mediated Hematopoietic stem progenitor cells 

(HSPCs) senescence are also discussed. ESFTs 

therapy is reviewed concerning CSCs, radiotherapy, 

risk of subsequent neoplasms, stem cell (SC) support, 

promising therapeutic targets for ES CSCs (CSC 

markers, immune targeting, RNAi phenotyping 

screens, proposed new drugs), candidate EWS-FLI1 

target genes and further directions (including human 

embryonic stem cells (hESCs)). Bone marrow-

derived human MSCs are permissive for EWS-FLI1 

expression with transition to ESFT-like cellular 

phenotype. ESFTs are genetically related to NCSC, 

permissive for EWS-FLI1 expression and susceptible 

to oncogene-induced immortalization. Primitive 

neuroectodermal features and MSC origin of ESFTs 

provide a basis of immune targeting. The microRNAs 

profile of ES CSCs is shared by ESCs and CSCs 

from divergent tumor types. Successful 

reprogramming of differentiated human somatic cells 

into a pluripotent state allows creation of patient- and 

disease-specific SCs. The functional role of 

endogenous EWS at stem cell level on both 

senescence and tumorigenesis is a link between 

cancer and aging. The regulatory mechanisms of 

oncogenic activity of EWS fusions could provide 

new prognostic biomarkers, therapeutic opportunities 

and tumor-specific anticancer agents against ESFTs. 

 

Torigoe, T., et al. (2013). "Constitutive expression 

and activation of stress response genes in cancer 

stem-like cells/tumour initiating cells: potent targets 

for cancer stem cell therapy." Int J Hyperthermia 

29(5): 436-441. 

 Cancer stem-like cells (CSCs)/tumour-

initiating cells (TICs) are defined as the small 

population of cancer cells that have stem cell-like 

phenotypes and high capacity for tumour initiation. 

These cells may have a huge impact in the field of 

cancer therapy since they are extremely resistant to 

standard chemoradiotherapy and thus are likely to be 

responsible for disease recurrence after therapy. 

Therefore, extensive efforts are being made to 

elucidate the pathological and molecular properties of 

CSCs/TICs and, with this information, to establish 

efficient anti-CSC/TIC targeting therapies. This 

review considers recent findings on stress response 

genes that are preferentially expressed in CSCs/TICs 

and their roles in tumour-promoting properties. 

Implications for a novel therapeutic strategy targeting 

CSCs/TICs are also discussed. 

 

Tornin, J., et al. (2021). "Osteosarcoma tissue-

engineered model challenges oxidative stress therapy 

revealing promoted cancer stem cell properties." Free 

Radic Biol Med 164: 107-118. 

 The use of oxidative stress generated by 

Cold Atmospheric Plasma (CAP) in oncology is 

being recently studied as a novel potential anti-cancer 

therapy. However, the beneficial effects of CAP for 

treating osteosarcoma have mostly been 

demonstrated in 2-dimensional cultures of cells, 

which do not mimic the complexity of the 3-

dimensional (3D) bone microenvironment. In order to 

evaluate the effects of CAP in a relevant context of 

the human disease, we developed a 3D tissue-

engineered model of osteosarcoma using a bone-like 

scaffold made of collagen type I and hydroxyapatite 

nanoparticles. Human osteosarcoma cells cultured 

within the scaffold showed a high capacity to 

infiltrate and proliferate and to exhibit osteomimicry 

in vitro. As expected, we observed significantly 

different functional behaviors between monolayer 

and 3D cultures when treated with Cold Plasma-

Activated Ringer's Solution (PAR). Our data reveal 

that the 3D environment not only protects cells from 

PAR-induced lethality by scavenging and 

diminishing the amount of reactive oxygen and 

nitrogen species generated by CAP, but also favours 

the stemness phenotype of osteosarcoma cells. This is 

the first study that demonstrates the negative effect of 

PAR on cancer stem-like cell subpopulations in a 3D 

biomimetic model of cancer. These findings will 

allow to suitably re-focus research on plasma-based 

therapies in future. 

 

Tosoni, D., et al. (2017). "Pre-clinical validation of a 

selective anti-cancer stem cell therapy for Numb-

deficient human breast cancers." EMBO Mol Med 

9(5): 655-671. 

 The cell fate determinant Numb is 

frequently downregulated in human breast cancers 

(BCs), resulting in p53 inactivation and an aggressive 

disease course. In the mouse mammary gland, 

Numb/p53 downregulation leads to aberrant tissue 

morphogenesis, expansion of the stem cell 

compartment, and emergence of cancer stem cells 

(CSCs). Strikingly, CSC phenotypes in a Numb-

knockout mouse model can be reverted by Numb/p53 

restoration. Thus, targeting Numb/p53 dysfunction in 

Numb-deficient human BCs could represent a novel 

anti-CSC therapy. Here, using patient-derived 

xenografts, we show that expansion of the CSC pool, 

due to altered self-renewing divisions, is also a 

feature of Numb-deficient human BCs. In these 

cancers, using the inhibitor Nutlin-3 to restore p53, 

we corrected the defective self-renewal properties of 

Numb-deficient CSCs and inhibited CSC expansion, 

with a marked effect on tumorigenicity and 
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metastasis. Remarkably, a regimen combining 

Nutlin-3 and chemotherapy induced persistent tumor 

growth inhibition, or even regression, and prevented 

CSC-driven tumor relapse after removal of 

chemotherapy. Our data provide a pre-clinical proof-

of-concept that targeting Numb/p53 results in a 

specific anti-CSC therapy in human BCs. 

 

Trosko, J. E. (2019). "Cancer Prevention and Therapy 

of Two Types of Gap Junctional Intercellular 

Communication(-)Deficient "Cancer Stem Cell"." 

Cancers (Basel) 11(1). 

 Early observations showed a lack of growth 

control and terminal differentiation with a lack of gap 

junctional intercellular communication (GJIC). 

Subsequent observations showed that epigenetic 

tumor promoters and activated oncogenes, which 

block gap junction function, provide insights into the 

multi-stage, multi-mechanism carcinogenic process. 

With the isolation of embryonic induced pluri-potent 

stem cells and organ-specific adult stem cells, gap 

junctions were linked to early development. While 

tumors and tumor cell lines are a heterogeneous 

mixture of "cancer stem cells" and "cancer non-stem 

cells", the cancer stem cells seem to be of two types, 

namely, they express (a) no connexin genes or (b) 

connexin genes, but do not have functional GJIC. 

These observations suggest that these "cancer stem 

cells" originate from normal adult stem cells or from 

the de-differentiation or re-programming of somatic 

differentiated cells. This "Concept Paper" provides a 

hypothesis that "cancer stem cells" either originate 

from (a) organ-specific adult stem cells before the 

expression of the connexin genes or (b) organ-

specific adult stem cells that just express gap junction 

genes but that the connexin proteins are rendered 

dysfunctional by activated oncogenes. Therefore, 

cancer prevention and therapeutic strategies must 

account for these two different types of "cancer stem 

cell". 

 

Tsujii, M. (2014). "[Cancer therapy targeting cancer 

stem cell]." Nihon Rinsho 72(1): 35-41. 

 Cancer stem cells (CSCs) represent a 

subpopulation of tumour cells endowed with self-

renewal and multi-lineage differentiation capacity. 

Clinically, drug resistance is the most important 

feature, because CSCs resist conventional cancer 

therapies and are involved in relapse. Therefore, 

major clinical challenges towards the complete 

eradication of minimal residual cancer are likely to 

target CSCs. Several molecules have been 

investigated as a target: specific signal transduction, 

cell surface marker, and microenviromental factors. 

Several drugs (salinomycin, metformin) have been 

also identified by chemical screening. For clinical use, 

however, more precise molecular mechanisms remain 

to be clarified. 

 

Ueda, Y., et al. (2004). "Mobilization of peripheral 

blood stem cells (PBSCs) after etoposide, adriamycin 

and cisplatin therapy, and a multimodal cell therapy 

approach with PBSCs in advanced gastric cancer." 

Oncol Rep 12(2): 323-332. 

 The EAP combination of etoposide (ETP), 

doxorubicin (ADM) and cisplatin (CDDP) has been 

reported to be highly active for advanced gastric 

cancer. However, it is associated with severe 

myelotoxicity, and its use has declined. We examined 

whether peripheral blood stem cells (PBSCs) could 

be mobilized during hematopoietic recovery after 

EAP, and assessed the possibility of using 

multimodal cell therapy with PBSCs for the treatment 

of advanced gastric cancer. Five men with advanced 

gastric adenocarcinoma were enrolled. All patients 

were chemotherapy-naive. EAP (ETP, 360 mg/m2; 

ADM, 40 mg/m2; CDDP, 80 mg/m2) was given to 

each patient, and myelotoxicity was carefully 

monitored. Granulocyte colony-stimulating factor 

was administered after the neutrophil nadir, and 

PBSCs were collected by leukapheresis during 

hematopoietic recovery. The median nadir of the 

neutrophil count after EAP was 225/ml, occurring 

between day 17 and 20. Sufficient numbers of PBSCs 

[CD34(+) cells, CFU-GM] could be mobilized in 4/5 

patients. A 45-year-old patient with extended lymph 

node metastasis received high-dose EAP with 

peripheral blood stem cell transplantation (PBSCT), 

followed by cancer vaccine therapy with dendritic 

cells (DCs), induced from cryopreserved PBSCs. 

Both high-dose EAP with PBSCT and DC-based 

immunotherapy was safely performed for the first 

time against gastric cancer. Although associated with 

severe myelotoxicity, EAP can mobilize sufficient 

numbers of PBSCs during hematopoietic recovery. 

Multimodal cell therapy combining high-dose 

chemotherapy with PBSCT and DC-based 

immunotherapy is feasible and can be a reasonable 

approach in advanced gastric cancer. 

 

Vakhshiteh, F., et al. (2019). "Mesenchymal stem cell 

exosomes: a two-edged sword in cancer therapy." Int 

J Nanomedicine 14: 2847-2859. 

 Mesenchymal stem cells (MSCs) are 

multipotent stromal cells present in various adult 

tissues. Several studies suggest that MSCs secrete 

exosomes that perform as mediators in the tumor 

niche and play several roles in tumorigenesis, 

angiogenesis, and metastasis. In contrast, there are 

other studies supporting the tumor-suppressing 
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effects of MSC-derived exosomes. Therefore, the 

exact association of MSC exosomes and tumor cells 

remains open to debate. This review aimed to 

demonstrate the present knowledge of MSC-derived 

exosomes in cancer research and to illustrate current 

approaches to make use of modified exosomes as a 

platform in therapeutic strategies in cancer. 

 

van der Wall, E., et al. (1995). "High-dose 

carboplatin, thiotepa and cyclophosphamide (CTC) 

with peripheral blood stem cell support in the 

adjuvant therapy of high-risk breast cancer: a 

practical approach." Br J Cancer 71(4): 857-862. 

 In 29 chemotherapy-naive patients with 

stage II-III breast cancer, peripheral blood stem cells 

(PBSCs) were mobilised following fluorouracil 500 

mg m-2, epirubicin 90-120 mg m-2 and 

cyclophosphamide 500 mg m-2 (FEC) and 

granulocyte colony-stimulating factor (G-CSF; 

Filgrastim) 300 microgram s.c. daily. In all but one 

patient, mobilisation was successful, requiring three 

or fewer leucocytopheresis sessions in 26 patients; 28 

patients subsequently underwent high-dose 

chemotherapy consisting of carboplatin 1600 mg m-2, 

thiotepa 480 mg m-2 and cyclophosphamide 6 g m-2 

(CTC) followed by PBSC transplantation. 

Haemopoietic engraftment was rapid with a median 

time to neutrophils of 500 x 10(6) l(-1) of 9 days 

(range 8-10) in patients who received G-CSF after 

PBSC-transplantation; platelet transfusion 

independence was reached within a median of 10 

days (range 7-16). Neutropenic fever occurred in 96% 

of patients. Gastrointestinal toxicity was substantial 

but reversible. Renal, neural or ototoxicity was not 

observed. Complications related to the central venous 

catheter were encountered in 64% of patients, with 

major vein thrombosis occurring in 18%. High-dose 

CTC-chemotherapy with PBSC-transplantation, 

harvested after mobilisation with FEC and G-CSF, is 

reasonably well tolerated without life-threatening 

toxicity and is a suitable high-dose strategy for the 

adjuvant treatment of breast cancer. 

 

van Dorst, M., et al. (2020). "PICU Admission Rates 

in Pediatric Cancer and Hematopoietic Stem Cell 

Transplant Patients Receiving High-flow Nasal 

Cannula Oxygen Therapy on the General Ward." J 

Pediatr Hematol Oncol 42(1): e1-e6. 

 The use of high-flow nasal cannula (HFNC) 

oxygen therapy is growing as an alternative to 

standard oxygen. However, its use in patients treated 

for malignancies, including hematopoietic stem cell 

transplantation (HSCT) patients, is controversial. In 

this retrospective cohort study, we assessed outcomes 

of pediatric cancer and HSCT patients (including 

nonmalignant indications) with acute hypoxemic 

respiratory failure treated with HFNC on the ward. 

Among 39 patients included in the study, 53 episodes 

of HFNC treatment were analyzed. Of these episodes, 

18 (34%) failed and patients required subsequently 

pediatric intensive care unit (PICU) admission. A 

significant median higher C reactive protein (175 

[range, 72 to 308] vs. 80 [13.5 to 187.8] mg/dL; 

P=0.006) and higher Bedside Pediatric Early 

Warning Score (PEWS) 1 to 4 hours after initiation 

of HFNC (10.1+/-0.8 vs. 7.1+/-0.4; P=0.001) was 

found in the failure group compared with the 

nonfailure group. Among the 18 patients admitted to 

PICU, 14 (78%) needed intubation. Five (28%) 

patients died during their PICU admission. In 

summary, one third of the pediatric cancer and HSCT 

patients receiving HFNC on the ward eventually 

required PICU admission of which 78% were 

intubated. C reactive protein and BedsidePEWS 1 to 

4 hours after initiation of HFNC were significantly 

associated with the need for PICU admission. 

However, no firm conclusion can be drawn whether 

HFNC treatment should actually be initiated in the 

ward in this vulnerable patient population. Larger, 

prospective studies are needed to evaluate the most 

appropriate treatment and setting (PICU or general 

ward) for these patients. 

 

Veisi, Z., et al. (2020). "Modeling and Analyzing 

Stem-Cell Therapy toward Cancer: Evolutionary 

Game Theory Perspective." Iran J Public Health 

49(1): 145-156. 

 BACKGROUND: Immunotherapy is a 

recently developed method of cancer therapy, aiming 

to strengthen a patient's immune system in different 

ways to fight cancer. One of these ways is to add 

stem cells into the patient's body. METHODS: The 

study was conducted in Kermanshah, western Iran, 

2016-2017. We first modeled the interaction between 

cancerous and healthy cells using the concept of 

evolutionary game theory. System dynamics were 

analyzed employing replicator equations and control 

theory notions. We categorized the system into 

separate cases based on the value of the parameters. 

For cases in which the system converged to undesired 

equilibrium points, "stem-cell injection" was 

employed as a therapeutic suggestion. The effect of 

stem cells on the model was considered by reforming 

the replicator equations as well as adding some new 

parameters to the system. RESULTS: By adjusting 

stem cell-related parameters, the system converged to 

desired equilibrium points, i.e., points with no or a 

scanty level of cancerous cells. In addition to the 

theoretical analysis, our simulation results suggested 

solutions were effective in eliminating cancerous 
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cells. CONCLUSION: This model could be 

applicable to different types of cancer, so we did not 

restrict it to a specific type of cancer. In fact, we were 

seeking a flexible mathematical framework that could 

cover different types of cancer by adjusting the 

system parameters. 

 

Verma, P., et al. (2023). "Cancer stem cell in prostate 

cancer progression, metastasis and therapy 

resistance." Biochim Biophys Acta Rev Cancer 

1878(3): 188887. 

 Prostate cancer (PCa) is the most diagnosed 

malignancy in the men worldwide. Cancer stem cells 

(CSCs) are the sub-population of cells present in the 

tumor which possess unique properties of self-

renewal and multilineage differentiation thus thought 

to be major cause of therapy resistance, disease 

relapse, and mortality in several malignancies 

including PCa. CSCs have also been shown positive 

for the common stem cells markers such as ALDH 

EZH2, OCT4, SOX2, c-MYC, Nanog etc. Therefore, 

isolation and characterization of CSCs specific 

markers which may discriminate CSCs and normal 

stem cells are critical to selectively eliminate CSCs. 

Rapid advances in the field offers a theoretical 

explanation for many of the enduring uncertainties 

encompassing the etiology and an optimism for the 

identification of new stem-cell targets, development 

of reliable and efficient therapies in the future. The 

emerging reports have also provided unprecedented 

insights into CSCs plasticity, quiescence, renewal, 

and therapeutic response. In this review, we discuss 

the identification of PCa stem cells, their unique 

properties, stemness-driving pathways, new 

diagnostics, and therapeutic interventions. 

 

Vicente-Duenas, C., et al. (2015). "Tumoral stem cell 

reprogramming as a driver of cancer: Theory, 

biological models, implications in cancer therapy." 

Semin Cancer Biol 32: 3-9. 

 Cancer is a clonal malignant disease 

originated in a single cell and characterized by the 

accumulation of partially differentiated cells that are 

phenotypically reminiscent of normal stages of 

differentiation. According to current models, 

therapeutic strategies that block oncogene activity are 

likely to selectively target tumor cells. However, 

recent evidences have revealed that cancer stem cells 

could arise through a tumor stem cell reprogramming 

mechanism, suggesting that genetic lesions that 

initiate the cancer process might be dispensable for 

tumor progression and maintenance. This review 

addresses the impact of these results toward a better 

understanding of cancer development and proposes 

new approaches to treat cancer in the future. 

 

Vlashi, E. and F. Pajonk (2015). "Cancer stem cells, 

cancer cell plasticity and radiation therapy." Semin 

Cancer Biol 31: 28-35. 

 Since the first prospective identification of 

cancer stem cells in solid cancers the cancer stem cell 

hypothesis has reemerged as a research topic of 

increasing interest. It postulates that solid cancers are 

organized hierarchically with a small number of 

cancer stem cells driving tumor growth, repopulation 

after injury and metastasis. They give rise to 

differentiated progeny, which lack these features. The 

model predicts that for any therapy to provide cure, 

all cancer stem cells have to be eliminated while the 

survival of differentiated progeny is less critical. In 

this review we discuss recent reports challenging the 

idea of a unidirectional differentiation of cancer cells. 

These reports provide evidence supporting the idea 

that non-stem cancer cells exhibit a remarkable 

degree of plasticity that allows them to re-acquire 

cancer stem cell traits, especially in the context of 

radiation therapy. We summarize conditions under 

which differentiation is reversed and discuss the 

current knowledge of the underlying mechanisms. 

 

Vogl, D. T. and E. A. Stadtmauer (2006). "High-dose 

chemotherapy and autologous hematopoietic stem 

cell transplantation for metastatic breast cancer: a 

therapy whose time has passed." Bone Marrow 

Transplant 37(11): 985-987. 

  

Wadosky, K. M., et al. (2017). "Evasion of targeted 

cancer therapy through stem-cell-like 

reprogramming." Mol Cell Oncol 4(2): e1291397. 

 Prostate cancer variants expressing 

alternative lineage markers appear at relapse from 

antiandrogen therapy. We show that loss of the 

retinoblastoma (RB1) and tumor protein 53 (TP53) 

genes drives expression of stem cell reprogramming 

factors, lineage plasticity, and antiandrogen 

resistance. Epigenetic manipulation restores 

antiandrogen sensitivity-suggesting an approach for 

treating lethal prostate cancers. 

 

Wan Kamarul Zaman, W. S., et al. (2021). "Stem 

Cells and Cancer Stem Cells: The Jekyll and Hyde 

Scenario and Their Implications in Stem Cell 

Therapy." Biomedicines 9(9). 

 "Jekyll and Hyde" refers to persons with an 

unpredictably dual personality, who are battling 

between good and evil within themselves In this 

regard, even cells consist of good and evil 

counterparts. Normal stem cells (NSCs) and cancer 

stem cells (CSCs) are two types of cells that share 

some similar characteristics but have distinct 
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functions that play a major role in physiological and 

pathophysiological development. In reality, NSCs 

such as the adult and embryonic stem cells, are the 

good cells and the ultimate treatment used in cell 

therapy. CSCs are the corrupted cells that are a 

subpopulation of cancer cells within the cancer 

microenvironment that grow into a massive tumour 

or malignancy that needs to be treated. Hence, 

understanding the connection between NSCs and 

CSCs is important not just in cancer development but 

also in their therapeutic implication, which is the 

focus of this review. 

 

Wang, J., et al. (2022). "Amino porphyrin-peptide 

assemblies induce ribosome damage and cancer stem 

cell inhibition for an enhanced photodynamic 

therapy." Biomaterials 289: 121812. 

 Cancer stem cells (CSCs) are the 

subpopulation of tumor cells with the properties of 

tumorigenesis, multilineage differentiation potential 

and self-renewal, which is the driving force of tumor 

recurrence and metastasis. However, targeting CSCs 

is still the main challenge in cancer therapy due to 

their rapid growth and fast mutation rate. Herein, we 

developed a simple strategy of photodynamic therapy 

(PDT) targeting CSCs, dependent on much more 

abundant ribosomes in CSCs. The interactions 

between positively charged nanoparticles with 

negatively charged nucleic acids architectures in 

cancer cells could lead ribosomes targeting as well as 

CSCs targeting. The co-assembly of simple amino 

porphyrin (m-TAPP) with short peptide (Fmoc-L(3)-

OMe) formed nanoparticles (NPs) with good 

biocompatibility and photoactivity, became positively 

charged due to low pH value of tumour 

microenvironment, and efficiently accessed cancer 

cell ribosome, approached cancer cell nuclei, 

therefore enriched in the fast-amplifying CSCs. The 

inhibitive effect on CSCs by m-TAPP assemblies was 

verified by the significant reduction of CSCs markers 

CD44, CD133 and ribosome amount in cancer cells 

and tissues. Upon light irradiation, the NPs induced 

ROS generation to provoke destructive cancer cell 

ribosome damage and subsequent apoptosis to 

prevent tumor growth markedly. Based on the 

assemblies of small organic molecules, our study not 

only achieves ribosome degradation induced cancer 

cells apoptosis, but also indicates new possibility of 

performing CSCs targeting PDT. 

 

Wang, J., et al. (2012). "High-dose chemotherapy 

followed by autologous stem cell transplantation as a 

first-line therapy for high-risk primary breast cancer: 

a meta-analysis." PLoS One 7(3): e33388. 

 BACKGROUND AND OBJECTIVES: 

Several trials have generated conflicting results about 

the results of high-dose chemotherapy followed by 

autologous stem cell transplantation (HDCT) for 

primary breast cancer. This meta-analysis 

summarizes the available evidence from all suitable 

studies. DESIGN AND METHODS: Prospective, 

randomized trials with HDCT as a first-line therapy 

for primary breast cancer were included in this meta-

analysis. The primary outcome of interest for our 

analysis was survival (disease-free survival and 

overall survival); secondary endpoints included 

treatment-related mortality (TRM) and second (non-

breast) cancers. We used a median age of 47, a PR 

positive rate of 50% and a premenopausal rate of 70% 

as cutoff values to complete the subgroup analyses, 

which were pre-planned according to the prepared 

protocol. RESULTS: Fourteen trials with 5747 

patients were eligible for the meta-analysis. 

Compared with non-HDCT, non-significant second 

(non-breast) cancers (RR = 1.28; 95% CI = 0.82-1.98) 

and higher TRM (RR = 3.42; 95% CI = 1.32-8.86) 

were associated with HDCT for primary breast 

cancer. A significant DFS benefit of HDCT was 

documented (HR = 0.89; 95% CI = 0.79-0.99). No 

difference in OS (overall survival) was found when 

the studies were pooled (HR = 0.91; 95% CI = 0.82-

1.00, p = 0.062). In subgroup analysis, age and 

hormone receptor status had a significant interaction 

with prolonged DFS and OS. CONCLUSIONS: 

HDCT has a benefit on DFS and OS compared to 

SDC in some special patients with high-risk primary 

breast cancer. 

 

Wang, T., et al. (2015). "Cancer stem cell targeted 

therapy: progress amid controversies." Oncotarget 

6(42): 44191-44206. 

 Although cancer stem cells have been well 

characterized in numerous malignancies, the 

fundamental characteristics of this group of cells, 

however, have been challenged by some recent 

observations: cancer stem cells may not necessary to 

be rare within tumors; cancer stem cells and non-

cancer stem cells may undergo reversible phenotypic 

changes; and the cancer stem cells phenotype can 

vary substantially between patients. Here the current 

status and progresses of cancer stem cells theory is 

illustrated and via providing a panoramic view of 

cancer therapy, we addressed the recent controversies 

regarding the feasibility of cancer stem cells targeted 

anti-cancer therapy. 

 

Wang, W., et al. (2021). "Single-Cell Proteomic 

Profiling Identifies Nanoparticle Enhanced Therapy 
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for Triple Negative Breast Cancer Stem Cells." Cells 

10(11). 

 Breast cancer remains a major cause of 

cancer-related deaths in women worldwide. 

Chemotherapy-promoted stemness and enhanced 

stem cell plasticity in breast cancer is a cause for 

great concern. The discovery of drugs targeting 

BCSCs was suggested to be an important 

advancement in the establishment of therapy that 

improves the efficacy of chemotherapy. In this work, 

by using single-cell mass cytometry, we observed 

that stemness in spheroid-forming cells derived from 

MDA-MB-231 cells was significantly increased after 

doxorubicin administration and up-regulated integrin 

alphavbeta3 expression was also observed. An RGD-

included nanoparticle (CS-V) was designed, and it 

was found that it could promote doxorubicin's 

efficacy against MDA-MB-231 spheroid cells. The 

above observations suggested that the combination of 

RGD-included nanoparticles (CS-V) with the chemo-

drug doxorubicin could be developed as a potential 

therapy for breast cancer. 

 

Wang, X., et al. (2022). "Autophagy Regulation on 

Cancer Stem Cell Maintenance, Metastasis, and 

Therapy Resistance." Cancers (Basel) 14(2). 

 Cancer stem cells (CSCs) are a subset of the 

tumor population that play critical roles in 

tumorigenicity, metastasis, and relapse. A key feature 

of CSCs is their resistance to numerous therapeutic 

strategies which include chemotherapy, radiation, and 

immune checkpoint inhibitors. In recent years, there 

is a growing body of literature that suggests a link 

between CSC maintenance and autophagy, a 

mechanism to recycle intracellular components 

during moments of environmental stress, especially 

since CSCs thrive in a tumor microenvironment that 

is plagued with hypoxia, acidosis, and lack of 

nutrients. Autophagy activation has been shown to 

aid in the upkeep of a stemness state along with 

bolstering resistance to cancer treatment. However, 

recent studies have also suggested that autophagy is a 

double-edged sword with anti-tumorigenic properties 

under certain circumstances. This review summarizes 

and integrates what has been published in the 

literature in terms of what role autophagy plays in 

stemness maintenance of CSCs and suggests that 

there is a more complex interplay between autophagy 

and apoptosis which involves multiple pathways of 

regulation. Future cancer therapy strategies are 

needed to eradicate this resistant subset of the cell 

population through autophagy regulation. 

 

Wei, P., et al. (2014). "Cancer stem-like cell: a novel 

target for nasopharyngeal carcinoma therapy." Stem 

Cell Res Ther 5(2): 44. 

 Nasopharyngeal carcinoma (NPC) is the 

most common cancer originating in the nasopharynx, 

and is extremely common in southern regions of 

China. Although the standard combination of 

radiotherapy and chemotherapy has improved the 

efficiency in patients with NPC, relapse and early 

metastasis are still the common causes of mortality. 

Cancer stem-like cells (CSCs) or tumor initial cells 

are hypothesized to be involved in cancer metastasis 

and recurrence. Over the past decade, increasing 

numbers of studies have been carried out to identify 

CSCs from human NPC cells and tissues. The present 

paper will summarize the investigations on 

nasopharyngeal CSCs, including isolation, 

characteristics, and therapeutic approaches. Although 

there are still numerous challenges to translate basic 

research into clinical applications, understanding the 

molecular details of CSCs is essential for developing 

effective strategies to prevent the recurrence and 

metastasis of NPC. 

 

Wilczynski, J. R., et al. (2023). ""DEPHENCE" 

system-a novel regimen of therapy that is urgently 

needed in the high-grade serous ovarian cancer-a 

focus on anti-cancer stem cell and anti-tumor 

microenvironment targeted therapies." Front Oncol 

13: 1201497. 

 Ovarian cancer, especially high-grade serous 

type, is the most lethal gynecological malignancy. 

The lack of screening programs and the scarcity of 

symptomatology result in the late diagnosis in about 

75% of affected women. Despite very demanding and 

aggressive surgical treatment, multiple-line 

chemotherapy regimens and both approved and 

clinically tested targeted therapies, the overall 

survival of patients is still unsatisfactory and 

disappointing. Research studies have recently 

brought some more understanding of the molecular 

diversity of the ovarian cancer, its unique 

intraperitoneal biology, the role of cancer stem cells, 

and the complexity of tumor microenvironment. 

There is a growing body of evidence that 

individualization of the treatment adjusted to the 

molecular and biochemical signature of the tumor as 

well as to the medical status of the patient should 

replace or supplement the foregoing therapy. In this 

review, we have proposed the principles of the novel 

regimen of the therapy that we called the 

"DEPHENCE" system, and we have extensively 

discussed the results of the studies focused on the 

ovarian cancer stem cells, other components of 

cancer metastatic niche, and, finally, clinical trials 
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targeting these two environments. Through this, we 

have tried to present the evolving landscape of 

treatment options and put flesh on the experimental 

approach to attack the high-grade serous ovarian 

cancer multidirectionally, corresponding to the 

"DEPHENCE" system postulates. 

 

Williams, S. F., et al. (1992). "High-dose 

consolidation therapy with autologous stem-cell 

rescue in stage IV breast cancer: follow-up report." J 

Clin Oncol 10(11): 1743-1747. 

 PURPOSE: Fifty-nine patients with newly 

diagnosed metastatic breast cancer were treated with 

induction chemotherapy followed by high-dose 

intensification and autologous stem-cell rescue 

(ASCR) to determine therapeutic efficacy. 

PATIENTS AND METHODS: Induction consisted 

of cyclophosphamide, doxorubicin, vincristine, and 

methotrexate with leucovorin rescue (LOMAC) in 27 

patients, or fluorouracil, cisplatin, doxorubicin, and 

cyclophosphamide (FCAP) in 32 patients. 

Intensification after LOMAC was cyclophosphamide 

and thiotepa (CyTepa) with ASCR, and after FCAP it 

was cyclophosphamide, thiotepa, and carmustine 

(BCNU) in all but eight patients who received 

CyTepa. RESULTS: Median survival from study 

entry for the entire group was 13.3 months. Median 

time to progression from reinfusion for the 45 

patients who underwent intensification was 7.5 

months. After LOMAC and intensification, there 

were 12 complete responses (CR) (nine partial 

responses [PRs] after induction converted to CRs). 

Responses after FCAP and intensification were eight 

CRs (two PRs after induction converted to CRs). 

Median time to treatment failure from reinfusion was 

5.4 months for LOMAC and intensification, and was 

10.5 months for FCAP and intensification. Median 

survival from study entry was 15.1 months for all 27 

LOMAC patients and 9.3 months for all 32 FCAP 

patients. Median time to treatment failure from 

reinfusion for 11 patients who were CRs at 

intensification has not been reached and is more than 

13 months compared with a median of 5.5 months for 

the 23 patients in partial remission at intensification. 

CONCLUSIONS: High-dose intensification therapy 

has led to increased CR rates in metastatic breast 

cancer. The role of such therapy in the treatment of 

stage IV breast cancer requires further refinement. 

 

Williams, S. F., et al. (1989). "High-dose 

consolidation therapy with autologous stem cell 

rescue in stage IV breast cancer." J Clin Oncol 7(12): 

1824-1830. 

 We designed a phase II study to determine 

whether induction chemotherapy (CT) consisting of 

leucovorin, vincristine, methotrexate, doxorubicin, 

and cyclophosphamide (LOMAC) followed by high-

dose intensification chemotherapy (ICT) with 

cyclophosphamide, thiotepa, and autologous stem 

cell rescue (ASCR) could increase the complete 

response (CR) rate and survival in women with stage 

IV breast cancer. Twenty-nine women were enrolled 

on study; 16 patients had received prior adjuvant 

chemotherapy and no patient had received 

chemotherapy for stage IV disease. Two patients 

were found to be ineligible and excluded from further 

analysis. Of the 27 patients treated, four (15%) 

obtained a CR and 15 (56%) a partial response (PR) 

after LOMAC induction, for an overall response rate 

of 70%. Of the 22 patients treated with ICT, 12 

patients had a CR, and nine were in PR after 

induction and converted to CR after ICT. The 

toxicities included nausea/vomiting, mucositis, 

diarrhea, dermatitis, alopecia, and infections 

secondary to neutropenia. The 1-year survival is 60%; 

the median has not yet been reached. The time to 

treatment failure for patients on study is 10 months. 

The treatment approach of ICT and ASCR following 

induction chemotherapy can lead to an improved CR 

rate in stage IV breast cancer. How this increased CR 

rate leads to a prolonged disease-free survival 

requires further follow-up. 

 

Wolfe, A. R. and W. A. Woodward (2015). "Breast 

Cancer Stem Cell Correlates as Predicative Factors 

for Radiation Therapy." Semin Radiat Oncol 25(4): 

251-259. 

 In today's era of personalized medicine, the 

use of radiation therapy for breast cancer is still 

tailored to the type of surgery and the stage of the 

cancer. The future of breast radiation oncology would 

hopefully entail selecting patients for whom there is a 

clear benefit for the use of radiation therapy. To get 

to this point we need reliable predictors of radiation 

response. Cancer stem cells have been correlated to 

radiation resistance and outcome for patients with 

breast cancer, and there is considerable interest in 

whether cancer stem cell markers or biologic 

surrogates may be predictive of response to radiation 

therapy. We review the data or in some cases lack of 

data regarding stem cell correlates as predictors of 

radiation resistance as well as the correlation of 

known predictors with stem cell biology. More 

research is certainly needed to investigate potential 

predictors of radiation response, stem cell or 

otherwise, to move us toward the goal of 

personalized radiation therapy. 

 

Wu, D. C., et al. (2023). "Heterogeneity of Phase II 

Enzyme Ligands on Controlling the Progression of 
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Human Gastric Cancer Organoids as Stem Cell 

Therapy Model." Int J Mol Sci 24(21). 

 Gastric cancer (GC) organoids are 

frequently used to examine cell proliferation and 

death as well as cancer development. 

Invasion/migration assay, xenotransplantation, and 

reactive oxygen species (ROS) production were used 

to examine the effects of antioxidant drugs, including 

perillaldehyde (PEA), cinnamaldehyde (CA), and 

sulforaphane (SFN), on GC. PEA and CA repressed 

the proliferation of human GC organoids, whereas 

SFN enhanced it. Caspase 3 activities were also 

repressed on treatment with PEA and CA. 

Furthermore, the tumor formation and invasive 

activities were repressed on treatment with PEA and 

CA, whereas they were enhanced on treatment with 

SFN. These results in three-dimensional (3D)-GC 

organoids showed the different cancer development 

of phase II enzyme ligands in 2D-GC cells. ROS 

production and the expression of TP53, nuclear factor 

erythroid 2-related factor (NRF2), and Jun 

dimerization protein 2 were also downregulated on 

treatment with PEA and CA, but not SFN. NRF2 

knockdown reversed the effects of these antioxidant 

drugs on the invasive activities of the 3D-GC 

organoids. Moreover, ROS production was also 

inhibited by treatment with PEA and CA, but not 

SFN. Thus, NRF2 plays a key role in the differential 

effects of these antioxidant drugs on cancer 

progression in 3D-GC organoids. PEA and CA can 

potentially be new antitumorigenic therapeutics for 

GC. 

 

Wu, J., et al. (2016). "Synergistic Chemo-

Photothermal Therapy of Breast Cancer by 

Mesenchymal Stem Cell-Encapsulated Yolk-Shell 

GNR@HPMO-PTX Nanospheres." ACS Appl Mater 

Interfaces 8(28): 17927-17935. 

 Mesenchymal stem cells (MSCs) have 

attracted increasing attention as vehicles for cancer 

treatment. Herein, MSC-based synergistic 

oncotherapy strategy is presented for the first time. 

To achieve this goal, yolk-shell structured gold 

nanorod embedded hollow periodic mesoporous 

organosilica nanospheres (GNR@HPMOs) with high 

paclitaxel (PTX) loading capability and excellent 

photothermal transfer ability upon near-infrared (NIR) 

light irradiation are first prepared. Cytotoxicity and 

migration assays show that the viability and tumor-

homing capability of MSCs are well-retained after 

internalization of high content of PTX loaded 

GNR@HPMOs (denoted as GNR@HPMOs-PTX). In 

vitro experiments show the GNR@HPMOs-PTX 

loaded MSCs (GNR@HPMOs-PTX@MSCs) possess 

synergistic chemo-photothermal killing effects for 

breast cancer cells. Also, photoacoustic imaging 

shows that the MSCs can improve dispersion and 

distribution in tumor tissue for GNR@HPMOs-PTX 

after intratumoral injection. In vivo experiments in 

breast cancer model of nude mice further demonstrate 

that the GNR@HPMOs-PTX@MSCs significantly 

inhibit tumor growth, suggesting their great potential 

for synergistic therapy of cancer. 

 

Xiao, Y., et al. (2019). "Androgen receptor 

(AR)/miR-520f-3p/SOX9 signaling is involved in 

altering hepatocellular carcinoma (HCC) cell 

sensitivity to the Sorafenib therapy under hypoxia via 

increasing cancer stem cells phenotype." Cancer Lett 

444: 175-187. 

 Early studies indicated that the androgen 

receptor (AR) might play key roles to impact 

hepatocellular carcinoma (HCC) progression at 

different stages. Its linkage to hypoxia, a condition 

that occurs frequently during the HCC progression, 

however, remains unclear. Here we found that 

AR/miR-520f-3p/SOX9 signaling is involved in 

altering HCC cells sensitivity to the Sorafenib 

therapy under hypoxia via increasing the cancer stem 

cells (CSC) population. Mechanism dissection 

revealed that AR might alter the miR-520f-3p/SOX9 

signaling through transcriptional regulation via 

binding to the androgen-response-elements (AREs) 

on the promoter region of miR-520f, which could 

then suppress SOX9 mRNA translation via targeting 

its 3' untranslated region (3'UTR). The in vivo mouse 

model with orthotopic xenografts of HCC cells also 

validated the in vitro data, and a human HCC sample 

survey confirmed the positive linkage of AR/miR-

520f-3p/SOX9 signaling to the CSC population 

during HCC progression. Together, these preclinical 

findings suggest that hypoxia may increase the HCC 

CSC population via altering the AR/miR-520f-

3p/SOX9 signaling, and targeting this newly 

identified signaling with the small molecule, miR-

520f-3p, may help in the development of the novel 

therapy to better suppress the HCC progression. 

 

Xie, L., et al. (2023). "Nucleus-Targeting Manganese 

Dioxide Nanoparticles Coated with the Human 

Umbilical Cord Mesenchymal Stem Cell Membrane 

for Cancer Cell Therapy." ACS Appl Mater 

Interfaces 15(8): 10541-10553. 

 Recently, development of drug delivery 

systems for accurate delivery of antitumor drugs to 

tumor sites to improve their antitumor efficacy has 

attracted great interest in the area of cancer 

immunotherapy. In this report, an intelligent 

biodegradable hollow manganese dioxide (HMnO(2)) 

nanoparticle (NP) with a human umbilical cord 
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mesenchymal stem cell (hUC-MSC) membrane 

coating was designed to exert efficient chemo-

immunotherapy for cancer treatment. A TAT peptide-

modified membrane structure was constructed for 

nuclear targeting. Our findings showed that this new 

nanoreactor inherited the active targeting capability 

of MSCs and exhibited tumoritropic accumulation 

significantly at the cancerous parts. Compared with 

other formulations, intravenous injection of the NPs 

markedly inhibited tumor growth, relapse, and 

metastasis. Moreover, we found that the NPs 

effectively boosted dendritic cell maturation and 

recruited effector T cells into tumors. Overall, this 

work demonstrates the great potential of applying 

MSC membrane-coated manganese dioxide NPs as 

nucleus-targeting nanocarriers in cancer chemo-

immunotherapy. 

 

Xu, C., et al. (2018). "A Light-Triggered 

Mesenchymal Stem Cell Delivery System for 

Photoacoustic Imaging and Chemo-Photothermal 

Therapy of Triple Negative Breast Cancer." Adv Sci 

(Weinh) 5(10): 1800382. 

 Targeted therapy is highly challenging and 

urgently needed for patients diagnosed with triple 

negative breast cancer (TNBC). Here, a synergistic 

treatment platform with plasmonic-magnetic hybrid 

nanoparticle (lipids, doxorubicin (DOX), gold 

nanorods, iron oxide nanocluster (LDGI))-loaded 

mesenchymal stem cells (MSCs) for photoacoustic 

imaging, targeted photothermal therapy, and 

chemotherapy for TNBC is developed. LDGI can be 

efficiently taken up into the stem cells with good 

biocompatibility to maintain the cellular functions. In 

addition, CXCR4 on the MSCs is upregulated by iron 

oxide nanoparticles in the LDGI. Importantly, the 

drug release and photothermal therapy can be 

simultaneously achieved upon light irradiation. The 

released drug can enter the cell nucleus and promote 

cell apoptosis. Interestingly, light irradiation can 

control the secretion of cellular microvehicles 

carrying LDGI for targeted treatment. A remarkable 

in vitro anticancer effect is observed in MDA-MB-

231 with near-infrared laser irradiation. In vivo 

studies show that the MSCs-LDGI has the enhanced 

migration and penetration abilities in the tumor area 

via both intratumoral and intravenous injection 

approaches compared with LDGI. Subsequently, 

MSCs-LDGI shows the best antitumor efficacy via 

chemo-photothermal therapy compared to other 

treatment groups in the TNBC model of nude mice. 

Thus, MSCs-LDGI multifunctional system represents 

greatly synergistic potential for cancer treatment. 

 

Xu, L. (2013). "Cancer stem cell in the progression 

and therapy of pancreatic cancer." Front Biosci 

(Landmark Ed) 18(3): 795-802. 

 Pancreatic cancer (PC) is an aggressive 

malignancy with a high incidence of distant 

metastasis and mortality. Emerging evidence has 

demonstrated that pancreatic cancer stem cells 

(CSCs), which have the potential to self-renew and 

are pluripotent, are crucially important in the 

progression and therapy of PC. The origin of 

pancreatic CSCs was suggested to be pancreatic 

acinar cells, centroacinar cells, or acinar-ductal 

metaplasia. And several CSC-specific markers for 

pancreatic cancer have been reported, including 

CD133, CD24, CD44 and CXCR4. Several studies 

reported the molecular mechanisms regulating human 

pancreatic CSCs characteristics. In the progression of 

PC, CSCs are linked with the aggressiveness of PC 

with association of epithelial to mesenchymal 

transition (EMT). In the therapy of PC, especially 

chemotherapy, CSCs offer new insight into PC 

therapy, especially the mechanism of drug resistance. 

Therefore, strategies for modulating and treating 

CSCs can lead to novel targeted therapies for 

pancreatic cancer. 

 

Xu, S., et al. (2022). "Engineered mesenchymal stem 

cell-derived exosomes with high CXCR4 levels for 

targeted siRNA gene therapy against cancer." 

Nanoscale 14(11): 4098-4113. 

 Gene therapy has been used in a variety of 

diseases and shows brilliant anticancer or cancer 

suppression effects. Gene therapy is gradually 

evolving as the most compelling frontier hotspot in 

the field of cancer therapy. The current vehicles used 

in gene therapy have poor safety and low delivery 

efficiency, and thus, it is urgent to develop novel 

delivery vehicles for gene therapy. Due to the 

excellent stability and biosafety of exosomes, their 

use as drug carriers for novel nucleic acid therapy is 

in full swing, revealing huge prospects for clinical 

application. Mesenchymal stem cells (MSCs) have a 

natural homing property and can spontaneously 

accumulate at injury sites, inflammation sites, and 

even tumour sites. This feature is attributed to a 

variety of tropism factors expressed on their surface; 

for example, CXC chemokine receptor type 4 

(CXCR4) can specifically bind to the highly 

expressed stromal cell derived factor-1 (SDF-1) on 

the tumour surface, which is essential for 

accumulation of MSCs at the tumour site. The 

mesenchymal stem cells used in this study were 

genetically engineered to obtain exosomes with high 

CXCR4 expression as carriers for targeted gene-drug 

delivery, and then, the Survivin gene was loaded via 
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electrotransformation to construct a brand-new gene-

drug delivery system (CXCR4(high) Exo/si-Survivin). 

Finally, related in vivo and in vitro experiments were 

conducted. We observed that the new delivery system 

can efficiently aggregate at the tumour site and 

release siRNA into tumour cells, knocking down the 

Survivin gene in tumour cells in vivo and thereby 

inhibiting tumour growth. This new gene-drug 

delivery system has tremendous clinical 

transformation value and provides a new strategy for 

clinical treatment of tumours. 

 

Yang, G., et al. (2011). "Concerns about targeting 

cancer stem cell for cancer therapy." Med 

Hypotheses 76(3): 457. 

  

Yang, J., et al. (2012). "Tumor tropism of 

intravenously injected human-induced pluripotent 

stem cell-derived neural stem cells and their gene 

therapy application in a metastatic breast cancer 

model." Stem Cells 30(5): 1021-1029. 

 Human pluripotent stem cells can serve as 

an accessible and reliable source for the generation of 

functional human cells for medical therapies. In this 

study, we used a conventional lentiviral transduction 

method to derive human-induced pluripotent stem 

(iPS) cells from primary human fibroblasts and then 

generated neural stem cells (NSCs) from the iPS cells. 

Using a dual-color whole-body imaging technology, 

we demonstrated that after tail vein injection, these 

human NSCs displayed a robust migratory capacity 

outside the central nervous system in both 

immunodeficient and immunocompetent mice and 

homed in on established orthotopic 4T1 mouse 

mammary tumors. To investigate whether the iPS 

cell-derived NSCs can be used as a cellular delivery 

vehicle for cancer gene therapy, the cells were 

transduced with a baculoviral vector containing the 

herpes simplex virus thymidine kinase suicide gene 

and injected through tail vein into 4T1 tumor-bearing 

mice. The transduced NSCs were effective in 

inhibiting the growth of the orthotopic 4T1 breast 

tumor and the metastatic spread of the cancer cells in 

the presence of ganciclovir, leading to prolonged 

survival of the tumor-bearing mice. The use of iPS 

cell-derived NSCs for cancer gene therapy bypasses 

the sensitive ethical issue surrounding the use of cells 

derived from human fetal tissues or human 

embryonic stem cells. This approach may also help to 

overcome problems associated with allogeneic 

transplantation of other types of human NSCs. 

 

Yang, J. and Y. Teng (2023). "Harnessing cancer 

stem cell-derived exosomes to improve cancer 

therapy." J Exp Clin Cancer Res 42(1): 131. 

 Cancer stem cells (CSCs) are the key 

"seeds" for tumor initiation and development, 

metastasis, and recurrence. Because of the function of 

CSCs in tumor development and progression, 

research in this field has intensified and CSCs are 

viewed as a new therapeutic target. Exosomes 

carrying a wide range of DNA, RNA, lipids, 

metabolites, and cytosolic and cell-surface proteins 

are released outside of the originating cells through 

the fusion of multivesicular endosomes or 

multivesicular bodies with the plasma membrane. It 

has become evident that CSC-derived exosomes play 

a significant role in almost all "hallmarks" of cancer. 

For example, exosomes from CSCs can maintain a 

steady state of self-renewal in the tumor 

microenvironment and regulate microenvironmental 

cells or distant cells to help cancer cells escape 

immune surveillance and induce immune tolerance. 

However, the function and therapeutic value of CSC-

derived exosomes and the underlying molecular 

mechanisms are still largely undefined. To provide an 

overview of the possible role of CSC-derived 

exosomes and targeting strategies, we summarize 

relevant research progress, highlight the potential 

impact of detecting or targeting CSC-derived 

exosomes on cancer treatment, and discuss 

opportunities and challenges based on our experience 

and insights in this research area. A more thorough 

understanding of the characteristics and function of 

CSC-derived exosomes may open new avenues to the 

development of new clinical diagnostic/prognostic 

tools and therapies to prevent tumor resistance and 

relapse. 

 

Yang, L., et al. (2020). "Targeting cancer stem cell 

pathways for cancer therapy." Signal Transduct 

Target Ther 5(1): 8. 

 Since cancer stem cells (CSCs) were first 

identified in leukemia in 1994, they have been 

considered promising therapeutic targets for cancer 

therapy. These cells have self-renewal capacity and 

differentiation potential and contribute to multiple 

tumor malignancies, such as recurrence, metastasis, 

heterogeneity, multidrug resistance, and radiation 

resistance. The biological activities of CSCs are 

regulated by several pluripotent transcription factors, 

such as OCT4, Sox2, Nanog, KLF4, and MYC. In 

addition, many intracellular signaling pathways, such 

as Wnt, NF-kappaB (nuclear factor-kappaB), Notch, 

Hedgehog, JAK-STAT (Janus kinase/signal 

transducers and activators of transcription), 

PI3K/AKT/mTOR (phosphoinositide 3-

kinase/AKT/mammalian target of rapamycin), TGF 

(transforming growth factor)/SMAD, and PPAR 

(peroxisome proliferator-activated receptor), as well 
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as extracellular factors, such as vascular niches, 

hypoxia, tumor-associated macrophages, cancer-

associated fibroblasts, cancer-associated 

mesenchymal stem cells, extracellular matrix, and 

exosomes, have been shown to be very important 

regulators of CSCs. Molecules, vaccines, antibodies, 

and CAR-T (chimeric antigen receptor T cell) cells 

have been developed to specifically target CSCs, and 

some of these factors are already undergoing clinical 

trials. This review summarizes the characterization 

and identification of CSCs, depicts major factors and 

pathways that regulate CSC development, and 

discusses potential targeted therapy for CSCs. 

 

Yang, R., et al. (2020). "(89)Zr-Labeled 

Multifunctional Liposomes Conjugate Chitosan for 

PET-Trackable Triple-Negative Breast Cancer Stem 

Cell Targeted Therapy." Int J Nanomedicine 15: 

9061-9074. 

 PURPOSE: Therapy for triple-negative 

breast cancer (TNBC) is a global problem due to lack 

of specific targets for treatment selection. Cancer 

stem cells (CSCs) are responsible for tumor 

formation and recurrence but also offer a promising 

target for TNBC-targeted therapy. Here, zirconium-

89 ((89)Zr)-labelled multifunctional liposomes 

(MLPs) surface-decorated with chitosan (CS) were 

fabricated to specifically target and trace cluster of 

differentiation 44(+) (CD44(+)) TNBC CSCs 

specifically. PATIENTS AND METHODS: The 

biological basis of CS targeting CD44 for cancer 

therapy was investigated by detecting the expression 

of CD44 in TNBC CSCs and TNBC tissues. 

Molecular docking and dynamics simulations were 

performed to investigate the molecular basis of CS 

targeting CD44 for cancer therapy. Gambogic acid 

(GA)-loaded, (89)Zr@CS-MLPs ((89)Zr-CS-GA-

MLPs) were prepared, and their uptake and 

biodistribution were observed. The anti-tumor 

efficacy of (89)Zr@CS-GA-MLPs was investigated 

in vivo. RESULTS: CD44 is overexpressed in TNBC 

CSCs and tissues. Molecular docking and dynamics 

simulations showed that CS could be stably docked 

into the active site of CD44 in a reasonable 

conformation. Furthermore, (89)Zr@CS-GA-MLPs 

were able to bind specifically to CD44(+) TNBC 

stem-like cells and accumulated in tumors of 

xenograft-bearing mice with excellent radiochemical 

stability. (89)Zr@CS-GA-MLPs loaded with GA 

showed remarkable anti-tumor efficacy in vivo. 

CONCLUSION: The GA-loaded, (89)Zr-labelled, 

CS-decorated MLPs developed in this study represent 

a novel strategy for TNBC imaging and therapy. 

 

Yen, C. H., et al. (2018). "Gynura divaricata 

attenuates tumor growth and tumor relapse after 

cisplatin therapy in HCC xenograft model through 

suppression of cancer stem cell growth and Wnt/beta-

catenin signalling." J Ethnopharmacol 213: 366-375. 

 ETHNOPHARMACOLOGICAL 

RELEVANCE: Gynura divaricata subsp. formosana 

is a widely used traditional herbal medicine for 

treating liver disorders such as hepatitis and liver 

cancer in Taiwan. AIM OF THE STUDY: This study 

was aimed to evaluate the anti-cancer and cancer 

stabilization effect of water extract of the aerial part 

of G. divaricata (GD extract) both in vitro and in vivo. 

MATERIALS AND METHODS: Cytotoxicity and 

anti-proliferative effects of GD extract alone and in 

combination with cisplatin were determined by 

alamarBlue and clonogenic assay. Cancer stem cell 

(CSC) inhibition and the expression of CSC markers 

were revealed by sphere formation assay and real-

time PCR (qPCR). The in vivo anti-cancer effect of 

GD extract was evaluated in Huh7 xenograft mice 

model and Ki-67 expression were also measured. The 

activity of Wnt signalling and the expression level of 

Wnt target genes and beta-catenin were determined 

by luciferase reporter assay, qPCR, immunoblotting 

and IHC. RESULTS: Moderate cytotoxicity of GD 

extract in liver cancer cells was observed. GD extract 

sensitized Huh7 cells to cisplatin treatment. 

Interestingly, GD extract inhibited cancer sphere 

formation and reduced the expression of CSC 

markers. Importantly, GD extract suppressed Huh7 

tumor growth, Ki-67 expression and prolonged the 

anti-liver cancer effect of cisplatin in vivo. Treatment 

of GD extract resulted in reductions of Wnt reporter 

activity and the expression of Wnt target genes. 

Moreover, suppression of beta-catenin were observed 

in both GD extract treated Huh7 spheres and 

xenograft tumors. CONCLUSION: Accordingly, our 

findings suggest that G. divaricata may target liver 

CSC by suppressing the Wnt pathway and the 

combination of G. divaricata and cisplatin could be a 

candidate regimen for treating HCC. 

 

Yi, S. Y., et al. (2008). "WITHDRAWN: Treatment 

of combining antiangiogenic therapy and cytotoxic 

chemotherapy reduce the cancer stem-like cell 

fraction in hepatocarcinoma xenografts." Biomed 

Pharmacother. 

 This article has been withdrawn consistent 

with Elsevier Policy on Article Withdrawal 

(http://www.elsevier.com/locate/withdrawalpolicy). 

The Publisher apologizes for any inconvenience this 

may cause. 
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Yin, H., et al. (2019). "Delivery of Anti-miRNA for 

Triple-Negative Breast Cancer Therapy Using RNA 

Nanoparticles Targeting Stem Cell Marker CD133." 

Mol Ther 27(7): 1252-1261. 

 Triple-negative breast cancer (TNBC) is an 

aggressive disease with a short median time from 

relapse to death. The increased aggressiveness, drug 

resistance, disease relapse, and metastasis are 

associated with the presence of stem cells within 

tumors. Several stem cell markers, such as CD24, 

CD44, CD133, ALDH1, and ABCG2, have been 

reported, but their roles in breast cancer 

tumorigenesis remain unclear. Herein, we apply RNA 

nanotechnology to deliver anti-microRNA (miRNA) 

for TNBC therapy. The thermodynamically and 

chemically stable three-way junction (3WJ) motif 

was utilized as the scaffold to carry an RNA aptamer 

binding to CD133 receptor and a locked nuclei acid 

(LNA) sequence for miRNA21 inhibition. Binding 

assays revealed the specific uptake of the 

nanoparticles to breast cancer stem cells (BCSCs) 

and TNBC cells. Functional assays showed that 

cancer cell migration was reduced, miR21 expression 

was inhibited, and downstream tumor suppressor 

PTEN and PDCD4 expressions were upregulated. In 

vitro and in vivo studies revealed that these 

therapeutic RNA nanoparticles did not induce 

cytokine secretion. Systemic injection of these RNA 

nanoparticles in animal trial demonstrated high 

specificity in TNBC tumor targeting and high 

efficacy for tumor growth inhibition. These results 

revealed the clinical translation potential of these 

RNA nanoparticles for TNBC therapy. 

 

Yin, P. T., et al. (2016). "Stem cell-based gene 

therapy activated using magnetic hyperthermia to 

enhance the treatment of cancer." Biomaterials 81: 

46-57. 

 Stem cell-based gene therapies, wherein 

stem cells are genetically engineered to express 

therapeutic molecules, have shown tremendous 

potential for cancer applications owing to their innate 

ability to home to tumors. However, traditional stem 

cell-based gene therapies are hampered by our 

current inability to control when the therapeutic 

genes are actually turned on, thereby resulting in 

detrimental side effects. Here, we report the novel 

application of magnetic core-shell nanoparticles for 

the dual purpose of delivering and activating a heat-

inducible gene vector that encodes TNF-related 

apoptosis-inducing ligand (TRAIL) in adipose-

derived mesenchymal stem cells (AD-MSCs). By 

combining the tumor tropism of the AD-MSCs with 

the spatiotemporal MCNP-based delivery and 

activation of TRAIL expression, this platform 

provides an attractive means with which to enhance 

our control over the activation of stem cell-based 

gene therapies. In particular, we found that these 

engineered AD-MSCs retained their innate ability to 

proliferate, differentiate, and, most importantly, home 

to tumors, making them ideal cellular carriers. 

Moreover, exposure of the engineered AD-MSCS to 

mild magnetic hyperthermia resulted in the selective 

expression of TRAIL from the engineered AD-MSCs 

and, as a result, induced significant ovarian cancer 

cell death in vitro and in vivo. 

 

Yu, J. (2013). "Intestinal stem cell injury and 

protection during cancer therapy." Transl Cancer Res 

2(5): 384-396. 

 Radiation and chemotherapy remain the 

most effective and widely used cancer treatments. 

These treatments cause DNA damage and selectively 

target rapidly proliferating cells such as cancer cells, 

as well as inevitably cause damage to normal tissues, 

particularly those undergoing rapid self renewal. The 

side effects associated with radiation and 

chemotherapy are most pronounced in the 

hematopoietic (HP) system and gastrointestinal (GI) 

tract. These tissues are fast renewing and have a well-

defined stem cell compartment that plays an essential 

role in homeostasis, and in treatment-induced acute 

injury that is dose limiting. Using recently defined 

intestinal stem cell markers and mouse models, a 

great deal of insight has been gained in the biology of 

intestinal stem cells (ISCs), which will undoubtedly 

help further mechanistic understanding of their injury. 

This review will cover historic discoveries and recent 

advances in the identification and characterization of 

intestinal stem cells, their responses to genotoxic 

stress, and a new crypt and intestinal stem cell culture 

system. The discussion will include key pathways 

regulating intestinal crypt and stem cell injury and 

regeneration caused by cancer treatments, and 

strategies for their protection. The focus will be on 

the acute phase of cell killing in mouse radiation 

models, where our understanding of the mechanisms 

in relation to intestinal stem cells is most advanced 

and interventions appear most effective. 

 

Yu, V. Y., et al. (2021). "Treating Glioblastoma 

Multiforme (GBM) with super hyperfractionated 

radiation therapy: Implication of temporal dose 

fractionation optimization including cancer stem cell 

dynamics." PLoS One 16(2): e0245676. 

 PURPOSE: A previously developed 

ordinary differential equation (ODE) that models the 

dynamic interaction and distinct radiosensitivity 

between cancer stem cells (CSC) and differentiated 

cancer cells (DCC) was used to explain the definitive 
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treatment failure in Glioblastoma Multiforme (GBM) 

for conventionally and hypo-fractionated treatments. 

In this study, optimization of temporal dose 

modulation based on the ODE equation is performed 

to explore the feasibility of improving GBM 

treatment outcome. METHODS: A non-convex 

optimization problem with the objective of 

minimizing the total cancer cell number while 

maintaining the normal tissue biological effective 

dose (BEDnormal) at 100 Gy, equivalent to the 

conventional 2 Gy x 30 dosing scheme was 

formulated. With specified total number of dose 

fractions and treatment duration, the optimization 

was performed using a paired simulated annealing 

algorithm with fractional doses delivered to the CSC 

and DCC compartments and time intervals between 

fractions as variables. The recurrence time, defined as 

the time point at which the total tumor cell number 

regrows to 2.8x109 cells, was used to evaluate 

optimization outcome. Optimization was performed 

for conventional treatment time frames equivalent to 

currently and historically utilized fractionation 

schemes, in which limited improvement in recurrence 

time delay was observed. The efficacy of a super 

hyperfractionated approach with a prolonged 

treatment duration of one year was therefore tested, 

with both fixed regular and optimized variable time 

intervals between dose fractions corresponding to 

total number of fractions equivalent to weekly, bi-

weekly, and monthly deliveries (n = 53, 27, 13). 

Optimization corresponding to BEDnormal of 150 

Gy was also obtained to evaluate the possibility in 

further recurrence delay with dose escalation. 

RESULTS: For the super hyperfractionated schedules 

with dose fraction number equivalent to weekly, bi-

weekly, and monthly deliveries, the recurrence time 

points were found to be 430.5, 423.9, and 413.3 days, 

respectively, significantly delayed compared with the 

recurrence time of 250.3 days from conventional 

fractionation. Results show that optimal outcome was 

achieved by first delivering infrequent fractions 

followed by dense once per day fractions in the 

middle and end of the treatment course, with sparse 

and low dose treatments in the between. The dose to 

the CSC compartment was held relatively constant 

throughout while larger dose fractions to the DCC 

compartment were observed in the beginning and 

final fractions that preceded large time intervals. 

Dose escalation to BEDnormal of 150 Gy was shown 

capable of further delaying recurrence time to 452 

days. CONCLUSION: The development and 

utilization of a temporal dose fractionation 

optimization framework in the context of CSC 

dynamics have demonstrated that substantial delay in 

GBM local tumor recurrence could be achieved with 

a super hyperfractionated treatment approach. 

Preclinical and clinical studies are needed to validate 

the efficacy of this novel treatment delivery method. 

 

Zama, D., et al. (2022). "Pediatric cancer and 

hematopoietic stem cell transplantation patients 

requiring renal replacement therapy: results of the 

retrospective nationwide AIEOP study." Leuk 

Lymphoma 63(12): 2923-2930. 

 In children affected by malignancies and/or 

who received hematopoietic stem cell transplantation 

(HSCT), acute kidney injury (AKI) may occur 

causing a high mortality rate, despite the 

implementation of renal replacement therapy (RRT). 

We performed a nationwide, multicenter, 

retrospective, observational cohort study including 

consecutive patients between January 2010 and 

December 2019. One hundred and fourteen episodes 

of AKI requiring RRT coming from nine different 

Italian centers were included. The overall mortality 

rate was 61.4%. At the 3-month follow-up, the 

mortality rate was 47.4%. The mortality rate was 

higher in transplanted patients than those receiving 

chemotherapy. In particular, HSCT (p = 0.048) and 

invasive mechanical ventilation (p = 0.040) were 

significantly associated with death at three months 

after the end of dialysis in the multivariate analysis. 

Pediatric patients affected by malignancies 

complicated by AKI requiring RRT have a high 

mortality. The main factors associated to death are 

respiratory failure and having received HSCT. 

 

Zhang, S., et al. (2014). "Ovarian cancer stem cells 

express ROR1, which can be targeted for anti-cancer-

stem-cell therapy." Proc Natl Acad Sci U S A 

111(48): 17266-17271. 

 Although initially responsive to 

chemotherapy, many patients with ovarian cancer 

subsequently develop relapsed and potentially fatal 

metastatic disease, which is thought to develop from 

cancer stem cells (CSCs) that are relatively resistant 

to conventional therapy. Here, we show that CSCs 

express a type I receptor tyrosine kinase-like orphan 

receptor (ROR1), which is expressed during 

embryogenesis and by many different cancers, but 

not normal postpartum tissues. Ovarian cancers with 

high levels of ROR1 had stem cell-like gene-

expression signatures. Furthermore, patients with 

ovarian cancers with high levels of ROR1 had higher 

rates of relapse and a shorter median survival than 

patients with ovarian cancers that expressed low-to-

negligible amounts of ROR1. We found that ROR1-

positive (ROR1(+)) cells isolated from primary 

tumor-derived xenografts (PDXs) also expressed 

aldehyde dehydrogenase 1 (ALDH1) and had a 
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greater capacity to form spheroids and to engraft 

immune-deficient mice than did ROR1-negative 

(ROR1(Neg)) ovarian cancer cells isolated from the 

same tumor population. Treatment with UC-961, an 

anti-ROR1 mAb, or shRNA silencing of ROR1 

inhibited expression of the polycomb ring-finger 

oncogene, Bmi-1, and other genes associated with the 

epithelial-mesenchymal transition. Moreover, shRNA 

silencing of ROR1, depletion of ROR1(+) cells, or 

treatment with UC-961 impaired the capacity of 

ovarian cancer cells to form spheroids or tumor 

xenografts. More importantly, treatment with anti-

ROR1 affected the capacity of the xenograft to reseed 

a virgin mouse, indicating that targeting ROR1 may 

affect CSC self-renewal. Collectively, these studies 

indicate that ovarian CSCs express ROR1, which 

contributes to their capacity to form tumors, making 

ROR1 a potential target for the therapy of patients 

with ovarian cancer. 

 

Zhang, T., et al. (2023). "Photothermal-Triggered 

Sulfur Oxide Gas Therapy Augments Type I 

Photodynamic Therapy for Potentiating Cancer Stem 

Cell Ablation and Inhibiting Radioresistant Tumor 

Recurrence." Adv Sci (Weinh) 10(29): e2304042. 

 Despite advances in cancer therapy, the 

existence of self-renewing cancer stem cells (CSC) 

can lead to tumor recurrence and radiation resistance, 

resulting in treatment failure and high mortality in 

patients. To address this issue, a near-infrared (NIR) 

laser-induced synergistic therapeutic platform has 

been developed by incorporating aggregation-

induced emission (AIE)-active phototheranostic 

agents and sulfur dioxide (SO(2) ) prodrug into a 

biocompatible hydrogel, namely TBH, to suppress 

malignant CSC growth. Outstanding hydroxyl radical 

(.OH) generation and photothermal effect of the AIE 

phototheranostic agent actualizes Type I 

photodynamic therapy (PDT) and photothermal 

therapy through 660 nm NIR laser irradiation. 

Meanwhile, a large amount of SO(2) is released from 

the SO(2) prodrug in thermo-sensitive TBH gel, 

which depletes upregulated glutathione in CSC and 

consequentially promotes .OH generation for PDT 

enhancement. Thus, the resulting TBH hydrogel can 

diminish CSC under 660 nm laser irradiation and 

finally restrain tumor recurrence after radiotherapy 

(RT). In comparison, the tumor in the mice that were 

only treated with RT relapsed rapidly. These findings 

reveal a double-boosting .OH generation protocol, 

and the synergistic combination of AIE-mediated 

PDT and gas therapy provides a novel strategy for 

inhibiting CSC growth and cancer recurrence after 

RT, which presents great potential for clinical 

treatment. 

 

Zhang, X., et al. (2013). "Experimental therapy for 

lung cancer: umbilical cord-derived mesenchymal 

stem cell-mediated interleukin-24 delivery." Curr 

Cancer Drug Targets 13(1): 92-102. 

 The use of adult stem cells as gene delivery 

vehicles is a novel and attractive strategy for cancer 

therapy. Mesenchymal stem cells (MSCs) provide a 

promising source for stem cell-based gene therapies. 

Interleukin-24 (IL24) has been suggested as an 

effective anticancer agent. However, a lack of tumor-

targeted delivery and a host immune response to viral 

vehicles has hindered its application for cancer 

therapy. In this study, we evaluated the effects of 

IL24 delivered by MSCs as a therapeutic approach 

for lung cancer. We engineered human umbilical 

cord-derived MSCs (UC-MSCs) to efficiently deliver 

secretable IL24. We observed that IL24-transduced 

UC-MSCs (IL24-MSCs) inhibited the growth of 

A549 lung cancer cells by induction of apoptosis and 

cell cycle arrest. The IL24 proteins secreted by IL24-

MSCs were involved in regulating the ERK-1/2, 

AKT and JNK signaling pathways. Additionally, 

MSCs-mediated IL24 expression led to an increase in 

the cleavage of caspases-3/8/9 and PARP, the 

Bax/Bcl-2 ratio, as well as the p21 expression in 

A549 cells. We also demonstrated that injection of 

IL24-MSCs significantly suppressed xenograft tumor 

growth. Moreover, the IL24-MSCs had anti-

angiogenic effects both in vitro and in vivo. Taken 

together, our findings indicate that IL24 delivered by 

human UC-MSCs has the potential to be used as an 

alternative strategy for lung cancer therapy. 

 

Zhao, Q., et al. (2020). "Biomimetic nanovesicles 

made from iPS cell-derived mesenchymal stem cells 

for targeted therapy of triple-negative breast cancer." 

Nanomedicine 24: 102146. 

 Nanoparticles made from membrane of 

mesenchymal stem cells (MSCs) showed active 

targeting capacities to prostate and lung cancers, but 

further studies are hindered by limited expandability 

and donor variations of tissue-derived MSCs. We 

have derived MSCs with an unlimited supply and 

uniform homing capacity to triple-negative breast 

cancer (TNBC) from human induced pluripotent stem 

cells (iPSCs). By breaking down intact iPSC-MSCs, 

we efficiently developed nanovesicles that selectively 

accumulated in primary and metastatic TNBC after 

systemic infusion in mouse models. When loaded 

with a chemotherapeutic drug doxorubicin, iPSC-

MSC nanovesicles showed superior cytotoxic effects 

on doxorubicin-resistant TNBC cells, and 

significantly decreased the incidence and burden of 

metastases in mouse models of spontaneous and 
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experimental metastatic TNBC compared with free or 

liposomal doxorubicin. These nanovesicles showed 

no detectable immunogenicity or toxicity, and are 

stable after storage. Our data indicate that iPSC-MSC 

nanovesicles are promising to improve TNBC 

treatment as a standardized targeting platform. 

 

Zhao, Y., et al. (2016). "CD133 expression may be 

useful as a prognostic indicator in colorectal cancer, a 

tool for optimizing therapy and supportive evidence 

for the cancer stem cell hypothesis: a meta-analysis." 

Oncotarget 7(9): 10023-10036. 

 We performed a meta-analysis of CD133-

related clinical data to investigate the role of cancer 

stem cells (CSCs) in the clinical outcomes of 

colorectal cancer (CRC) patients, analyzing the 

effectiveness of various therapeutic strategies and 

examining the validity of the CSC hypothesis. For 28 

studies (4546 patients), the relative risk (RR) to 

survival outcomes associated with CD133+ CRCs 

were calculated using STATA 12.0 software. Pooled 

results showed that CD133High patients had poor 5-

year overall survival (RR 0.713, 95% CI 0.616-0.826) 

and 5-year disease free survival (RR 0.707, 95% CI 

0.602-0.831). Both associations were consistently 

observed across different races, research techniques 

and therapeutic strategies. In a subgroup receiving 

adjuvant therapy, CD133Low patients achieved 

significantly better survival than CD133High patients. 

The findings suggest that CD133 could serve as a 

predictive marker of poor prognosis and treatment 

failure in CRC. CD133Low patients could benefit 

from adjuvant treatments, while CD133High patients 

should be given novel treatments besides adjuvant 

therapy. Our results also provide evidence in support 

of the CSC hypothesis. 

 

Zhu, D., et al. (2014). "Induced pluripotent stem cell-

derived neural stem cells transduced with baculovirus 

encoding CD40 ligand for immunogene therapy in 

mouse models of breast cancer." Hum Gene Ther 

25(8): 747-758. 

 The interaction between CD40 ligand 

(CD40L) and CD40 can directly inhibit growth of 

CD40-positive carcinoma cells and may indirectly 

inhibit tumor growth through coordination of 

immune responses. Many efforts in CD40L cancer 

gene therapy have been focused on direct CD40L 

gene transfer into malignant target cells. This in vivo 

gene therapy approach relies on high-efficiency gene 

transfer and could be technically challenging for the 

treatment of certain cancers, especially multisite 

metastases. We report herein an alternative means of 

using the tumor-homing property of neural stem cells 

(NSCs) to deliver CD40L molecules into tumor 

tissues. NSCs were derived from human induced 

pluripotent stem cells, transduced in vitro with a 

baculoviral vector encoding CD40L, and 

intravenously injected into immunocompetent mice 

with orthotopic and metastatic breast cancers. 

Through a bystander mechanism of intercellular 

transfer of CD40L from the donor NSCs to tumor 

target cells, the treatment impeded tumor growth, 

leading to prolonged survival of the tumor-bearing 

mice. We further showed that compared with the 

stem cell-based gene therapy that employed a suicide 

gene, the CD40L immunogene therapy did not cause 

liver and kidney injury in the treated mice. This new 

approach may be particularly valuable for metastatic 

cancer treatments after systemic stem cell 

administration. 

 

Zhu, Y., et al. (2014). "Mesenchymal stem cell-based 

NK4 gene therapy in nude mice bearing gastric 

cancer xenografts." Drug Des Devel Ther 8: 2449-

2462. 

 Mesenchymal stem cells (MSCs) have been 

recognized as promising delivery vehicles for gene 

therapy of tumors. Gastric cancer is the third leading 

cause of worldwide cancer mortality, and novel 

treatment modalities are urgently needed. NK4 is an 

antagonist of hepatocyte growth factor receptors (Met) 

which are often aberrantly activated in gastric cancer 

and thus represent a useful candidate for targeted 

therapies. This study investigated MSC-delivered 

NK4 gene therapy in nude mice bearing gastric 

cancer xenografts. MSCs were transduced with 

lentiviral vectors carrying NK4 complementary DNA 

or enhanced green fluorescent protein (GFP). Such 

transduction did not change the phenotype of MSCs. 

Gastric cancer xenografts were established in 

BALB/C nude mice, and the mice were treated with 

phosphate-buffered saline (PBS), MSCs-GFP, Lenti-

NK4, or MSCs-NK4. The tropism of MSCs toward 

gastric cancer cells was determined by an in vitro 

migration assay using MKN45 cells, GES-1 cells and 

human fibroblasts and their presence in tumor 

xenografts. Tumor growth, tumor cell apoptosis and 

intratumoral microvessel density of tumor tissue were 

measured in nude mice bearing gastric cancer 

xenografts treated with PBS, MSCs-GFP, Lenti-NK4, 

or MSCs-NK4 via tail vein injection. The results 

showed that MSCs migrated preferably to gastric 

cancer cells in vitro.  

 

Zhu, Y., et al. (2019). "Development of 

Hematopoietic Stem Cell-Engineered Invariant 

Natural Killer T Cell Therapy for Cancer." Cell Stem 

Cell 25(4): 542-557 e549. 

http://www.sciencepub.net/stem


Stem Cell 2024;15(3)                                 http://www.sciencepub.net/stem        SCJ   

 
 

102 

 

 Invariant natural killer T (iNKT) cells are 

potent immune cells for targeting cancer; however, 

their clinical application has been hindered by their 

low numbers in cancer patients. Here, we developed 

a proof-of-concept for hematopoietic stem cell-

engineered iNKT (HSC-iNKT) cell therapy with the 

potential to provide therapeutic levels of iNKT cells 

for a patient's lifetime. Using a human HSC engrafted 

mouse model and a human iNKT TCR gene 

engineering approach, we demonstrated the efficient 

and long-term generation of HSC-iNKT cells in vivo. 

These HSC-iNKT cells closely resembled 

endogenous human iNKT cells, could deploy 

multiple mechanisms to attack tumor cells, and 

effectively suppressed tumor growth in vivo in 

multiple human tumor xenograft mouse models. 

Preclinical safety studies showed no toxicity or 

tumorigenicity of the HSC-iNKT cell therapy. 

Collectively, these results demonstrated the 

feasibility, safety, and cancer therapy potential of the 

proposed HSC-iNKT cell therapy and laid a 

foundation for future clinical development. 

 

Zieker, D., et al. (2013). "Induction of tumor stem 

cell differentiation--novel strategy to overcome 

therapy resistance in gastric cancer." Langenbecks 

Arch Surg 398(4): 603-608. 

 PURPOSE: Metastases are a frequent 

finding in gastric cancer and are associated with poor 

prognosis. A recently discovered link between 

metabolic changes, differentiation, and therapy 

resistance due to tumor stem cells could depict a 

novel approach in cancer research and therapy. 

Phosphoglycerate kinase 1 (PGK1) is a metabolic 

enzyme and is known to be involved in enabling 

gastric cancer cells to be invasive and to disseminate. 

In this study, we investigated if PGK1 is a promising 

candidate in inducing stem cell differentiation in 

gastric cancer. MATERIALS AND METHODS: 

MKN45 gastric cancer cells were used due to their 

known cancer stem cell population, which is defined 

by the surface marker CD44. MKN45 cells were 

separated between CD44+ and CD44- cells and, in 

equal parts, incubated with shRNA anti-PGK1 using 

fluorescence-activated cell sorting (FACS) analysis; 

they were then injected into nude mice to evaluate 

their tumor growth behavior in vivo. Further, the 

invasive potential of gastric cancer cells was 

evaluated in vitro using the xCelligence analyzing 

system. RESULTS: CD44+ gastric cancer cells 

treated with and without shRNA anti-PGK1 were 

capable to cause tumor growth in vivo, whereas 

tumor growth in CD44+ cells treated with shRNA 

anti-PGK1 was considerably smaller in comparison 

with that in CD44+ cells without treatment. CD44- 

cells did not show any noticeable tumor growth in 

vivo. By targeting PGK1, the invasive potential of 

gastric cancer cells was impressively reduced in vitro. 

In all our cells, which were targeted with shRNA 

anti-PGK1, we did not find any change that is in 

accordance with the phenotype of the cells using 

FACS analysis. CONCLUSIONS: Our findings 

suggest that targeting the key metabolic enzyme 

PGK1 in gastric cancer cells may open a new chapter 

in cancer treatment, which is well worth for further 

exploration in combination with recent chemotherapy, 

and might be a promising possibility to overcome 

therapy resistance in gastric cancer. 

 

Zimmerlin, L., et al. (2013). "Mesenchymal stem cell 

secretome and regenerative therapy after cancer." 

Biochimie 95(12): 2235-2245. 

 Cancer treatment generally relies on tumor 

ablative techniques that can lead to major functional 

or disfiguring defects. These post-therapy 

impairments require the development of safe 

regenerative therapy strategies during cancer 

remission. Many current tissue repair approaches 

exploit paracrine (immunomodulatory, pro-

angiogenic, anti-apoptotic and pro-survival effects) 

or restoring (functional or structural tissue repair) 

properties of mesenchymal stem/stromal cells (MSC). 

Yet, a major concern in the application of 

regenerative therapies during cancer remission 

remains the possible triggering of cancer recurrence. 

Tumor relapse implies the persistence of rare subsets 

of tumor-initiating cancer cells which can escape 

anti-cancer therapies and lie dormant in specific 

niches awaiting reactivation via unknown stimuli. 

Many of the components required for successful 

regenerative therapy (revascularization, 

immunosuppression, cellular homing, tissue growth 

promotion) are also critical for tumor progression and 

metastasis. While bi-directional crosstalk between 

tumorigenic cells (especially aggressive cancer cell 

lines) and MSC (including tumor stroma-resident 

populations) has been demonstrated in a variety of 

cancers, the effects of local or systemic MSC 

delivery for regenerative purposes on persisting 

cancer cells during remission remain controversial. 

Both pro- and anti-tumorigenic effects of MSC have 

been reported in the literature. Our own data using 

breast cancer clinical isolates have suggested that 

dormant-like tumor-initiating cells do not respond to 

MSC signals, unlike actively dividing cancer cells 

which benefited from the presence of supportive 

MSC. The secretome of MSC isolated from various 

tissues may partially diverge, but it includes a core of 

cytokines (i.e. CCL2, CCL5, IL-6, TGFbeta, VEGF), 

which have been implicated in tumor growth and/or 
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metastasis. This article reviews published models for 

studying interactions between MSC and cancer cells 

with a focus on the impact of MSC secretome on 

cancer cell activity, and discusses the implications for 

regenerative therapy after cancer. 

 

Zuo, Z. Q., et al. (2016). "Promoting tumor 

penetration of nanoparticles for cancer stem cell 

therapy by TGF-beta signaling pathway inhibition." 

Biomaterials 82: 48-59. 

 Cancer stem cells (CSCs), which hold a high 

capacity for self-renewal, play a central role in the 

development, metastasis, and recurrence of various 

malignancies. CSCs must be eradicated to cure 

instances of cancer; however, because they can reside 

far from tumor vessels, they are not easily targeted by 

drug agents carried by nanoparticle-based drug 

delivery systems. We herein demonstrate that 

promoting tumor penetration of nanoparticles by 

transforming growth factor beta (TGF-beta) signaling 

pathway inhibition facilitates CSC therapy. In our 

study, we observed that although nanoparticles 

carrying siRNA targeting the oncogene polo-like 

kinase 1 (Plk1) efficiently killed breast CSCs derived 

from MDA-MB-231 cells in vitro, this intervention 

enriched CSCs in the residual tumor tissue following 

systemic treatment. However, inhibition of the TGF-

beta signaling pathway with LY364947, an inhibitor 

of TGF-beta type I receptor, promoted the 

penetration of nanoparticles in tumor tissue, 

significantly ameliorating the intratumoral 

distribution of nanoparticles in MDA-MB-231 

xenografts and further leading to enhanced 

internalization of nanoparticles by CSCs. As a result, 

synergistic treatment with a nanoparticle drug 

delivery system and LY364947 inhibited tumor 

growth and reduced the proportion of CSCs in vivo. 

This study suggests that enhanced tumor penetration 

of drug-carrying nanoparticles can enhance CSCs 

clearance in vivo and consequently provide superior 

anti-tumor effects. 

 

The above contents are the collected 

information from Internet and public resources to 

offer to the people for the convenient reading and 

information disseminating and sharing. 
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