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Abstract: The release of cytochrome c into the cytoplasm via the mitochondrial membrane represents a significant 

step in programmed cell death. Bcl-2 family proteins play a crucial role as they regulate mitochondrial membrane 

permeability to cytochrome c. Bfl-1 belongs to the antiapoptotic subfamily of Bcl-2 protein which forms inhibitory 

heterodimeric complex with Bid thereby preventing the role of Bid in the disruption of Bax/Bcl-XL and Bak/Bcl-XL 

heterodimeric assembly critical for Bax and Bak dimerization in membrane permeability to cytochrome c. This Bfl-

1 intracellular attitude connotes one major mechanism of cellular immortality in cancer cells. Other role played by 

Bfl-1 includes regulation of immunity, neutrophil development, maturation of B-cells and in post allergic mast cell. 

Cancer cells overexpress Bfl-1. Here, we hypothesize that cancer cells also overexpress Bid due to accumulated 

mutation but not to a threshold commensurate with the overexpressed Bfl-1. Therefore, using inhibitors of Bfl-1 and 

mimetic of Bid/BH3-only domain may represent one way to subvert apoptotic resistance in cancer. Sadly, Bfl-1 

selective inhibitors remained undrugged. However, synergistic inhibition of Bfl-1 and other co-dependent proteins 

may also represent a major breakthrough in overcoming apoptotic resistance. 
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Introduction 
Apoptosis, usually induced by the p53 tumor 

suppressor protein, is an integral process in cell 

proliferation and turnover. As cells are being 

constantly exposed to toxic environmental conditions, 

which leads to their dysfunction and consequent death, 

new cells are being formed to compensate for the lost 

ones. Cells express certain proteins that regulate the 

rate of their proliferation and ensure that a balance is 

strucked between the rate of cell death (apoptosis) and 

cell survival. Among the mostly expressed proteins are 

the anti-apoptotic Bcl-2 family of proteins such as 

Bcl-2, Bcl-XL, Mcl-1, Bfl-1/A1(commonly referred to 

as Bfl-1) that play a very pivotal regulatory roles in 

mitochondrial apoptotic pathway (Leverson, 2016). 

This family of proteins is over-expressed in cancer 

cells and has been reported to confer immortality on 

those cells by inhibiting the permeabilization of the 

mitochondrial outer membrane in the intrinsic 

apoptotic pathway rather than by increasing cancer 

cell proliferation (Letai, 2008).  

During stress or disease state, pro-death (pro-

apoptotic) proteins Bax and Bak play an obligatory 

critical role in cell death by oligomerizing into pores 

in the mitochondrial outer membrane thereby 

triggering the rapid release of mitochondrial 

cytochrome c, activating caspase 3/7 and inducing 

apoptosis (Guerra et al., 2017). The pro-apoptotic 

proteins have a critical α-helical Bcl-2 homology3 

(BH3) domains which is crucial to their roles as pro-

death proteins. These proteins only oligomerize when 

activated by Bid and Bim, members of the activator 

BH3-only subclass of Bcl-2 family proteins. Bfl-1 and 

its paralogs Bcl-2, Bcl-xL, Bcl-w, and Mcl-1 are 

structurally homologous and promote the survival of 

cancer cells by binding and sequestering activator 

proteins Bim and Bid, thereby preventing the 

activation of Bax and Bak. Yecies and co-workers 

showed in their work that Bcl-2 ensures continuous 

survival of cancer cells by sequestrating BIM rather 

than Bax in resistant cells. They argued that despite 

the cell sensitivity to Bcl-2 antagonist ABT-737, there 

was no detection of Bax sequestration by Bcl-2 

(Yecies, 2010). However, Bcl-2 family proteins can 

also bind and sequester the monomeric forms of pro-

death counterparts Bax, Bak and Noxa proteins (Willis 

et al., 2005, Frappier et al., 2019). These pro-survival 

proteins have large hydrophobic surface grooves 

where they accommodate, bind with high affinity and 

trap the α-helix corresponding to the Bcl-2 homology 

3 (BH3) motifs found in pro-apoptotic proteins (Willis 

et al., 2007, Rezaei Araghi et al., 2018). 
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Of the Bcl-2 family proteins, Bfl-1 is proving to 

be the most important because of its roles in the 

pathogenesis and chemoresistance of melanomas, 

lymphomas and other malignancies. It has been shown 

to be over-expressed in those forms of cancer and 

provide resistance against small-molecules that inhibit 

other anti-apoptotic proteins (Hiraki et al., 2018). 

There was a dramatic up-regulation in the level of Bfl-

1 protein and mRNA transcript cells that showed 

acquired resistance against ABT-737, a small-

molecule antagonist of Bcl-2 (Yecies, 2010). 

Similarly, elevated level of bfl-1 mRNA has been 

reported in Epstein Barr virus (EBV)-immortalized B-

cell lines and Burkitt’s lymphoma cell lines expressing 

the full spectrum of EBV latent proteins (D’Souza et 

al., 2000). D’Souza and co. demonstrated that the 

tetracycline-induced expression of EBV latent 

membrane protein 1 (LMP1) raised the level of bfl-1 

mRNA in the cell, effectively pointing to a link 

between the oncoprotein LMP1 and its ability to 

transform cellular growth. In a another study, the 

regulatory genes that were responsible for the survival 

of the leukemic cells and for the development of a 

chemotherapy resistant phenotype in B-cell chronic 

lymphocytic leukemia (B-CLL) and their data 

suggested Bfl-1 as important player in apoptosis 

suppression and therefore a future potential 

therapeutic target (Morales et al., 2005). 

Although literature is replete with the use of 

stapled peptide inhibitors as a covalent target against 

Bcl-2 family proteins, there has been little or no 

success in efforts to synthesize therapeutic inhibitors 

against Bfl-1 proteins. Recently, small molecules, 

peptides and mini-proteins are being touted as a 

promising leads in the development of drug candidates 

(Rezaei Araghi et al., 2018) because, unlike other Bcl-

2 proteins, the BH3-binding groove of BFL-1 has a 

cysteine residues that can be selectively and covalently 

targeted by these BH3-based stapled peptide inhibitors 

(Harvey et al., 2018). In this review, we considered the 

intracellular involvement of the Bcl-2 families in 

apoptosis. We then point out some of the inhibitors of 

this protein and the mechanism of inhibition after 

hypothesizing that imbalance between the expression 

of Bfl-1 and Bid is critical to cellular immortality in 

cancer. We finally delved into some other 

physiological roles played by Bfl-1.  

 

BFl-1 is a Member of the Anti-apoptotic Bcl-2 

Family 

The Bfl-1/A1 protein was cloned initially from 

the bone marrow as a granulocyte macrophage colony 

stimulating factor-inducible Bcl-2-related gene (Lin et 

al., 1993). Although the human paralogue has been 

reportedly cloned, but its production seems to be 

limited to bone marrow, lymphoid organs, leukocytes 

and lungs (Choi et al., 1995; Karsan et al., 1996; 

Kenny et al., 1997; Zong et al., 1999). Bfl-1 protein is 

a member of the six characterized antiapoptotic Bcl-2 

family including Bcl-2, Bcl-XL, Mcl-1, Bcl-W, Bfl-1, 

and Bcl-B (Wang et al., 2000, Reed., 1998). Bfl-1 is a 

direct transcriptional target of nuclear factor-kappa B 

(NF-kB) (Wang et al., 1999; Zong et al., 1999), 

Researchers (Cheng et al., 2000, Kitada et al., 2003) 

have shown that the anti-apoptotic Bcl-2 family 

proteins including Bfl-1 are over expressed in many 

cancers. This over expression is responsible for tumor 

progression and resistance to chemotherapeutic drugs 

(Morales et al., 2005). Drugs or compounds that can 

inhibit Bfl-1 can therefore compromise tumorigenesis. 

The Bcl-2 family is the delicate controller of 

apoptosis by critically mediating the release of 

mitochondrial cytochrome c (Desagher and Martinou, 

2000). Importantly, The Bcl-2 family has both pro- 

and anti- apoptotic function and this is usually dictated 

by the conserved α-helical domain (s) peculiar to each 

protein subfamily. This domain is called the Bcl-2-

Homology (BH) domain. There are four domains 

(BH1, BH2, BH3 and BH4) concertedly conserved in 

the anti-apoptotic Bcl-2 family. However, there are 

two classes of the pro-apoptotic protein: the 

multidomain pro-apoptotic protein contains three 

conserved domains (BH1, BH2 and BH3) and the 

second; BH3-only which contain only the BH3 

conserved α-helical domain (Table 1). It has been long 

known that the pro-apoptotic protein lacks the BH4 

domain. Nevertheless, it appears that almost all the 

Bcl-2 family members contain a transmembrane (TM) 

domain (Gross et al., 1999; Scorrano and Korsmeyer, 

2003).  

 

S/N Protein Family Sub-family Members Conserved Domains 

1. Anti-apoptotic - Bcl-xL, Bcl-W, Mcl-1, A1/Bfl-1, Boo/Diva, Nr-13 BH1, BH2, BH3, BH4, TM 

2. Pro-apoptotic Multidomain Bax, Bak, Bok/Mtd BH1, BH2, BH3, TM 

3. Pro-apoptotic BH3-Only Bid, Bad, Bik/Nbk, Blk, Hrk, Bim/Bod, Bnip3, Nix, Noxa BH3 

Table 1 is showing the classification of the Bcl-2 family proteins. The anti-apoptotic Bcl-2 protein family contains four 

conserved BH domains (BH1, BH2, BH3 and BH4) and a transmembrane (TM) domain. The multidomain subfamily of 

the pro-apoptotic Bcl-2 family contain three consensus BH domains (BH1, BH2 and BH3) and a transmembrane (TM) 

domain while the ‘BH3-only’ subfamily domain of the proapoptotic Bcl-2 family contains only a conserved BH3 domain. 

However, some members of the BH3-only subfamily contain a transmembrane (TM) domain (Gross et al., 1999; Scorrano 

and Korsmeyer, 2003). The BH3 domain is uniquely conserved in all the Bcl-2 protein family members.  

http://www.cancerbio.net/
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The release of cytochrome c from the 

mitochondria is the hallmark of apoptotic potentiation. 

Multiple studies have demonstrated the critical 

involvement of Bax and Bak (a multidomain 

subfamily of the Bcl-2) proapoptotic protein in the 

release of cytochrome c. The efficient participation of 

Bid and Bad in the permeabilization of the 

mitochondrial inner membrane has been elucidated 

(Chang et al., 1999; Kelekar et al., 1997; O’Connor et 

al., 1998; Puthalakath et al., 2001; Vanderheiden et al., 

1999). It is now known that the exit of cytochrome c 

from the mitochondria into the cytoplasm activates the 

caspase-9 cascade by forming an oligomeric complex 

with the apoptome initially formed by Apaf-1 

(Apoptotic protease-activating factor 1) and caspase-9. 

Activated caspase-9 activates its downstream 

effectors; caspase-3 and caspase-7 culminating into 

the apoptotic pathway. Studies on cells lacking 

cytochrome c, Apaf-1 and caspase-9 showed 

compromise in apoptosis thereby reinforcing their 

involvement in apoptotic pathway (Kuida et al., 1998; 

Li et al., 2000; Yoshida et al., 2000; Zong et al., 

2001). 

Furthermore, an unactivated Bax and Bak is 

usually in an inhibitory assembly with the anti-

apoptotic Bcl-2 proteins which therefore prevent their 

overall activity in mitochondrial membrane 

permeability to cytochrome c. Molecular dynamic 

simulations revealed that Bfl-1 contains stable helical 

segment in its N-terminal region which have high 

affinity for Bid BH3 peptides (Modi et al., 2013). This 

coupled with an immunoprecipitaion procedure that 

utilized anti-Bid serum and also showed efficient 

complex formation between Bfl-1 and Bid (Arlette et 

al., 2002) suggest that, Bfl-1 anti-apoptotic activity is 

fundamental to its ability to selectively bind BH3-only 

domain subfamily protein Bid, as oppose other Bcl-2 

antiapoptotic proteins. The same immunoprecipitation 

procedure showed that Bfl-1 neither form complex 

with anti-Bax nor anti-Bak sera. This may be due to 

the fact that Bfl-1 proteins do not contain a C-terminal 

hydrophobic anchor akin to other antiapoptotic Bcl-2 

family (Kelekar and Thompson, 1998). Although this 

sequence has been shown to be crucial for membrane 

localization, however, more work is needed to know 

whether the localization of Bfl-1/Bid heterodimer to 

the membrane is critical for cellular survival.  

 
Figure 1 shows the intracellular perspective of apoptotic process and the role of Bfl-1. This protein sequesters Bid and 

inhibit its participatory role in programmed cell death. (1) free Bid displaces Bak and Bax from the inhibitory 

heterodimeric assembly of Bak/Bcl-XL and Bax/Bcl-XL leading to dimerization of Bax and Bak as well as formation of 

new inert heterodimeric assembly of Bid/Bcl-XL. The dimerization of Bax and Bak is critical to mitochondrial membrane 

alteration and permeability. (2) the permeabilization of mitochondrial membrane allows the exit of cytochrome c into the 

cytoplasm. (3) furthermore, cytochrome c participate in an oligomeric association with Apaf-1/caspase-9 assembly 

(apoptosome). (4) this culminate to the autocatalysis of caspase-9 from the assembly. (5) activated caspase-9 activate its 

downstream effectors in a caspase cascade that lead to apoptosis (Image was created by Biorender Application).  
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Although the displacement of Bax and Bak from 

Bcl-XL heterodimeric assembly is not the only model 

proposed for the involvement of Bid, however, we 

focused on this model because of the inhibitory 

association of Bfl-1 with Bid. We hypothesize that, 

there is a balance between Bid and Bfl-1 expression in 

normal cell especially during growth and 

development. On the contrary, disease conditions or 

when the DNA is damaged beyond repair, there may 

be upregulation of Bid so that the balance between Bid 

and Bfl-1 is upset in favour of Bid. It may be the 

outnumbered amount of overexpressed Bid that 

participates in apoptosis. Again, we hypothesize that, 

overexpression of Bfl-1 in cancer cell also shift the 

balance between Bfl-1 and Bid. In cancer cells, there 

may also be overexpression of Bid due to accumulated 

mutation, but we propose that the overexpression of 

Bid in cancer cell is not commensurate with the 

sustained upregulation of Bfl-1 so that Bid is 

continually arrested by Bfl-1. It is from this point of 

view that we propose a probable 

intracellular/mechanistic effect of Bfl-1 inhibitors in 

cancer cells. Therefore, potent Bfl-1 inhibitors will 

avail adequate Bid that can ensure persistent apoptosis 

of cancer cell. Also, we suggest that, peptide mimicks 

of Bid may help to arrest the proliferation of cancer 

cell. Firstly by binding to the upregulated Bfl-1 and 

secondly by disrupting the assembly of Bak/Bcl-XL 

and Bax/Bcl-XL. 

  

Bfl-1 Inhibitors and Inhibition Mechanism 

G Brien and his co-researchers (G Brien et al., 

2007) for the first time demonstrated that Bfl-1 is an 

essential protein for survival of malignant B cells 

where they showed that Bfl-1 silencing in a drug 

resistant lymphoblastoid B-cell line potently induces 

their apoptosis by chemotherapeutic drugs such as 

doxorubicin and cisplatin. This suggests that Bfl-1 

may represent a potential target for future drug 

development. Therefore, inhibition of the activities of 

Bfl-1 represents a promising strategy for designing 

new classes of chemotherapeutic drug that can target 

the resistance of cancer cells towards currently 

available chemotherapeutics (Azmi et al., 2011). This 

part of this review will focus on various inhibitors of 

Bfl-1 protein and the mechanism of inhibition. 

A strategy for the inhibition of Bfl-1 and other 

antiapoptotic Bcl-2 family proteins is based on 

mimicking the actions of endogenous inhibitors that 

binds them and pro-apoptotic BH3 helices. (Oltersdorf 

et al., 2005; Reed 2002). X-ray crystallographic study 

and nuclear magnetic resonance (NMR) spectroscopy 

used to study the structure of the Bcl-2 family protein 

elucidated that a hydrophobic crevice/hollow is 

present on their surfaces which binds the BH3 domain 

of pro-apoptotic family members. (Muchmore et al., 

1996). Reed (2000) showed that the BH3 domain is a 

protein motif consisting of 16-25 amino-acid 

amphipathic alpha helix. Thus, molecules that mimic 

the BH3 domain or other peptides corresponding to 

the BH3 domain may be effective in inhibiting Bfl-1 

and other antiapoptotic Bcl-2 proteins (Sattler et al., 

1997).  

Several compounds that compete with BH3 

peptides preventing their binding to the apoptotic Bcl-

2 family proteins have been identified. An example is 

Venetoclax, which have been approved by the Drug 

Administration (FDA) as a potent inhibitor of BCL-2 

family proteins. It has been demonstrated to be 

clinically efficient in triggering apoptosis in BCL-2-

dependent cancers cells (Roberts et al., 2016). A 

promising compound discovered at the Abbott 

Laboratories, ABT-737, a BH3 mimetic, inhibits Bcl-2 

family (van Delft et al., 2006), this compound was 

discovered by using structure–activity relationship 

aided by nuclear magnetic resonance strategy 

(Oltersdorf et al., 2005). However, ABT-737 binds 

poorly with Bfl-1 as it is fairly specific to Bcl-2, Bcl-

XL and Bcl-w (Oltersdorf et al., 2005). Few 

compounds which have Bcl-2 family protein’s 

inhibitory potential have been identified to inhibit Bfl-

1 protein. 

Earlier researchers have reported the inhibitory 

potential of Gossypol on Bcl-2 proteins through its 

BH3 mimicking property (Kitada et al., 2003, 

Mohammad et al., 2005, Wang et al., 2006). Gossypol 

is a natural compound isolated from the seeds and 

roots of cotton (Wang et al., 2009). It is known to be 

the first compound to reach clinical trials (Bushunow 

et al., 1999; Meng et al., 2008). Although, a more 

potent compound derived from gossypol, 

Apogossypol, has been designed (Wei et al., 2009). 

And this derived compound was found to have 

superior efficacy compared to Gossypol and also 

possessing markedly reduced toxicity (Kitada et al., 

2008). However, Zhai and his colleagues in 2006 

found that Gossypol and Apogossypol displayed little 

binding affinity for Bfl-1 protein when treated against 

the BH3 peptide using fluorescence polarization 

assays (FPAs) (Zhai et al., 2006). 

In a compound screening for inhibitors of Bfl-1 

protein, Gambonic acid was found as a lead 

compound. (Zhai et al.,2008). Gambonic Acid is a 

natural compound which was derived from gamboges 

resin of the Garcinia hanburyi tree. Interests on the 

compound developed when it was shown to have 

cytotoxic activity against tumor cell lines in culture 

(Zhang et al., 2004). Similar study used Bfl-1 as a 

target for screening the inhibitory activities of 

Gambonic acid and other natural products on the Bcl-2 

family proteins (Zhai et al., 2008). They found that 

Gambonic Acid displaced BH3 peptides from Bfl-1 in 

http://www.cancerbio.net/
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a fluorescence polarization assay. Further analysis 

showed that it inhibits all Bcl-2 family proteins. 

Recently, using competitive binding of peptides 

comprising the BH3 domain to anti-apoptotic Bfl-1 in 

a high throughput screening of 66,000 compounds, N-

aryl maleimides have been identified as potential Bfl-1 

inhibitors (Cashman et al., 2010). Similarly, in 2011, 

sulfonylpyrimidine series compounds together with N-

aryl maleimides were identified as Bfl-1-specific 

inhibitors using fluorescence polarization assay (FPA) 

and a secondary assay based on time-resolved 

fluorescence resonance energy transfer (TR-FRET) 

(Zhai et al., 2011). 

Again, of all chemical inhibitors of Bcl-2 family 

proteins described in the literature thus far, only few 

natural or synthetic compounds that have biologically 

relevant affinity to selectively bind and inhibit Bfl-1 

have been reported (Konopleva et al., 2006). A 

presumed difference in the pocket on Bfl-1 that binds 

BH3 peptides compared to other Bcl-2 proteins may 

be responsible for its limited inhibitors reported in 

literature. Hence, developing more selective inhibitors 

of BFL-1 has become high priority goal for 

researchers (Haq et al., 2013; Yecies et al., 2010). 

Precision targeting of Bfl-1 and ATM-codependency 

revealed that, synergestic inhibition of Bfl-1 and ATM 

subverted apoptotic resistance in cancer cell (Guerra et 

al., 2018). 

 

Other Physiological Role of Bfl-1 

Compelling evidences about the role of Bfl-1 is 

coalescing in literature including their roles in post 

allergic mast cells, cellular survival, maturity of B-cell 

and regulation of immunity (Karsan et al., 1996; 

Tomayo and Cancro, 1998; Youle and Strasser, 2008). 

The role of Bfl-1 in inflammation has been elucidated 

albeit; there are limited evidences about the exact 

mechanism involved. In a particular study, constitutive 

expression of A1(Bfl-1) in murine vascular endothelial 

cell – anchored by human intercellular adhesion 

molecule 2 promoter – provided survival stamina 

against cell death caused by the proinflammatory 

TNF-α. However, this study further demonstrated 
transplant tolerance and cellular survival in Bfl-1-

constitutively expressing mice who received a 

transplanted heart allograft. The improved survival has 

been tentatively correlated to the inflammatory-

modification role played by the anti-apoptotic 

molecule (Bfl-1) in the murine’s endothelial 

vasculature (Smyth et al., 2017). In another study, pro-

inflammatory stimulation followed by in vitro Hoxb8 

system of expression analysis and regulation of 

A1/Bfl-1 in progenitors and differentiating neutrophils 

demonstrated upregulation of A1/Bfl-1evidenced by 

the presence of low constitutive mRNA and A1/Bfl-1 

protein. This shows that, A1/Bfl-1 is pivotal to the 

thriving and homeostatic regulation of neutrophils and 

neutrophil progenitors (Vier et al., 2016). Other 

researchers have also correlated persistent A1/Bfl-1 

expression to neutorphils in a physiological meeting 

with pathogens (Ge et al., 2006; Sarkar et al., 2013; 

Schwartz et al., 2013). Gene knockout approach 

revealed the significance of A1/Bfl-1 in neutrophil 

homeostasis; gene knockout of murine A1/Bfl-1 

culminated to commensurate neutrophil apoptosis 

(Hamasaki et al., 1998) further confirming its role in 

the development and regulation of neutrophil 

functions. Most evidences in literature supported the 

regulatory role of A1/Bfl-1 in normal cell, it appears 

that this regulatory role allows balance between cell 

proliferation through mitosis and cell death via 

apoptosis, but the exact anti-inflammatory mechanism 

is not well known. However, the C-terminal domain of 

the anti-apoptotic Bfl-1 protein has been shown to be 

responsible for its anti-inflammatory function in 

human endothelial cells (Guedes et al., 2013).  

The role of Bfl-1 in mast cells has been reported. 

Ekoff et al (2011) reported that the antiapoptotic Bfl-1 

protein is the major effector in activation-induced 

human mast cell survival. The research group utilized 

cord blood-induced mast cells and the mast cell lines 

were activated by FcεRI-mediated crosslinking in the 

presence and absence of chemical inhibitors of Bfl-1 

expression and activity. Real time PCR analysis of the 

group without inhibitors showed FcεRI-mediated 

crosslinking, enhanced activation-induced survival of 

human mast cell and this is due to upregulation of Bfl-

1. However, the use of roscovitine inhibitor 

diminished the viability of human mast cells although 

with a sustained activation. The diminished viability is 

due to the inhibition of Bfl-1 activity and expression in 

the mast cell (Ekoff et al., 2011). Constitutive 

knockdown experiment through RNA interference has 

unveiled the pivotal significance of A1/Bfl-1 

protection against mast cell-mediated allergic 

responses. Knockdown of A1/Bfl-1 reportedly 

disturbed the IgE-induced inert systemic and 

cutaneous anaphylaxis, Bfl-1 has been essentially 

linked to the homeostatic regulation of connective 

tissue mast cell (Ottina et al., 2015). Although the 

overall function of the anti-apoptotic bfl-1 protein is 

poorly understood, expression analysis has suggested 

its prominent role in leukocyte development (Ottina et 

al., 2012). Recently, there are consistent reports of the 

paramount role of Bfl-1 in the various component of 

the immune system. One suggestive mechanism may 

be its ability to provide survival stamina to 

immunological cells. 

 

Conclusion 

The intracellular revelation of the role of Bfl-1 in 

apoptotic resistance seems to be Bfl-1-favoured tilt in 
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balance between Bid and Bfl-1. Therefore as we call 

on many researchers to work more on the intracellular 

role on Bfl-1, we also recommend that more research 

should be done to detect potent selective inhibitors of 

Bfl-1 and its codependent proteins as this may 

attenuate apoptotic resistance in cancer. 
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