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Review apd Progress of the Pathologic Research on
Esophageal Carcinoma in Henan, China

Yunhan Zhang, Fengyu Cao

Henan Key Laboratory of Tumor Pathology; Department of Pathology,

The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan 450052, China

Abstract: In the first part of this paper, we briefly reviewed the history of pathologic research on esophageal carcino-
ma in Henan Province of China. In the research, the excellent work of Professor Qiong Shen, a famous pathologist,
is prominently intrcxluced, that includes cytologic diagnosis of esophageal carcinoma, classification of early
esophageal carcinoma and the prevention of the esophageal carcinoma, etc. And then, the advance of pathologic re-
search on esophageal carcinoma in Henan province is described as follows: 1. Morphometry research of esophageal
carcinoma. 2. The relationship between Langerhans cells and esophageal carcinoma. 3. The relationship between
apoptosis and esophageal carcinoma. 4.The related immunohistochemical markers of esophageal carcinoma. 5. The
molecular biology and therapy research on esophageal carcinoma. [Life Science Journal. 2006 ;3(3): 1 - 5] (ISSN:
1097 - 8135).
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Keywords: Henan Province; esophageal tumor; carcinoma; pathology
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Abbreviations: AME: alternariol monomethyl ether; AOH: alternariol; ASODN: antisense oligcxleoxyri-
bonucleotide; BM: basement membrane; DC: dendritic cells; EC9706: esophageal carcinoma cell-9706; Eca1O9:
esophageal carcinoma cell-l09; ECM: extracellular matrix; GST: glutathione s transferring enzyme; HPV: human
papilloma virus; ICE: interleukinl-~ converting enzyme; LC: Langerhans cells; NDRG: N-myc downstream regu-
lated gene; nm23-Hl: Non-metastatic gene; PCR-SSCP: PCR single strand conformation polymorphism; SSH:
suppression subtractive hybridization; TRAP-ELISA: telomeric repeat amplification protocol-ELISA; TUNEL: T-
mediated d UTP nick end labeling
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~ 1 Introduction

.~
Esophageal carcinoma is a kind of common

malignant tumors which is seriously harmful to hu-
man being. In the world, it appears striking and
puzzling differences in geographic incidence. Statis-
tics from WHO (World Health Organization) show
that the morbidity and mortality of esophageal car-
cinoma was the highest in China. The morbidity
and mortality of esophageal carcinoma of Chinese
male was 6.4/100,000,31.66/100,000 and that of
Chinese femalewas 20.0/100,000, 15.93/100,000.
In 1997, 46. 6% of the dead who died of
esophageal carcinoma were Chinese. Meanwhile, in
China, the highest morbidity and mortality of
esophageal carcinoma was in Henan Province. In
1980, the mean mortality of esophageal carcinoma
was 33.22/100.000, which was higher than that
of any other areas in China.

In 1958, a preliminary survey on epidemiology
of esophageal carcinoma was finished. It was found
that the prevalence of esophageal carcinoma was
much more severe in north of Henan Province than
in other regions, especially in Linxian County
(Linzhou City now). In 1959, under the guidance

t
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of China national leading pathologists, a doctor
team from Henan Medical College worked in Linxi-
an County and studied on etiology, pathogenesis,
and cytologic diagnosis of esophageal carcinoma.
Professors, such as Qiong Shen, Guiting Liu, and
Songliang Qiu et al, were prominent members in
the research group.

2 Cytologic Diagnosis and Pathologic Research
on Early Esophageal Carcinoma

At the beginning of the research, autopsy was
resisted by local people because of some of the obso-
lete traditional concepts. At that time, diagnosis of
esophageal carcinoma mainly depended on X-ray
barium meal visualization or esophagoscope, which
was rough and made patients suffer a lot. Above
all, most of the patients lost ideal chance for opera-
tion when they were found ill by the above two di-
agnostic methods. Placed in such a predicament,
Professor Qiong Shen and his staff members decid-
ed to try cellular examination on esophageal carci-
noma diagnosis. They invented the" Abrasive Cy-
tological Balloon" and tried many times on them-
selves. After clinical test, the Balloon was proved
to be effective and convenient for diagnosis of

L I
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esophageal carcinoma. From 1962, using the gen-
eral survey with the Balloon in high-incidence ar-
eas, the diagnostic accuracy of advanced esophageal
carcinoma had been 98. 1%[1], and a lot of precan-
cerous lesions of severe atypical hyperplasia and ear-
ly esophageal carcinoma of asymptomatic patients
were found. From the above data it was known
that the Abrasive Cytological Balloon applied to the
diagnosis of esophageal carcinoma[2,3]. At that
time, the applications and disseminations of the
Balloon gained high appraisal throughout the
world.

Using the Balloon, a lot of asymptomatic or
mild-symptomatic patients who suffered from
esophageal carcinoma were found. The team with
the leader of Professor Shen and Professor Qiu et al
collected all the available materials of 362 cases of
early esophageal carcinoma specimens and made the
following conclusions: (1) Most minimal lesions
were too small to be found. Only lO%-fonnalin-
fixed lesions and iodine-smeared lesions could be
found by naked eyes. (2) Peak morbidity of early
esophageal carcinoma arose among people of 41-50
years old (51. 1%), which was 6.3 years earlier
than that of advanced esophageal carcinoma. (3)
Based on the gross features, they, for the first
time, distinguished esophageal carcinoma into 4
types: insidious type, erosion type, plaque type
and papillary type, which was widely accepted and
cited. (4) As for histological features, 35 insidious
lesions were squamous cell carcinoma in situ, most
erosion lesions were carcinoma in situ or were con-
fined in mucosa, and more than half of plaque le-
sions invaded sub-mucosa. (5) Esophageal carcino-
ma always arose in more than one site, and it often
progressed in the following way: nonnal mucosa ~

simple hyperplasia ~ atypical hyperplasia ~ carci-
noma in situ ~invasive carcinoma[4].

I

I
I

3 Etiology of Esophageal Carcinoma

~

3.1 Fungi
Much on-site inspection showed that people of

Linxian County usually took mildewed and rotten
food (such as pickle). Liu et al, for the first time,
succeeded in inducing esophageal carcinoma on albi-

. no rats with natural rotten food, and made such
conclusion that rotten food enhanced the carcino-

genesis of nitrosamine[5]. He isolated the fungi
from local grain and found that five kinds of fungi,
including Alternaria alternata, had much higher
contaminating possibility than that in low-incidence
areas. It was known by animal studies that al-
ternariol monomethyl ether (AME) and alternariol
(AOH) were active components of Alternaria al-

~

ternata, and both of them enhanced hyperplasia of
fetal esophageal epithelia in vitro and even cancer-
ization[6].
3.2 Virus

With electron microscope, for the first time,
Hu found virus-like particles in the cytoplasm of
esophageal carcinoma cells[7]. Then, with in situ
hybridization, Chang et al detected DNA of
HPV6, 11, 16, 18 within precancerous lesions and
cancer tissues, which indicated that infection of
HPV might be concerned with development of
esophageal carcinoma[8].

4 Prevention of the Cancerization among High-
risk Group

As we know that epithelia hyperplasia was the
only way to cancerization. Based on this theory,
using rough riboflavin and rabdosia rubesens, Pro-
fessor Shen et al began the research of preventing
cancerization. From 1988 to 1992, the results
proved that long-tenn taking rough riboflavin could
prevent 57. 1% of severe atypical hyperplasia from
cancerization, which indicated that rough riboflavin
had obvious func;tion of preventing cancerization[9].
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5 Morphometry Research of Esophageal Carcino-
ma
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At the first time of esophageal cellular re-
search, microscope micrometer was used to measure
the nuclear dimension of hyperplasia cells and made
quantification to different hyperplasia grades. In
1990, Professor Zhang et al started a new method.
Using computer image texture analysis and correla-
tion grid methods, different texture features of nor-
mal mucosa, atypical hyperplasia epithelia and car-
cinoma in situ of human esophagus were observed.
The texture measures and the data of correlation
grid test showed significant difference between se-
vere atypical hyperplasia epithelia and carcinoma in
situ. The computer image texture analysis might
correctly distinguish atypical hyperplasia in
esophageal precancerous change from carcinoma in
situ. With double-blind detection, the accuracy of
this technique reached above 90 %. This method
might have affinnative practical value in the early
diagnosis of esophageal carcinoma[lO].

6 Relationship between Langerhans Cells and
Esophageal Carcinoma

Langerhans cells (LC) were members of den-
dritic cells (DC). They were successively found in
epidennis and other squamous cells covered mu-
cosa, such as oral cavity, pharynx, larynx, "rec-
tum, cervix and vagina. They inlayed among ker-
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atinocytes and were not able to be found with HE
stain. While, with ATPase cellular chemistry or
immunohistochemistry of S-1O0 and OKT6, their
morphous could be clearly observed. The main
function of them was to present antigens to T lym-
phocytes. There were Fc-receptors, C3b and im-
mune associated antigen (Ia antigen) on the surface
of LC. LC could be classified into 6 types according
to their different dendrites.

From 1990, Zhang took the lead in observing
the morphous, distribution, and quantity of LC
with ATPase ( + ), S-100 ( + ), OKT6 ( +) in
esophageal lesions. Conclusions were made as fol-
lows: the expression of S-100 and OKT6 decreased
as the lesion progressed, least ATPase positive LC
were found in severe atypical hyperplasia~pithelia,
and most were found in carcinoma in situ. Most

LC in normal mucosa had less but long and obvious
dendrites. While the dendrites became more but

shorter in severe atypical hyperplasia epithelia and
in carcinoma. LC mainly distributed in the lower
layers of normal epithelia, but appeared anywhere
in carcinoma in situ. At the same time, LC were
found to be close to T-lymphocytes and cancer
cells. All of the above indicated that different sub-

types of LC took part in the progress of esophageal
carcinoma[lI] .

Combining the observation of HPV infection
and LC' change, it was found that HPV infection
decreased the quantity of LC, which might cooper-
ate with other carcinogens and worked in the

progress of esophageal carcinoma[12].

7 Relationship between Apoptosis and Esophageal
Carcinoma

~
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With TUNEL technique and immunohistoche-
mistry, apoptosis was found to be related to differ-
entiation of esophageal carcinoma. Change of ICE
protein could be an indicator of early cancerization.
Cisplatin could induce apoptosis of Eca-109 cells,
and DNA degradation was the important change
during apoptosis[13].

8 Immunohistochemical Markers of Esophageal
Carcinoma

More than 20 targets had been involved in this
research and 4 of them would be briefly mentioned.
8. 1 P53 protein

The research indicated that 60.0 % of carcino-
ma presented P53 protein stain positive, while
42.9% - 66. 7% of atypical hyperplasia epithelia
and carcinoma in situ presented P53 protein stain
positive. The positive rate of P53 protein staining
was related to the differentiation, infiltration and

metastasis of esophageal carcinoma[14].
8.2 PI6 protein

The positive rate of P16 protein staining de-
creased in the order of normal mucosa, atypical hy-
perplasia epithelia and cancer tissue, and it de-

creased as differentiation became poorer[15] .
8.3 nm23-HI

In the adjacent non-cancerous mucosa, the
positive rate of nm23-H1 staining decreased as the
lesion became poorer; in the cancerous tissue, the
poorer the lesion was, the lower the positive rate of
nm23-H1 staining was; and it was the lowest in

lymph node metastasis cases[16] .
8.4 GST-1t

The positive rate of GST-T( staining was rela-
tively high in normal and simple hyperplasial ep-
ithelia, while it decreased in atypical hyperplasia
epithelia and cancer tissues. The result indicated
that GST-T( was early enzymologic change of

esophageal carcinoma[17].

9 Molecular Biology and Therapy on Esophageal
Carcinoma

9.1 p53 gene
With PCR-SSCP silver staining, mutation of

exon 5,6, 7,8 of p53 gene could be observed. It
was found that 32. 5 % cases presented p53 gene
mutation, and the mutation rate of lymph node
metastasis group was obviously higher than that of
non-metastasis group, suggesting that mutation of
p53 gene might contribute to the development of
esophageal carcinoma.
9.2 pl6 gene

Through observing the mutation of p16 gene
in adjacent non-cancerous mucosa and in cancer tis-
sue, it was found that the mutation rate was
27. 5 % in cancerous mucosa and no mutation oc-

curred in adjacent non-cancerous mucosa. Mean-
while, the mutation rate decreased as differentia-

tion became poorer and it increased as adventitia in-

filtration and lymph node metastasis happened[18].
9.3 GSTs isoenzyme gene

Through RNA dot blot hybridization, it was
found that transcriptional level of GST gene was
higher in cancer tissue. GST-T( was active form of
GSTs isoenzyme in esophageal carcinoma. Altofre-
quency of positive GST-T( might indicate its impor-
tant role in the process of esophageal carcinoma.
9.4 Telomerase activity and targeted therapy of
esophageal carcinoma by antisense oligodeoxynu-
cIeotide

Applying TRAP-ELASA quantitative analysis
and TRAP silver staining, telomerase activity was
respectively detected in cancer tissues, atypical

L
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tration depth of esophageal carcinoma[22,23].
B. With RT-PCR, the expression of hep-

aranse in peripheral blood lymphocytes of patients
with esophageal cancer was detected. The study
suggested that the level of hepatanase expression
was higher in group with metastasis than that in
group without metastasis. The result indicated that
expression of heparanse in peripheral blood lympho-
cytes, to some extent, could reflect the metastatic
state of esophageal carcinoma[24].

C. Using antiesense oligodeoxynucleotide
technique, ASODN of different concentration were
transfected into EC9706, and then the expression
of protein and mRNA of heparanase was detected.
It was found that heparanase ASODN could weaken
the infiltrative and metastatic ability of cancer cells
by inhibiting the expression of heparanase[25].

D. Expression of heparanase in nude mice
transplanted tumor indicated that hepatanase A-
SOND could inhibit the expression of heparanase in
vivo, which confirmed the above conclusion.
9. 8 Expression of differentiation-related gene
NDRG I and differentiation-induced therapy

Discovered in 1997, NDRG I (N-myc down-
stream regulated gene I ) was a kind of genewhich
was related to differentiation. It always presented
low expression in many tumors. Until now, no ar-
ticle reported about NDRG I expression in
esophageal carcinoma. Recently, using molecular
biological tech and IHC, we studied on expression
of NDRG I mRNA and protein in normal
esophageal mucosa, atypical hyperplasia and cancer
tissues. Differentiation-induced therapy was in-
volved, too. The study indicated that phorbol es-
ter, ratinoic acid, Vit 03 and sodium butyrate could

induce the expression of NDRG I in esophageal
cancer cells, which showed us a new clue for gene

therapy of esophageal carcinoma[26,27J .
Based on hard work of more than 40 years, we

have made some progresses in the field of
esophageal carcinoma. At present, we have built
Henan Key Laboratory of Tumor Pathology, and a
lot of young doctors have been trained to be eligible
researchers. Although there still are a lot of prob-
lems to deal with in this field, we are deeply con-
vinced that we will have a bright future.
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hyperplasia tissues and normal esophageal mucosa.
With in situ hybridization, expression of catalytic
subunit hTR mRNA of telomerase was detected.
With Southern blot and chemiluminescence meth-
ods, the length of the telomere was measured. 5
synthetic ASODN with different blocked gene locus
were respectively transfected into esophageal cancer
cells, and then the cells were subcutaneously plant-
ed to nude mice. By this way, the apoptosis in-
duced by ASODN and its inhibitory effect on cell
proliferation could be directly observed. All results
indicated that activation of telomerase was an early
event of tumorigenesis in esophagus and ASODN-t3
could induce apoptosis of tumor cells through in-
hibiting telomerase activity[19].
9.5 DNA polymerase ~gene (pol~)

Professor Dong was the first to do systemic

study on mutation of pol~ in esophageal carcino-

ma[20]. With RT-PCR, SSCP and sequence analy-
sis, pol~ was studied in cancer tissues and adjacent
non-cancerous mucosa. It could be seen that muta-

tion rate of pol~ was as high as 44 % in cancer tis-
sues, while it was only 4% in adjacent non-cancer-
ous mucosa. So such conclusion could be made that

mutation of pol~ was related to progression of
esophageal carcinoma.
9. 6 Screening and identification of esophageal
cancer associated gene

With mRNA differential display and suppres-
sion subtractive hybridization (SSH) , three
esophageal cancer associated genes 3y59, c57 and
ECAGl were found in specimens from high-inci-
dence areas. Through homology search in Gen-
Bank, no identical genes were found. They all had
been registered in GenBank. The work is going
on[2J] .
9.7 Relationship between heparanase and infil-
tration, metastasis of esophageal carcinoma

It was proved that heparanase was able to de-
stroy extracellular matrix (ECM) and basement
membrane (BM) and played some roles in cancer-
ous angiogenesis, infiltration and metastasis. But
the definite relationship and mechanism was un-
clear. To find the answer, with the guidance of
Professor Zhang, the following studies had recently
been finished:

A. 54 cases of specimens were obtained from
high-incidence areas. With in situ hybridization
and RT-PCR, expression of heparanase was detect-
ed respectively in cancer tissues, atypical hyperpla-
sia of adjacent non-cancerous mucosa and normal
mucosa of the above 54 specimens. It was found
that the protein and mRNA expression of heparanse
was related not only to metastasis but also to infil-
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Expressions of C-erbB2 and C-myc in Esophageal and
Gastric Cardia Multistage Carcinogenesis from the Subjects

at High-risk Area in Linxian, Northern China

~

Abstract: Linxian and nearby counties in Henan Province, northern China have been well-recognized as the highest
incidence area for both esophageal squamous cell carcinoma (SCC) and gastric cardia adenocarcinoma (GCA). The
molecular mechanism for SCC and GCA is largely unknown. Recent studies indicate that aberrations of DNA copy

numbers at 8q and 17p in which the genes of Gmyc and C-erbB2 reside, are very common events in SCC and GCA
from the patients in Linxian. The present study was undertaken to characterize the changes of C-erbB2 and C-myc
in protein level on the subjects with different esophageal and gastric cardia precancerous and cancerous lesions from
Linxian. In the study, 144 samples were collected, including 30 SCC and 30 GCA from Linxian Esophageal Cancer
Hospital and 84 biopsies from symptom-free subjects (16 cases with normal esophageal epithelia (ENOR), 34 with
esophageal basal cell hyperplasia (BCH), 8 with esophageal dysplasia (EDYS), 7 with normal gastric cardia epithe-
lia (GNOR), 6 with chronic superficial gastritis (CSG), 10 with chronic atrophic gastritis (CAG), and 3 with
gastric cardia dysplasia (GDYS». The avidin-biotin-peroxidase complex (ABC) method was performed for the ex-
pre-'ision of C-erbB2 and C myc. No immunoreactivity was observed for C-erbB2 in normal esophagus, BCH and
EDYS. However, 50% of SCC was positive for C-erbB2 immunostaining. In contrast, positive immunostaining for
C-myc was observed in normal esophageal epithelia and different lesions. With lesions progres..sed from ENOR-
EDYS-SCC, the positive immunostaining rates for C-myc increased apparently. In gastric cardia, positive im-
munoreactivity for both C-erbB2 and C-myc was observed in normal gastric cardia epithelia and different lesions.
With the le-sions progre&'ied from GNOR-CSG-CAG-GDYS-GCA, an apparent increasing tendency was observed for
both C-erbB2 and C-myc. In gastric cardia multistage carcinogenesis, the positive immunostaining rate for C-erbB2
and C-myc was much higher than in esophagus. The present results demonstrate that the immunostaining patterns
for C-erbB2 and C-myc are different between esophageal and gastric cardia carcinogenesis from the population at
same high-risk area in Linxian. Overexpression of both C-erbB2 and C-myc is a common event in gastric cardia mul-
tistage carcinogenesis, which may be a promising early biomarker for gastric cardia carcinogenesis. C-erbB2 may be
a late event for esophageal carcinogenesis. [Life Science Journal. 2006; 3(3): 6 - 12J (ISSN: 1097 - 8135).
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normal esophagealepithelium; GDYS: gastric cardiadysphasia; GCA: gastric cardia adenocarcinoma; GNOR: nor-
mal gastric cardia epithelium; SCC: esophagealsquamouscell carcinoma

1 Introduction

Linxian and nearby counties in Henan, north-
ern China have been well-recognized as the highest
incidence areas for esophageal squamous cell carci-
noma (SCC)[l], and gastric cardia adenocarcinoma
(GCA) seems to occur together with SCC in these
areas[2] and in other countries[3]. SCC and GCA
have a very poor prognosis and remain the leading
cause of cancer-related death in Linxian. In clinic,
more than 80% of the patients with SCC and GCA
are diagnosed at late stage in these areas, whose
five-year survival rates are less than 10%. In con-
trast, the five-year survival rates for the early SCC
and GCA are more than 90 % [4]. Apparently, early
detection and high-risk subject screening is of great
importance in decreasing the mortality rate for SCC
and GCA. The early indicator for the subjects pre-
disposed to SCC and GCA is the epithelial cell hy-
perproliferation, morphologically, manifested as
basal cell hyperplasia (BCH), dysplasia (DYS) and
carcinoma in situ (CIS) in esophagus[5] and chron-
ic atrophic gastritis (CAG) with intestinal metapla-
sia (1M), DYS and CIS in gastric cardia[6]. Allor
part of these lesions could be considered as precan-
cerous lesions for SCC and GCA[2]. These lesions
are unstable, i. e., they may progress to more se-
vere type, or stay in the same stage for long time,
or return to less severe type, even to normal,
which is difficult to explain based on morphological
changes only[7]. Thus it becomes crucial to charac-
terize the molecular changes in the early stage of
SCC and GCA carcinogenesis to identify the
biomarker for high-risk subject screening and early
diagnosis. However, the underlying key molecular
changes for multistage carcinogenesis of SCC and
GCA are largely unknown.

Recent studies with comparative genomic hy-
bridization (CGH) demonstrate that aberrations in
DNA copy number at chromosome 8q and 17q, in
which the genes of C-myc and C-erbB2 reside, are
frequently observed in SCC and GCA tissues from
the patients in Linxian[8J. C-myc, an oncogene,
belongs to a family of nuclear phosphoproteins.
Myc family of proteins influences the expression of
around 10 % of all human genes[9]. The expression
of C-myc protein is an important factor in cell pro-
liferation via activating the cell division cycle gene
cdc25A, the product of which catalyses the dephos-
phorylation of the cyclin-E / cyclin dependent / ki-
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nase 2c (CDK2) complex[lO]. The expression of C-
myc also induces apoptosis via interaction with a
number of apoptotic pathwaysl11]. Amplification of
C-myc both in mRNA and protein level has been
found frequently in SCCl11-13], especially in ad-
vanced stages of SCC. Antisense myc gene intro-
duced into esophageal cancer cell line (EC8712) is
capable of inhibiting cell proliferation and malig-
nancy[14]. Evidence for the expression of C-myc in
GCA is very limited. Luo et al reported a 62 % of
positive immunostaining for C-myc in sporadic GCA
from Chinese people[15]. But, the expression pat-
tern of C-myc is largely unknown both in
esophageal and gastric cardia precancerous lesion.

The C-erbB2 (HER-2/neu) oncoprotein is a
185-kDa transmembrane receptor[16]. Over expres-
sion of C-erbB2 has been found not only in breast
and ovarian, but also in gastric and many other hu-
man cancers[17]. The C-erbB2 amplification has
been known as independent predictor for neoplastic
recurrence and overall survival rate[18,19]. The ac-
cumulated evidences indicate that C-erbB2 aberrant
expression occurs more frequently in primary
esophageal adenocarcinoma, but not in SCC[20-22].
The expression pattern for C-erbB2 in gastric cardia
carcinogenesis is not clear. To define whether C-
myc and C-erbB2 is the target gene in multistsge
carcinogenesis of SCC and GCA at 8q and 17q aber-
rations as indicated by CGH from the SCC and
GCA patients at Linxian, the highest incidence
area for both SCC and GCA in northern China, the
present study was undertaken to characterize C-myc
and C-erbB2 expression in both esophageal and gas-
tric cardia multistage carcinogensis from the pa-
tients at same high incidence areas for both SCC
and GCA in Linxian, northern China.

2 Materials and Methods

2. 1 Endoscopic examination and biopsy
Esophageal endoscopic examination and biopsy

were performed on 84 symptom-free subjects who
volunteered to participate in a routine endoscopic
screening for esophageal cancer (EC)' in Linxian,
the highest incidence area for EC in Henan
Province, northern China. No selection process
was involved. Of these subjects, there were 45
males (35 -71 years of age with a mean :t SD of
51 :t 10 years) and 39 females (32 -71 years of age
with a mean :t SD of 49:t 11 years). Esophageal
endoscopic examination was performed with Olym-
pus GIF-V70 (Olympus Com., Japan).
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antiserum against the human C-erbB2 (DAKO,
Carpinteria, CA, USA). Anti-C-myc antilxxly is a
polyclonal rabbit antiserum against human C-myc
(Oncogene Science, Manhasset, NY, USA). The
avidin-biotin-peroxidase complex (ABC) method
was used for the immunostaining of C-erbB2 and C-
myc. In brief, after dewaxing, inactivating en-
dogenous peroxidase activity and blockingcross-reac-
tivity with normal serum (Vectastain Elite Kit; Vec-
tor, Burlingame, CA, USA), the sections were in-
cubated overnight at 4 t with a diluted solution of
the primary antilxxlies (1 :200 for C-erbB2 and 1 :
150 for C-myc). Location of the primary antilxxlies
was achieved by subsequent application of a biotiny-
lated anti-primary antilxxly, an avidin-biotin com-
plex conjugated to horseradish peroxidase, and di-
aminobenzidine (V ectastain Elite Kit, Burlingame,
CA, USA). Normal serum blocking and omission
of the primary antilxxlies were used as negative
controls. Clear nuclear staining was the criterion
for a positive reaction of C-myc. C-erbB2 positive
immunoreactivity was localized at cytoplasm.
2. 5 Statistical analysis

The X2test was used for the percentage of le-
sions with positive immunostaining. Spearman cor-
relation test and linear tendency test were used for
the correlation between positive rates and different
severities of the lesions (P < O. 05 was considered
significant) .
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Esophageal biopsies were taken from each subject at
the middle third of the esophagus (30 - 32 cm from
incisor teeth). Gastric cardia biopsies were taken
within 2 cm lower from the esophageal and gastric
cardia junction. Additional biopsies were taken
when there were macroscopic lesions. The biopsy
specimens were fixed in 85 % alcohol, embedded in
paraffin, and sectioned at 5 !Lm.
2.2 see and GCA specimen collection and pro-
cessing

A total of 30 surgically resected primary see
specimens (52 -72 years of age with a mean :t SD
of 56:t 11 years) and 30 surgically resected primary
GCA specimens (50 -71 years of age with a mean
:t SD of 53:t 10 years) were collected from Linxi-
an Esophageal Cancer Hospital from October to De-
cember, 2005. All the patients had received neither
chemotherapy nor radiotherapy before surgery. All
the tissues were fixed with 85% alcohol, embedded
with paraffin, and sectioned at 5 !Lm. Five adjacent
ribbons were collected for histopathologic and im-
munohistochemical analysis.
2. 3 Histopathological analysis

Histopathological diagnosis for esophageal ep-
ithelia was made based on the changes in cell mor-
phology and tissue architecture using previously es-
tablished criteria[2] . In brief, the normal
esophageal epithelium contained one to three prolif-
erating basal cell layers; the papillae were confined
to the lower half of the whole epithelium thickness.
In BCH, the proliferating basal cells surpassed
15% of the total epithelial thickness. Dysplasia was
characterized by nuclear atypia (enlargement, pleo-
morphism, and hyperchromasia), loss of normal
cell polarity, and abnormal tissue maturation. see
was characterized by confluent and invasive sheets
of cohesive, polymorphous cells with hyperchro-
matic nuclei. The following histopathological classi-
fication was used for the gastric cardia epithelia:
chronic superficial gastritis (CSG), inflammation
manifested by mild lymphocyte and plasma cell in-
filtration; chronic atrophic gastritis (CAG), glan-
dular morphology disappeared partially or complete-
ly absent in the mucosa and replaced by connective
tissue, interglandular space infiltrated mainly by
plasma cells and lymphocytes; gastric cardia dys-
plasia (GDYS), neoplastic features including nucle-
ar atypia and lor architectural abnormalities con-
fined to the gastric cardia epithelium, without inva-
sion; gastric cardia adenocarcinoma (GCA), inva-
sion of neoplastic gastric cells through the basement
membrane[6] .
2.4 hnmunohistochemical staining

Anti-C-erbB2 antilxxly is a monoclonal mouse

3 Results

3 .1 Histopathological findings
Of the 84 biopsies, 58 esophageal mucosa and

26 gastric cardia mucosa were identified, respec-
tively. Histopathological examination showed that,
of the 58 esophageal biopsies, 16 biopsies were i-
dentified with normal epithelia (ENOR) (28 % ) ,
34 with esophageal basal cell hyperplasia (BCH)
( 59 % ), 8 with esophageal dysphasia ( EDYS)
( 13% ). In 26 gastric cardia biopsies, there were 7
biopsies identified with normal gastric cardia ep-
ithelia (GNOR) (27%), 6 with chronic superficial
gastritis (CSG) (23 % ), 10 with chronic atrophic
gastritis (CAG) (36 % ), 3 with gastric cardia dys-
plasia (GDYS) (11 % ). Histopathologically, all
the surgically resected esophageal specimens were
confirmed as see, and all the gastric cardia cancer
specimens were confirmed as GCA.
3. 2 hnmunohistochemical staining for C-myc
and C-erbB2

In esophagus (Table 1): positive immunoreac-
tivity for C-myc was observed both in esophageal
precancerous and cancerous lesions (Figure 1).
With the lesions progressed from BCH-EDYS-
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sec, the positive immunostainingrate for C-myc
increased. A good correlation between the C-myc
positivestaining rate and lesionprogressionwas ob-
served (P < 0.05). However, the positive im-

munoreactivity for C-erbB2 was identified only in
sec (Figure 2). All the normal esophagi and the
precancerous lesions were negative for C-erbB2 ex-
pression.

Table1. lnununoreactivityof C-erbB2and C-mycin esophagealmultistagecarcinogenesis*

Hi 1 'cal C-erbB2 C-myc* *
sto ogI Cases of samples Samples with Cases of samples Samples with
types examined positive staining (n (%» examined positive staining (n (%»

ENOR 12 0 (0) 16 1 (6)
BCH 34 0 (0) 14 3 (21)

EDYS 8 0 (0) 4 1 (25)
see 30 15 (50) 27 16 (59)

* Part of the slide tissue lost during the immunohistochemistry proces.<,ing. * * BCH vs. EDYS, P<0.05 (X2 test).

J
'41

A
}'igure 1. Microphotograph for C-myc immunostaining in esophageal basaI cell hyperplasia (A: X 200), dysphasia (B: x 200) and squa-

mous cell carcinoma (C: X 200). Immunoreactivity is mostly located in the nuclia. The positive cells were invariably associated with cell
proliferative activity.

Table 2. lnununoreactivity of C-erbB2 and C-myc in gastric cardia carcinogenesis *

Hi 1 'cal C-erbB2 C-mvc* *
sto ogl Cases of samples Samples with Cases of samples Samples with
types . examined positive staining (n (%» examined positive staining (n (%»

GNOR 7 2 (9) 5 2 (40)
CSG 6 5 (83) 5 4 (80)
CAG 10 9 (90) 6 5 (83)

GDYS 3 3 (100) 2 2 (100)
* Part of the slide tissue lost during the inununohistochemistryprocessing.* * Nonnal vs. CAG, Normalvs. GCA,P < O.05.

I

.1iL ~

Figure 2. Microphotograph for C-erbBl immunostaining in

esophageal squamous cell carcinoma. Immunoreactivity is mostly

located in the cytoplasm and cell membrane. The positive cells are
in variably associated with cell proliferative activity ( X 400) .

In gastric cardia (Table 2): positive im-

.
t
l
l
l

munoreactivity for both C-myc and C-erbB2 was
observed in gastric cardia precancerous and cancer-
ous lesions (Figure 3 and Figure 4). The positive
immunostaining rate apparently increased with. the
lesions progressed from CSG-CAG-GDYS-GCA.
The positive immunostaining rate for C-erbB2 and
C-myc was very low in normal gastric cardia epithe-
lia, and increased significantly in EDYS and GCA
(P<0.05) .

It was noteworthy that the positive immunos-
taining rate for C-erbB2 and C-myc in gastric cardia
multistage carcinogenesis was higher than in
esophageal carcinogenesis. Furthermore, the" dif-
fuse" immunostaining pattern in C-erbB2 was pre-
dominant in gastric cardia carcinogenesis, in con-
trast, the" focal" immunostaining pattern was fre-
quently observed in esophageal carcinogenesis.

I.

. 9 .



I I
I

r-
-<

Life ScienceJournal, 3 (3) ,2006, Wang, et al, verbB2 and Gmy: in Esophageal and Gastric Cardia Carcinogenesis

~
.j

J
1

J

" ~7.-
.,. ~ ~II

r->'" ~~~;t.
~ ;.. .~. ~4'i'--. "
., .' ~." '

, (r. \ I

~~ \,h <I,

~:,')
rt!R'~~~-"7' ~~ ,:J- .. .' .,...

.,.. '";:: I
"""f

.. ~It, 4
.7t 11.~ .. I

c..' 1:..

f .' J..~~. .,~.

~
'

", I,
~ 1. " "\:'u

~.!S

4

~

Figure 3. Microphotograph for C-myc immunostaining in gastric
cardia dysphasia (A: X 400) and chronic atrophic gastritis (B: x
400). Immunoreactivity is mostly located in the nuclia. The posi-
tive cells are in variably associated with cell proliferative activity.-- - --
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Figure 4. Microphotograph for C-erbB2 immunostaining in gastric
cardia adenocarcinoma. Immunoreactivity is mostly located in the
cytoplasm and cell membrane. The positive cells are in variably
associated with cell proliferative activity ( X 200) .

4 Discussion

.J The present study demonstrates that over-ex-
pression of C-erB2 and C-myc is a very early fre-
quent event in gastric cardia multistage carcinogen-
esis. These aberrant protein expressions are well
correlated with gastric cardia epithelial lesion pro-
gressions, suggesting that C-erbB2 and C-myc may
play an important role in gastric cardia multistage
carcinogenesis. These results are consistent with
our CGH work[4], indicating that CGH is a good

~
. I

technique in narrowing down the scope for identify-
ing the key related genes with cancers. The present
results also indicate that C-erbB2 and C-myc aber-
rant expression may be a promising early biomarker
to predict the gastric cardia carcinogenesis. The re-
cent studies by our group and other laboratories
have showed that autoantibodies to C-myc could be
detected through cancer patient's blood serum, in-
cluding esophageal and gastric cardia cancers, and
could increase the early detection of these can-
cers[23-27].

An interesting result in this study is that aber-
rant C-erbB2 expression occurs only in see, none
in normal esophagus and esophageal precancerous
lesions, suggesting that C-erbB2 may be a late
event for esophageal carcinogenesis. Accumulated
evidences have demonstrated that aberrant C-erbB2
expression occurs more frequently in adenocarcino-
ma, e. g. in GCA and Barrett's esophagus-related
esophageal adenocarcinoma, not in see[20]. These
different expression patterns may be related with
the different tissue types occurring of tumor cells,
which could explain the different immunostaining
patterns observed in GCA and see for C-erbB2 and
C-myc in this study. ,

Many studies suggest that tumor occurring and
progression are the result of a multistage and pro-
gressive process which may be related with the de-
activity of tumor suppressor gene and the activity of
the tumor oncogene in different stages. The present
studies demonstrate that, in the multistage pro-
gression of the esophageal carcinogenesis, there is
few expression of C-erbB2 in the early stage but
some in SCC; however, the overexpression of C-
myc is positive during the esophageal multiple car-
cinogenesis, suggesting the possibility of multiple
genetic changes involved in esophageal carcinogene-
SIS.
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Historically, EC and GCA have been consid-
ered as a single clinical entity for incidence and
mortality-rate calculations in Linxian because of the
common syndrome of dysphagia[28]. The similar
geographic distributions of SCC and GCA in China
suggest that there may be similar risk factors and
genetic changes involved in these two cancers.
GCA is an under-studied subject. The molecular
changes in the early stage of GCA carcinogenesis
have not been characterized. There is evidence,
however, that GCA differs from cancer of the rest
of stomach in terms of time trend, risk factors and
histopathogenesis[29]. Because of the common oc-
currence both of see and GCA in Henan, it is of
great interest to know whether the molecular
changes observed in see also occur in GCA. The
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present results demonstrate that the aberrant ex-
pressions of C-erbB2 and C-myc occur similarly in
SCC and GCA, however, the immunostaining pat-
tern for C-erbB2 and C-myc in precancerous lesions
of the esophagus and gastric cardia is different, es-
pecially in C-erbB2. The significance of these ob-
servations needs to be further analyzed.
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Expression of MMP.2 and MMP.9 and Its Correlation

with Invasion and Metastasis in Human Esophageal
Squamous Cell Carcinoma

Hongtao Wenl, Lei Zhan~, Qiumin Zha03, Jichang Lil
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Zhengzhou , Henan 450052, China

2. Department of Oncology, The First Affiliated HosPital of Zhengzhou University,
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Abstract:Objective. To investigate the significance of MMP-2 mRNA and MMP-9 mRNA expression in human
esophageal squamous cell carcinoma (ESCC). Methods. MMP-2 mRNA, MMP-9 mRNA and proteins were exam-
ined by immunohistochemistry, in situ hybridization, RT-PCR, zymographic analysis and Western blot for 41 cas-
es of ESCC. Results. The expression rate and value of MMP-9 was significantly higher than that of MMP-2 in tu-
mor tissues. Conclusions. MMP-9 has higher sensitivity and specificity in predicting the biologic behavior of inva-
sionandmeta.'itasisinESCC. [Life Science Joumal. 2006;3(3):13-18J (ISSN: 1097-8135).

Keywords:MMP-2; MMP-9; esophageal carcinoma; invasion; metastasis

Abbreviations: BM: basement membrane; ECM: extracellular matrix; ESCC: esophageal squamous cell carcino-
ma; MMP: matrix metalloproteinase; PAGE: polyacrylamide gel electrophoresis; SDS: sodium dodecyl sulfate;
TBS: Tris-HCI buffered saline

1 Introduction

Esophageal carcinoma is one of the most com-

mon cancers and acts as the fourth leading cause of
cancer death in China. It is characterized by poor
prognosis and rapid clinical progression with a high
frequency of lymph node metastasis and recurrence.
The transition from in situ to invasive tumors is a

very complicated process. Proteolysis of extracellu-
lar matrix (ECM) is essential step in tumor inva-
sion and metastasis. Numerous proteolytic enzymes
including the matrix metalloproteinase (MMP)
have been implicated in this process. Reports
showed that both MMP-2 and MMP-9 were highly
expressed in esophageal tumor tissues[l,2]. In the
current study, MMP-2 mRNA and MMP-9 mRNA
and their proteins were examined by immunohisto-
chemistry, in situ hybridization, RT-PCR, zymo-
graphic analysis and Western blot in 41 cases of ES-
CC as well as the matched normal mucosa tissues,
to compare the potential value of MMP-2 and
MMP-9 in estimation of the biologic behavior of
ESCC.
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2 Materials and Methods

2.1 Tissue samples
41 specimens of patients with esophageal squa-

mous cell caricinoma were collected from the First

Affiliated Hospital of Zhengzhou University and the
Henan Tumor Hospital. All of them were identified
by pathology. The resected specimens including the
ESCC samples and the normal adjacent tissues were
snap-frozen in liquid nitrogen.
2.2 Innnunohistochemistry

Specimens were fixed with 10 % neutral
buffered formaldehyde solution and embedded in
low-melting paraffin. Sections of esophageal tumors
were immunostained with monoclonal antibodies to

MMP-2 and MMP-9. Immunohistochemistry for
the individual MMP was performed by an alkaline
phosphatase anti-alkaline phosphatase technique.
After the immunohistochemistry, the sections were
examined under microscope. The MMP status of
the tumors was assessed as positive if any of the tu-
mor cells showed significant immunostaining. Neg-
ative controls were done by replacing the primary
antibody with TBS and by liquid phase pre-absorp-
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tion of primary antibody with the corresponding
immunogen at 10 nmollml antibody. The positive
controls for both MMP-2 and MMP-9 were lung
containing intra-alveolar macrophages.
2. 3 In situ hybridization

In situ hybridization was performed on sec-
tions (4 pm). After deparaffinization and rehydra-
tion all samples were treated with proteinase K and
washed in O. 1 M triethanolamine buffer containing
0.25% acetic anhydride. Sections were hybridized
overnight at 50 'C to 55 'C with 35S-labelled
RNA probe. After hybridization, slides were
washed under stringent conditions and treated with
RNase to remove unhybirdized probe. Previously
positive samples for each anti-sense probe were used
as positive controls. The slides were independently
assessed by two experienced investigators.
2.4 RT-PCR

Total RNA was extracted from shock-frozen
tissue samples with RNA extract kit. First strand
complementary DNA was synthesized from 2 fJ.gof
DNA-free total RNA in a 20 fJ.I system of: 1
mmol/L dNTP; 10 U RNAsin; 20 mmol/L DTT;
1 fJ.molRandom Hexamer Primer and 100 U MM-
LV. Follow the procedure of 37 'C 10 min,42 'C 1
hour and 95 'C for 5 min. PCR was done in a 50 fJ.I
system including both MMP and ~-actin primers.
The annealing temperatures of MMP-9 and MMP-2
were 66 'C and 65 'C, respectively. Raw data from
each samples, were quantified using the eagle eye
system (Stratagene, American). Data from MMP
cDNA were normalized to the respective content of
~-actin cDNA. TIN >2.0 was recognized as posi-
tive.
2.5 Zymographic analysis

Equal amounts of total lysates of esophageal
tissue samples were used for determining protein
amounts with the Bio-Rad DC protein assay kit and
stored at - 20 'C until assayed. MMP activity in
the lysates was assessed by gelatin zymography:
lanes were loaded with 2 fJ.gof total protein each.
The concentrated media were run on nonreducing
sodium dodecyl sulfate (SDS) -polyacrylamide gel
00%) containing 1 mg/ml gelatin. After elec-
trophoresis in 25 mM Tris base, 250 mM glycine,
and 1% SDS, the gel was washed at room temper-
ature in solution (2. 5% Triton X-1O0, 5 mM
CaClz, 50 mM Tris-HCI, pH 7.5), and was incu-
bated again in the same buffer twice for 1 hour
each. After rinsing the gel extensively with six
changes of distilled water, it was incubated
overnight at 37 'C in 5 mM CaCh and 50 mM Tris-
HCl, pH7. 5, followed by Coomassie blue staining
and destaining in solution of methanol, acetic acid

~
I

I
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and water (50 : 10 :40) . Gelatin zymography depicts
MMP as negatively staining bands of gelatinolytic
activity.
2.6 Western blot

Tissue lysates were separated by SDS-PAGE
using separating gels and stacking gels of 3% poly-
acrylamide. Lane was loaded with 2 fJ.gof total pro-
tein each. After electrophoresis, the proteins were
transferred to PVDF membrane. Protein bands
were localized by staining with Ponceau S. Blots
were blocked with Tris-buffered saline-NaCl, pH
7. 6, containing 10 % bovine serum albumin, 20
mM Tris, 137 mM NaCl, and O. 1% Nonidet
P40; washed; blocked with 10% milk and incubat-
ed with antibodies against MMP-2 or MMP-9. Ex-
periments were done in triplicate. The bands were
scanned by computer analysis. Data from all tissue
samples analyzed were normali,zed by setting the
protein amount in the healthy tissue to 1.0 in each
sample[3] .
2.7 Statistical analysis

The SPSS statistical package program was
used for all analysis. Associations between the vari-
ables were tested by l test, Student's t test. a =
0.05 were set significant.
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3 Results
"

3. 1 Immunohistochemistry
The results revealed that there were 26 cases

of positive reaction for MMP-9 in 41 ESCC and 5
cases of positive reaction in matched normal mucosa
tissues. The percentage of positive cases in ESCC
was significantly higher than that in matched nor-
mal mucosa tissues (P<O. 01). Faint staining was
also found in monocyts, fibroblasts, endothelial and
smooth muscle cells. Positive reaction for MMP-9
showed a tendency to be stronger in deeply invad-
ing nests, especially in peripheral fronts. On the
contrary, MMP-2 levels were lower and positive
reaction in carcinoma cells was generally weaker
than that in stromal cells. There were distinct dif-
ference between the MMP-9 and MMP-2 expres-
sioninESCC(P<O.OI) (Table 1, Figure 1 and
Figure 2) .
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Table 1. Expressions of MMP-2 and MMP-9 by immuno-
histochemistry
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MMP Cases Expression

type (n) Positive cases (n) Positive rate (%)

MMP-9 41 26 63.41

MMP-2 41 7 17.07
P<O.OI
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Figure 1. Detection of MMP-9 protein in ESCC by immunohisto-
chemical staining SP x 200

Figure 2. Detection of MMP-2 protein in ESCC by immunohisto-
chemical staining SP x 200

3 .2 In situ hybridization
The results revealed that there were 22 cases

of positive reaction for MMP-9 mRNA in 41 ESCC
and 5 casesof positive reaction in matched normal
mucosa tissues. The percentage of positive cases in
ESCC was significant higher than that in matched
normal mucosa tissues (P < O. 01). Faint staining
was also detected in macrophages, fibroblasts, en-
dothelial and smooth muscle cells but stronger
staining was observed in plasmacytes. Positive re-
action for MMP-9 mRNA showed a tendency to be
stronger in deeply invading nests, especially in pe-
ripheral fronts. On the contrary, MMP-2 levels
were lower and positive reaction in carcinoma cells
was generally weaker than that in stromal cells.
There was distinct difference between the MMP-9

mRNA and MMP-2 mRNA expression in ESCC
(P<O.O1) (Table 2, Figure 3 and Figure 4).

~
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Table2. Expressionsof MMP-2 mRNA and MMP-9 mR-
NA by in situ hybridization

MMP Cases
type (n)

MMP-9 41

MMP-2 41
P<O.Ol

mRNA expression

Positivecase(n) Positive rate (%)
22 53.66

4 9.76

Figure 3. Detection of MMP-9 mRNA in ESCC by in situ hy-
bridization X200

Figure4. Detection of MMP-2 mRNA in ESCC by in situ hy-
bridization X200

3.3 RT-PCR
RT-PCR inspect showed that the positive rate

and semi-quantitative value of MMP-9 mRNA were
80.49% (33/41) and 0.57:t0.43 in ESCCs, re-
spectively. The positive rate and the semi-quantita-
tive value of MMP-2 mRNA were 58. 54%
(24/41) and 0.21 :t O. 21 in ESCC, respectively.
The positive rate and the semi-quantitative value of
MMP-2 mRNA were distinctly lower than those of
MMP-9 mRNA (P<0.05, P<O.O1) (Table 3,
Figure 5 and Figure 6) .
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Expressions of MMP-2 and MMP-9 mRNA by RT-PCR

mRNA expression

Positive rate( % )

80.49#

58. 54 #

Table 3.

MMP type Cases (n)
Positive case (n)

MMP-9 41 33

MMP-2 41 24

# :vs. MMP-9,P<0.05; * :vs. MMP-9,P<0.01

1 2

300bp

200bp

0.57:t O. 44 *

O. 2l:t O. 21 *

3 4

302bp(MMP-2)

233bp(l3-actin)

Figure 5. Detection of MMP-2 rnRNA in ESCC, tissue adjacent to twnor and matched mormal mucosa tissue by RT-PCR
Lane 1: Marker; Lane 2: normal tissue; Lane 3 : tissue adjacent to twnor; Lane 4 : ESCC

1 2

500bp-.
300bp-.
200bp-.

3 4
~
i

j
I
J
J
I
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233bp(l3-actin) !
I

j

vated MMP-2 (P < O. 01), proMMP-9 and
proMMP-2 (P < o. 01). The activated MMP-9
could be detected in 24 biopsy specimens (Figure
7) .
3.5

.I
J
J
J

)
J

l

Figure 6. Detection of MMP-9 rnRNA in ESCC,tissue adjacent to twnor and matched mormal mucosa tissue by RT-PCR
Lane 1: Marker: Lane 2: normal tissue: Lane 3: tis.'sue adjacent to twnor: Lane 4: ESCC

~

3.4 Zymographic analysis
By zymographic analysis, there were small

amount secretions of proMMP-9 (92 kD) and
proMMP-2(72 kD) in matched nonnal mucosa tis-
sues. The activated MMP-2 (62 kD) was detected
in 31 biopsy specimens, but no activated MMP-9
(82 kD) could be found. The semi-quantitative
values of proMMP-9, activated MMP-2 and
proMMP-2 in ESCC were 2.52 :t o. 75, 1. 92 :t
0.42 and 1. 51 :t O. 42, respectively. There were
distinct differences between proMMP-9 and acti-

Western blot
By Western blot analysis, the semi-quantita-

tive values of MMP-9 and MMP-2 in ESCC were
3.02 :t 0.56 and 2.26 :t 0.51, respectively. There
were distinct differences between MMP-9 and
MMP-2(P<0.05) (Figure 8).
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21 3 4 5 6 7 8

Figure 7. Detections of MMP-2, MMP-9 in ESCC and matched normal mucosa tissues by zymographic analysis
Lane 1 : standard of collagenase IV; Lane 2 - 4 : normal tissues; Lane 5 - 8: ESSe

1 2 3 4

i~2kD
MMP -9

1 2 3 4

72kD
MMP -2

Figure 8. Detections of TIl\1P in ESCC by Western blot

Lane 1,3: matched normal mucosa tissues; Lane 2 ,4 :ESSe

4 Discussion

Matrix metalloproteinase (MMP) is a family

of Zn2+ metalloproteinase, involved in degradation
of the extra cellular matrix macromolecules. They
have been classified into four classes based on sub-

strate specificities such as collagenases, gelatinases,
stromelysins and membrane-type MMP. Collage-
nases, gelatinases and stromelysins are solubale
while membrane-type metalloproteinsaes attach to
the surface of the cell[4]. MMP-2 and MMP-9 are

capable of cleaving basement membrane type N col-

lagen, but their enzymatic activity is far greater a-
gainst gelatins, hence they are often referred to as
gelatinases. MMP-2 and MMP-9 are also responsi-
ble for further degradation of the large 3/4 and 1/4
collagen fragments and other proteins including fi-

bronectin, laminin, and elastin[S]. Reports showed
that both MMP-2 and MMP-9 played an important
role in tumor invasion and metastasis[6-9].

In the current study, MMP-2 mRNA, MMP-
9 mRNA and their proteins were examined by im-
munohistochemistry, in situ hybridization, RT-
PCR, zymographic analysis and Western blot for 41
cases of ESCC as well as matched normal mucosa

tissues, in order to compare the potential value of
MMP-2 and MMP-9 in estimation of the biologic
behavior of ESCC. Our results showed that the ex-
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pression rate and semi-quantitative value of MMP-9
was significantly higher than those of MMP-2 in
tumor tissues, which suggested that MMP-9 had
higher sensitivity in predicting the biologic behavior
of invasion and metastasis in ESCC.

Most of MMP are secreted as inactive zymo-
gens (proMMPs), and extracelluar activation
mechanisms are required for their function.
Through separating the Zn2+ and cysteine, the
Zn2+ active center are exposed. Activation of MMP
shows waterfall effect[lO]. Zymographic analysis is
a special technique to detect the activity of MMP by
polyacrylamidedel electrophoresis ( PAGE), which
can differentiates proenzyme and activated enzyme
and detects a group of MMP with identical sub-
strate at the same time. It has the behavior of con-

venient and susceptible[l1] .
In our study, there was small amount of secre-

tion of proMMP-9 (92 kD) and proMMP-2 (72
kD) in all 41 cases of normal mucosa tissues. The
activated MMP-2 (62 kD) was detected in 31 biop-
sy specimens, but no activated MMP-9 (82 kD)
was found. Also, the expression of proMMP-9 was
significantly higher than both proMMP-2 and acti-
vated MMP-2 in ESCC tissues. The "activated
MMP -9 could be detected in 24 biopsy specimens of
all 41 cases of ESCC tissues. All these strongly
suggested that MMP-9 has higher sensitivity and
specificity in predicting the biologic behavior of in-
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vasion and metastasis in ESCC.
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Expression of Cathepsin B and Its Relationship with
Esophageal Squamous Carcinoma

Kuisheng Chen1.2, Zhihua Zhao1, Miaomiao Sun1.2, Xin Lou1.2, Dangling Gao1.2

1 . Department of Pathology, The First Affiliated Hospital of Zhengzhou University,

Zhengzhou Henan 450052, China

2. The Key Laboratory of Tumor Pathology of Henan, Zhengzhou,

Henan 450052, China

Abstract: Objective. To explore the relations between expression of Cathepsin B (CB) and development, invasion
and metastasis of esophageal squamous cell carcinoma. Methods. The expression of CB protein and of CB mRNA
were determined by immunihistochemitry and in situ hybridization. Results. CB protein expression and CB mRNA
expression couldn't be detected in normal esophageal mucosa, while positive in matastatic group and non-metastatic
group. CB protein expression and CB mRNA expression was significantly decreased. The out layer invasion group,
rate of CB protein expression and CB mRNA expression in the tumor tissues and atypical hyperplasia in tumor-adja-
cent tissues was significantly elevated compared with low-muscle invasion group and deep-muscle invasion group.
The positive rates was slightly higher in deep-muscle invasion than in low-muscle invasion without statistical signifi-
cance. The positive rates of CB protein expression and of CB mRNA expression in the carcinoma tissues were signif-
icantly higher than atypical hyperplasia tissues in both the metastatic and non-metastatic group. Conclusion. CB
protein expression and CB mRNA expression in human esophageal squamous cell carcinoma were increased, which
indicated that CB is related to the development, invasion and metastasis of esophageal carcinoma [Life Science Jour-
nal. 2006 ;3(3): 19 - 24] (ISSN: 1097 - 8135).

Abbreviations: CB: Cathepsin B

Keywords: esophageal squamous cell carcinoma; Cathepsin B; invasion; metastasis

1 Introduction

Invasion and metastasis of tumor is a compli-
cated process, in which the relationship of extracel-
lular matrix and metastasis of tumor is extremly
close. A series of dynamic change develop between
tumor cells and extracellular matrix. There are a
lot of enzymes released that degrade the extracellu-
lar matrix and facilitate the invasion and metastasis

of tumor cells[l]. It is known that Cathepsin B
(CB) is a lysosomal cysteine proteinase that can de-
grade laminin, fibronectin, Ntype collagen and so
on the extracellular matrix, and participating in the
invasion and metastasis of tumor cells. In recent
years, the research discovered that CB showed an
obivious increase in varieties of malignant tu,mors
such as prostate carcinoma, melanocytoma, ~anci-
noma of colon and so on. It also participates in the
invasion and metastasis of tumor. While both do-
mestic and foreign scholors haven't carried out the
research for CB and its relationship with invasion
and metastasis of esophageal carcinoma. This re-
search adopted the technique of immunohistoche-

...
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mistry and in situ hybridization, to investigate CB
expression and its relationship with the develop-
ment, invasion and metastasis of esophageal carci-
noma.

2 Materials and Methods

2. 1 Materials
2.1.1 Reagents

CB immunohistochemiscal SP kit was provided
by Wuhan Boster Biological Technology Company;
SA-AP and BCIP /NBT were from American
Promera corporation; CBcDNA probe with 5 temi-
nal biotin marked (.5'-GTIGACCAGCr-
CJITCCGACAGG-3') was synthesized by Beijing
Oker Biological Technology Limited Corporation.
2. 1.2 Specimens

Forty-nine fresh samples of human esophageal
carcinoma were obtained from oncological hospital
of Anyang and the First Affiliated Hospital of
Zhengzhou University. These samples were all con-
firmed by pathology as squamous cell carcinoma.
There were 49 cases, 25 males' and 24 females,
with median age 58.3 :t 17.8 years old (from 40.5
years old to 76. 1 years old) .
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According to lymphotic metastasis: metastatic
group (20 cases) and non-metastatic group (29 cas-
es); according to the depth of invasion: low-muscle
group (10 cases), deep-muscle group (15 cases)
and out layer group (24 cases); according to devel-
opment: esopheal carcinoma group (49 cases),
atypical hyperplasia of tumor-adjacent group (30
cases) and normal group (49 cases).
2. 2 Methods
2. 2. 1 Specimen preparation

The tissues of carcinoma, atypical hyperplasia
of tumor-adjacent and normal tissues obtained were
formalined-fixed and paraffin-embeded respectively
for immunohistochemistry and in situ hybridiza-
tion.
2.2.2 Immunohistochemistry

Paraffin sections were de-paraffined routinely,
rinsed in PES 3 times for 5 min each. Under the
high pressure, samples were treated with O. 01
mol/L Citrate Tris-sodium for 15 min. Samples
were rinsed 3 times with PES for 5 min each, and
blocked by serum for 30 min, to remove non-spe-
cific staining. Then drop wise 1: 100 rabbit antihu-
man CB antibody was added and incubated at 4 'C
overnight. The next day sections were taken for 30
min at room temperature, rinsed with PES 3 times
for 5 min each. So did the secondary antibody and
the tertiary antibody. After the following DAB
staining, hematoxylin staining, samples was dehy-
drated and mounted. PBS replaced the primary an-
tibody in the negative control slices.
2.2.3 In situ hybridization

Paraffin sections were deparaffined to water
routinely, and performed in 3 % hydrogen peroxide
for 30 min at room temperature for blocking en-
dogenous peroxidase activity. Sections were rinsed
with H2O 3 times for 5 min each time and digested
for 20 min with pepsin to expose rnRNA nuclear
section, rinsed once with H2O for 5 min, fixed
with 1% formalin 10.1 M PBS (pH 7.2 -7. 6,
contain 0.1 % DEPC) for 10 min at room tempera-
ture. Rinsed by H2O 3 times for 5 min each time,
and dropwised 20 fll Islice hybridization solution.
The sections were set in 20% glyerine to prehy-
bridize for 3 - 4 h at 42 'C dropwise 20 fll labeled
probe added to specimen, then coved paraffin mem-
brane to hybridize for 12 - 16 h at 42 - 43 'C . The
next day, sections were dropwised with O. 1 X sse
for 4 times for 15 min each time to elute non-spe-
cific hybridization. Sections were processed with
1% acetylatel BSA for 10 min at 20 'C. Sections
were in Streptavdin Alkaline Phoshates ( SA-AP )
for 20 min at 37 'C , Tris-HCl buffer I 3 times for

~
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10 min each, and Tris-HCl buffer IT 2 times for 1
min. Sections were dropwised BCIP/NET (33 fll
NBT and 16.5 fll BCIP added to 5 ml buffer IT)
substrate solution freshly, stained in the darkness
for 10 - 120 min, nuclear fast red after stained for
a few min, neutral gum mounted, prehybridization
solution without probe hybridized and before hy-
bridization specimens were processed as negative
control by RNase.

The results were judged according to Naoki
method[3]. Positivecellsaccoutfor 0% for ( - ), 0
- 20 % for ( :t ), 20 - 80 % for ( + ), 80 % for
( + + ), ( - ) and ( :t ) were set as negative, (+ )
and ( + + ) were positive.
2.2.4 Statistical analysis

All the data were analyzed by spass 10. 0 sys-
tem. Comparison between positive rates adopted

chi-square test (i-test).
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Results

3.1 CB protein expression and CB mRNA ex-
pression in esophageal carcinoma tissues, atypical
hyperplasia tissues and normal tissues

The positive signals of CB protein were local-
ized in cytoplasm or membrane of esophageal carci-
noma or atypical hyperplasia cell and showed brown
granules. Periphery matrix of carcinoma nest
showed positive as well(Figure 1)but not in nega-
tive control. Positive signals of CB mRNA was lo-
calized in cytoplasm of esophageal carcinoma or
atypical hyperplasia cells and showed blue granules
(Figure 2). Normal esophageal mucosa cells
couldn't be stained. No positive signals appeaied in
the negative control.
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3.2 Relationships of CB and esophageal carcino-
ma metastasis
3.2.1 Relationship of CB protein and esophageal
carcinoma metastasis

In the 20 caseswith lymphatic metastasis, the
positive rates of expression of CB protein in the tis-
sues of esophageal carcinoma, atypical hyperplasia
tissues and normal tissues were 100 % (20/20),
60 % ( 6/10) and 0 % (0/20), respectively; while
in the 29 cases without lymphatic metastasis, the
the positive rates CB protein expression in the
esophageal carcinoma tissues, atypical hyperplasia
tissues and normal tissues were 62.07% (18/29),
10% (2/20) and 0% (0/29), respectively. The
difference of CB had statistical significance ( carci-
noma tissues group vs. normal tissues group, P <
0.01; atypical hyperplasia group vs. normal tissues
group, P<O. 01). Table 1 showed the details.
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Figure 1. Immunohistochemical staining of

esophageal squamOtlc'i carcinoma (x 400 )

,

Figure 2. in situ hybridization staining of
esophageal squamous carcinoma (x 400 )

Table 1. Relationship of CB expression and lymphatic metastasis
Positive

cases(n)
Tissues of carcinoma 20 20
Tissu€-,>of tumor-adjacent 10 6
Tissues of carcinoma 29 18

Tissues of tumor-adjacent 20 2

Note: comparison of CB mRNA expression in carcinoma tissues between two groups: l = 9. 782, P = O.000 ;

CB mRNA expm,sion in atypical hyperplasia tissues between two groups: l = 8. 523, P = 0.004

Table 2. Relationship of CB mRNA and esophagealcarcinomametastasis
Positive Positive rate
cases(n) ( %)

Tissu€-,>of carcinoma 20 19 95
Tissues of tumor-adjacent 10 5 50
Tissues of carcinoma 29 16 55.2
Tissues of tumor-adjacent 20 2 10

Note: comparison of CB mRNA expression in carcinoma tissues between two groups: l = 9. 2, P = O.002; comparisonof CB
mRNA expression in atypical hyperplasia tissues between two groups: l = 5. 963, P = O. 015

Group

Metastatic group

Tissues
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Non-metastatic group

3.2.2 Relationship of CB mRNA expression and
esophageal carcinoma metastasis

In the 20 caseswith lymphatic metastasis, the
positive rates of CB mRNA expression in
esophageal carcinoma tissues, atypical hyperplasia
tissues and normal tissues were 95 % (19/20),
50% (5/10) and 0% (0/20), respectively; in the
29 cases without lymphatic metastasis, the positive

Group
--

Metastatic group

Tissu€-,>

Non-metastatic group

l

~
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3.3 CB protein, CB mRNA and esophageal car-
cinoma invasion
3.3.1 Relationship of CB protein expression and
esophageal carcinoma invasion

In tissues of esophageal aquamous cell carcino-
ma with low-muscle invasion, deep-muscle invasion
and out layer invasion, the positive rates of CB pro-
tein were 50% (5/10), 60% (9/15) and 100%
(24/24), respectively; in atypical hyperplasia tis-
sues in different invasion depths, the positive rates
of CB protein were 0 % (0/8), 10% (1/10) and

It
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Positive rate
(%)
100
60

62.07
10

comparison of

Cases( n)

rates of CB mRNA expression in the tissues of
esophageal carcinoma, atypical hyperplasia and nor-
mal tissues were 55.2% (16/29), 10% (2/20)
and 0% (0/29), respectively. The positive rates of
CB mRNA in the esophageal carcinoma tissues and
atypical hyperplasia between two groups were sta-
tistically significant. Table 2 showed the details.

Cas€-,>(n )

58.33 % (7/12). In the tissues of esophageal car-
cinoma and atypical hyperplasia of tumor-adjacent
with out layer invasion, the positive rates of CB
protein was obviously higher than the other two
with statistical significance. While in the tissues of
esophageal carcinoma and atypical hyperplasia with
deep-muscle invasion, the difference of the positive
rates of expression of CB protein in comparison
with low-muscle invaded wasn't statistically signif-
icant (P >0.05). Table 3 showed the details.
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Table3. CB protein Expression and esophagealcarcinomainvasion

Tissues of carcinoma Tissues of atypical hyperplasia

Positive Negative Positive Positive Negative Positive
cases(n ) cases(n ) rates( % ) cases(n ) cases(n ) rates( % )

Low-muscle layer" 5 5 50 0 8 0
Deep-musclelaye~ 9 6 60 1 9 10

Out laver 24 0 100 7 5 58. 33

Note: tissuesof carcinoma: a vs.b: l=0.244, P=0.612; a vS.c: l=14.069, P=O; b vs.c: l=11.345, P=O.OOl;
tissues of tumor-adjacent: a vs. b: l = O.847, P = O.357; a vs. c: l = 7.179, P=0.007; b vs. c: l =5. 507, P=0.019

Table4. CB mRNA and esophagealcarcinomainvasion

Tissues of carcinoma Tissues of tumor-adjacent

Positive Negative Positive Positive Negative Positive
cases(n) cases(n ) rates( % ) cases(n ) cases(n) rates( % )

Low-muscle layer" 4 6 40 0 8 0
Deep-musclelay~ 8 7 53.33 1 9 10

Outer laverc 23 1 95. 83 6 6 50

Note: tissues of carcinoma: a vs. b: l = O.427, P = O.513; a vs. c:X2= 13.459, P = 0; b vs. c: l = 10.226, P = O.001;
tissues of tumor-adjacent: a vs. b: l=0.847, P=0.357; a vs. cl=5.714, P=0.017; b vs. cl=4.023, P=0.045

Depth of
mvaslon

3.3.2 Relationship of CB mRNA and esophageal. . .
carCInoma InvaSion

In tissues of esophageal aquamous cell carcino-
ma with low-muscle invasion, deep-muscle invasion
and out layer invasion, the positive rates of CB
mRNA were 30% (3/10), 53.33% (8/15) and
95.83 % (23/24), respectively; in atypical hyper-
plasia tissues in different invasion depths, the posi-
tive rates of CB mRNA were 0% (0/8), 10% (11
10) and 50 % (6/12), respectively. In tissues of

Depth of
mvaslon

3.4 Relationship of CB protein, CB mRNA and
esophageal carcinoma development

Above-mentioned results showed, in the tis-
sues of normal esophageal mucosa, CB protein ex-
pression and CB mRNA expression were seldom de-
tected. In the carcinoma tissues of metastatic
group, the positive rates of CB protein expression
and CB mRNA expression were 100 % (20120),
95 % (19120), respectively. In the matched tis-
sues of tumor-adjacent atypical hyperplasia, the
positive rates of CB protein expression and CB mR-
NA expression were 60 % (6/10), 50 % (5/10),
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esophageal carcinoma and atypical hyperplasia with
deep-muscle invasion, the CB mRNA expression
was higher compared with low-muscle invasion,
but the difference wasn't of statistical significance
(p > O. 05). While CB mRNA expression in the
tissues of esophageal carcinoma and atypical hyper-
plasia with out layer invasion in comparison with
the former both, the difference of the positive rates
was statisticalLy significant. Table 4 showed the
details.
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respectively; in the carcinoma tissues of non-
metastatic group, the positive rates of CB protein
expression and CB mRNA expression were 62. 07 %
(18/29), 55.2% (16/29) respectively. In the
matched tissues of tumor-adjacent atypical hyper-
plasia, both of the positive rates of CB protein ex-
pression and CB mRNA expression were 10% (2/
20). The positive rates of CB protein expression
and CB mRNA expression were compared to those
in the matched tumor-adjacent atypical hyperplasia,
with the statistically significant difference (P <
0.01). Table 5 showed the details.
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Table5. Correlations of CB protein expression, CB mRNA expression and esophageal carcinoma development

Tissues of carcinoma # Tissues of tumor-adjacent' /
I

J...-J Group Expression of
protein( % )

Metastatic groupa 100.00
Non-metastatic grOUpb 62. 07

Note: #: correlation of a and CB mRNA expression,
sion, r=3.649, P=O.Ol

Expression of
mRNA (%)

95.00
55.20

r = 20.328, P = O.000;

Expression of Expression
protein (%) of mRNA (%)

60.00 50.00
10 10

* : correlation of b and CB mRNA expres-
~
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3.5 Correlations of CB protein and CB mRNA
In the metastatic group and non-metastatic

group, the expression of CB protein and mRNA in
the tissues of carcinoma and atypical hyperplasia of

tumor-adjacent had positively relative tendency,
the difference had statistical significance (carcino-
ma tissues: P<O.Ol; atypical hyperplasia tissues:
P < 0 . 01). Table 6 showed the details.

Table6. Correlations between CB protein expression and of CB rnRNA expression

Expre.'ision of protein Expression of rnRNA

Group Tissues Cases (n)

Metastatic group Ti&'iue.'iof carcinoma 20
Ti&'iuesof tumor-adjacent 10

Non-metastaticgroup Ti&'iue.'iof carcinoma 29
Tissues of tumor-adjacent 20

Note: correlation of carcinoma tissues and CB mRNA expre.'ision:
sues and CB rnRNA expre.'ision: r = 3. 649,P<0. 01

4 Dissension

The mechanism of tumor is unclear, but it's
known that metastasis would lead to worse progno-
sis. Therefore index, which is relevant to metasta-

sis of tumor has been reseach hot-spot domestically
and abroad. Recent years, CB was found to partici-
pated in extracelluar matrix and facilitated the

metastasis of tumor. Miyake et ai[sJ discovered
that in the serum of prostate carcinoma with lym-
phatic metastasis, the level of CB protein was obvi-
ously increased compared to those without lymphat-

ic metastasis; Yu et ai[6] discovered that the posi-
tive rates of expression of CB protein in the tissues
of colorectal carcinoma with lymphatic metastasis

was also elevated. Xu et al [7J determined expres-
sion of CB protein and mRNA of hepatoma tissues
and found that CB participated in the metastasis of
hepatoma.

Experiments may suggest that the highly ex-
pressed CB have relationship with the metastasis of
prostate cancer, colorectal cancer, and liver cancer,
but its relationship with the metastasis of
esophageal carcinoma hasn't been reported. This
experiment measured the CB protein expression and
CB mRNA in the esophageal carcinoma tissues, tu-
mor-adjacent atypical hyperplasia tissues and nor-
mal esophageal tissues and explored relationship of
CB expression with esophageal carcinoma. Im-
munohistochemical results demonstrated in 20 cases

with the lymphatic metastasis, the positive rates of
CB protein expression in the tissues of esophageal
carcinoma, tumor-adjacent atypical hyperplasia and
normal tissues were 100 %, 60 % and 0 %, respec-
tively; in the 29 cases without lymphatic metasta-
sis, the positive rates of expression of CB protein in
the tissues of esophageal carcinoma, tumor-adjacent
atypical hyperplasia and normal tissues were

~
l
L
..

l
~
~

~
~.
I"

Positive Positive Positive Positive
cases(n) rates case.'i(n ) rates

20 100.00 19 95.00
6 60.00 5 50.00
18 62.07 16 55.2
2 10 2 10

r = 20. 328, P < O. 01; correlation of atypical hyperplasia tis-

62.07 % , 10 % and 0 %, respectively. CB protein
expression in metastasis group was significantly in-
creased in tissues of carcinoma and tumor-adjacent
atypical hyperplasia tissues compared with the non-
matastasis group. In situ hybridization results
demonstrated in 20 cases with lymphatic metasta-
sis, the positive rates of CB mRNA expression were
95 %, 50 % and 0 %, respectively; while in non-
lyphatic metastasis group, the positive rates of ex-
pression of CB mRNA were 55.2 % , 6 % and 0 % ,
respectively. The difference of the positive rates of
CB mRNA expression in the carcinoma tissues and
tumor-adjacent atypical hyperplasia tissues between
the lymphatic group and non-lymphatic group was
statistically significant. Above-mentioned results
demonstrated that both CB protein and mRNA
have close relationship with the metastasi.s of
esophageal carcinoma.

CB is a lysosomal cysteine proteinase that can
degrade the extracellular matrix and facilitate to go
through barrier of basement membrane and extra-
cellular matrix, which results in the invasion and
metastasis of tumor cells. Accordingly, attentions
were paid to the relationship between CB and the

invasion of tumor, as well. Ejian et al[sJ analyzed
the tissues of transitional bladder carcinoma by
Western blot, and the results demonstrated that the
expression of CB protein was higher in invasive
type than that in superficial type, which suggested
that CB protein expression was related to the inva-
sion of bladder carcinoma; Dohchin et al[9J discov-
ered that in the gastric carcinoma tissues with mus-
cle layer invasion, CB protein expression was high-
er than tissues with the mucosa layer invasion, and
relevant to the invasion of gastric carcinoma. This
research results demonstrated: in the carcinoma tis-

sues and tumor-adjacent atypical hyperplasia tissues
with low-muscle invasion, deep-muscle invasion
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secreted CB protein to peripheral matrix, which
could degrade the matrix component and facilitated
the invasion and metastasis of tumor.
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~

and out layer invasion, the positive rates of CB pro-
tein expression and CB rnRNA expression were
both elevated. In the tissues of carcinoma and tu-

mor-adjacent atypical hyperplasia of the out layer
invasion, the positive rates of CB protein and CB
mRNA were significantly highly expressed signifi-
cantly comprared with the low-muscle invasion and
deep-muscle invasion both. So CB protein expres-
sion and CB rnRNA expression was related not only
to the metastasis but also to the invasion of

esophageal carcinoma. Therefore CB may be a
marker of invasion and metastasis of tumor cells

and at the same time, provided important guidance
for clinical therapy to prevent the invasion and
metastasis.

Many abroad and domestic studies carried out
were on CB and its relationship with the cancer in-
vasion and metastasis of tumor, but seldom on rela-

tionship of CB and cancer development. This re-
search observed also explored CB and its relation-
ship with esophageal carcinoma development. Re-
sults demonstrated: CB protein and CB rnRNA
couldn't be detected in normal tissues, while in the

lymphatic and non-lymphatic group, the positive
rates of expression of CB protein and CB rnRNA in
the esophageal carcinoma tissues were higher than
those in the tumor-adjacent atypical hyperplasia
with statistical significance, which demonstrated
that CB participated in the development of
esophageal carcinoma.

Furthermore, this experiment results suggest-
ed, and non-metastatic group, the positive rates of
CB protein expression and CB mRNA expression in
carcinoma tissues and tumor-adjacent atypical hy-
perplasia tissues in metastasis group was signifi-
cantly higher than that in non-metastasis group.
This results further showed that except non-metas-

tasis group, the positive rates of CB protein expres-
sion was consistent with CB rnRNA expression, in
carcinoma tissues and in the atypical hyperplasia
tissues, but the positive rates of CB mRNA was
lower than CB protein. To some extent, investiga-
tion of CB by immunohistochemistry was more sen-
sitive than that by in situ hybridization.

It was noteworthy of the different location of
CB protein positive staining. Positive staining in
the tumor-adjacent mucosa and normal mucosa was
only in the cytoplasm, while positive staining in the
esophageal carcinoma was scattered in the cyto-
plasm, cellular membrane and peripheral cells.
Weiss et al injected invasion tumor cell and non-in-
vasion tumor cell to athmic mice respectively, and
got the similar results, suggesting that tumor cells
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Alteration of Telomere Length in Gastric Carcinoma
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Abstract: Objective. To evaluate the alteration of telomere length in gastric carcinoma. Methods. Southern blot was
used to detect the telomere length in gastric carcinoma, matched adjacent tumor tissue and nonnal gastric mucosa.
Results. In 32 samples, the telomere length in gastric carcinoma, matched adjacent tumor tissue and corresponding
nonnal gastric mucosa were 5.088 :t 1. 712 kb, 5. 969 :t 1. 659 kb and 6. 728 :t 1 . 707 kb respectively. There was
no significant correlation between the telomere shortening in gastric carcinoma and the pathological grades, invasion
depth, lymph node metastasis and tumor size. Conclusion. Telomere length in gastric carcinoma shortened obvious-
ly than that in corresponding nonnal gastric mucosa and adjacent tumor tissue. Telomere shortening may not be
used as a sensitive biomarker to judge the malignance of gastric carcinoma. [Life Science Journal. 2006; 3(3): 25-
28J (ISSN: 1097-8135).

Keywords: gastric carcinoma; telomere length; Southern blot

Abbreviations: BCIP: 5-bromo-4-chloro-3-inddylphosphate; DIG: digoxin; NET: nitro-blue tetrazolium; TRF:
tenninal restriction fragments; SSC: sodium saline citrate

1 Introduction

Telomeres are unique structures at the physical
ends of linear eukaryotic chromosomes. In most eu-
karyotes, telomeric DNA consists of simple repeti-
tive sequences with G-rich 3' terminal. In human
somatic cells, telomeres have 500 - 3000 repeats of
TTAGGG, which gradually shorten with age in

vivo and in vitro[l]. It has been reported that

telomere shortening occurs in a subset of tumors[2] ,
but the alteration of telomere length in gastric car-
cinoma remained to be elucidated. About this there

are different opinions[3,4]. In this study, we exam-
ined the telomere length in gastric carcinoma,
matched adjacent tumor tissue and corresponding
normal gastric mucosa by using analysis of terminal
restriction fragments (TRF), with special refer-
ence to their clinical features and histological find-
ings. From the accumulated data, we determined
whether the telomere length is associated with gas-
tric carcinogenesis and the development of gastric
carcmoma.

2 Materials and Methods

Ii
l
l
L
(
l
l

2. 1 Materials
Thirty- two samples from gastric carcinoma,

with matched adjacent tumor tissue and corre-
sponding normal gastric mucosa, were studied. In
each case, tumor tissue, matched adjacent tumor

tissue and corresponding normal mucosa, at least 5
cm apart, were obtained from surgically dissected
stomach. The patients never received radiotherapy
and chemotherapy, including twelve males and
twenty females. The age of the patients varied in
the range of 25 - 69 years old. All tissues were
frozen in liquid nitrogen. Considering the morpho-

logical characteristics, all of the samples from ,the
gastric carcinoma were identified as ulcerating,
papillary and infiltrating carcinoma. Histological
examination revealed 14 cases of well differentiated

adenocarcinoma, 16 cases of poorly differentiated
adenocarcinoma and 2 cases of mucous signet-ring
cell adenocarcinoma.
2.2 Genomic DNA isolation and Southern blot

Took out the fresh frozen samples from liquid
nitrogen and rapidly ground into powder. High-
molecula-weight DNA was prepared from each sam-
ple by digestion with proteinase K and extraction
with phenol/chloroform. Deposited and condensed
genomic DNA with ethanol. Identified DNA purity
and concentration with ultraviolet spectropho-
tometer(HITACHI). 1 % agarose gel electrophore-
sis revealed the genomic DNA integrity. Equivalent
amounts of tumor and constitutional DNA (3 fJ-g)
were digested overnight at 37°C with 5 fJ-IHinf I
(TaKaRa, Kyoto, Japan). Thus, the terminal re-
striction fragments (TRFs), containing both the
subtelomeric repetitive DNA and telomeric 5'-
TTAGGG-3' repeats, were liberated. The TRF de-
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cases of gastric carcinoma, the mean telomere
length slightly shortened, and was even a little
longer than that of the normal mucosa(Figure 2).
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termining telomeric length were separated by O. 6 %
agarose gel electrophoresis, denatured and neutral-
ized, and then transferred by capillary transfer onto
positive nylon membranes (Osmonics) for Southern
blotting. The filters were prehybridized in a hy-
bridization buffer (Sangon) for 6 h at 42°C, then

hybridized with telomere probe 5' -( CCCTAA)r3'
labeled with digoxin (DIG) random labeling and
detection kit (Boshide, Wuhan, China) in hy-
bridization buffer overnight at 42°C. The filters
were washed twice in 2 X sodium saline citrate

(SSC)/O. 1 <16sodium dodecyl sulfate (SDS) for 5
min at room temperature and then washed twice in
0.2 X SSC/O. 1 % SDS for 10 min at 58°C. The

filters were blocked for 1 h at room temperature
with blocking buffer (Pierce) and incubated for 1 h
at 37°C in a Anti-Dig-Ap mixture that had been
diluted 1: 2500 in the blocking buffer. The filters
were washed twice in washing buffer for 30 min.
Then incubated for 2 min at room temperature in
coloring buffer. After mixing with NBT and BCIP
(2: 1, Promega), the filters were kept still in shad-
ed corner for color development until the ribbon ap-
peared.
2. 3 Densitometry and mean telomere length
measurements

The telomeric lengths were quantified by den-
sitometric analysis of the ribbon using Gel imaging
analysis system ( Gene Genius). The mean telomere

length in each sample was calculated as reported[S] .
2.4 Statistical analysis

The analysis were conducted with SPSS 10. 0
statistical software. Results were expressed iLSx:t s.

l tests, t and K-W tests were used, and a P value
< O.05 was set statistically significant.

3 Results

.

3. 1 Mean telomere length in gastric carcinoma,
matched adjacent tumor tissue and normal gastric
mucosa

In 32 samples, the telomere length in normal
gastric mucosavaried in the range of 4.0 kb - 11.0
kb, the mean telomere length was 6. 728 :t 1. 707
kb. The telomere length in matched adjacent tumor
tissue varied in the range of 3.0 kb ~ 10.0 kb, the
mean telomere length was 5. 969 :t 1. 659 kb. The
telomere length in gastric carcinoma varied in the
range of 2. 0 kb ~ 9. 0 kb, the mean telomere
length was 5.088 :t 1. 712 kb. There were signifi-
cantly statistical differences between three groups
(F = 7. 529, P = 0.01). The mean telomere
length in normal gastric mucosa, matched adjacent
tumor tissue and gastric carcinoma shortened obvi-
0usly in turn (Table 1, Figure 1). Otherwise, in 3

.".,-~'"

Table 1. The mean telomere length in gastric carcinoma,

adjacent tumor tissues and normal gastric mucosa

Lesions TRF(kb,x::l: s) Significance

Carcinoma 5. 088 ::I:1 . 712

Adjacent tumor tissues 5.969::1: 1.659

Normal tissues 6. 728 ::I:1. 707

P=O.O1

Kb
M 2 3 4 S 6

23

9.4

6.6

4.4 -
2.3
2.0

Figure 1. Southern blotting
M: Dig MW marker; Lane 1 and Lane 4: matched normal gastric
mucosa; Lanes 2 and 5: adjacent tumor tissue; Lane 3 and Lane
6: gastric carcinoma

M 2 3
Kb

23

9.4

2.3
2.0

Figure 2.' Southern blotting

M: Dig MW marker; Lane 1: matched normal gastric mucosa;

Lane 2: adjacent tumor tissue; Lanes 3: gastric carcinoma

3.2 Correlation between telomere length shorten-

ing and clinical factors in gastric carcinoma
Several variables, such as age, sex, tumor

size, histology, infiltrating depth and tumor stage
with lymph node metastasis, were examined for
potential links with telomere shortening in the gas-
tric carcinoma group. Age was significantly associ-
ated with telomere shortening in normal gastric
mucosa. While the mean telomere length showed

shortening tendency with age in carcinoma group
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It

t and adjacent tumor group, obvious statistical sig-
nificance was absent ( Table 2). Similarly, tumor
size, histology, infiltrating depth, tumor stage

~
10,
I-

~

l

with lymph node metastasis and sex were not sig-
nificantly correlated with telomere shortening in
gastric carcinoma(P >0. 05).

Table2. Mean telomere length in different age group

TRF(kb, x:t s)
~
~
...

L
l

Age( year )
Normal tissue Carcinoma

Cases(n)

3

7

10

4

8

10. 767:t O.252

7.471:t0.214

6. 780 :t O.235

6.275:t O. 457

4.725:t O. 656

P<0.05

I,.

20 - 29

30 - 39

40 - 49

50 - 59

60 - 69

P
~

l

Adjacent tumor tissue
9.533:t O.643

6.900:t O.252

5.980:t O.308

5.650:t O.311

3.936:t o. 940

P>0.05

8. 476:t O.503

6.229:t O.263

5.01O:t O.538

4.825:t O.624

3.050:t 1. 149

P>0.05

,
4 Discussion

to

A telomere is a group of tandem-repeat DNA
sequences located at the ends of eukaryotic chromo-
somes. Telomere is thought to stabilize chromo-
somes and protect them from end-ta-end fusion or

exonucleolytic degradation[l].
Telomere has close relationship with tumorige-

nesis. Telomeres cannot be replicated completely by
DNA polymerases because the enzymes cannot ac-
complish the coping processes to the very end of
DNA strands. Therefore, the length of telomere
decreases gradually with the increasing number of
cell divisions and therefore with aging, resulting in
chromosome instability and genetic changes that

may lead to tumor development[6]. Alterations of
telomere length have been reported in a subset of

tumors including colorectal carcinoma[7], hepatic
carcinoma[8], skin base c~ll carcinoma and renal cell

carcinoma[9,1O], but they were not consistent, and
even can examine longer telomere in carcinoma.
Some papers revealed that telomere shortening was
related to tumor size, histological type, infiltrating

depth, lymph node metastasis[1l,12]. Kondo[13] be-
lieved that telomere shortened progressively in gas-
tric carcinoma with development of tumor.

Our current finding that the mean telomere
length shortened in the order of normal gastric mu-
cosa, matched adjacent tumor tissue and gastric
carcinoma may also suggest reduction of telomere
occurs in early period of gastric carcinogenesis,
causes chromosome instability and accelerates devel-
opment of gastric carcinoma. This is consistent

with theory set by Meeker[14]. Another finding of
the current study is that in 3 cases of gastric carci-
noma, the mean telomere length slightly short-
ened, and was even a little longer than that of the
normal mucosa. There are several possible reasons
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about this: telomerase activation was expressed at
the early stage of tumorigenesis and compensate
shortened telomere; stroma cells are abundant in
tumor tissues, and their DNA may affect analysis
of TRFs; telomere prolonged mechanism beyond
telomerase activation exists. Our current study also
indicated that telomere shortening in gastric carci-
noma was not related to clinical pathological param-
eters.

From all the above, though reduction of
telomere is one early molecular event of gastric car-
cinogenesis, the mean telomere length in gastric
carcinoma is also decided by other factors and lack
of significant correlation with clinical pathological
parameters. We deduce that telomere shortening
may not be used as a sensitive biomarker to diag-

nose gastric carcinoma and judge the malignan~ de-
gree.
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Mage-ax mRNA Level in Lung Cancer of Mice Derived

by Coal Tar Pitch

Yue Ba, Huizhen Zhang, Qingtang Fan, Xiaoshan Zhou, Yiming Wu
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Abstract: Objective. To investigate the expression of Mage-ax mRNA in lung cancer tissues of mice induced by coal
tar pitch (CTP) fume and to discuss the pos",ibility of the lung cancer animal model induced by CTP as a model for
lung cancer immunotherapy with MAGE-A. Methods. Tumor tissue samples of lung cancer and paired non-tumor
tissues of the lung were obtained from 8 lung cancer mice. Total RNA was extracted and cDNA was synthesized.
Nested PCR amplification using Mage-ax specific primers was then performed to detect the expression of Mage-a.

The 2 clones of 1 sample of Mage-ax mRNA positive PCR products were DNA sequenced by using DNA" sequencer
(PE-377). Results. Of 29 mice in the experimental group, 8 were induced to lung cancer. Of 8 lung cancers, 5
(62.5%) expressed Mage-ax mRNA. The expression of Mage-ax gene was not recognized in adjacent lung tissues
at all. The DNA sequence confirmed that the target gene fragments in all 2 samples of PCR products were Mage-ax

cDNA. Conclusion. The Mage-a gene was expressed highly in tumor tissues with lung cancer in mice induced by
CTP fume. This suggests that this kind of lung cancer mouse model may be an ideal animal model for lung cancer
therapeutic experiment by MAGE-A. [Life Science Journal. 2006; 3(3) : 29 - 34] (ISSN: 1097 - 8135) .

Keywords: Mage-ax mRNA; mouse; CTP fume; lung cancer

Abbreviatious: CTP: coal tar pitch; CTL: cytotoxic T lymphocyte; TAs:tumor antigens

1 Introduction

Although the enormous manpower and materi-
al resources have been spent, there are still no ef-
fective methods developed to prevent and treat ma-
lignant tumor. The incidence rate of malignant tu-
mor is increasing and the onset age is tending to be
younger along with the changes of environment and
lifestyle of human being. In China, the increasing
magnitude of lung cancer is in the first place in re-
cent 20 years according to the infonnation derived
from a more recent national conference on oncology
in 2000[1].

Using a gene transfection approach to identify
antigens recognized by CTL (cytolytic T lympho-
cytes) on a human melanoma cell line, Boon et al

isolated the gene MACE-A family that is located in
the Xq28 region and the gene family includes at

least 12 related genes[2-4J. MACE-B, including 4

genes, was identified in the Xp21. 3 region[5-7J.
MACE-Cl is on band Xq26[8J. Most of these
MACE genes are expressed in a significant propor-
tion of tumors of various histological origins,
whereas no expression has been observed in normal
tissues except on placenta and male genn cells.

The MACE-encoded antigens are recognized
by cytolytic T cells in the fonn of antigenic pep tides
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presented by HLA class I molecules. Because male
genn cells do not express the HLA class I genes,
they fail to present MAGE antigens even though
they express MACE genes. The MACE-encoded
antigens are therefore strictly tumor-specific. Sev-
eral immunogenic peptide epitopes from tumor-as-
sociated antigens (such as MAGE-A3, MAGA-A1
etc. ) have served as targets for cellular immune re-
sponses in numerous clinical trials for therapeutic
vaccinations[9, 1OJ.

In 1999, Boon et al found Mage-a, a new
I ilmily of mouse genes homologous to the human

MACE-A genes[llJ. Mage-a genes were mapped
on X chromosome. Like human MACE-A, Mage-
a genes were transcribed in adult testis, but not in
other tissues. Expression of some Mage-a genes
was also detected in tumor cell lines. Mage-a genes
are higher degree homologous to the human
MACE-A genes. Like MACE-A genes, theyen-
code acidic proteins. As the ideal tumor animal
model, it is possible to research the immunotherapy
by using MACE tumor antigens(TAs). There is,
however, little information on their expression in
lung carcinoma of mice. This experiment studied
the expression of Mage-a gene in mice lung cancer
and compared its sequence with that in GenBank,
then discussed the possibility of the lung cancer ani-
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nal elongation cycle at 72 °C for 300 sec. Under the
same PCR condition, a second round of PCR was

performed using nested primer 5' -AGCGGATCC-
CTCTCTCCCCAGGCC-3' (forward), 5' -A C G

bAGCTTCCAATTTCCGACGACACTCC-3' (re-
verse) , and 1 t-tl of first-round PCR products as
template. The nested primers were added appropri-
ate BamHI and Hind III restricted site respective-

ly.
2.3
mids

For the construction of recombinant pUC18

plasmids, a PCR fragment of Mage-ax cDNA was
obtained with the nested primer. pUC18 plasmids
and the target fragments were digested by BamHI
and Hind III respectively. Bands were isolated from
low melting point agarose and purified by UNIQ-5
column DNA gel reextraction kit (Sangon, Shang-
hai, China) respectively, and then PCR product
was ligated directly into pUC18 plasmid with T4

DNA ligase. The mixture was transfered into E.
coli cell, strain DH5a according to the method of

Molecular Cloning[12]. At least 3 positive clones
were picked up and amplified. Then, the ligated
PCR products were isolated and sequenced by
dideoxy method using DNAs sequencer (PE377).
The sequencing results were analyzed using DNAsis
software.
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mal model induced by CTP as a model for lung can-
cer immunotherapy with the use of MAGE-A.

Mage-al' a2, a3, as, a6, as of Mage-a are ar-
ranged in a cluster located in a region syntenic to
Xp22 and they share more than 93 % nucleotide identi-
ty. The above 6 genes which were amplified in this
study were called as Mage-ax'

2 Materials and Methods

2.1 Sample collection and RNA extraction
Animal: 64 Kunming mice, 32 males and 32

females, were provided by Henan Animal Center
(Zhengzhou, Henan, China). The mice were di-
vided into experiment group and control group ran-
domly. The experiment group was exposed to CTP
fume 2 h per day for 12 weeks. The mice were
killed in the 12th week and the 24th week, respec-
tively. The lung tissues were frozen in liquid nitro-
gen. All the samples were confirmed by pathology.

Total cellular RNA was isolated using the flash
column total RNA preparation kit (QIAGEN, Ger-
man) according to the manufacture's instructions.
2.2 Nested RT-PCR

For nested RT-PCR analysis of Mage-ax tran-
scripts, 5 t-tgof total RNA were reverse-transcribed
with the first round PCR specific primers: 5'-
AATACCAAGTCCTCCCCAG-3' (forward), 5'-C
TTGGGCCCCACAGGAACC-3' (reverse) in a
30 t-tlreaction mixture containing reverse transcrip-
tase buffer, 5 mmol dNTP, 25 pmol primer and
10 U AMV reverse transcriptase (Promega, USA).
The mixture was incubated at 42°C for 60 min,
heated at 95°C for 5 min and then stored under -

20°C. 3 t-tlof RT reaction were used in one round
of PCR with 1 X Taq buffer, 5 mmol dNTPs, 25
pmol first round PCR specific primers and 2 U of
Taq DNA polymerase (Promega, USA). PCR am-
plification was 35 cycles at 94°C for 50 sec, 55°C
for 50 sec and 72°C for 60 sec with an initial one-
cycle predenaturation at 94°C for 120 sec and a fi-

Cloning and sequencing of recombinant plas-

3 Results

3. 1 The results of CTP induced cancer
Of 29 mice in the experiment group, 8 were

induced to lung cancer, 7 were carcinoid and'l was
adenocarcinoma within 24 weeks. There were 5
specimens with squamous metaplasia, 2 were hy-
perplasia and the rest were normal. All the 32 mice
in control group were normal. The cancer incidence
was significantly different between two groups (P
< 0.01). Detail results were shown in Table 1.

J

~

Group

Control group

Experiment group
P<O.Ol

C'AJmparisonof tumor induced in control group and experiment group

Cases( n) Mice with tumor( n) Mice without tumor( n)

TI 0 TI

29 8 21

Table 1.

3.2 Expression of Mage-ax gene at mRNA level
in mice lung cancer tissues

Of 8 mice with cancers, Mage-aT mRNA was
expressed in 5 (62. 5% ). The expression of Mage-
ax gene was not recognized in adjacent and normal
lung tissues at all. Mage-ax gene was also ex-

Ratio

0

27.6

pressed' in one squamous metaplasia. The PCR
products were then digested by restriction endonu-
cleas Sca I. The two fragments, 300 bp and 200
bp, were shown respectively. Representative gels
were shown in Figure 1 and Figure 2. Results were
shown in Table 2.
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- 500 bp

Figure 1. Amplification of target gene

Amplified product of Mage-ax cDNA was 492 hp.

Lane 1,2,3,4: lung cancer tissues which expressed

MaKe-aT mRNA: Lane M: marker

-500bp
I
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~
~
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l
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-JOObp

-200bp

Figure 2. Identification of target gene
Lane 1: amplified target gene: Lane 2: fragments digested with

Sea I ; Lane M: marker
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Table2. Expression of MACE-ax gene in lung tumors in
mice

Pathology

Carcinoid

Adenocarcinoma

Squamous metaplasia

Hyperplasia

Adjacent lung tissues

Nonnallung tissues

Proportion of positive samples

4/7 (57.1%)

1/1 (100%)

1/5 (20%)

0/2

0/8

0/32

3.3 Construction, identification and sequencing
of mouse Mage-ax gene

The amplified DNA fragment was digested
with BamHI and Hind ill. The target fragment
was ligated into a predigested (with BamHI and
Hind ill) clone vector pUC18. Initial transforma-
tion was carried out with E. coli DH5a host
strain. Positive clone was identified via preparing
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the plasmid DNA from a number of clones and ana-
lyzed by using amplification with universal primer
of pUC18 on agarose gel electrophoresis, and was
sequenced by using primer M13 (or pUC18 univer-
sal primer). The target gene fragments in samples
of PCR products were Mage-ax cDNA. The results
were shown in Figure 3 and Figure 4.

4 Discussion

The identification of TAs and their recognition
by tumor-specific CTL has fuelled the development
of immunotherapeutic strategies in cancer[13]. Al-
though numerous TAs and their epitopes have been
identified, the majority of these are quite restricted
in expression and their clinical utility remains limit-
ed. Therefore, it is imperative to evaluate the pos-
sibilityof tumor immunotherapy by using TAs/epi-
topes that are widely expressed in tumor. It has
many benefit to research the MACE genes' func-
tion in mice such as sample got easier, dynamic ob-
servation and so on. It may, therefore, be the ideal
animal model for the lung cancer's therapeutic ex-
periment by using MACE.
4. 1 Reliability, sensitivity and specificity of the
experiment

The authors took the following measures to
ensure the reliability of the experiment: (1) Re-
move the necrosis tissues to refrain from RNA
degradation caused by necrosis. (2) RNA extracted
was all verified by ethidium bromide fluorescence
electrophoresis and by ultraviolet radiomete (A260/
A280>1. 9). (3) To ensure RNA was not degrad-
ed, a PCR assay with primers specific for ~-actin
was carried out in each case. (4) To avoid the false
positive results, all the samples of extracted RNA
were incubated with DNase. (5) Random sampling
the positive clones sequenced and confirmed the
amplified products being Mage-ax (The sequence is
the same as that of GenBank).

Method of nested PCR can improve the sensi-
tivity and specificity of the experiment. The first
round PCR will be carried out using the exo-
primers firstly, and then the second round PCR
will amplify the smaller regions of the first round
PCR products by using the nested-primers. So the
continuous twice enlargement may increase both the
sensitivity and the specificity of PCR greatly. For
the extreme-trace target fragments, it's very diffi-
cult to get the better results for once amplification,
but satisfactory results can be obtained using nested
PCR.
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0.5 kb -

3.0 kb

Figure 3. Identification of recombinant-plasmid amplified by pUC18 universal primer
Lane 1,2,3,4,5,7: the inserted target fragments amplified by universal primer; Lane 6: plasmid without inserted the target gene;

Lane 8 : the negative control; Lane 9: plasmid inserted the target gene

Smageal :
Smagea2 :
Smagea3 :
SmageaS :
Smagea6 :
Smagea8 :
5MBY1

smagea1 :
Smagea2 :
Smagea3 :
SmageaS :
Smagea6 :
Smagea8 :
SHBY1

J

Smagea1 :
smagea2 :

Smagea3 :

Smagea5 :
Smagea6 :
Smagea8 :
SHBY1

879
: 5285
: 373
: 7430
: 2007
: 2326

60

: 1215
: 5621
: 709
: 7766
: 2343
: 2662

396 i

J

J
I

J
J
J
J
J
J
)

: 1271
: 5677
: 765
: 7822
: 2399
: 2718

442

Figure 4. Comparing the sample sequence with Mage-ax sequence in GenBank (The underlined parts were the sample sequences)

4.2 Expression of Mage-ax mRNA of mouse lung
cancer tissues

As the results of CfP fume inducing lung can-
cer among 29 mice in the experiment group within
24 weeks", 8 were induced to lung cancer, 7 were
carcinoid and 1 was adenocarcinoma, respectively.

PCR results showed that the majority of lung tu-
mors in mice (5 of 8 tested) were positive for the
Mage-ax gene by gene-specific primers and the
nested-PCR method. These results suggested that
more than 60 % of lung cancers were expressed
Mage-ax gene, which was also expressed in one
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squamous metaplasia, but not recognized in adja-
cent and nonnallung tissues at all. Although there
are some mouse models used to evaluate human im-

mune responses to .MAGE-based tumor vaccine,
there is no other infonnation about the expression
of Mage-a in lung carcinoma in mice. Gravekamp
et at. found high expression levels of Mage-b (an-
other Mage family of mouse genes homologous to
human .MAGE-B genes) in almost all metastases,
regardless of age. The expression levels were 2- to
3- fold higher in the metastases than in the primary

4TO7cg breast tumors[14]. It suggests that Mage-
encoded tumor antigen will be used as model to
study various anti-tumor immunization modalities
. . .

In VlVO.

.MAGE-A Ags were detected in primary and
metastatic tumors of various histological types in-
cluding melanoma, lung, bladder, ovarian, and
breast carcinomas. Individual .MAGE-A expression
varies from one tumor type to another, but overall
the majority of tumors express at least one of the
.MAGE-A family. Targeting epitopes shared by all
.MAGE-A Ags would be of interest against a broad
spectrum of cancers. At present, .MAGE peptide-
based vaccines have been used in clinical trials with

tumorous patients, but with limited success[15,16].

A suitabl~ animal tumor model that would pennit
the optimization of .MAGE -encoding cancer vac-
cines in mice is very necessary to immunotherapy of
tumors using .MAGE gene products. Researchers
have used different tumor animal models to evaluate

the possibility of tumor immunotherapy by using
.MAGE Ags. Eggert et at demonstrated the im-

munogenicity of two Kb-restricted peptide epitopes
derived from mouse MAGE proteins which may
serve as valuable tool for preclinical evaluation of

vaccination strategies[17]. Ni found that rSFV vac-
cine could elicit human MAGE-3-specific antibody
and CTL response in the Trimera mice[18]. The re-
sults of Gravekamp indicated that the metastatic
and nonmetastatic breast tumor models could be

useful model systems to analyze how breast cancer
vaccines for humans[14].

However, a suitable mouse tumor model of

lung cancer that would pennit the optimization of
.MAGE-encoding cancer vaccines in mice is cur-
rently not available. In this study, it shows that
Mage-ax gene was expressed highly in tumor tis-
sues with lung cancer induced by CTP fume. This
suggests that this lung tumor mice expressing
Mage-ax may be an ideal animal model for lung
cancer therapeutic experiment by using .MAGE-A.
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Abstract:Alzheimer's disease (AD) is the cause of one of the most common types of dementia. In AD brain, abnor-

mal hyperphosphorylated tau composed the major protein of neurofibrillary tangles (NITs), one of the two neu-
ropathological hallmarks of AD. To prevent and relieve the tau protein abnormal hyperphosphorylation in AD pa-
tients' brain is thought to be the key point of therapy. Recent study suggested that there is some relationship be-
tween folates, vitamin B12 and AD. In our study we aim to investigate the possible mechanism of AD especially the
correlation between folates, vitamin B12 and tau phosphoiylation. We examined tau protein phosphorylation state in
rats' hippocampus of different age stages: two and forty months old by phosphorylation dependent and independent
tau antibodies. We found that tau phosphorylation in aged rats' brain showed significant high level than these two
months old. And we also found that folates plus vitamin B12 can decrease the level of tau phosphorylation in aged
rats' brain. It sugge.<;tsfolates and vitamin B12 may play an important role in preventing the neurodegenerative
change by influencing tau phosphorylation in brain. [Life Science Journal. 2006; 3 (3) : 35 - 40] (ISSN: 1097-
8135) .

Keywords:Alzheimer's disease; aged; folate; vitamin El2

Abbreviations: AD: Alzheimer's disease; BCA: bicinchoninic acid; CSF: cerebrospinal fluid; DAB: diaminob-
enizidine; NITs: neurofibrillarx tangles; PHF: paired helical filaments; SDS-PAGE: sodium dodecyl sulphate poly-
acrylamide gel electrophoresis

1 Introduction

Dementia is a syndrome characterized by an
acquired global impairment of memory and other
cognitive functions sufficient to interfere with nor-
mallife[ 1]. Alzheimer's disease (AD) is the cause
of one of the most common types of dementia. The
World Health Organization has estimated that 25 -

29 million people in the world suffer from dementia.
Approximately 6 % - 8% of all older people over
the age of 65 years have AD[2], and the prevalence

increases steeply with age[3]. AD is characterized
by the presence of two histopathological hallmarks
called senile plaques and neurofibrillary tangles,
which are involved in the process leading to pro-
gressive neuronal degeneration and death. It is re-
ported that neurofibrillary tangles (NFTs) are
structures present in the neuronal body and consist
of paired helical filaments (PHF), mainly com-

posed of highly phosphorylated tau protein[4,5].
Tau is a microtubule-associated protein expressed
mostly, but not exclusively, in the nervous sys-
tem, and its normal physiological function is to
bind and stabilize microtubules[6]. In AD brain,
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tau is found aberrantly hyperphosphorylated[7].
Abnormal phosphorylation of tau in brain seemed to
be an important pathogenesis of AD.

The possible involvement of nutritional faCtors
in the aetiology (causes) or pathogenesis (mecha-
nisms of brain damage) of dementia has been wide-
ly considered. In particular, dietary deficiency of
folates has been postulated as contributing to the
aetiology AD. Folates are vitamins essential to the
development of the central nervous system. And re-
searcher also found that vitamin Bl2 deficiency not

only produces anaemia but also causes irreversible
damage to the central and peripheral nervous sys-
tems. In this study we aim to investigate the mech-
anism of the relationship between AD and folates
and vitamin B12. We focus on the tau protein and to
study whether folates plus vitamin Bl2 have effect on
its phosphorylation status.

2 Materials and Methods
I.

2.1 Animal
Male Wistar rats were from Experimental Ani-

mal Central of Henan Medical College. All animals
were observed daily for clinical signs of disease. All
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Dr. Chengxin Gong (New York State Institute for
Basic Research, Staten Island, NY, USA). Bicin-
choninic acid (BCA) protein detection kit, goat an-
ti-rabbit peroxidase-conjugated secondary antibody,
chemiluminescent substrate kit and phosphocellu-
lose units were obtained from Pierce Chemical
Company (Rockford, IL, USA). Detection kit
( Histostain-SP) for immunohistochemistry. Goat
anti-mouse and goat anti-rabbit alkaline phos-
phatase-conjugated secondary antibodies, diaminob-
enizidine (DAB) and other chemicals were pur-
chased from Maixin Biotechnology Company (Fu
Zhou, China). Folates were from Peking Universi-
ty Pharmaceutical Co. Ltd. and vitamin El2 was
from YangzhouZhong Bao PharmaceuticalCo. Ltd.
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Table 1. Tau antilxxlies employed and their properties

Antilxxly Dilution Type" Specificity
T au-1 1 :30000 Mono- unP
PHF-1 1:500 Mono- P

R134d 1 :2000 Poly- P + unP

a Poly-, polyclonal; mono-, monoclonal; unP, unphosphorylated epitope; P, phosphorylated epitope

b Numbered according to the largest isoform of human brain tau

animal experiments were performed according to
Policies on the Use of Animals and Humans in
Neuroscience Research, revised and approved by the
Society for Neuroscience in 1995. The subjects
were allocated into two groups: two months old
rats and forty months old rats. Group of forty
months old rats were treated with folates (40 mg/
kg diet) by the gut and vitamin B12 (20 figlkg) by
intraperitoneal injection every day for one month.
2. 2 Antibodies and reagents

Antibodies to tau are listed in Table 1. Rabbit

polyclonal antibody R134d against total tau, mono-
clonal antibodies PHF-l against PHF-tau phospho-
rylated at Ser396/404, and Tau-l against PHF-tau
unphosphorylated at Serl99/202 were gifts from

2.3 Preparation of rat brain extracts
The rat is deeply anesthetized with sodium

pentobarbital (75 mglkg, i. p.) and then decapi-
tated. Immediately remove the brain and separate
the brain sagittally into hemisphere and put into
ice-chilled PBS. The left hemisphere was fixed for
immunohistochemistry. And the right hippocampus
was homogenated and supernatant was for We.<;tem
blot.
2.4

J

Western blot
Western blots of hippocampus homogenate

were to determine the phosphorylation state of tau
of different aged rats. The homogenizer contained
cold homogenizing buffer containing 50 mM Tris-
HCl, pH 7.0, 10 mM ~-mercaptoethanol, 1. 0
mM EDTA, O. 1 mM phenylmethylsufonyl fluo-
ride, and 2. 0 fig/ml each of aprotinin, leupeptin,
and pepstatin A. Then they were homogenized in
the same buffer at a ratio of 9.0 ml of buffer/I. 0 g
tissue with phosphatase inhibitor mixture contain-
ing 20 mM ~-glycerophosphate, 1.0 mM Na3VO4,
and 50 mM NaF, pH 7.0. The homogenates were
spin at 15,000 rpm for 3 min at 4 "C for biochemi-
cal analysis. The phosphorylation of tau in the
above samples was analyzed by Western blots using
10% SDS-PAGE. The separated protein bands
were transferred into nitrocellulose membrane and

probed with specific anti-tau antibodies. Then all
blots were probed with peroxidaseconjugated sec-
ondary antibody and developed with chemilumines-
cent substrate kit. The protein bands were quanti-

.

Phosphorylation sitesb
Ser-198/Ser-199/Ser-202

Ser-396/Ser-404

tatively analyzed, and the amount of protein was
expressed as relative level of total optical density.
2.5 Innnunohistochemistry

The hippocampus of the left hemisphere were
fixed by 10% neutrality fonnaldehyde, 90% 0.01 M
PBS solution at room temperature for 6 h, paraffin
embedded, and cut into 5 fim-thick sections. Dry
the slide.<;(processed by acetone and APES) with
tissue sections in an 80°C oven for 30 min.. Sec-
tions were blocked with O. 3% HzOz in absolute
methanol for 20 min and non-specific sites were
blockedwith instantcalfserumfor 60 min at 37 "C.

Then incubate sections overnight at room tempera-
ture with primary antibodies as described. The
slides were developed by biotinylated secondary an-
tibodies (1 : 200) and Avidin-peroxidase conjugate
( 1 :200) / diaminobenzidine tetrachloride (0. 05 % )
system.
2.6 Statistical analysis

Data were expressed as x:t SD and analyzed
using SPSS 11. 0 statistical software (SPSS Inc,
Chicago, Illinois, USA). The One-Way ANOVA
procedure followed by LSD's post hoc tests was
used to determine the different means among
groups (P < O.05) .
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3 Results

3.1 Tau phosphorylation at ser396/404 site
To study whether folates and vitamin B12 af-

fect tau protein phosphorylation and their possible
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relationship, the status of tau phosphorylation of
different ages in rats' hippocampus were analyzed.
The status of tau of different age rat were carried
out by Western blot using three well characterized
phosphorylation-dependent and site-specific tau an-
tibodies as listed in Table 1. Compared with two
months old rats group, a remarkable increase of
phosphorylated tau for forty months old rats was
detected by PHF-1 which recognize phosphorylated
tau at ser396/404 site. And tau-1 recognizes un-
phosphorylated tau at serl99/ser202 sites. Tau
phosphorylation in forty months old rats group have
the high expression (Figure 1 A and B). The level
of total tau was indicated by blot developed with
R134d, a phosphorylation-independant antibody.
Data showned that there was no remarkable differ-

ence between two months old group and forty
months old group (Figure 1C). So the phosphory-
lation of tau protein in rat's hippocampus is notably
increased with. the aging process. And based this
result we do the next step.
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Figure 1. Level of tau phosphorylation in different age rat brain
by Western blot.
15 f1iSof protein per lane was employed with antibody PHF.l,

tau. 1 and R134d. * P< 0.05, vs. 2 months old rat.

3. 2 Folates plus vitamin BI2 can decrease hyper-
phosphorylation of tau in aged rat brain

After rats were treated with folates and vita-

min B12, the status of tau protein phosphorylation
were detected on different age stage groups in rats'
brain. Gained the extract of rats' hippocampus was
for immunoblot analysis. We found that bands of
the drug treated group were sharply decreased com-
pared to the group which was not treated with
drugs (Figure 2A). It indicates a large decrease in
phosphorylation of tau at Ser396/404 sites. This
result was corroborated by the greatly diminished
staining of tau bands by phosphorylation-indepen-
dent anti-tau antibody tau-I, which has an optimal
immunoreactivity when tau is dephosphorylated at
serl99/ser202 (Figure 2B). It demonstrated that
folates and vitamin B12 have the effect on decreas-

ing the tau phosphorylation in aged rat brain. We
also found that the level of total tau still had no re-

markable difference between groups(Figure 2C).

A """",",0.."--------

~. ::~r

0 0
*

j ~:n
.~ ~: ~ I ~ ".;:: 0 '-..-.---ro
"

~ 40 months 40 months

(VBJ2+Folate)

B ~-, --

:::;
;, L 6
~ L 4
.t';. L 2
'U; 1
;; 0.8
-;:; 0.6

.: 0.4

.c:; 0.2
<;; 0
"

~

0 0
40 months 40 months

(VB12'Folate)

c 1 Jill. Hill.;iU...

;; L 4
~ 12

~. ]
;'! 0.8

~ O. G
'- 0.4
.~ 0.2
~ 0"
~

D.m~mD
40 months 40 months

(VB12+Folate) ~

Figure 2. Effect of folate plus vitamin E12 on tau phosphorylation
in 40 months aged rat brain by Western blots.
15 p.g of protein per lane was employed with antibody PHF.l,

tau. 1 and R134d. * P < 0.05, vs. aged rat that was not treated
with folate and vitamin E12.
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Figure 3. Level of tau phosphorylation in different age rat brain by immunohistochemistry

Paraffin embedded (5 I'm-thick) sections were immunostained with PHF-l and tau-I.

To learn the change of phosphorylation state of
tau and its topographical distribution correlate with
folates and vitamin Bl2 treatment in the brain tis-
sue, we immunostained the sections cut from the
left hemisphere with phosphorylation dependent
and phosphorylation independent anti-tau antibod-
ies. From these pictures we found that the im-
munohistochemistry results were consistent with
Western blots results. The level of tau phosphory-
lation in 40 months aged rat brain is higher than
that of 2 months old rat (Figure 3). After treated
with folates and vitamin Bl2 for one month we can
see that at ser396/404(PHF-l) the rat brain sec-
tions were stained gradually weak. Oppositely,
they were stained gradually increased when detect-

...

,.I

ed by antibodies tau-l (Figure 4). Immunohisto-
chemistry results also demonstrated that folates and
vitamin Bl2 could decrease the level of tau phos-
phorlation in rats' hippocampus.

..

-I

J
4 Discussion ~

J
This experiment studied the possible associa-

tions between vitamin Bl2/folate and tau protein
phosphorylation in aged rat brain. In the study we
detected the phosphorylation state of the aged and
young adult rats. We found that the level of tau
phosphorylation in aged rat brain was higher than
that of young adult rat. The result suggests that
the phosphorylation of protein tau changes dynami-
cally according to the physiological state associated
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Figure 4. Effect of folate plus vitamin B12 on tau phosphorylation in 40 months aged rat brain by immunohistochemistry.
Paraffin embedded (5 /lll-thick) sections were immunostained with PHF-l and tau-l.

with the aging process. In fact, recent studies had
reported that high incidence rate of AD in aged
population. And abno=al hyperphosphorylation of
tau protein is closely related to AD. Biochemical
and anatomy also had proven these foundings. But
the mechanism of the tau phosphorylation in aged
people which probably cause AD is still not clear.
Recently, researcher found that older people with
low levels of folate are twice as likely to develop AD
as are those with no=allevels[sJ. In some observa-
tional studies, researchers found that low serum fo-
late levels have been associated with AD and with

all types of dementia[9, 10J. Red blood cell folate

~
l
t
'-
l
l
\

l
{

and CSF folate levels are lower in patients with AD
than in controls[11J. It is known that low folate lev-

els can be the result of inadequate dietary intake,
diminished absorption from the gastrointestinal
tract or increased utilization. In older people folate
metabolism disturbance usually happened probably

because body regular function becomes declined. So
supplement folate could be reasonable for these old-
er people.

In our study we treated the aged rat with fo-
late and vitamin B12 for one month the level of hy-

perphosphorylation of tau in rat brain extract de-
creased. It suggested that folate and vitamin B12

..
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could improve abnonnal hyperphosphorylation of
tau, which composed NIT, one of the hallmarks of
AD. This result probably due to supplemental of
folate and vitamin B12 decreaseing the levels of
blood homocysteine. It has been reported that
blood levels of homocysteine was elevated in pa-
tients who were lack of folate and vitamin B12[12] .

High homocysteine levels are associated with de-

creased cognitive function and dementia[13]. Indi-
viduals with AD have been found to have higher

plasma homocysteine levels than agematched con-
trols[14], and it has been reported that elevation of
plasma homocysteine levels precedes clinical mani-
festations of AD[15]. The underlying mechanisms of
homocysteine as a risk factor for Alzheimer's de-
mentia are still uncertain, but there are many ways
in which homocysteine could damage neurons, in-
cluding through endothelial dysfunction, cerebral
microangiopathy and increased oxidative stress. In
rats, homocysteine induces apoptosis in hippocam-
pal neurons, and in vivo it increases excitotoxicity

and oxidative damage[16]. The detail mechanism
still need further study.

In summary, this study demonstrated that fo-
late and vitamin B12 could relieve the level of tau

protein hyperphosphorylation in aged rat brain.
And this founding could be a reference for clinicians
and medicine researchers.
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Peroxynitrite Mediated Oxidation Damage
and Cytotoxicity in Biological Systems'-
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Abstract: Peroxynitrite is the product of the diffusion-controlled tennination reaction between two radicals, nitric
oxide and superoxide and is a strong oxidant and nitrating regeant. Critical biomolecules like proteins, lipids and
DNA react with peroxynitrite via direct or radical-mediated mechanisms, resulting in alterations in enzyme activitie."
and signaling pathways. The biological consequence." of peroxynitrite-mediated oxidative modifications depend on
the levels of oxidant achieved in vivo and its cellular site of production. In this article we overview multiple biologi-
cal toxicity of peroxynitrite including the biological reactivity of peroxynitrite, peroxynitrite mediated oxidation
damage of biomacromolecule." such as proteins, lipids and DNA and the cytotoxic effects (apoptosis and necrosis) of
peroxynitrite. [Life Science Journal. 2006 :3(3) :41- 44] (ISSN: 1097 - 8135).

Keywords: peroxynitrite: toxicity: cytotoxicity; oxidation damage

Abbreviations: NOS: nitric oxide synthase; PARP-1: poly(ADP-ribose) polymerase-1

1 Production of peroxynitrite in biological sys-
tems

ONOO- , fonned by the reaction of nitric ox-
ide with superoxide (O~) which is a byproduct of
cellular respiration at near diffusion controlled

rates[l], is very likely to occur even in the presence
of physiological concentrations of SOD. Nitric ox-

ide is enzymatically produced from L-arginine by
nitric oxide synthase (NOS). Three isoforms of
this enzyme have been described: nNOS (neu-
ronal), eNOS (endothelial) and iNOS (induced,
inflammatory). On the other hand, superoxide can
be catalytically produced (for example, by xanthine
oxidase or NADPH oxidase), and also formed by
partial reduction of oxygen in the mitochondrial
membrane or non-enzymatic monoelectron reduc-
tion of oxygen (for example, hemoglobin autoxida-
tion). Peroxynitrite has a short biological half-life
(10 - 20 ms) but can cross biological membranes
and diffuse one to two cell diameters[2]. In vivo

formation of peroxynitrite is supported by the
growing experimental evidence[3].

2 Reactivity of Peroxynitrite

~
~
l
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L

(

Peroxynitrite mediated oxidation damage by a
decomposition intennediate with the biological ac-

tivityof hydroxyl radical[4]. The decomposition of
peroxynitrite to nitrate is intimately coupled with

the oxidation chemistry of this species, and both

reactions have been the subject of recent investiga-

tions. ONOO- is a relatively stable at alkaline pH,
but at physiological pH it is capable of effecting one
and two electron reactions akin to those of HO + ,
NOz, and nitrosonium cation. Oxidations of ascor-

bate[S], transition metal complexes, halide ions,

thiols, sulfides[6], olefins, benzenes, phenols[7]
and other aromatics by peroxynitrite have been de-
scribed. Peroxynitrite is a particularly effective-oxi-
dant of aromatic molecules and organosulfur com-
pounds that include free amino acids and peptide
residues. Cysteine and glutathione, which are sig-
nificant components of antioxidant reservoirs, are
converted to disulfides. Methionine is converted to

sulfoxide or is fragmented to ethylene and
dimethyldisulfide. Tyrosine and tryptophan under-
go one-electron oxidations to radical cations, which

are competitively hydroxylated, nitrated and dimer-
ized[8]. Purine nucleotides are vulnerable to oxida-

tion and to adduct fonnation[9]. Other reports have
more detailed reviews on the chemistry, decomposi-
tion and reactivity of peroxynitrite, peroxynitrous
acid and its activated isomer[lO]. The various reac-

tions of peroxynitrite when occurring during the re-
action of peroxynitrite with enzymes, macro-
molecules and lipids, have been shown to influence
cellular functions.

L
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3 Peroxynitrite Mediated Oxidation of Biomacro-
Molecules

3. 1 Protein oxidation
Peroxynitrite-induced protein modifications in-

clude protein oxidation (on methionine, cysteine,
tryptophane or tyrosine residues) and nitration (of
tyrosine or tryptophane residues). However, en-
zymes containing a redox active transition metal
center are the prime targets of the oxidant[ll]. Re-
actions of peroxynitrite are affected by the local pH
and the microenvironment with hydrophobic mem-
brane compartments favoring nitration and aqueous
environments favoring oxidation. Moreover, car-
bon dioxide reacts with peroxynitrite resulting in
the formation of nitroso-peroxocarbonates[l]. The
ubiquitous presence of CCh at high concentration
may favor this reaction route. As nitroso-peroxo-
carbonates divert peroxynitriteinduced protein mod-
ifications toward nitration, CCh is now considered
as key determinant of peroxynitrite chemistry.

As just mentioned above, peroxynitrite can di-
rectly oxidize the prosthetic group of a protein, for
example, hemoglobin, or directly react with the
peptide chain leading to conformational and func-
tional changes with potential severe biological con-
sequences. Enzymes with critical cysteine residues
can be inactivated by peroxynitrite[12]. In contrast,
oxidation of a critical cysteine has been shown to
activate an enzyme, that is the case of matrix met-
alloproteinases where the cysteine residue is in the
autoinhibitory domain of the proenzyme[13].

In some cases, the oxidation of a cysteine
residue to disulfide (via sulfenic acid) is part of the
catalytic cycle, as is the case of peroxiredoxins,
thiol-dependent peroxidases[14]. Critical methionine
residues can be oxidized by peroxynitrite to yield
methionine sulfoxide with loss of protein function
as the case al-antiproteinase[15] which lose its abili-
ty to inhibit proteases, in particular, elastase. The
oxidation of methionine is readily reversed by me-
thionine sulfoxide reductase at the expenses of
thioredoxin. Peroxynitrite does not directly react
with tyrosine residues[16] but can oxidize and ni-
trate them. Nitration (i. e. addition of a N(h
group) of protein tyrosines to 3-nitrotyrosine has
been interpreted as a footprint of peroxynitrite in
vivo and which can inactivate the enzymes[17] or
the proteins loss function after nitration[18].
3.2 DNA oxidation

Peroxynitrite can mediate DNA damage such
as the oxidative modification of nitrogen bases and
the sugar moiety as well as strand breaks[19]. The
most reactive nitrogen base is guanine to yield 8-ox-

~

I

oguanine and 8-nitroguanine. The formation of
strand breaks have been shown to activate poly-
ADP ribose synthase (PARS) which catalyze the
poly-ADP ribosylation of histones, topoisomerases,
DNA ligase II, triggering signaling towards cell
cycle arrest[20]. Excessive PARS activation may
lead to NAD consumption and energy depletion[21].
3.3 Lipid peroxidation

Peroxynitrite can initiate oxidation of lipids
(membranes, liposomes and lipoproteins) yielding
lipid hydroperoxides, conjugated dienes, aldehy-
des, and even nitrated lipids have been detect-
ed[22]. In contrast to the well-known oxygen radi-
cal dependent lipid peroxidation that requires tran-
sition metal ion catalysis, no iron is required to ini- .-
tiate lipid peroxidation by peroxynitrite[l]. Oxida-
tion of polyunsaturated fatty acids and cholesterol in
the process of lipoperoxidation causes membrane
permeability and fluidity changes with biological
consequences. In addition, the intermediate prod-
ucts of lipoperoxidation (lipid hydroperoxides, mal-
ondialdehyde, 4-hydroxynonenal, isoprostanes) are
not inert and can initiate secondary oxidative
events. A significant correlation has been found be-
tween these products plasma concentration and sev-
eral disorders like Alzheimer[23] or diabetes. The
reactivity and functions of novel nitrated derivatives
found after peroxynitrite-mediated lipoperoxidation
are under study and their participation in cell sig-
naling has been suggested[24].
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Cytotoxicity of Peroxynitrite

4.1 Peroxynitrite-induced apoptosis
When peroxynitrite-induced cellular damage

reaches a level that cannot be handled by the repair
mechanisms, cells will undergo one of the basic cell
death pathways, apoptosis or necrosis. Apoptosis is
the "default" death pathway characterized, among
other parameters, by a compact morphology, main-
tenance of plasma membrane integrity, mitochon-
drial depolarization, secondary oxidant production,
activation of caspases (cysteinyl aspartate specific
proteases) and oligonucleosomal DNA fragmenta-
tion[25]. Pryor had the first report that peroxyni-
trite can trigger apoptotic death. They have detect-
ed DNA fragmentation in peroxynitrite treated thy-
mocytes[26]. Later, activation of caspase-3, a key
player in the caspase cascade has also been detected
in thymocytes and HL-60 cells[27]. Prototypical
apoptosis models utilize apoptosis inducers such as
tumor necrosis factor acting upon cell surface death
receptors. Channeling the death signal from these
receptors to apoptotic effector machineries is well
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described[25]. However, it is not quite clear, how
peroxynitrite triggers the apoptotic machinery. Mi-
tochondria are likely sites for peroxynitrite induced
apoptosis initiation. Mitochondria are now recog-

nized as central organizators of apoptosis[25]. A
characteristic sequence of events including opening
of mitochondrial permeability transition pore, mi to-
chondrial depolarization, secondary superoxide pro-
duction, release of apoptotic mediators from the in-
termembrane space to the cytoplasm, takes place in

apoptosing cells[25]. Furthermore, adenosine nu-
cleotide translocator, a member of the permeability

pore is also targeted by peroxynitrite[28]. The role
of mitochondria in peroxynitrite-induced apoptosis
is also supported by findings that bcl-2, a mito-
chondrial antiapoptotic protein inhibits peroxyni-

trite-induced apoptosis[29]. The cellular energetics
may become compromised by peroxynitrite also via
alternative mechanisms (e. g. inactivation of crea-
tine kinase in cardiomyocytes) which may also con-

tribute to peroxynitrite cytotoxicity[30] .
4.2 Peroxynitrite- induced necrosis

It has been found that low concentrations of

peroxynitrite trigger apoptosis, higher concentra-
tions of the oxidant compromise the apoptotic ma-

chinery forcing the cells to die by necrosis[30]. Re-
cently, a new method has emerged identifying an
active element in oxidative stress-induced necrosis.

According to method, degree of the activation of
poly(ADP-ribose) polymerase-l (PARP-l) deter-
mines the fate of the oxidatively-injured cells[31].
PARP-l is activated by DNA strand breakage. Ac-
tivated PARP-l cleaves NAD+ into nicotinamide

and ADP-ribose and polymerizes the latter on nu-
clear acceptor proteins. Peroxynitrite-induced over
activation of PARP consumes NAD+ and conse-

quently ATP culminating in cell dysfunction, apop-
tosis or necrosis. These findings indicate that
P ARP-l activation diverts the default apoptotic

process toward necrosis[31].
Moreover, peroxynitrite-induced DNA break-

age activates PARP leading to NAD+ and ATP de-
pletion and consequently to necrosis. The concerted
action of PARP-l and PARG maintains a highly ac-
celerated ADP-ribose turnover in peroxynitrite

treated cells. As a result, NAD+ becomes depleted
in the cells leading to malfunctioning glycolysis,
Krebs cycle, mitochondrial electron transport and

eventually to ATP depletion[32]. The deterioration
of cellular energetic status may playa central role in
the "cell death switch" of PARP-l[33].
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5 Conclusions

Peroxynitrite formed in vivo from superoxide
and nitric oxide can mediate selective oxidation and

nitration of biomolecules via direct or radical-depen-
dent pathways. Depending on the levels and cellu-
lar sites of peroxynitrite produced, these oxidative
modifications can lead to conformational changes,
impaired functions, enzyme inactivation, or signal-
ing pathways alterations, apoptotic or necrotic cell
death and result in various diseases. Pharmacologi-
cal approaches to ameliorate peroxynitrite-mediated
drug toxicity could be focused on diminishing the
flux of precursor radicals (nitric oxide and superox-
ide) or on scavenging the peroxynitrite formed.
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Arsenic Compounds in Carcinogenesis: Cytotoxic Testing
by Liver Stem Cells in Culture
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Abstract: Much of the work conducted on adult stem cells has focused on the application for carcinogenesis. By using
stem cell model and gap junctional intracellular communication (GnC) assay for studying the role of arsenic com-
pounds in carcinogenesis including the cytotoxicity comparison of arsenic ( ill) oxide, arsenic (V) oxide, dimethyl
arsenic acid and disodium methyl arsenate are demonstrated in this article. From cell surviving curve of human liver
stem cell (HLl), rat epithelial cell (WE) and liver cancer cell line (Malhava cells) in culture, the doses and time
period of the arsenic exposure for 50% cell surviving were obtained. Conclusively arsenite and arsenate significantly
affected GnC within the cells in 50 % cell surviving dose dependent inhibition. [Life Science Journal. 2006; 3(3):
45 - 48] (ISSN: 1097 - 8135).

Keywords: arsenate; carcinogenesis; cytotoxicity; gap junctional intracellular communication; stem cell

Abbreviations: BPE: bovine pituitary extract; DMA: dimethylarsinic acid; EGF: epidermal growth factor; FBS:
fetal bovine serum; GnC: gap junctional intracellular communication; MMA: monomethylarsonic acid; PKC: pro-
tein kinase C; SL/DT: scrape-Ioading/dye-transfer; TMAO: trimethylarsine oxide; WE: WB-F344 rat liver ep-
ithelial cells

1 Introduction

Arsenic is a known human carcinogen and be-
ing initiated different tumours in many sites of the
body organs, such as skin, lung, liver, urinary
bladder, prostate, and many others[l]. The ad-
verse effects of arsenic are dependent on its chemi-
cal form and metabolism. Inorganic arsenicals were
basically more acutely toxic than organic species
since the methylation of inorganic arsenic was in-

volved in the detoxification process[2J. However,
more evidences indicate that the trivalent organic
arsenicals being as metabolic products of inorganic
arsenic can be more toxic than the parent com-

pound[3,4]. It is well known that As(V) can be
first reduced to As( III) and As( III) being produced
by this reduction or from direct ingestion can be
methylated primarily to pentavalent organic arseni-
cals including monomethylarsonic acid [MMA(V) ]
and dimethylarsinic acid DMA ( V ). MMA and
DMA are the predominant metabolites of inorganic
arsenic. However, DMA may be further methylat-
ed to. The forms of arsenic being exposed either di-
rectly or via metabolism may complicate toxic and

~
~

~
l
l

~

carcinogenic mechanisms of action. Drinking
ground water was reported being arsenic contami-

nated by electroplating industry severely in regi.ons
of west-south seashore of Taiwan fifteen years ago.
At that time, people exposed into drinking water in
high concentration of arsenic ( ~300 ppb) being af-
fected to lung cancer probability was four times,
bladder cancer probability was eight times, skin
cancer probability was twenty times, prostate can-
cer probability was three times more than in low

concentration ( ~ O. 1 ppb) [5J. However, no publi-
cation expresses that any cell or animal model can

successfully propose the mechanism of arsenic being
initiated cancers.

In a cell, six connexin 43 subunits oligomerze
in the Golgi apparatus into a connexon, called hemi
channel and be transported to plasma membrane of
the cell. Before pairing process, hemi channels are
closed to avoid leakage of cellular contents and en-
try of extra-cellular materials. During the pairing of
connexons and aggregation into plaques at the plas-
ma membrane, connexin 43 is phosphorylated at
least twice and connexons are attracted to those lo-

cated on the adjacent cells. Two connexons join in
an end- to-end manner to form a complete channel.
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medium (Formula No. 03-5045EF. Gibco,
Rockville, MD, USA), supplemented with 5%
FBS. The hepatoma cells (Malhava) were grown
in Dulbecco' s modified Eagle medium supplement-
ed with 10% FBS. All cell cultures were incubated
at 37 'C in incubators supplied with humidified air
and 5% (Xh.
2.3 Treatment of cells with arsenic compounds

HL-1, WE and Malhava cells were grown to
approximately 80 % confluence and then treated
with arsenic (ill) oxide, arsenic (V) oxide, DMA
and MMA for one day. The culture medium was
changed before treatment with arsenic compounds.
Arsenic compounds were dissolved in distilled water
and then applied to the cells at carious concentra-
tions in medium. The control cells were either not
treated with any arsenic chemicals.
2.4 GJIC assay

GJIC was measured using scrape-loading/dye-
transfer (SL/DT) [8J. The image pro plus software
(Media Cybernetics, Georgia. USA) was used for
scanning the size of the fluorescence area along the
scrape line on monolayers to quantitate the levels of
GJIC.
2.5 Statistical analysis

All data were presented as the mean group val-
ue :t standard error of the mean (SEM). The data
were analyzed using one-way analysis of variance
(ANOV A). Significant differences between control
and arsenic compounds treatment were evaluated
using Dunnett' s method. The level of statistical
significance was set at P < 0.05.

I

J
)

The channel aggregate into large gap junction
plaques open to connect two cells for cell-to-cell
communication and is called gap junctional intracel-
lular communication (GJIC)[6J, which can be mod-
ulated by environmental factors. such as effects of
arsenic compounds. Since the function of the
GJIC, cultured cells coupled together in vitro.
The scrape loading dye transfer technique can iden-
tify the GJIC modulation by observing the diffusive
range of the fluorescence[7J. The varied diffuse
range of Lucifer yellow fluorescence expresses the
cellular response under the exposure of arsenic toxic
compounds. Since GJIC is affiliated with many
pathological endpoints, GnC modulation can be a
good factor to evaluate the cellular response to the
reaction of chemical toxicities. In this article, a liv-
er stem cell model is proposed to investigate the or-
der of cell toxicity of arsenic compounds by the
Lucefer yellow dye mobility of the GJIC within the
cells in a concentration and time dependent man-
ner.

2 Materials and Methods

J
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I
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2. 1 Reagents
Keratinocyte serum-free medium, Dulbecco's

modified Eagle medium, modified Eagle's mini-
mum essential medium, recombinant human epi-
dermal growth factor (EGF), bovine pituitary ex-
tract (BPE), fetal bovine serum (FBS), peni-
cillin. streptomycin, trypsin-EDT A and Triml
reagent were purchased from Invitrogen (GIBCO-
Invitrogen Corporation, Carlsbad, CA, USA).
Arsenic (ill) oxide, arsenic (V) oxide, dimethy-
larsenic acid, disodium methyl arsenate, N-acetyl-
L-cysteine, DMSO, L-ascorbic acid 2-phosphate
and nicotinamide were obtained from Sigma Chemi-
calCo. (St Louis, MO. USA). Anti-THY!. 1.
AFP. albumin, and Oct4 monoclonal antibodies
were purchased from Santa Cruz (Santa Cruz, CA,
USA).
2. 2 Cell cnlture

The medium used to develop the putative hu-
man liver stem/progenitor cell cultures (HL-l) is a
modified MCDB 153 (Keratinocyte-SFM, GIBCO
- Invitrogen Corporation, Carlsbad, CA, USA)
supplemented with N-acetyl-L-cysteine (NAC) (2
mM) and L-ascorbic acid 2-phosphate (Asc 2P)
(0.2 mM) (referred to as K-NAC medium). WE-
F344 rat liver epithelial cells (WE). originally iso-
lated in the laboratory of Joe W. Grisham, Nation-
al Cancer Institute, Bethesda, MD, USA, were
kindly provided by Chia-Cheng Chang (Michigan
State University, East Lansing, MI. USA). Cells
were grown in modified Eagle's minimum essential
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3 Results
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3. 1 Effects of arsenic exposure to cell toxicity

Tests of different concentrations of the 24
hours inorganic arsenic exposure to three different
liver cells, HL-l liver stem cell, WE cell line and
Malhava cell line appear the results being depicted
in Figure 1. Cell toxicity is to be in the order of
As( ill) >As(V) > MMA> DMAfor all celllines
and arsenic-dose dependent. In the arsenic (ill)
concentration of 5 ppb. no WE cells can be found in
surviving but 50 % HL-1 cells was survived. In
comparison, the cell toxicity of As ( ill) is forty
times more than As ( V) and two hundred times
more than DMA or MMA. The cell line came from
different sources has different sensitivity to the ar-
senic toxicity. Normal liver cell (WE cell line) can
only be survived less in 50 % under concentration of
As( ill) at 1. 25 ppb. However, under the same
dosage. 83 % of the HL-l liver stem cell can be
survived and no effects to the cells of Malhava cell
line.
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Figure I. Inhibition of the proliferation of HLl, WB and Malhare cells by arsenic compounds. The cells were treated with various con-
centrationsof arsenic compounds for 24 h. (A) arsenic (V) oxide, (B) disodiurn acid-treated oxide, (C) methyl arsenate dimethy-
larsenic, (D) arsenic (III), and untreated HLI, WE and Malhava cells from quaternary determinations.

3. 2 Effectsof arsenicexposureto cell lines by
expressionof GJIC

Under the arsenic As ( Ill) exposure of 60
hours at 25 ~g/ml, the GJIC within WE cells was
completely inhibited. In Figure 2, it depicts the
statistic difference(P<O. 05) of the GJIC inhabita-
tion among As( Ill) arsenic exposure at concentra-
tion of 50, 100 and 200 ~g/L for cell toxic test of
WB cells being exposed 24 hours. The arsenic
As( III )-dose dependent correlation is thus can be
expressed vs. the inhabitation of GJIC being ex-
posed to 12, 24 and 60 hours. The arsenic As( V)-
dose dependent GJIC correlation also is depicted
under the concentration of 5, 10, 30 and 50 ~g/ml
for WB cell being exposed to 10 hours. Under the
treatments repeated for DMA and MMA in con-
trary, same GJIC inhabitation response required
dosage is about 500 to 700 times more than
As( III ) .
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4 Discussion

The homeostasis is mediated by cell to cell
GJIC being associated with cell differentiation,

proliferation and apoptosis[8] . .Thus, the factors af-
fected connexin gene, such as the mutant, reduced
expression, degrading, changing of the transcri p-
tion of connexin protein, can alter the GJIC from
normal to block process and create the cancer pro-
motion phase of carcinogenesis within the cells. In
addition, gene mutant and epigenetic events must
be happened in a multi-stage and multi-mechanism
process in carcinogenesis. The metabolism of the
arsenic compounds is in liver for the mammals. The
catabolism of As(V) to As( Ill) will continue being

demethylated to MMA and then to DMAA. This
pathway is not reversible and poisoned to the or-
gans. The observation of the inhibition of the GJIC
of the WB cells reflected the effect of consequence

of cell toxicity of the arsenic exposure at dose and

!::
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be investigated later.
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time dependent manner. The mediated connexin
protein has no doubt played an important role in
carcinogenesis[9] under the arsenic exposure. The
early research of the peroxisome proliferator acti-
vated receptor (PP AR) revealed the interaction of
peroxisome proliferators being mediated by inhibi-
tion of PPAR under As( ill) exposure[lO]. Howev-
er, the connection of PPAR and GJIC'is still un-
known. No published papers or reports suggested
the mechanism or model for the study. Deng
demonstrated As ( ill) and As (V) can inhibit the
GJIC within skin fiberblast cells through the inter-
action of increasing of protein kinase C (PKC)[l1].
Tsuchiya reported that both As ( ill) and As ( V)
can inhibit the GJIC of the cells of V79 in dose de-
pendent manner[12]. The toxicity concentration of
As( ill) is about 10 times more than As(V) expo-
sure. However, in our experiments, the DMA and
MMA are not very dose sensitive to the inhibition
of GJIC within WE cells.

Figure 2. Gap junctional intercellular communication in WE cells
as measured by the SL/DT technique. Cells were untreated (A)
and 25 flg/L arsenic (ill) oxide (B) for 60 hours.

I

I-
5 Conclusion

~

GJIC assay revealed WE cells being cancerized
after enough time and dose arsenic exposure. This
report depicted again that arsenic compound must
be the carcinogen in carcinogenesis. Based upon the
basic theory of the GJIC, the possible mechanism
in arsenic carcinogenesis is that arsenic compound
blocks the connexin gene expression and its phos-
phorylation to inhibit the GJIC of the normal cells.
Further and advance study of this mechanism will
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Stable Expression of the hBDNF Gene in CHO Cells
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Abstract: objective . To transfect the hBDNF (human brain-derived neurotrophic factor) gene into CHO cells, es-

tablish a stable expression system, and to detect the biological activity of the expressed hBDNF protein. Methods.
Liposomes were used to mediate the transfection, and RT-PCR, Western-blotting and MTT method were to de-
tect. Results. hBDNF mRNA was detected in the transfected CHO cells, and hBDNF protein, promoting PC12
cells' growth, can be detected in the supernatant. Conclusion. The stable expression system of hBDNF-CHO was
successfully established, which could produce hBDNF protein with biologic activity. [Life Science Journal. 2006; 3
(3):49-52J (ISSN: 1097-8135).

Keywords: hBDNF; eucaryon transfection; stable expression; function

Abbreviations: BDNF: brain derived neurotrophic factor; CGM: complete growth medium; CHO cell: Chinese
hamster ovary cell; COS-7 cell: African green monkey SV40- transformed kidney fibroblast cell; CS: calf serum;
SM: screening medium

1 Introduction

The brain derived neurotrophic factor (BD-

NF) belongs to the neurotrophin family[l], and
plays important roles in the development and matu-
ration process of nervous system. It is good for the
regeneration, recovery and protection of neurocytes
from degeneration after trauma. The most recent
researches show that BDNF has high biologic activ-
ities upon the survival and development of many
types of neurons, including the septal cholinergic

neuron[2], mesencephalic dopaminergic neuron[3],
and motor neuron in cornu anterius medullae

spinalis[4]. They are potential in the treatment of
nervous system disease. Our department successful-
ly introduced the hBDNF gene into Chinese ham-
ster ovary cell (CHO) cells by gene-engineering tech-
nology and cell-engineering technology; the hBDNF
protein secreted by the hBDNF-CHO cells has a
certain biologic activity, which establishes the ex-
perimental base of biologic hBDNF.

2 Materials and Methods

2. 1 Materials

The plasmid of pTracerTM-EV1V5-His-hBD-
NF was constructed by our department, CHO cells
PC12 cells and E. coli DH5a all were from our de-
partment. Calf serum (CS) and cation liposome
were purchased from GIBea ( USA); zeocin was
from Invitrogen (America); thiazolyl blue was
from Sigma (USA). Primers were synthesized by
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Shenggong Shanghai. Rabbit polyclonal antibodies
against hBDNF were purchased from Santa Cruz
Biotechnology, and the goat anti-rabbit antibodies
together with its substrate were purchased from
Shanjing, Shanghai.
2.2 Methods
2.2.1 hBDNF gene's introduction into CHO
cells: The day before transfection, 2 X 105 CHO
cells were seeded per well of a 6-well plate in 2 ml
complete growth medium (CGM) with serum and
incubated at 37 'C in a 5 % COz incubator ~ntil
cells were 40% - 60% confluent overnight. Solu-
tion A: diluting 10 p.g DNA (plasmids pTracerTM-
EV 1V5-His or plasmids pTracerTM-EV1V5-His) to
100 p.l with medium DMEM without serum; solu-
tion B : diluting 15 p.g cation liposomes to 100 p.l
with the same medium as above. Solution A and B
were gently mixed and incubated at the room tem-
perature for 30 min to form DNA-liposome com-
plexes. For each transfection, 0..8 ml medium
without serum was added to the tube containing the
complexes, then mixed gently and overlaid onto the
rinsed CHO cells. The cells with complexes subse-
quently were incubated at 37 'C with 5% COz. Af-
ter 18 - 24 hours the medium was replaced with
fresh CGM containing 10% CS.
2.2.2 Screening for positive clones: seventy-two
hours after transfection we began to screening the
positive clones by replacing the CGM with screen-
ing medium (SM), which was made up with 10%
CS, DMEM and 800 p.g/ml zeocin. After most
cells were killed we changed the SM into main
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medium, which was made up with CGM containing
10% CS and 200 p.g/ml zeocin. Forty days later
we got the two cloned lines i. e. CHO-pTracerTM-
EV /V5-His and CHO-pTracerTM-EV/V5-His-
hBDNF.
2.2. 3 RT-PCR: The total RNA of the two

cloned lines of CHO-pTracerfM-EV /V5-His and
CHO-pTracerTM-EV/V5-His-hBDNF were respec-
tively extracted, then the first-strand cDNA was
synthesized from the mRNA template using reverse
transcriptase and subsequently were amplified by
PCR with above-mentioned primers as the follow-
ing program: 95 'C for 5 min; degeneration 95 'C
for 30 sec, primers annealing 52 'C for 40 sec, ex-
tension 72 'C for 45 sec for 35 cycles and a final ex-
tension 72 'C for 5 min. Finally 10 p.l PCR prod-
ucts and DNA Marker were electrophoresed on
1. 5% agarose gel.
2.2.4 Concentration dialysis and filtration the su-
pernatants of these CHO cells: The above two cell
lines were cultivated on large scale, and 72 hours
later their supernates were collected, and concen-
trated 20 - 50 times by Polyethylene glycol 6000.
Afterwards, the concentrated solution in bag filters
were dialyzed with PBS and filtrated sterilization.
2.2.5 Western-blot analysis: 100 p.l concentrated
supernatants of the two kinds of CHO cells were re-
spectively mixed with 100 p.l 2 X loading buffer,
and the two mixtures were boiled for 5 min, then
followed with SDS-PAGE electrophoresis, incuba-
tion of the blot with primary antibody in the anti-
body binding buffer overnight at 4 'C , washing the
blot 5 times in TBST buffer, incubate the blot with
second antibody, washing the blot 5 times in TBST
buffer again in order, at last the blot was developed
following DAB (p-dimethylaminoazobenzene) sub-
strate instruction.
2.2.6 Biological activity detection

Promote PC12 cells' growth: The density of
PC12 cells was adjusted to 4 X 1O51ml by 2 %
DMEM, then 1 ml of such cells' suspension and
1. 7 ml 2% DMEM were added to every small
square bottle, subsequently we added 0.3 ml con-
centrated supernatant of pTracerTM-EV/V5-His-
hBDNF-CHO cells into the experimental group,
0.3 ml concentrated supernatant of pTracerTM-EVI
V5-His-CHO cells into the control group and O. 3
ml 2% DMEM into the blank group. All these
small bottles of cells were cultivated at 37 'C with
5% COz. Seventy-two hours later the PC12 cells
were observed and counted.

Activity detection by MTT assay: A 96-well-
plate was divided into a blank group, a control
group and an experiment group.. Every well in the

~

blank group contained 50 p.l PC12 cells at the den-
sity of 1. 2 X 1O51ml and 50 p.l 2 % DMEM com-
plete medium in each well; each well in the control
group contained 50 p.l PC12 cells at the density of
1. 2 X 1O51ml and 50 p.l pTracerI'M-EV/V5-His-
CHO cells' concentrated supernatant, which was
diluted with 1: 2, 1: 4, 1: 8, 1: 16, 1: 32, 1: 64;
and every well in the experiment group contained
50 p.lPC12 cells also at the density of 1.2 X 1O51ml
and 50 p.l pTracerfM-EV /V5-His-hBDNF-CHO
cells' concentrated supernatants, which was also
diluted by 1 : 2, 1: 4, 1: 8, 1: 16, 1: 32, 1: 64.
Then the plate was put into a incubator at 37 'C
with 5 % CO2. 72 hours later, 10 p.l 5 mg/L thia-
wlyl blue was added into each well, and 3 - 4 hours
later 100 p.l10% acidation SDS were added into all
wells to tenninate reaction, then the A570 value of
each well was measured after 12 - 14 hours. Final-
ly, all these date were analyzed by SPSS statistics
software.
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Results

3. 1 hBDNF gene's introduction into CRO cells
72 hours after transfection CHO cells were ob-

served under fluorescence microscope, and sporadic
cells with green fluorescence could be seen (Figure
1). After 40 days' screening the CHO cells were a-
gain observed under fluorescence microscope, all
cells were found to emit green fluorescence (Figure
2). This proved that the plasmids had been trans-
fected into CHO cells and the GFP (green flures-
cence protein) gene in the plasmid of pTracerTM-
EV /V5-His could nonnally be expressed.
3.2 RT-PCR analysis

The products of RT-PCR were electrophoresed
on 1. 5 % agarose gel, and a band can be seen near
750 bp. This demonstrated the gene hBDNF intro-
duced into CHO cells could be effectively tran-
scribed into mRNA (Figure 3) .
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Figure 1. CHO cells 72 h after transfection ...
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3.3 Westen-blot analysis
A brown band appeared on the lane of experi-

ment group (EG), but no strap appeared on the
control group's (CG), which illustrated that the

target protein had been expressed in pTracerI'M-
EV N5-His-hBDNF-CHO cells, but not in the

pTracerTM-EV N5-His-CHO cells (Figure 4).

Figure 2. CHO cells after 40 days' screening
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750bp

Figure 3. Lane 1 and 3 respectively showed the RT-PCR results
of cells pTracerTM-EV/V5-His-CHO and pTracerTM-EV/V5-His-
hBDNF-CHO; Lane 2 showed DNA Marker

CG EG

Figure 4. CG and EG respectively showed the Western-blot re-
sults of enriched supernatants of the two kinds of CHO cells:
pTracerTM-EV/V5-His-CHO and pTracer'I1vI-EV/V5-His-hBD-
NF-CHO

3.4 Activity detection for the eukaryotic expres-
sion product of hBDNF gene
3. 4. 1 Promoting PC12 cells' growth: After in-
cubation for 72 hours, cells in the blank group
(BG) adhered and stretched, but in small number.
Cells in vacant plasmid group adhered, stretched
were a little more than blank group. Cells in exper-
iment group adhered, stretched were in high densi-
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ty (Figure 5A, B, C). The total number in each
bottle was 1. 8 X 105 , 2. 5 X 105 and 4. 0 X 105, re-

spectively.
3.4.2 Activity detection by MTT assay: The

A57ovalue of the blank group was O. 137 :t O. 009,

the A57o values of the vacant plasmid group (VG)
and the experiment group (EG) in different dilute
strength were shown in Table 1.
3.4.3 Statistics analysis results: The t test of the

A57o value between two groups of EG and VG
shows P < o. 01, (x:t s, n = 3) .

4 Discussion

BDNF, a kind of protein, which was first
found and isolated from a pig's brain in 1982 by
German neurobiologist Barde and his colleagues,
can promote neurons' growth; generally its active
form exists as a dimeride combined by non-covalent

bonding. The binding of BDNF to its receptor ty-
rosine kinase (TrkB) leads to the dimerization and

autophosphorylation of tyrosine residues in the in-
tracellular domain of the receptor and subsequent

activation of cytoplasmic signal transmission[5 - 6J.
At present, we get BDNF mainly from tissue's iso-
lation and purification or recombined gene's ex-
pression. Large-scale preparation of these natural
hBDNF proteins directly isolated from tissues is
very difficult, in spite of their better activities.

The BDNF proteins, expressed by prokary-
ocytes through the technology of recombination in
vitro, have relatively lower activities because these
synthetic polypeptides cannot properly fold. HQW-
ever, proteins expressed in eukaryocytes are more
approximate to the natural hBDNF protein and
have higher activities. There are some merits for
those proteins expressed in eukaryocytes than in
prokaryocytes: first, acquiring more elaboration,
e. g. a-helix and ~-pleated sheet, glycosylation and
phosphorylation; second, acquiring mature mRNA
by recognizing and eliminating the introns of exoge-
nous genes; third, eukaryocytes transfected with
target genes can stably express target proteins even
after frezeeing and revivals.

We have constructed the plasmid pTracerTM-
EV N5-His-hBDNF. By comparing the difference
of promoting PC12 cells' growth between the con-
centrated supernatants of the two kinds of CHO

cells, pTracerTM-EV N5-His-hBDNF-CHO and

pTracerTM-EV N5-His-CHO, we concluded that
CS and hBDNF could promote PC12 cells' growth
synergistically, for CS in both kinds of enriched su-
pernatants were in some higher concentration. And
PC12 cells grow better in VG than in BG, but worse.
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1164 (A)

EG

VG

Table 1.

1132(B)

O. 273:1: O. 009

0.163:1: O. 009

Comparisonbetween the EG and VG in different dilute strength

1116(C) 1I8(D) 1I4(E) 1I2(F)

0.27:1: O.037 0.283:1: O.021 0.310:1: 0 0.350:1: O.014

0.173:1:0.0050.207:1:0.0090.227:1:0.0090.247:1:0.025

r

I'
II
Ii

A lis

"

0
Figure 5. A: cells in the blank group B: oells in the vacant plasmid group C: cells in the experiment group

than in EG. In addition, we selected CHO cells as

host cells but not African green monkey SV 40-
transformed kidney fibroblast cell (COS-7) cells, it
was because that exogenous genes' expressions in
CHO cells are stable and long-term after screening
with G418, but not in COS-7 cells, which are only
used to be the transient expression host cells. As a
result, gene-engineering pharmacy prefers CHO
cells than COS- 7 cells.

Our subject establishes the experiment base for
further research on developing these kind bioengi-
neered medicines and treatments for some nervous

system problems.
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Department of Cell and Molecular Biology
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Email: jcm@suda.edu.cn

~

References
1. Maness LM, Kastin AT. The neurotrophins and their r=p-

tors: structure function and neuropathol~. Neuta3Cienoe
and Bio-behavioral Reviews 1994; 18(1): 143 - 59.

2. Phillips HS, Hans JM, Laramee GR. Widespread expression
of BDNF but not NT-3 by target areas of basal forebrain
cholinergic neurons. &ience 1990;250 (4978) :290 - 4.

3.Q;tergaard K,Jones SA, Hyman C,et al. Effects of donor
age and brain-derived neurotrophic factor on the survival of
dopaminergic neurons. Neuro Clin 1996; 142 (2) : 340 - 50.

4. Yan Q, Elliott J, Snider WD. Brain-derived neurotroph-
ic factor rescues spinal motor neurons from axotomy in-
duced cell death. Nature 1992; 360(6406) :753 -.s.

5. Barde YA, Edger D, Thoenen H. Purification of a new
neurotrophic factor from mannnalian brain. EMBOJ
1982; 1(5): 549 - 53.

6. Leibrock J, Lottspeich H, Hohn A, et al. Molecular
cloning and expression of brain derived neurotrophic fac-
tor. Nature 1989; 341:149-52.

Received May 13, 2006

. 52 .

L
J

J

~
J
J.I
J



t:
l
l
..

l

1

l
..

l
l
I."

L

~
l
...

l

~

l
L

l
l
l
l'"
l
l
...

~

l
l
L.
l
L
L

l
L

L

l
l
~

l
l
l
l
~-

Life Science Journal, 3 (3) ,2006, Zhao, et al, OL-PCR for Site-directed Mutagenesis

OL-PCR for Site-directed Mutagenesis of Full-length
cDNA of DEN-2
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Abstract: Aim. To generate the oligonucleotide-directed mutants of the full length cDNA clone of dengue 2 virus.
Methods. Two DNA fragments with single point mutation (E62 or E203) were amplified with four pairs of
oligonucleotide primers by OL-PCR and then cloned into pGEM-T vectors respectively. The recombinant T vec-
tors, TB62 and TB203, were digested with ClaI + SphI and SphI + NheI, then ligated to pDVWS501 with T4
DNA ligase respectively. The recombinant plasmids, TB62 and TB203, were sequenced. Results. The results of
DNA sequencing indicated that TB62 and TB203 with point mutation were obtained. Conclusion. OL-PCR could
be applied to site-directed mutagenesisof large plasmid ( > 16 Kb). [Life ScienceJournal. 2006; 3 (3) : 53 - 57]
(ISSN: 1097 - 8135).

Keywords: dengue 2 virus; full-length cDNA clone; site-directed mutagenesis; OL-PCR .

1 Introduction

The site-directed mutagenesis in vitro to tar-
get DNA sequence is a common-used way of molec-
ular biology, but it is still a big problem to mutage-
nesize a large plasmid at present. What researchers
always explore, under the operated conditions, is
to maintain the sequences other than the sites of
mutation intact. In this research, by using the
technique of OL-PCR, the site-directed mutagene-
sis to a large plasmid of 16 kb has been established
successfully. According to the sequenced results,
there has been a consistence between the sequences
of the mutagenesized plasmid and the designed
ones.

By comparing the amino acids sequences of
protein E of 3 dengue virus strains in our laborato-
ry, 2 loci discovered, which locate in site 62 and
203 of protein E respectively, may be relevant to
suckling mice neurovirulence. When the E62 is Glu
and the E203 is Asp, the virulence is decreased;
While the E62 is Lys and the E203 is Trp, the vir-
ulence is increased. pDVWS501 is a plasmid con-
taining the full-length cDNA of D2-MON501, and
RNA in virto transcripts from pDVWS501 could
be recovered to infectious virus (MON501) upon
electroporation into BHK cells. Then, the infected
suckling mice with MON501 appeared to be the en-
cephalitis symptom. By OL-PCR, we want to mu-
tagenesize the amino acids of E62 and E203 in
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pDVWSS01, and then mutated MON501 would
not show neurovirulence on suckling mice. In a
word, we hope this research would lay a base for
further study on the influence of the 2 amino acids
upon suckling mice neurovirulence.

2 Materials and Methods

2. 1 Strains and plasmids
The pDVWS501 is a plasmid which contains

the full-length cDNA clone of DEN-2, and this
plasmid was kindly provided by Dr. Wright of
Monash University in Australia. AFO38403 is the
Accession Number of complete genome sequence of
D2-MON501. The E. coli DH5a was stored in our
laboratory and the clone vector pGEM-T was pur-
chased from Promega Company.
2.2 Enzymes and other reagents

The restriction enzymes were purchased from
Biolab Company. The T4-DNA ligase was pur-
chased from Promega Company. The IPTG and X-
gal were purchased from Huamei Biology Engineer-
ing Company. The Pwo DNA polymerase, expand
high fidelity PCR system and DNA recoverying kit
were provided by Boeringer Mannheim Company.
QIAGEN plasmid midi kit was purchased from
QUIAGEN Company.
2.3 Primers

The primers were designed with the
DNAstar's Quickpri software package and synthe-
sized by Sangon Co. Ltd. The New3 and New4

~
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~ I
hold the £62 site with point mutation (GAG-
AAA). The New5 and New6 carry the £203 site
with point mutation (AAT-GAC). In Table 1,

the italics with underlines in the primers sequences
are the ones after point mutagenesis. J!

4

J

- -- ----

Table 1. Oligonucleotideprimers used for amplification

Genome position' Primer sequence(5'---+3')~-------

...
J!

)
I

~
41
J
-I I

New-l 1638-1656 CGGGCGrCfTCGCfATIAC

New-3 2968-2992 GGTCAGCfTIGC TITIATACAGTAC

New-4 2968-2992 GTACTGTATAAAAGCAAAGCfGACC

New-7 3026-3042 GGAGMCCCAGCCTAAA

New-5 3391-3413 GCCMGCfTIGTCfTCCATTIGC

New-6 3391-3413 GCAAATGGMGACAAAGCTIGGC

R1566 3400-3423 CTGTGCACCAGCCMGCfTIATTI

New-2 4388-4411 TGMGCf AGCfTIGMGGGGATIC

* Genome positionsare given according to the sequenceof pDVWS501

Primer name

-

2.4 Plasmid PCR
With pDVWSK501 as templates and Newl,

New3, New4, R1566, New7, New5, New6,
New2 as primers, we've amplified the segments
which were named as pml, pm2, pm4 and pm5 by
PCR. These segments have been purified by DNA
recovery kit.

PCR reaction system: 10 mmol/L dNTPs 0.6
J-ll, upstream primer 1. 5 J-ll, downstream primer
1. 5 J-ll,plasmid as template (about 10 ng/ J-ll)1 J-ll,
10 X buffer 3 J-lland water 22 J-ll. After denatura-
tion of 2 min at 94 "C , we added O.5 J-llPwo DNA
Polymerase into the PCR reaction system, then
starting PCR cycling. Reaction parameters are as
followed: CD pml and pm4:94 "C for 15 sec, 55 "C
for 30 sec, 72 "C for 1. 25 min, after 25 cycles,
72 "C continuously lasted for 7 min; C2)pm2 and
pm5 :94 "C fpr 15 sec, 55 "C for 30 sec, 72 "C for
45 sec, after 25 cycles, 72 "C continuously lasted
for 7 min.
2.5 OL-PCR

After making electrophoresis with 1% agarose
gel and estimating the content of pml, pm2 pm4
and pm5, we diluted the four segments to O.5 ng/
J-ll,respectively and then mixed pml and pm2 to-
gether, so did pm4 and pm5. PCR reaction sys-
tem: 10 mmol/L dNTPs O. 6 J-ll, templates (pml
and pm2 or pm4 and pm5) 2 J-ll, 10 X buffer 3 J-ll
and 21.9 J-llwater. After denaturation of 2 min at
94 "C, O. 25 J-llexpand high fidelity DNA poly-
merase was put into the above mixture, then fol-
lowed PCRcycling. Reaction parameters: 94°C
for 15 sec, 55 "C for 1 min, 72 "C for 2 min, after
3 cycles, 72 "C lasted for 5 min. After the primer
Newl 1 J-lland R1566 1 J-llor New7 1 J-lland New2
1 J-llwere respectively added into the PCR mixture

~
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above and denatured of 2 min at 94 "C , 0.25 J-llex-
pand high fidelity DNA polymerase was added into
the before system then running the second PCR cy-
cles. Reaction parameters: 94 "C for 15 sec, 55 "C
for 1 min, 72 "C lasting for 3 min, after 25 cycles,
72 "C continuously kept for 7 min.
2.6 Constitution of plasmid T-TB62 and T-
TB203

After purifying the pm3 and pm6 fragments
obtained by OL-PCR, according to the specification
of pG£M- T vector system kit, the two segments
were ligated to pG£M- T vectors and transformed
into DH5a with these recombiant plasmids, and the
positive clones of T-TB62 and T-TB203 were se-
lected. We identified the recombinant plasmids by
digesting them with endorestriction enzymes and
ran the PCR. The recombinant plasmids were se-
quenced with automatic-sequenator of ABI377 ver-
sion.
2. 7 Constitution and clone of plasmids TB62 and
TB203

T-TB62 was digested with Cla I + Sph I for
2 h, therefore, we've got the segments tb62 about
1463 bp through purifying. Another plasmid T-
TB203 was digested with Sph I + Nhe I for 2 hand
then tb203 about 1167 bp was purified. Plasmid
pDVWSSOI was mono-digested by Cla I for 3 h
and then being purified. The purified segments
were mono-digested again with Sph I for 3 hand
then the longer segments ZT-203 were purified.
pDVWSSOI plasmid was digested with Sph I +
Nhe I at the same time for 1.5 h. In order to digest
the pDVWS501 completely, we added Sph I +
Nhe I into the previous mixture once again and last-
ed for another 1.5 h. Consequently the longer frag-
ment ZT-203 was acquired and purified. The puri-
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fied segment ZT62 was amplified by PCR with
New7 and New5 as primers and another purified
segment ZT203 was amplified with New4 and
R1566 as primers. If the results were negative, the
following proceure would be done.

Tb-62 and ZT-62 , tb-203 and ZT-203 were
respectively diluted to 3: 1 in moles and ligated with
T4 DNA ligase. With the recombinant plasmids be-
fore, DH5a was transformed again and the positive
clones were selected. TB62 and TB203, the full-
length cDNA clone of DEN-2 with point mutation
should be tested for their correctness with digestion
and plasmid PCR.

. 2.8 Sequencing
Plasmids TB62 and TB203 were extracted

with QIAGEN plasmid midi kit and sequenced with
automatic-sequenator of ABI377 version.

3 Results

The establishment of the method to dengue 2
virus full-length cDNA site-directed mutagenesis
bases on the facts that, in the plasmid pDVWS501
with the cDNA, both ends of the E62 have mono-
digestion sites of Cla I and Sph I; both ends of the
E203 have mono-digestion sites of Sph I and Nhe I.
3.1 Constitution and clone of plasmid T-TB62
and T -TB203

Firstly with pDVWS501 as templates 2 groups
of short segments were amplified: pm1 and pm2,
pm4 and pm5, which were 1355 bp, 456 bp, 1021
bp; 388 bp in length, respectively and partly over-
lapped one another. Then pm1 and pm2, pm4 and
pm5 were mixed in equal quantity separately. Long
templates were acquired by the first PCR and the
long segments pm3 and pm6 were obtained through
the second PCR running, which were 1786 bp and
1386 bp in length, respectively (Figure 1). After
pm3 and pm6 were cloned into pGEM- T vectors
separately, the recombinant plasmids T-TB62 and
T-TB203 were obtained. The two plasmids were
transformed into DH5a. Running PCR to plasmid
T-TB62 with primers New1 atld R1566, a segment
was about 1786 bp in length. After the two plas-
mids were digested with Cla I and Sph I, 2 seg-
ments of 1463 bp and 3323 bp in length separately
were got. Running PCR to the plasmid with
primers New7 and New2, the target segment about
1386 bp in length. After the same plasmid was di-
gested with SphI and NheI, other two target seg-
ments of 1167 bp and 3219 bp in length respective-
ly were got (Figure 2). The sequencing results in-
dicated that there were expected shifts only in mu-
tated loci and the other loci were the same as before
by comparing T-TB62 and T-TB203 with
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pDVWS501.

bp 4 5 6 72 3

2027~
1375~

Figure 1. DNA fragments with point mutation
amplified by OL- PCR

Lane l: illNA/EcoRI + Hind III marker; Lane 2: pml; Lane 3:

pm2 ; Lane 4 : pOO ; Lane 5: pm4 ; Lane 6: prn5 ; Lane 7 : pm6

bp 2 3 4 5

3530-+

2027-

1375-

Figure 2. Identification of recombinant plasmids
T-TB62 and T-TB203

Lane 1 :illNA/EcoRI + Hind III marker; Lane 2: T-TB203 PCR

assay; Lane 3: T- TB62 digested with CIa I + Sph I; Lane 4: T-

TB62 PCR assay; Lane 5: T- TB203 digested with Sph I + Nhe I

3. 2 Constitution and clone of plasmids TB62 and
TB203

After pDVWS501 and T-TB62 were respec-
tively digested with Cla I and Sph I and
pDVWS501 and T-TB203 were respectively digest-
ed with Sph I and Nhe I, the same adhesive-ends of
vectors and inserting-segments were got. After the
inserting-segments were ligated to the vectors in
vitro, the recombinant plasmids were transformed
into DH5a and later the positive clones were
screened with LB/Amp( + ) plates. Recombinant
plasmids were extracted from the picked positive
clones and were mono-digested with Cla I, then a
segment of 16151 bp in length were got. We've
run PCR to plasmid TB62 with primers New6 and
New2 and obtained another segment of 1356 bp.
After TB203 was mono-digested with Nhe I, a
segment was got, which was 16151 bp in length.
PCR were run to TB203 with New6 and New2 as
primers, and a fragment of 1021 bp were acquired.
All of the work above might show the success in
constituting the full-length cDNA clone TB62 and
TB203 of dengue 2 virus with point mutation (Fig-
ure 3) .
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Figure 3. Identification of recombinant plasmids TB62 and TB203
Lane 1: illNA/EcoRI + Hind ill marker; Lane 2: purified tb62; Lane 3: purified ZT62; Lane 4: TB62 digested with Cta I; Lane 5:
TB62 PCR assay; Lane 6: purified tb203; Lane 7: purified ZTIO3; Lane 8: TB203 digested with Nhe I; Lane 9: TB203 PCR assay
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3.3 Sequencing

The results of sequencing indicated that we've
succeeded in constituting the full-length cDNA
clones TB62 and TB203 with point mutation in
sites 62 and 203 of protein E in plasmid
pDVWS501.

4 Discussion

-

As for site-directed mutagenesis on the DNA
segments larger than 1 kb, it is the most difficult
problem to keep high fidelity. Among the DNA
polymerase, T4 DNA polymerase, owing to its
~trcJng exonuclease activity of single and double-
strand DNA 3'-5', is the most suitable candidate
for site-directed mutagengsis in vitro.

There are many kits for site-directed muta-
gengsis on plasmids. But some of them need partic-
ular vectors, which therefore depend on convenient
restriction endonuclease sites in the mutated DNA
segments; some of them utilize vectors designed by
researchers. All of these kits are designed by simi-
1ar principles that after synthesizing all sequences of
the target plasmid in vitro by T4 DNA polymerase
and ligating them together with T4 DNA ligase,
the characteristic shifts of plasmid, which were
easily picked out, are used as screening indicators.
So the larger the plasmid is, the more difficult it is
that mutagenesized-plasmid is obtained and the fi-
delity to those sequences except for mutation loci is
guaranteed.

The aim of this research was to solve the prob-
lem of site-directed mutagenesis to plasmid
pDVWS501 which is about 16 kb in length. By
comparing this plasmid's zymogram, we discovered
that there separately was a mono-restriction enzyme
site nearby the ends of the 2 mutagenesis loci,
which were 1463 bp and 1167 bp in distance re-
spectively. But all of these restriction enzyme sites
were not suitable for the point mutagenesis kits of
Promega Company and the plasmid itself was be-
yond the applying confines of point mutagenesis
kits. So, we selected 2 kinds of DNA polymerase

~
-I

~

and adopted the method of OL-PCR in this re-
search. Pwo DNA Polymerase, whose accuracy is
10 times stronger than that of Taq DNA Poly-
merases,is of strong3' - 5' exonucleaseactivity
and more. than this, its PCR product has no "A" on
its j' enci~- that are blunt ends, which avoids the
mismatch and disturbance to the reaction of OL-

PCR. ExpandTM High Fidelity Sys is of part 3'-5'
exonuclease activity, therefore, the PCR product is
the mixture with the blunt ends and 3' ends with

" A ", which can be conveniently cloned into
pGEM-T vectors. As is stated above, with the pe-
culiarityof these 2 kinds of polymerase in our re-
search, we've enhanced the fidelity to OL- PCR as
possible as we could, and hence paved the way for
ligating T-vectors. With expand high fidelity PCR
system, if 20 effective cycles would be carried out
to amplifying the segments of 1 kb, there were
92 % segments identical to the templates in theory.
Although the accuracy rate of these 2 kinds of DNA

polymerase was lower than that of T4 DNA Poly-
merase, owing to the amplified segments being
greatly shortened in vitro, it still relatively low-
ered the error rate during replication. In this ex-
periment, 2 clones were selected separately from T-
TB62 and T-TB203 for sequencing and the expect-
ed results were got.

In the course of site-directed mutagenesizing
designed by this research, there was a biggest
shortcoming that was, except for the directly se-
quencing, no other simple ways for identifying the
plasmid before and after its mutagenesizing. So,
there may be false-positive results in the latter work
when digesting the vectors were incompletely. In
order to avoid the false-positive results, the restric-
tion endonuclease was applied, intentionally ex-
tended the time of digestion (3 h), then another
time restriction endonuclease was added at the

midterm (1. 5 h) which could digest the plasmid
completely. After digested and purified, the plas-
mid was identified by PCR. The negative result
proved the complete digestion of plasmid, which
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would perfect the whole course of experiment and
secured the comparatively high mutation rate. At
last, TB62 and TB203 were transformed into
DH5a and from this transformation 6 clones were

picked out for identification of PCR and digestion.
Among which, there were 5 and 4 positive clones
respectively, and from these positive ones, 2 clones
were respectively chosen to determinate their muta-
tion sites. As a result, expected mutation sites
were finally obtained.

The method of site-directed mutagenesis es-
tablished by us suits for all successfully constituted
plasmids. But the only limitation of this method is
the 2 ends of the sites of point-mutagenesizing must
have mono-digestion sites. If the amplified seg-
ments by OL-PCR were smaller than 2 kb, there
were relatively high fidelity and mutation efficiency
in the process of mutagenesizing.
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ease was found in the feral salmon in the same state

(Rucker et al, 1954). In 1955, BKD spread to
the Great Lakes basin with the introduction of
salmonines and their products from the Pacific
Northwest (Allison, 1958). Reports from Canada
linked the disease to mortalities in wild salmonines
from Nova Scotia (Pippy, 1969; Paterson et al,
1979) to British Columbia (Evelyn et al, 1973;
1981). By 1988, the disease became widespread in
Europe (England, France, Finland, Germany,
Iceland, Italy, Spain, Turkey and Yugoslavia),
North America (USA and Canada), and Japan (re-
viewed in Bullock and Herman, 1988; Fryer and
Lannan, 1993). The disease continued its spread
to Chile (Sanders and Barros, 1986) and there is a
current consensus among fish health professionals
that BKD is virtually prevalent in all parts of the
world where wild or cultured salmonines exist (Eu-
ropean Commission, 1999).
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An Overview on Bacterial Kidney Disease
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Abstract:Bacterial Kidney Disease (BKD) caused by a Gram-positive bacterium, Renibacterium salmoninarum
(R. salmoninarum), is a systemic disease that threatens the expansion of both cultured and wild salmonids world-
wide. BKD is virtually reported wherever salmonids are present, and continue to pose a threat to salmonids world-
wide. Further, problems associated with BKD epizootics include high mortality rate, low growth rate, increased
susceptibility to other diseases such as furunculosis and cold water disease (CWD) are another aspect of the prob-
lem. Moreover, despite the expanding risk of BKD, the pathogenesis of R. salmoninarum infection has only been
partially elucidated, hindering the progress of competent preventive and control measures to efficiently combat this
disease. For all the above mentioned reasons, scientific work and current research need to be continually updated to
benefit the researchers, aquaculture sector and fisheries. The current review provides the most recent update of re-
search work on BKD, discusses the agent and the disease it causes, with emphasis on the bacterium-host interac-
tions in a trial for better understanding of the disease and its epizootiology. [Life Science Journal. 2006;3(3) :58-
76] (ISSN: 1097 - 8135) .

Keywords: Renibacterium salrnoninarum; bacterial kidney disease; salmon

Abbreviations:BKD: bacterial kidney disease: CWD: cold water disease; ECP: extracellular products; FAT: fluo-
r~~ence antibody tests; KDM: kidney disease medium; MKDM: modified KDM: SKDM: selective KDM

1 Historical Perspectives

~

Bacterial Kidney Disease (BKD), caused by
the Gram-positive bacterium Renibacterium
salmoninarum (R. salmoninarum), is a systemic
disease that afflicts salmonid fish populations
worldwide. The condition was originally described
as the Dee Disease because it was first observed a-

mong Atlantic salmon (Salmo salar) from Ab-
erdeenshire Dee and the River Spey in Scotland in
1930 (Anonym, 1933; Smith, 1964). Othersyn-
onyms of the disease include Kidney Disease,
Corynebacterial Kidney Disease and Salmonid Kid-
ney Disease (Fryer and Sanders, 1981). Few years
later, Belding and Merrill (1935) described a very
similar infection that caused losses in brook trout

(Salvelinus fontinalis), brown trout (Salmo
trutta) and rainbow trout (Oncorhynchus mykiss)
reared in a hatchery in Massachusetts, USA. By
1953, due to serious outbreaks, BKD had become a
limiting factor in rearing brook trout, brown trout,
rainbow trout, chinook salmon (Oncorhynchus

tshawytscha ), coho salmon (Oncorhynchus
kisutch) and sockeye salmon (Oncorhynchus ner-
ka) in many hatcheries in the State of Washington
(Earp et al, 1953). In the following year, the dis-

2 The Pathogen
I.,

J
J
J
)

J
J
J

1

J,

2. 1 Nomenclature and current classification of
the etiological agent

Based on Gram stain properties, morphology,
the causative bacterium was suggested to be a mem-
ber of the genus Corynebacterium by Ordal and
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Earp (1956) and subsequently by Smith (1964).
Sanders and Fryer (1980) later refuted this classifi-
cation based on the absence of mycolic acid, gua-
nine plus cytosine (G + C) content of DNA, cell
wall sugar and amino acid compositions of the pep-
tidoglycan cell wall layer. The authors proposed
that this bacterium formed a single species in a new
genus Renibacterium and they identified the bac-
terium as R. salmoninarum (Sanders and Fryer,
1980). Sequencing of the 16S rRNA from R.
salmoninarum (Gutenberger et al, 1991) and re-
cent evaluation of G + C content (Banner et al ,
1991) placed the organism in the Gram-positive eu-
bacterial subdivision of actinomycetes. Arthrobac-
ter and Micrococcus spp. are the closest relatives to
R. salmoninarum.

2.2 Cell morphology
R. salmoninarum is a short rod (0. 3 - 1. 0

by 1 - 1.5 pm), Gram-positive, non-sporulated,
non-capsulated, non-motile, and non acid-fast bac-
terium that is arranged in pairs (diplobacilli) and
rarely as short chains (Sanders and Fryer, 1980).
R. salmoninarum consists of two regions; a cen-
tral region filled with lightly stained filaments (rep-
resent DNA) and a peripheral region filled with
small, electron dense ribosomes ( Young and Chap-
man, 1978).
2.3 Isolation, culture and cultural characteris-
tics

R. salmoninarum is a slow growing organ-
ism (Sanders and Fryer, 1980). Earp et al (1953)
cultured the bacterium on an artificial medium for

the first time from infected kidney tissues on a
medium that consisted of fish extract, glucose,
yeast extract and meat infusion in agar. The au-
thors achieved limited growth with first appearance
of colonies after more than two weeks of incuba-
tion. When the same authors used minced chick

embryo tissues embedded in 1 % agar or Dorset's
Egg medium, they achieved better growth. Addi-
tion of O. 05 % to O. 1 % L-cysteine to the Dorset's
Egg medium has further enhanced the growth of
R. salmoninarum upon primary isolation (Ordal
and Earp, 1956). The authors noted that trypti-
caseblood agar could be used for secondary cultures
and bacterial maintenance. Based on years of re-
search, Ordal and Earp (1956) formulated the
Kidney Disease medium (KDM1) which consisted
of: tryptose 1. 0 %, beef extract O.3%, NaCl
0.5%, yeast extract 0.05%, cysteine-hydrochlo-
ride 0.1 %, human blood 20 v/v and agar 1.5%.
They designated this medium as "Cysteine Blood
Agar Medium". While testing the in vitro sensi-
tivity of R. salmoninarum to a large number of
therapeutics, Wolf and Dunbar (1959), achieved

~
~
l
c...

l

t
L

fair growth on cysteine supplemented Mueller-Hin-
ton medium (MH). This modified MH medium
became the medium of choice for the growth of R.
salmoninarum for several years (Bullock et al,
1974) .

Evelyn (1977) modified Ordal and Earp's
KDM1 by replacing human blood, tryptose and
beef extract with 20 % fetal bovine serum and pep-
tone and designated the modified medium as
KDM2. To reduce the time needed for primary iso-
lation, Evelyn et al (1989) added 25 ,ul of heavy
inoculum of R. salmoninarum culture (commonly
known as a nurse culture) to the center of KDM2
plates. The authors reported that this modification
has accelerated bacterial growth in primary cul-
tures. Further, Evelyn et al (1990) were able to
achieve more consistent growth of the primary cul-
ture by replacing the nurse culture with 25 ,ul of fil-
ter-sterilized R. salmoninarum spent medium.
The major drawbacks of KDM2 medium, however,
were the high cost and presence of serum proteins,
which hampered the identification of proteins of
bacterial origin.

A number of serum-free media for R .

salmoninarum growth have also been formulated.
For example, Embley et al (1982) described a
serum-free, semi-defined growth medium that sup-
ported secondary, but not primary, growth of R.
salmoninarum. Daly and Stevenson (1985) for-

, mulated the Charcoal Agar Medium in which they
substituted activated charcoal for serum. Starliper
et al (1998) compared the perforr:lance of 13
serum-free media and 1 serum-supplemented media
for the growth of R. salmoninarum isolates and
found that there were no significant differences a-
mong the 14 medium formulations used when mean
cell counts were compared after 10, 20, 30 days in-
cubation.

To control growth of other bacteria from fish
lesions, Austin et al (1983) incorporated four an-
tibiotics (Cycloheximide, D-cycloserine, Oxolinic
acid and Polymyxin B) to the KDM2 medium and
reduced the volume of serum from 20 % to 10 %
(designated selective KDM or SKDM). By these
modifications, the authors significantly reduced
bacterial contaminants, a matter that facilitated the

selected growth of R. salmoninarum from clinical
and environmental samples. Our current lab experi-
ence (Eissa, 2005) suggested that the modification
of SKDM by incorporating 1% Spent medium into
the agar enhanceqthe growth of the R. salmoni-
narum colonies;, shortened the period of incuba-
tion, and minimized the growth of contaminating
bacteria.

R. salmoninarum colonies are creamy (non-

.~
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~

which was advantageous for long-term preservation
(Wellington and Williams, 1979). Preservation of
small inocula of R. salmoninarum in KDM2
(Evelyn et al, 1977) or peptone saline (Starliper
et al, 1997) and storage at - 80°C were success-
fully used.
2 .5 Biochemical characteristics

The organism is cytochrome oxidase negative,
catalase positive, proteolytic and cysteine HCI is re-
quired for its growth (Ordal and Earp, 1956;
Smith, 1964; Sanders and Fryer, 1980). Interest-
ingly, R. salmoninarum isolates from different
sources are identical in their biochemical character-
istics (Austin et al , 1983; Goodfellow et al, 1985;
Bruno and Munro, 1986a), but the result for a
given test can vary depending upon the testing sys-
tem used. Thus, the organism is positive for the
gelatinase and DNase reactions by standard methods
(Bruno and Munro, 1986a), but it was negative
for these characters by the API-ZYM system
(Goodfellow et al, 1985). The organism is ~-
hemolytic on media supplemented with blood
(Bruno and Munro, 1986a). The organism can liq-
uefygelatin, degrade Tween (20 - 60), and hy-
drolyze casein. The bacterium is negative for es-
culin hydrolysis, DNase, urease, nitrate reduction,
phosphatase, methyl red, indole test and carbohy-
drate utilization test (Table 1).

~

J
Jpigmented), shiny, smooth, round, raised, en-

tire, and 1- 2 mm in diameter on KDM2 after in-
cubation at 15°C for 20 days (Austin and Austin,
1999). On cysteine supplemented solid media, old
colonies (i. e. 12 weeks) appeared extremely gran-
ular due to crystallization of cysteine, while in both
culture media; some R. salmoninarum strains
produced a uniform turbidity whereas others floccu-
lated out of suspension (Austin and Austin, 1999).
The organism grows slowly at 5°C, 22°C and op-
timally at 15°C but there was no growth at 37 °C
(Smith, 1964).
2.4 Preservation of cultures

Several methods have been used to preserve
different species of actinomycetes including Strep-
tomyces, Actinomyces and Renibacterium species.
For long term preservation, methods such as
lyophilization (Hopwood and Ferguson, 1969),
storage under liquid nitrogen (Pridham and Hessel-
tine, 1975) were successfully used. Bacterial cells
can also be preserved in diluted glycerol (10 % -
20 % vIv) and frozen at - 20 °C, but thawing,
and freezing cycles can affect cell stability and via-
bility (Wellington and Williams, 1979). To over-
come this disadvantage, Feltham et al (1978)
stored bacteria on glass beads in 10% (v Iv) glyc-
erol at - 76 'C. The glass beads allowed removal of
small samples without thawing the entire culture,
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Table 1. Summary of the morphologicaland biochemicalcharacteristicsof R. salmoninarum
Test Criteria Notes

--

Gram stain
PAS (Periodic Acid Schiff) stain
Zeihl-Nielsen (Acid Fast) stain
Arginine hydrolysis
Bile solubility
Agar hydrolysis
Amylase
Carbohydrate utilization
Casein hydrolysis
Catalase
Cytochrome oxidase
DNase

Esculin hydrolysis
Esterase
Gelatin liquefaction
Hemolytic activity
Indole test

Methyl Red
Nitrate reduction

Phosphatase
Tween-20, 40 and 60 Hydrolysis
Tween-SO hydrolysis
Urease

ABI - ZYM* is a bacterial enzymes based assay used for the specific identification of different bacteria.

-
~

2.6 Antibiotic susceptibility
R. salmoninarum isolates. are sensitive to

+
+ .

Non acid fast

...

J
...

+
+

J

J
I

.,
+ ( - ) By API - ZYM*

..
+

~hemolytic
(-) By API-ZYM*

Complete clearancewne around bacteria J

J
~

+
~
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chloramphenicol, erythromycin, novobiocin, strep-
tomycin, sulfamerazine, and tetracycline (Wolf and

~.
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J
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Dunbar, 1959; Austin and Rodgers, 1980), car-
benicillin, and cephaloridine (Goodfellow et al,
1985). R. salmoninarum is also sensitive to en-
rofloxacin (Hsu et al, 1994), tiamulin, cefawlin
(Bandin et al, 1991) and azithromycin (Rathbone
et al, 1999). Furthermore, the organism is resis-
tant to D-cycloserine, oxolinic acid (4 Ilg/ml),
polymyxin ~ and cycloheximide (Wolf and Dunbar,
1959; Goodfellow et al, 1985).
2. 7 Antigenic characteristics and virulence fac-
tors

R. salmoninarum is an obligate intracellular
pathogen that is able to invade all types of fish cells
particularly phagocytic cells (Gutenberger et al,
1997; Ellis, 1999). The ability of R. salmoni-
narum to invade phagocytes or other cells depends
upon certain virulence determinants (Gutenberger
et al, 1997; Ellis 1999; Piganelli et al, 1999). It
was demonstrated that R. salmoninarum secretes

a number of extracellular products (ECP) that pos-
sess proteolytic, hemolytic and DNA degradation
activities in vitro (Austin and Rodgers, 1980;
Bruno and Munro, 1986a). When crude or precipi-
tated culture supernatants were injected into At-
lantic salmon fingerlings, 80% -100% mortalities
were reported (Shieh, 1988), but Bandin et al
(1991) were unable to reproduce this finding using
untreated culture supernatants. A 65-kDa R.
salmoninarum zinc metalloprotease-like protein
has been extracted from R. salmoninarum ECP

that possesses hemolytic activities against a number
of fish and mammalian erythrocytes. The encoding
gene of the R. salmoninarum ECP with hemolyt-
ic activity was designated as hly (Grayson et al,
1995). R. salmoninarum secretes a water-solu-
ble, heat stable, hydrophobic cell surface 57 kDa
protein (p57) that is believed to be the major viru-
lence determinant of this bacterium (Getchell et

al, 1985). In vitro, purified p57 exhibited both
hemolytic (Daly and Stevenson, 1990) and leuco-
agglutinating (Wiens and Kaattari, 1991) proper-
ties. Hamel (2001) reported that R. salmoni-
narum isolates differed in their pathogenicity to
salmonids, a finding that correlated positively with
the amount of surface associated p57.

Challenge of susceptible fish with non-auto-ag-
glutinating strains of R. salmoninarum caused
significantly lower mortality than auto-agglutinat-
ing strains (Daly and Stevenson, 1990). Soluble
R. salmoninarum surface proteins possess im-
munosuppressive action against the salmonid specif-
ic antibody response (Turaga et al, 1987), which
was attributed not only to the p57 protein, but also
to a 22-kDa surface protein (Fredriksen et al,
1997). Starliper et al (1997) compared a number

of strains of R. salmoninarum isolated from chi-

nook and coho salmon from different regions in
North America for virulence. The authors found

that virulence differed among the used isolates and
concluded that isolates retrieved from Michigan
weirs in the late 1980s were the most virulent.

2.8 Molecular and genetic diversity
Although the biochemical uniformity (Bruno

and Munro, 1986a) and phylogenetic homology of
R. salmoninarum strains (Gutenberger et al,
1991), a minimal molecular diversity was detected
among strains isolated from different parts in the
world (Alexander et al, 2001). Alexander et al
(2001) succeeded in differentiation between isolates
of R. salmoninarum based on PCR amplification
and length polymorphism in the tRNA intergenic
spacerregions (tRNA - ILPs). Moreover, a genetic
diversity was detected among 40 North American
isolates by using the multilocus enzyme elec-
trophoresis (MEE) assay with the highest genetic
diversity detected in strains isolated from chinook
and coho salmon spawners returning to the Little
Manistee' river weir in Michigan (Starliper, 1996).
In particular, Michigan isolates showed a higher
variation in succinate dehydrogenase and esterase
loci.

3 The Disease

3. 1 Disease course
Despite the fact that BKD develops slowly,

progress of the disease depends on environmental
factors such as water temperature (Sanders et al ,
1978; Fryer and Sanders, 1981; Bullock and Her-
man, 1988), host factors (E venden et al, 1993),
and R. salmoninarum strain virulence (Starliper
et al, 1997).
3. 1. 1 External signs

Affected fishes manifest a wide range of exter-
nallesions as well as behavioral changes that might
vary according to the species, age of the fish affect-
ed and the virulence of the R. salmoninarum
strain (Fryer and Sanders, 1981; Bullock and Her-
man, 1988; Evenden et al , 1993). Erratic swim-
ming behavior, exophthalmia, superficial blebs of
the skin, cavitations in muscles and deep abscesses

all over the body surface have been reported in af-
fecteafish (Belding and Merrill, 1935; Smith,
1964; Fryer and Sanders, 1981; Bullock and Her-
man, 1988). The blebs and cavitations might con-
tain a white to yellowish or hemorrhagic fluid (Bul-
lock and Herman, 1988). Ascitis and peticheal
hemorrhages in muscles and fins were also reported
(Belding and Merrill, 1935; Earp et al, 1953;
Evelyn, 1993). In very rare cases, the external

. 61 .



and brown trout exhibited microscopic lesions in the
kidney, and to a lesser extent in the liver and
spleen. Lesions were chronic in nature with multi-
ple granulomas that resemble those noticed in mam-
malian tuberculosis (Figure 2) (Snieszko and Grif-
fin, 1955; Wood and Yasutake, 1956). Fibrotic
lesions were also noticed in kidneys, spleen, liver
and intestines of the infected fish with proliferating
fibroblasts .forming distinct nodules that coalesced
to form large masses of affected tissues (Woods and
Yasutake, 1956). The granulomatous lesions ap-
parently arose in the connective tissue stroma be-
tween the parenchymal cells of various organs
(Woods and Yasutake, 1956 j Jansson, 2002). It
is believed that the granulomas are formed as a re-
sult of macrophages activation (Secombes, 1985)
followed by its adherence to each other forming ep-
ithelioid appearance and then the fusion of a few
number of these activated macrophages to form gi-
ant cells (Secombes, 1985). Both, giant cells and
activated macrophages release large amounts of lytic
enzymes into the surrounding tissues leading to
necrosis at the central part of the granuloma
(Bruno, 1986; Jansson, 2002). Interestingly,
bacteria can occur intracellularly or extracellularly
in the granulomas or necrotic foci (Bruno, 1986;
Bullock and Herman, 1988). The hematopoietic
tissue of the anterior kidney appeared to be affected
firstly, followed by extensive damage to the excre-
tory part of the kidneys ( Woods and Yasutake,
1956; Jansson, 2002). Kidney pathology may con-
tain eosinophilic granules in proximal tubules
(Young and Chapman, 1978). Massive mYQcardi-
tis (Wood and Yasutake, 1956), meningitis, and
encephali tis (Speare, 1997) were recorded in some
salmonids. In the liver, histopathological changes
take the form of granulomatous nodules in the con-
nective tissue stroma between the cords of the hep-
atic cells (Woods and Yasutake, 1956).
3. 2 Susceptibility

There are a number of observations indicating

that salmonid species and even different strain of
the same species can differ in their susceptibility to
BKD. For example, coho salmon of three different
transferrin genotypes (AA, AC and CC) differed in
resistance to experimental infection with R.
salmoninarum (Suzumoto et aI, 1977). Also,

three populations of chinook salmon from different
rivers, showed various mortality rates to experi-
mental infection with R. salmoninarum. Winter

et al (1980) reported similar results in coho salmon
and steelhead trout (Oncorhynchus mykiss). Fur-
ther, Belding and Merrill (1935) reported that
brook trout was more susceptible to R. salmoni-
narum infection than the rainbow trout when ex-
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signs of the disease in chinook and coho salmon
might only be manifested by exophthalmia with the
accumulation of infective fluid containing large

amount of the bacteria, pus and necrotic tissue in
the enlarged eyes (Bullock and Herman, 1988).
3.1.2 Internal lesions

Kidneys of affected fishes are usually swollen
and exhibit white foci that contain leucocytes, bac-

teria, and host cell debris (Figure 1) (Fryer and
Sanders, 1981). In advanced cases the kidneys ap-

pear mostly grayish in color, the spleen may in-
crease in size and the liver appears very pale in color
(Woods and Yasutake, 1956; Fryer and Sanders,
1981). The most typical clinical lesions associated
with BKD are the presence of scattered nodules of
various sizes over the surface of the kidneys, spleen

and liver (Belding and Merrill, 1935; Snieszko and
Griffin, 1955; Klontz, 1983). In some cases,

peticheal hemorrhages were noticed in the muscles
lining the peritoneum with ascitic fluid accumula-
tion (Ferguson, 1989). An opaque membrane
(pseudomembrane) that covers internal organs was
reported,. especially in fish maintained at a temper-
ature below 9 'c (Snieszko and Griffin, 1955 ;

Bell, 1961 j Fryer and Sanders, 1981). The pseu-
domembrane consists of fibrin and leucocytes
(Smith, 1964). Similar membranes occur in trout
at higher temperatures (12 - 13 'C) (Bullock and
Herman, 1988). Hemorrhages with white or yel-
low viscous fluid in the hindgut and peticheal hem-
orrhages were often found in the peritoneum of in-
fected Atlantic salmon (Smith, 1964).

- Figure 1. An Iron River brook trout fingerling with BKD. The
kidney is swollen with multiple creamy-whitish nodules (N). The
above case is from an outbreak of BKD that killed thousands of

hatchery raised Iron River brook trout fingerlings in May 2003..
I

3. 1.3 Histopathology
The initial histopathological description by

Belding and Merrill (1935) indicated that the kid-
ney as the major organ affected by the R.
salmoninarum infection. All infected brook trout
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perimentally infected. Mitchum and Sherman
(1981) reported that brook trout were more sus-
ceptible to natural BKD infection than rainbow
trout and brown trout. Eissa (2005) confirmed
that the brook trout is the most susceptible species
among all studied salmonids during a period of 4
years study. Moreover, he indicated that the Iron
River strain of the brook trout species is more sus-
ceptible than the Assinica strain of the same
species.
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Figure 2. Hematoxylin and Eosin stained slide of kidney showing
a severe granulomatous reaction that is replacing kidney tissues of
a 3 years old Assinica brook trout. Notice the fibrous capsule
(FC) surrounding the entire granuloma ( X 100). The case is
from an outbreak of BKD that killed captive 3 years old A,,~inica
brook trout in mid September 2003.
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3.3 Pathogenesis and innnunity
3.3. 1 Infection and pathogenesis

R. salmoninarum can induce uptake by non-
phagocytic cells and can survive ingestion, which
provides a means of entry into the host via the gills
and the gastrointestinal tract (Evelyn, 1996; Flaiio
et al, 1996; Balfry et al, 1996), however a study
demonstrated that R. salmoninarum can not be

internalized by healthy rainbow trout gills in vitro
(McIntosh et al, 2000). R. salmoninarum up-
take by eggs is another possibility that result in ver-
tical transmission of the organism from parent to
offspring (Evelyn et al, 1984; Evelyn et al,
1986a, 1986b; Bruno and Munro, 1986b).

R . salmoninarum is believed to spread
through blood and also through intracellular habita-
tion and replication in macrophages (Gutenberger
et al, 1997; Ellis, 1999). Although'R. salmoni-

narum is a slow growing organism, it can reach
levels of 109 cellslg in spleen and kidney tissues be-
fore initiation of fish mortality (Evelyn, 1996).

Opsonization of the pathogen by antibody and
lor complement increases the success of R.
salmoninarum to survive and replicate within
phagocytes more willingly than limit its activity as
with most of other pathogens (Bandin et al,
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1995). To survive and replicate, R. salmon i-

narum must acquire nutrients from the host. In the
absence of iron, R. salmoninarum may produce
iron reductase, which makes bound iron more
available for bacterial uptake (Grayson et al,
1995).

R. salmoninarum produces large amounts of
the p57 antigen (Wiens and Kaattari, 1989), both
in serum and intracellularly. The quantity can neu-
tralize the vast majority of antibodies that may be
evoked in response to infection. These antibody-
p57 complexes may remain in tissue and contribute
to tissue destructive hypersensitivity resulting in
granulomas (Bruno, 1986).

The p57 has immunosuppressive and tissue de-
structive properties. The p57 agglutinates salmon
leukocytes (Wiens et al, 1991) and suppresses an-
tibody production against unrelated antigens in vit-
ro (T uraga et al, 1987). The p57 is a potent in-
hibitor of the phagocyte respiratory burst response
(Campos-Perez et al, 1997) and could decrease the
bactericidal activity of juvenile chinook
macrophages against Aeromonas salmonicida
(Siegel and Congleton, 1997).

Senson and Stevenson (1999) suggested that
p57 and its breakdown products might form a pro-
tective layer around R. salmoninarum cells. Bac-
terial cells stripped of p57 induced stronger immune
response than those not stripped of p57 (Wood and
Kaattari, 1996). Cell surface associated p57 and its
breakdown products may effectively block highly
immunogenic areas of the bacterial cell surface from
detection by host defenses (Wiens and Kaattari,
1999) .
3.3. 2 Effect of BKD on host immune response

Grayson et al (2002) studied the immunosup-
pressive effect of R. salmoninarum in vitro and
in vivo. Within an in vitro assay, macrophages
showed a rapid inflammatory response in which the
expression of interleukin-l~, major histocompati-
bility complex class II, inducible cyclooxygenase,

and inducible nitric oxide synthase (iNOS) were
enhanced, while tumor necrosis factor-a (TNF-a)
expression was greatly reduced initially and then in-
creased. In vivo study, intraperitoneal (i. p. ) in-
jection of R. salmoninarum DNA vaccine con-
structs (msa) reduced the expression of IL-l~,
Cox-2, and MHC II but stimulated TNF-a. In
this study, the authors concluded that p57 sup-
presses the host immune response and hypothesized
that the chronic granulomatous reaction is due to
prolonged stimulation of TNF-a. The p57 possessed
immunosuppressive action against salmonid specific
antibody response (Turaga et al, 1987), tissue de-
structive properties (Bruno, 1986) and capable of

.
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. declining water temperatures; however the greatest
mortality was associated with periods of highest
water temperatures. Also, it was noted that during
periods of low water temperatures the disease pro-
duced a slow steady death rate.

Water salinity
Despite the fact that BKD occurs mainly in

freshwater, significant infections also occur in salt-
water (Banner et al, 1983). Reports demonstrated
that deaths continued in chinook, coho and pink
salmon stocks after movement to salt water-rearing
ponds (Earp etal, 1953; Bell, 1961). Frantsi et
al (1975) reported that R. salmoninarum im-
paired the ability of Atlantic salmon smolts to accli-
mate to saltwater and caused a subsequent reduction
in ocean survival. Ellis et al (1978) isolated the

organism from juvenile chinook salmon that had
spent two winters in the ocean. Fryer and Sanders
(1981) indicated that BKD was thought to be the
main cause of death among coho salmon smolts re-
leased from Siletz hatchery in Oregon. The authors
reported that the majority of deaths occurred be-
tween two and four months after the fish entered

saltwater. They also concluded that fish infected
with BKD while in freshwater will continue to die

from this disease, but at an accelerated rate, after

migration to saltwater. BKD infection can impair
acclimatization to seawater and cause death (Mesa
et al, 1999) . Further, Price and Schreck (2003)
experimentally assessed the effect of BKD on salt-
water preference of juvenile spring chinook salmon
and concluded that there is a significant negative
relationship between mean infection level and -salt-
water preference.
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agglutinating salmon leukocytes (Wiens and Kaat-
tari, 1999).

Aside from its opsonizing action, antibodies
interact directly with free antigen (p57), creating
immune complexes that aggregate within the tissue
and cause hypersensitivity reactions, resulting in
granulomas and tissue damage (Bruno, 1986).
Macrophage activating factor (MAF )-activated
macrophages can effectively kill R. salmoninarum
cells (Hardie et al, 1996), but production of MAF
in immature helper T-cells may be suppressed at
low temperature (Siegel and Congleton, 1997).
The proliferation and action of T cells in activating
macrophages may be the primary successful im-
mune response against R. salmoninarum (Sec-
ombes, 1985; Hardie et al , 1996) .
3.3.3 Environmental factors

Effect of diet

Studies suggested that the prevalence and
severity of BKD might be partly related to certain
dietary and environmental factors. Diets formulated
of gluten as opposed to cottonseed meal have result-
ed in higher BKD prevalence in several hatcheries in
Washington ( Wood, 1974). Wedemeyer and Ross
(1973) demonstrated that BKD prevalence was
similar in fish fed rations containing equivalent
amounts.of either gluten or cottonseed, but the
non-specific stress of infection perhaps due to the
increased ascorbate depletion was more severe in the
corn gluten group. Sakai et al (1986) concluded
that vitamins had no effect on BKD prevalence.
Woodall and LaRoche (1964) suggested that iodine
insufficiency was responsible for increased BKD in-
cidence in juvenile chinook salmon. Paterson et al
(1981) indicated that Vitamin A, zinc, and iron
levels are significantly reduced in BKD-infected fish
and subsequent feeding trials provided a lower inci-
dence of BKD in fish fed diets high in trace ele-
ments (Fe, Cu, Mn, Co, I and F) or low in calci-
um (0.2%).

Effects of temperature
Several authors reported that BKD could occur

over a wide range of water temperatures (Belding
and Merrill, 1935; Earp et al, 1953; Fryer and
Sanders, 1981; Bullock and Herman, 1988) . For
example, at 15 - 20°C, experimentally infected ju-
venile salmon and trout died 21 - 34 days after in-
oculation, as opposedto 60 - 71 days post inocula-
tion at 6.7 °C (Sanders et al, 1978). Also, Wood
(1972, cited in Fryer and Sanders, 1981) reported
that mortalities from BKD occurred after 30 - 35
days post exposure at temperatures above 11 °C and
took 60 - 90 days at 7.2 -10 °C. Sandersand Fry-
er (1981) indicated that most of epizootics occurred
during the autumn and winter, under conditions of
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4. 1 Geographical distribution
BKD has been reported wherever susceptible

salmonid populations are present (Fryer and
Sanders, 1981; Klontz, 1983). The disease is
commonly reported in cultured salmonid species
from North America, Europe, Japan and South
America (Fryer and Sanders, 1981; Bullock and
Herman, 1988). BKD has also been observed in a
wide range of wild (Pippy, 1969; Evelyn et al,
1973; Ellis et al, 1978; Paterson et al, 1979;
Mitchum and Sherman, 1981) and feral salmonid
populations from North America (Elliot and
Pascho, 1991; Sanders et al, 1992; Holey et al,
1998; Jonas et al, 2002). The geographic range of
BKD includes Canada, England, France, Finland,
Germany, Iceland, Italy, Japan, Scotland, Spain,
Turkey, United States, former Yugoslavia and
Chile (Bullock and Herman, 1988). BKD was pre-

)

)
J
J
)
J

j

)

. 64 .



...

t
l
l
L

l
L

t
L
I...

~

~

Life ScienceJournal, 3 (3 ) ,2006, Eissa AE, et al , An Overvie'UJon Bacterial Kidney Disease

sumptively diagnosed and reported in Australian
Victoria in the early 1970s in farmed chinook
salmon however further work identified the syn-
drome to be nocardiosis (Humphrey et al, 1987).
No evidence supported the presence of the disease
in New Zealand, Russia. BKD was recently report-
ed in Denmark (Lorenzen et al, 1997) and Nor-
way (Jansson et al, 2002).
4. 2 Host range

BKD has been reported in salmonids of the
genera Oncorhynchus, Salmo and Salvelinus
(Fryer and Sanders, 1981) yR. salmoninarum
has also been detected in chinook salmon (Holey et
al, 1998), coho salmon (MacLean and Yoder,
1970), brown trout, brook trout, rainbow trout
(Belding and Merrill, 1935; Mitchum et al,
1979), Pacific salmon, Atlantic salmon, lake trout
(Bullock and Herman, 1988), pink salmon (Bell,
1961), Kokanee salmon (Awakura, 1978),
Grayling (Thymallus thymallus) (Kettler et al , .
1986), Lake Michigan whitefish (0Jregonus clu-
peformis) and bloater (0Jregonus hoyi) (Jonas et
al, 2002) and whitefish (0Jregonus lavretus) in
Finland (Rimaila-Parnanen, 2002) . The organism
has also been detected in absence of disease in few
non-salmonid species such as greenling (Hera"
grammos otaki), flathead (Platycephalus indicus)
and Pacific herring (Glupea pallasi pallasi)
(Traxler and Bell, 1988). R. salmoninarum
antigen has also been detected in Japanese sculpin
(0Jttus laponicus) and Japanese scallops
(Patinopecten yessoensis) (Sakai and Kobayashi,
1992). Recently, the organism has been isolated
for the first time from clinically affected adult para-
sitic stage of Lake Ontario Sea Lamprey (Petromy-
zon marinus) (Eissa et al, 2006, In press).
4 .3 Disease transmission
4.3. 1 Source of infection

R. salmoninarum is excreted in the feces of
clinically diseased trout and can survive for up to
one week and two weeks in the feces and sterile

seawater respectively (Balfry et al, 1996). The
organism can also survive in non-sterile freshwater
and pond sediments for up to 21 days (Austin and
Rayment, 1985). Thus, the oro-fecal route of hor-
izontal transmission may contribute significantly to
the increasing prevalence of BKD in salmonids.
4.3.2 Horizontal transmission

R. salmoninarum possesses a powerful capa-
bility of inducing uptake by tissue cells including
the epithelial lining of the gastro-intestinal tract
(Bruno, 1986; Evelyn, 1996; Flano et al,
1996). Infection is thereby likely to occur where
sufficient numbers of bacteria are present within
the immediate vicinity of aquatic environment. 0-
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ral-fecal route of infection can also, occur in net
pens by ingestion of contaminated feces (with up to
107 bacterial g of feces) during feeding (Balfry et
al, 1996). Waterborne infection may occur
through gills, eyes, lesions, wounds and ingestion
(Evenden et al, 1993). The organism was also
transmitted by feeding fish on infected or ineffi-
ciently pasteurized fish offales or fish flesh (Wood,
1974; Fryer and Sanders, 1981). Thus, uptake of
R. salmoninarum through the intestinal wall is a
likely pathway of infection (Jansson, 2002). Hori-
zontal transmission can also occur between wild and
stocked hatchery trout in natural systems
(Mitchum and Sherman, 1981). Long-term expo-
sure (180 days) of healthy fish to highly infected or
dying salmon resulted in the infection and death of
all exposed fish at an average water temperature of
10 'C (Murray et al, 1992).
4.3. 3 Vertical transmission

Numerous studies have been conducted in the
last two decades in order to study the possibility of

. . vertical transmission of R. salmoninarum from
mother to offspring via eggs. Allison (1958) was
the first to report the development of BKD in off-
spring hatched from eggs transferred from a hatch-
ery where the disease had been endemic for many
years to another hatchery where it had never been
detected. Bullock et al (1978) demonstrated trans-
mission of R. salmoninarum from the broodstocks
to their progeny via the eggs. Interestingly, the or-
ganism has been transmitted even after the surface
disinfection of eggs which likely due to the fact that
the pathogen was located within the perivitteline
membrane of the egg away from the reach of the
disinfectant (Evelyn, 1993). The intra-ovum route
of transmission has now been firmly established
(Evelyn et al, 1986a, 1986b) where the pathogen
is located in the yolk and is protected from surface
disinfectants (Evelyn et al, 1986a, 1986b; Bruno
and Munro, 1986c). Infected coelomic fluid has
been shown to be an important source of infection
for the egg (Evelyn, 1993) where the organism
found its way to the yolk via the micropyle due to
high bacterial counts in coelomic fluid. There are
some instances that intra-ovum infections can also
occur prior to ovulation and directly from the ovari-
an tissue (Evelyn, 1993). The pathogen has been
also detected in the semen (milt) of infected Brook
trout brood stocks collected during spawning cycles
in .Michigan State hatcheries which suggests that
male can playa possible role in transmission and
spread of R. salmoninarum (Eissa, 2005).
4.3.4 Fish as possible vectors and carriers

Although there are enough satisfactory data
indicating that R. salmoninarum is an obligate in-
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tracellular pathogen of salmonid fishes and that the
reservoir and carrier of infection are other infected
salmonid (Woods and Yasutake, 1956; Fryer and
Sanders, 1981; Klontz, 1983; Bullock and Her-
man, 1988), yet there are few existing data about
the possibility that non-salmonids can act as a reser-
voir or vector for the organism. Few non-salmonid
species were able to contract the infection naturally
or experimentally and in turn they might become
accidental carriers and play an important role in
transmission of the disease to salmonid species by
cohabitation. For example, Pacific herring (Clu-
pea harengus pallasi) living in net pens with R.
salmoninarum infected coho salmon have been re-
ported as infected (Paclibare et al, 1988). Also,
Pacific herring (Traxler and Bell, 1988), sablefish
(Anoplopoma fumbria) (Bell et al, 1990), Com-
mon shiner (Notropis cornutus) (Hicks et al,
1986), and the fathead minnow (Pimephales
promelas) (Hicks et al, 1986) were able to con-
tract infection by i. p. injection of R. salmoni-
narum. The organism was also detected in mori-
bund Pacific hakes (Merluccius productus) (Kent
et al, 1998). In addition, Greenlings (Hexa-
grammos otakii) and flathead (Platycephalus indi-
cus) were also reported as possible vectors for the
disease (Sakai and Kobayashi, 1992).
4.3.5 Possible vectors other than fish

A limited number of studies have been con-
ducted in the last two decades that have lead to the
assumption that animals other than fish can act as
possible vectors for the transmission of R .
salmoninarum to salmonids. For example, the
Japanese scallop (Patinopecten yessoensis) has been
reported as a possible vector for R. salmoninarum
transmission to coho salmon pen-raised in the
neighboring seawater (Sakai and Kobayashi,
1992) .

Some blood-sucking ectoparasites, like salmon
lice (Lepeophteirus salmon is ), can act as vectors
for the pathogen. Although, salmon lice can occa-
sionally harbor the pathogen, no record of active
transmission of R. salmoninarum between sea lice
infected and non-infected fish exists (Richards et
al, 1985 ; Frerichs and Roberts, 1989).
4.3.6 Reservoirs

Clinically infected, subclinically infected or la-
tent carrier salmonids are the main reservoir of in-
fection (Klontz, 1983; Richards et al, 1985, Bul-
lock and Herman, 1988). Bacterial laden-feces and
R. salmoninarum rich pond sediment can also act
as a reservoir of infection (Balfry et al, 1996 ;
Austin and Rayment, 1985). In addition, ineffi-
ciently pasteurized infected salmon viscera are a
confirmed reservoir of infection (Wood, 1974).
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5. 1 Isolation and bacteriological identification of
the agent

A number of culture media have been success-
fully used for the primary isolation of R. salmoni-
narum from clinically infected fish. Among these
media cysteine blood agar (Ordal and Earp, 1956),
KDM2 (Evelyn et al, 1977), SKDM (Austin et
al, 1983) and charcoal agar medium (Daly and
Stevenson, 1985) were used with varying degrees
of success. The most common drawback of bacteri-
al culture is the slow growing nature of R.
salmoninarum, which requires up to 12 weeks to
achieve bacterial growth. Most recently, Eissa
( 2005) has suggested a modified KDM medium
( MKDM) which enhanced R. salmoninarum
growth, minimized other bacterial contaminants
and ultimately shortened the incubation time to 5-
10 days.

The optimal incubation temperature for the
isolation of R. salmoninarum on culture media is
15°C (Sanders and Fryer, 1980). The organism is
differentiated from other Gram-positive bacteria us-
ing the morpho-chemotaxonomic features described
by Sanders and Fryer (1980).
5.2 Antigen-antibody reactions
5.2. 1 Agglutination test

Although easy and rapid to perform, the test
requires that bacteria are first cultured which con-
veys no advantage if compared with that of other
diagnostic methods. Kimura and Yoshimizu 0981)
used Staphylococci specifically sensitized with anti-
body against R. salmoninarum to develop a coag-
glutination test to detect R. salmoninarum in kid-
ney tissues with limited success.
5.2.2 Immunofluorescence

Direct and indirect fluorescent antibody tests
(FAT) have commonly been used to detect R.
salmoninarum in infected tissues including fixed
and paraffin embedded tissues. Bullock and Stuckey
(1975) were first to describe the indirect fluores-
cent antibody technique (IF AT) to visualize the
R. salmoninarum cells in tissues of infected fish.
They concluded that IFAT is more sensitive than
Gram stain and can detect the bacteria in subclinical
infections. Several methods to quantify R. salmoni-
narum utilizing FAT have been used, including a
subjective scoring of fluorescence intensity (1 + to
4 + ) in tissue smears (Bullock et al, 1980). In a
later procedure, bacteria are immobilized on filter-
paper grids and titers expressed as cells per unit of
tissue or ovarian fluid (Elliot and Barila, 1987).

Elliot and McKibben (1997) compared two
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fluorescent antibody techniques (FATs) (mem-
brane filtration FAT or MF-FAT and Smear-FAT

or S-FAT) for detection of R. salmoninarum in
ovarian fluid from naturally infected chinook
salmon. They reported greater sensitivity of MF-
FAT compared to the S-FAT and concluded that
MF-FAT was preferable for detection of low num-
bers of bacteria. Cross reactivity of other bacterial
species with antisera prepared against R. salmoni-
narum have been reported (Bullock et al, 1980;
Austin et al, 1985; Brown et al, 1995), thus the
inclusion of any FAT of control material from R.
salmoninarum-positive fish is necessary for com-
parison of cell morphology and staining properties
of bacteria in test and control samples (Elliot and
McKibben, 1997). Inter-laboratory comparisons
revealed that FAT reproducibility is poor when
used in detection of very low levels of infection
(Armstrong et al, 1989).
5. 2. 3 Enzyme linked immunosorbent assay
( ELISA)

Hsu et al (1991) developed an improved mon-
oclonal antibody based ELISA for detection of the
p57 protein of R. salmoninarum. The assay was
both specific and sensitive for detection of soluble
R. salmoninarum antigen at concentrations as low
as 50 - 100 ng/ml. A double antibody sandwich
ELISA, also known as quantitative ELISA (Q-
ELISA), provides accurate indication about the re-
al prevalence of BKD in the tested fish population
because it determines both prevalence and intensity
of the infection (Pascho et al, 1998). The proce-
dures are fairly standardized by the studies of
Pascho and Mulcahy (1987) and Pascho et al

(1991). A positive threshold has been computed
and proposed for Q-ELISA results interpretation
(Meyers et al, 1993; Pascho et al, 1998). The
positive-negative cutoff absorbance for the kidney
homogenate was determined as O. 10. Pascho et al
(1998) assigned the following antigen level cate-
gories for tested positive kidney samples: low
(0.10 to 0.19), medium (0.20 - 0.99) and high
( 1 . 00 or more) .
5. 2.4 Immunohistochemistry (IHC)

Hoffmann et al (1989) compared various
staining techniques (Gram, PAS, IF AT and indi-
rect peroxidase procedures) for their ability to de-
tect R. salmoninarum in the tissues of rainbow

trout fixed by various methods (Fresh frozen tis-
sue, frozen formalin-fixed tissue, formalin or
Bauin's fixed paraffin-embedded tissue) and con-
cluded that only the indirect peroxidase technique
gave satisfactory results regardless of the fixation
method used. IHC has the advantage of visualizing
R. salmoninarum and the tissue alteration they
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cause simultaneously (Jansson et al, 1991;
Evensen et al, 1994). IHC has been used to detect
BKD natural and experimental infections. For ex- .
ample, using in situ IHC, Lorenzen et al (1997)
reported the first demonstration of BKD in rainbow
trout in Denmark. Evensen et al (1994) detected

the organism in situ by using IHC in paraffin em-
bedded tissue specimens from Atlantic salmon and
they reported the use of monoclonal antibodies spe-
cific for the R. salmoninarum p57 protein. How-
ever, it has been reported that prolonged preservation of
tissue samples in formalin has very deleterious effect on
the antigen detection and retrieval in immunohistoche-
mical assays (Evensen et al, 1994). A typical picture
of how bacteria and tissue look like after IHC adopted
on an infected kidney tissue is indicated in Figure 3 and
Figure 4 (Eissa, 2005).

Figure 3. Kidney tissue of Iron River brook trout fingerling ex-

hibiting heavy R. salrrwnin£lrum infection. Kidney section was
stained using an anti-R. salmoninarum antibcdy based sW"pta-

vidin-irnmunoperoxidase irnrnmunolbeling ( X 400). Sections were

counterstained with Mayer's hematoxylin (Blue background)

Rs: R. salmonin£lrum soluble antigens with the red staining
affinity. Tu: Non-affected kidney tubules with blue counterstain-

ing affinity.

5.3 Polymerase chain reaction (PCR)
PCR has been successfully used to detect R.

salmoninarum DNA within individual chinook
salmon eggs with a detection sensitivity of 2 bacte-
rial cells/egg (Brown et al, 1994). A nested PCR
(nPCR) has been developed by Chase and Pascho
(1998) to amplify a 320 bp fragment of the gene
encoding the p57 protein and they recorded no spe-
cific fragments amplification when other fish bacte-
rial pathogens were used as templates for nPCR.
The sensitivity of the method increased one hun-
dred fold compared to a conventional PCR method
(Pascho et al, 1998). The authors compared the
sensitivities of nPCR, ELISA and FAT assays to
detection R. salmoninarum in kidneys of infected
chinook salmon and concluded that nPCR showed
the highest sensitivity (61 % ), followed by ELISA
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(47%) then FAT (43%). Pascho et al (1998)
reported that nPCR detected R. salmoninarum in
100 % of the tested ovarian fluid samples and there-
by concluded that nPCR was the most accurate and
sensitive method for detection of R. salmoni-
narum. Hong et al (2002) designed a pair of spe-
cific primer for nested amplification of 501 bp and
314 bp DNA fragments of the sequence coding p57
of R. salmoninarum respectively and they also
recorded no specific fragments amplification when
other principal fish bacterial pathogens were used as
templates in PCR and nPCR tests. However, Miri-
am et al (1997) have cautioned that PCR positive
samples may contain some proportion of dead R.
salmoninarum with detectable level of DNA. This
means that kidney tissues containing non-culturable
R. salmoninarum can be falsely positive when
tested with nPCR. In a recent study, Eissa (2005)
used three diagnostic technique namely culture, Q-
ELISA and nPCR to detect R. salmoninarum in
kidney tissues of returning spawners salmon and
concluded that nPCR is much more sensitive than the
other two methods in discoveringthe very early infec-
tion.

Figure 4. Kidney tissue of Iron River brook trout fingerling ex-
hibiting heavy R. salmaninarum infection after enhanced antigen
retrieval procedures using alkaline phosphatase red and goat anti-
R. salmaninarum antibody. Sections were counterstained with
Mayer's Hematoxylin (Blue background) (x 400). This case is
from an outbreak of BKD that killed thousands of hatchery raised
Iron River brook trout fingerlings in May 2003.
Rs: R. salmaninarum soluble antigens with the red staining
affinity. Tu: Non-affected kidney tubules with blue counterstain-
ing affinity.

...... 6 Differential Diagnosis

~
External manifestations of BKD are non-

pathognomoriic, but the course of the disease and
the granulomatous nature of the kidney lesions may
provide presumptive indications. The disease can be
differentiated from other kidney diseases of chronic
progression including pseudo-kidney disease

I

~(Carnobacterium piscicola) (Ross and Toth,
1974), nephrocalcinosis (calcium deposits) (Ped-
die, 2004) and proliferative kidney disease (lym-
phoid hyperplasia) in response to myxozoan parasite
Tetracapsula bryosalmonae) (Clifton-Hadley et

al, 1984). Differentiation is mainly based on ob-
servation and detection of the organism or its anti-
gens using immunofluorescence, IHC, ELISA,
PCR. In case of nephrocalcinosis, differentiation is
mainly based on bacteriological assessment to rule
out the presence of the bacterium, however on-
farm examination of lesion consistency can help to
discriminate between these conditions as BKD le-
sions are soft whilst those caused by nephrocalci-
nosis have a gritty texture (Peddie, 2004).

R. salmoninarum can be differentiated from
coryneform group of bacteria, which includes the
genera of Listeria, Erysipelothrix, Corynebac-
terium, Actinomyces, Celullomonas, Curtobac-
terium, Arthrobacter and Brevibacterium by cell
wall composition and G + C contents of DNA (Stu-
art and Welshimer, 1974; Sanders and Fryer,
1980) .

Although R. salmoninarum share certain
characteristics with Actinomyces pyogenes (former-
ly Corynebacterium pyogenes), they differ in a
number of other characteristics. A. pyogenes is
facultatively anaerobic, catalase negative and pro-
duce acid from carbohydrates. The genus Renibac-
terium can be separated from pathogenic
Corynebacteria and genus Caseobacter by the pres-
ence of lysine in the cell wall and the absence of
mycolic acids. The genus Caseobacter is further
differentiated by a mol % G + C of 60 - 67
(Crombach, 1978). Genus Celullomonas contains
the diamino acid ornithine in its cell wall peptido-
glycan and has a mol % G + C ranging from 65 -
72.
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Interestingly some of the coryneform groups of
bacteria have an overlapping characteristics and
phylogenetic homology. Among this group of bac-
teria a cell wall peptidoglycan containing lysine oc-
curs primarily in Arthrobacter and Brevibacteri-
um. DNA homology studies showed close relation-
ship between several species in these two genera.
However, these bacteria have usually been isolated
from the environment, are chemoorganotrophic,
show a progression of morphological changes during
the growth cycle and have a mol % G + C above
60. Interestingly, all these characteristics are dis-
tinctly different from that of Renibacterium.
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7 Control

7.1 Chemotherapy
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Since the early 1950s a relatively large number
of chemotherapeutics have been intensively tested
in vivo and in vitro for efficacy in treating BKD.
Rucker et al (1951) was first to use antimicrobial
agents against clinical BKD and their results
showed a definite decrease in mortalities when sul-

fadiazine was incorporated into fish diets. Although
treatment did not completely cure clinically sick
fish, sulfamerazine reduced BKD mortalities alone
and combined with sulfaguanidine and sulfadiazine
(Allison, 1958). Wolf and Dunbar (1959) tested

34 therapeutic agents including erythromycin thio-
cyanate and sulfamerazine on 16 strains of R.

salmoninarum using the disk method for drug sen-
sitivity screening followed by in vivo feeding trials
with experimentally infected fish. They concluded
that erythromycin fed at the rate of 100 mglkg of
fish for 5 consecutive days gave the best results.
Generally, due to the occurrence of the bacterium
intracellularly as well as extracellularly, these treat-
ments only suppressed the systemic spread of the
organism and induced partial relief (Amos 1977).
Intramuscular (i. m. ) and i. p. administration of
sulfonamide drugs significantly reduced prespawn-
ing mortality among chinook salmon broodstocks
being hold prior to spawning (Amend and Fryer,
1968). However, sulfonamides administered by i.
m. or i. p. routes often producedsterile abscesses
at the injection site in adults and induced mortali-
ties and teratogenicity with their progeny (Amos,
1977) .

In an attempt to reduce or prevent vertical
transmission of BKD, salmon eggs were water
hardened for 1 hour in 2 ppm erythromycin
(Amos, 1977). However, erythromycin was
rapidly eliminated and dropped below detectable
level within 24 hours after water hardening (Eve-
lyn et al, 1986a). Monthly subcutaneous (S. c. )
injection of adult female Pacific salmon with 11
mglkg erythromycin reduced pre-spawning mortal-
ity due to BKD (Klontz, 1983). Interestingly,
erythromycin remains in the eggs of injected fe-
males for up to 60 days before spawning (Evelyn et
al, 1986; Moffitt, 1991). It is believed that ery-
thromycin residues in the eggs assist in preventing
vertical transmission of R. salmoninarum from

parents to their offspring (Lee and Evelyn, 1994).
Detectable amounts of erythromycin often remain in
the perfused tissues of both juvenile and adult
salmon long after they are no longer detected in the
plasma and muscle (Moffitt, 1991; Haukenes and
Moffitt, 1999) and this possibly contributes to the
efficacy of erythromycin against the slow growing
R. salmoninarum. Feeding erythromycin can ef-
ficiently reduce mortalities of infected hatchery
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raised salmonids (Wolf and Dunbar, 1959; Austin,
1985; Moffitt and Bjornn, 1989). A dose of 200
mglkg body weight for 21 days was most effective
(Moffitt, 1992). Erythromycin is only available as
an Investigational New Animal Drug (INAD)
through the Food and Drug Administration (FDA)
(Moffitt, 1992).

Austin (1985) tested more than 70 antimicro-

bial compounds both in vivo and in vitro and
found that clindamycin, erythromycin, ki-
tasamycin, penicillin G and spiramycin were useful
for combating early clinical BKD cases while
cephradine, lincomycin and rifampicin were effec-
tive prophylactically but had limited use therapeuti-
cally. Hsu et al (1994) tested the efficacy of en-
rofloxacin in treating BKD in vitro and in vivo
and they concluded that low minimal inhibition
concentrations (MICs), high bioavailability and
large volume distribution of the antibiotic make it
good candidate for use as effective therapeutic a-
gainst BKD.
7.2 Adult segregation

Broodstock segregation is a more practical
method for reducing the prevalence and levels of
R. salmoninarum in hatchery-reared salmon
(Pascho et al, 1991) and for increasing survival
during their downriver migration and entry into
seawater (Pascho et al, 1993; Elliot et al, 1995).
This procedure aims to interrupt vertical transmis-
sion of R. salmoninarum by isolating or destroy-
ing eggs from brood fish that exhibit clinical signs
of BKD or test positive, with a high titer, against
R. salmoninarum antigens. The method is used
successfully in a number of U. S states and Canadi-
an provinces such as Washington, Idaho, Michi-
gan, Wisconsin, and Ontario.
7.3 Eradication

Due to the complicated nature of BKD and its
obvious threats to fisheries, Hoskins et al (1976)
recommended complete destruction of the infected
stocks and disinfection of the holding facilities to
achieve complete eradication of the disease. Howev-
er, this procedure is considered by fisheries man-
agers as impractical due to the widespread occur-
rence of R. salmoninarum (Sanders and Fryer,
1980) .

Eradication can be of value in single fish farms
or hatcheries that receive their water supply from
specific pathogen free source (European Commis-
sion, 1999). Eradication procedures should be fol-
lowed by standard, cleaning and disinfection proce-
dures. Although some trials have been made to
eradicate BKD from fish farmed in open waters (e.
g. sea and lake cages) or from farms and hatcheries
with water supply from rivers, results were very
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discouraging.
After eradication procedures have been applied

in the fish farm and hatcheries, restocking should
only utilize certified BKD-free stocks. Restocking
should be followed by two inspections and laborato-
ry examinations per year for a total period of two
years before the facility can be designated as "BKD-
free" (European Commission, 1999).
7.4 Prophylaxis
7.4. 1 Reducing the risk of BKD introduction

Special attention should be paid to prevent the
introduction of infected fish or their gametes (Eve-
lyn et al, 1984; Yoshimizu, 1996). This can only
be achieved through prior examination and quaran-
tine. Special requirements of water supply, wild
birds and amphibians' control. In addition, restric-
tion of movement of vehicle, visitors as well as
utensils from infected into free areas is equally im-
portant. Repopulation must be accompanied with
certificate issued by the competent authority certi-
fying that the fish or eggs are specific pathogen
free.
7.4. 2 Vaccination

In the last two decades, vaccination against
BKD has achieved different levels of success. Pater-
son et al (1981) reported that an inactivated sus-
pension of R. salmoninarum mixed 1: 1 with Fre-
unds adjuvant (FCA) administered by i. p. injec-
tion, reduced the level of infection of R. salmoni-
narum in yearling salmon but, did not completely
eliminate the infection. Sakai et al (1993; 1995)
found that although vaccination evoked specific an-
tibodies, these antibodies did not endow with a
protection. Piganelli et al (1999) demonstrated
that oral administration of R. salmoninarum ex-
pressing low levels of cell associated p57, resulted
in an extension of the mean time to death after
challenge and they concluded that the protection
was not due to humoral antibody. This conclusion
supported earlier histopathological indications of an
involvement of the cell mediated immune response
in recovery, due to intracellular survival and the
composition of inflammatory cells in connection
with signs of regression (Munro and Bruno,
1988). Rhodes et al (2004) presented DNA adju-
vants and whole bacterial cell vaccines against R.
salmoninarum that were tested in chinook salmon
fingerlings. These authors concluded that whole
cell vaccines of either a nonpathogenic Arthrobacter
spp. or an attenuated R. salmoninarum strain
produced limited protection against acute i. p.
challenge with virulent R. salmoninarum. They
also concluded that the addition of either synthetic
oligodeoxynucleotides or purified R. salmoni-
narum genomic DNA as adjuvants did not increase
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protection, however a combination of both whole
cell vaccines significantly increased survival among
fish naturally infected with R. salmoninarum.
Also, the surviving fish treated with the combina-
tion vaccine exhibited reduced levels of bacterial
antigens in the kidney.
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Effects of Breed and Weight on the Reproductive Status

of Zebu, Cows Slaughtered in Imo State Nigeria

Maxwell Nwachukwu Oparal, Emelia Chioma Nwachukwul, Oluwatoyin Ajala2, Ifeanyi Charles Okoli1

1. Tropical Animal Health and Production Research Group, Department of

Animal Science and Technology, Federal U7;liversityof Technology,

P. M. B. 1526, Owerri, Nigeria

2. Department of Veterinary Surgery and Reproduction, University of Ibadan ,

Ibadan Oyo State, Nigeria

Abstract: Gross morphological studies of 200 zebu cows (Eos indicus) slaughtered in Owerri abattoir, southeastern
Nigeria was carried between the months of September and November, 2005 to determine the effects of breed and
weight on the reproductive activities of such animals. Seventy seven (38.5 %) of these cows were White Fulani, 75
(37.5%) and 48(24.0%) Sakoto Gudali and Cross-breeds. Among these cows examined, 77 (38.5%) of them
weighed between 351 - 400 kg, 76 (38.0%) weighed 301- 350 kg while the cows that were within the 451- 500
kg and 601 - 650 kg weight groups each recorded 1 (0. 5 %) against them. Macroscopic examination of the ovaries
for corpus luteum in the different breeds revealed that 130 (65.0 %) of the cows were undergoing active estrous cy-
cle, with 53 (40.8%), 48 (36.9%) and 29 (22.3%) falling within the Sakoto Gudali, white Fulani and CroS.'i-
breed cows rec"pectively. Pm;ence of corpus albicans on their ovaries showed that 178 (89.0 %) had calved before,
again with Sakoto Gudali breed recording 70 (39.3%), while the White Fulani and Cross-breeds recorded 65

(36.5%) and 43 (24.2 %) number of corpus albicans. Mean ovarian measurements (pole to pole, border to bor-
der) showed no gross difference among the breeds. However, the cross-breed had more follicles than the pure
breeds. Weight of [he cows positively affected the ovarian measurements. A number of atrophied ovaries were
recorded which equally reduced the mean ovarian measurements and weight for cows in the 451 - 500 kg body
weight range. It was concluded that breed and weight could be veritable tools to ascertain the reproductive status of
cows brought for slaughter in order to stop the indiscriminate slaughtering of reproductively active animals thereby
depleting the Nigerian livec'itockpopulation. [Life Science Journal. 2006; 3(3): 77 - 81] (ISSN: 1097 - 8135).

Keywords: breed weight; reproductive status; cows; Imo state; Nigeria

Abbreviations: CA: corpus albicans; CH: corpus haemorrhagicum; CL: corpus luteum

1 Introduction

More than 80 % of livestock population in

Nigeria is in the hands of the illiterate Fulani no-

mads[I]. These livestock include cattle, sheep and
goats. Typical of their traditional, the Fulanis per-
ceive ownership of livestock more as symbol of sta-

tus than as meat animals[2,3]. Proper economic
management of food animals demands that those
sold for slaughter should be males and females that
are reproductively inactive. Thus, information on
the reproductive status, breed and weight of ani-
mals sent for slaughter should be continually evalu-
ated to avoid wastage through the slaughtering of
reproductively active females. It is recommended
that cattle be sold based on their weights, breeds
and sometimes age, as consumers prefer very big
cattle to smaller ones because of their meat propor-
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tion[3] and palatability[ 4]. The total reliance on
these indices however may be misleading as some
breeds reproduce more than others[S] .

Research studies on data from abattoirs have

revealed high occurrence of fetal wastage among

cows slaughtered in Nigeria[6-9]. These studies
may not reveal the exact magnitude of the problem
since they depict mainly the prevalence of indis-
criminate slaughtering of pregnant cows in the
country. Ovaries collected from slaughter houses

have been noted to contain evid~nce of the present
and past reproductive status of qj1ch animals in the
form of follicles in varying degre~s of development,
corpus haemorrhagicum ( CH) and corpus albicans

(CA) among others[2,1O]. .
Studies on ovarian morphology could yield

valuable information on the present reproductive
conditions and history of cows cif different breeds
and weights slaughtered within a locality.
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This study was thus designed to investigate
the influence of breed and weight on the reproduc-
tive activities of cows brought in for slaughter at
the Owerri municipal abattoir of Imo state, south-
eastern Nigeria.

2 Materials and Methods

Gross morphological studies of ovaries of 200
Bas indicus cows slaughtered at Owerri municipal
abattoir Imo state were carried out between the
months of September and November, 2005 to de-
termine the effects of breed and weight on the re-
productive activities of such slaughtered cows. The
abattoir was visited twice in a week and during each
visit, the cows were identified before slaughter,
their breeds and weights equally noted.

After the slaughter, pairs of ovaries from each
of the cows were harvested and put into properly
labeled clean glass dishes and taken to the laborato-
ry where morphological examinations were carried
within 3 hours. In addition, the uterus of each cow
was excised and inspected for fetal materials. The
weights of the ovaries were determined in grams,
using an electronic balance, while their dimensions

~
(lengths of pole to pole and border to border) were
measured in millimeter using a venier calipers. The
number of corpus luteum (CL), CA, and CH and
other gross observations such as adhesions and atro-
phy were equally recorded for each pair of ovaries.
The data generated were analyzed, using simple av-
erages, percentages and statistics.
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3 Results

Breeds and weights of cows slaughtered in the
abattoir at Owerri are reported in Table 1. Out of
200 slaughter cows examined, 77 (38. 5 %) were
Whi te Fulani breed, while 75 (37. 5 %) and 48
(24. 0 %) were Sakoto Gudali and Cross-breeds re-
spectively. Across these breeds too, 77 (38.5%)
of them weighed between 351 - 400 kg. Also, 41
(54.7%) of the cows belonged to the Sakoto Gu-
dali breed while 27 (35.1 %) and 9 (18.8%) were
of the White Fulani breed and Cross-breed respec-
tively. Seventy-six (38.0 %) of the cows examined
belonged to the 301- 350 kg weight range, where
33 (42. 9%) of them were of White Fulani breed
25 (33.3%) and 18 (37.5%) were Sakoto Gudali
and Cross-breed.
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Weight and breeds of cows slaughtered at the abattoir in Owerri, Imo state

No. (%)WF No.(%)SG No. (%)CB

6(7.8)

8(10.4)

33(42.9)

27(35.1)

2(2.6)

1(1.3)

Total (%)

6(3.0)

36(18.0)

76(38.0)

77(38.5)

3(1.5) .

1(0.5)

I

J
Table 1.

Weight(kg)

200- 250
251- 300
301- 350
351- 400
401- 450
451- 500
501 - 550

551 - 600

601 - 650

Total 77(38.5)
WF= White Fulani, SG= Sakata Gudali, CB= Cross-Breed.

..J

The result of the effect of breed on the number
of CL from cows slaughtered at the abattoir in Ow-
erri is reported in Table 2. Of the 200 cows exam-
ined, 130 (65.0%) hadCL, while 70 (35.0%) of
them had no CL. Among the cows whose ovaries
had CL, 53 (40. 8 %) were Sakoto Gudali followed
by 48 (36.9%) and 29 (22.3%) of the White Fu-
lani and Crc:w-br~ respectively. Nineteen (27.1 %)
of the Cross-breed had no CL, while 29 (41.4 %)
of White Fulani <tpd22(31. 4%) of Sakoto Gudali
breeds had no cI..:

The effect of breed on the number of CA from
cows slaughtered 13.1the abattoir in Owerri is shown

~
~

l

~

7(9.3)

25(33.3)

41(54.7)

1(1. 3)

21(43.8)

18(37.5)

9(18.8)

.J
I

r
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1(1.3)

75(37.5) 48(24.0)

1(0.5)

200(100)

."

t
in Table 3. Out of the total number of cows exam-
ined, 178 (89. 0 %) of them had CA on their o-
varies whereas 22 (11.0 %) had none. Of the cows
with CA, 70 (39. 3%) of them were Sakoto Gu-
dali, while 65 (36. 5 %) and 43 (24. 2 %) were
White Fulani and Cross-breed respectively. Majori-
ty, 12 (54. 5%) of the cows without CA were of
White Fulani breed, whereas Sakqto Gudali and
Cross-breed each was 5 (22. 7 % ) .

Table 4 shows the mean ovariaI].measurements
in cows of different breeds slaughtered at the abat-
toir in Owerri. Out of the 70 cows examined here,
28 of them were Sakoto Gudali with mean ovarian
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weight of 6.6491: O. 34, while 26 White Fulani
and 16 Cross-breed cows had mean ovarian weights
of 6. 04 1:O.31 and 5. 543 1:0.40 respectively. The
mean pole to pole length of the ovaries harvested
from 28 Sakoto Gudali was 3. 21 1:O. 70, followed
by 2.341: O. 09 and 2.301: O. 09 from ovaries col-
lected from 16 Cross-breed and 26 White Fulani
cows respectively. The mean border to border mea-

surements of ovaries from 16 Cross-breed was 2.01
1:O. 15, followed by 1. 80 1:0.08 and 1. 80 1:O.06
from 26 White Fulani and 28 Sakoto Gudali cows.
The mean number of follicles measured was highest
for the 16 Cross-breed cows which recorded 7.251:
0.97 followed by 6. 535 1:O. 96 and 5. 577 1:O. 78
mean number of follicles on ovaries belonging to 28
Sakoto Gudali and 26 White Fulani breeds of cows.

Table 2. Effect of Breed on number of CL from cows slaughtered at the abattoir in Owerri, lmo state -

Breed of cows Cows with CL (%) Cows without CL (%) Total examined (%)

F 48(36.9) 29(41.4) 77(38.5)

SG 53(40.8) 22(31.4) 75(37.5)

CB 29(22.3) 19(27.1) 48(24.0)

Total 130(65.0) 70( 35.0) 200

Table3. Effect of breed on number of CA from cows slaughtered at the abattoir in Owerri, lmo state

Breed of cows Cows with CA( %) Cowswithout CA( %) Total (%)

VVF 65(36.5) 12(54.5) 77

SG 70(39.3) 5(22.7) 75

CB 43(24.2) 5(22.7) 48

Total 178(89.0) 22(11.0) 200

The effect of weight on ovarian measurements
of cows slaughtered at the abattoir in Owerri is re-
ported in Table 5. The longest pole to pole length
was obtained from ovaries of cows weighing 601 -

650 kg body weight, followed by 3.05 1:0.51 and
2. 73 1: O. 23 measurements from ovaries of cows
that weighed351 - 400 kg and 401 - 450 kg body
weights respectively. The least pole to pole dimen-
sion was from ovaries of cows in 200 - 250 kg body
weight range. The mean border to border dimen-
sions of ovaries were highest for those harvested
from cows weighing between 401 - 450 kg. Again
the least border to border measurement was ob-

tained from ovaries belonging to cows that weighed
200 - 250 kg bodyweight, which was 1.6 1:O.13.
The mean ovarian weight was highest (8. 25 1:O.0 )
for cows that weighed between 601 - 650 kg, fol-
lowed by 7.94 :t 0.0 got for cows weighing401 -

450 kg. The least ovarian weights of 2.571 1:4. 49
and 5. 70 1:o. 0 were recorded against cows which
weighedbetween 200 - 250 kg and 451 - 500 kg
respectively.
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4 Discussion

Very useful information on the reproductive
states of cows could be obtained from the ovaries of

such animals sent for slaughter. This study shows

that over 75 % of the cows slaughtered in Owerri a-
battoir were of Sakoto Gudali and White Fulani

breeds and also that about this population of cows
weighed between 301 - 400 kg. This finding agrees
with earlier reports[3,6,9 ], that people prefer these

breeds of cattle as meat because of their big ~izes.
That about 65 % of the cows slaughtered possessed
corpora lutea, shows that they were still reproduc-
tively active. Over 75 % of these animals were
Sakoto Gudali and White Fulani breeds of cattle.

This again confirms our earlier reports[2] and oth-

ers[6-9] that most animals slaughtered in our abat-
toirs are usually those still having high reproductive
ability.

Breed seemed not to have obvious effect on the
number of CA on the ovaries of Sakoto Gudali and

White Fulani cows examined. Although the per-
centages of cows with CA show a gross difference
between the Sakoto Gudali, White Fulani and
Cross-breed, there is lack of literature to support
this trend. This is the first report of the effect of
breed on the reproductive status of cows slaugh-
teredfor meat at the abattoirs in Owerri, Nigeria.
CA count from pairs of ovaries from slaughtered an-
imals showed that this may be a good tool to high-
light the problem of reproductive wastage among

cows slaughtered in Nigeria. It has been document-
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each animal. Our reports showed that 89 % of the
cows had calved while 11 % had not, again depict-

ing the insufficiency of fetal wastage measurements
as a major tool in evaluating reproductive wastage
among slaughtered animals.
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ed[10,11]that previous reproductive history in the
form of fibrosed remains of CL of pregnancy (CA)
persist for life in majority of cows and this preserves
a record of the number of pregnancies undergone by

Table 4. Mean ovarian measurement in cows of different breeds slaughtered at the abattoir in Owerri, lmo state

Breeds of cows ( n = 70)
Parameter

WF No. /mean SG No. /mean CB No. /mean

Table 5. Effeet of weight on ovarian measurement of cows slaughtered at the abattoir in Owerri, lmo state

Weight(kg) Pole to pole (em) Border to border (em) Weight of ovaries (g)~--- -- - -
200 - 250 1. 86:1: 0.14 1. 60:1: 0.13 2.57:1: 4. 49

251 - 300 2.26:1: O.05 1. 73:1:O.04 6.68:1: O.52

301 - 350 2.44:1: O. 04 1. 87:1: O.04 6.01:1: O. 36

351- 400 3.05:1: O. 51 1. 88:1: O.05 6.05:1: O.29

401-450 2.73:1:0.23 2.20:1:0.32 7.94:1:0.0

451-500 2.50:1:0.0 1.70:1:0.0 5.70:1:0.0

501 - 550

551 - 600

601- 650 3.10:1:0.0 1.80:1:0.0 8.25:1:0.0 -
)

J,
J
J

j
;
J
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Breed of cows slaughtered in Owerri abattoir
seems to influence the ovarian measurements. The
ovaries harvested from White Fulani and Sakoto
Gudali were heavier than those of the Cross-breed
cows. Also, Sakoto Gudali cows had longer pole to

pole measurement of their ovaries than the other
breeds. The Cross-breed cows had wider border to
border measurements of their ovaries than the pure
breeds. The Cross-breed equally had higher number
of follicles than the pure breeds. These findings are
in agreement with a similar work carried out among
small ruminants in Ogun state, southwestern Nige-
ria[S]. The difference that existed between the

Cross- breed and pure breeds might be revealing an
improvement in the reproductive traits of the Cross-
breed cows as a result of combined genetic make

ups.
The ovarian measurements seem to increase as

the cows attained bigger body weights. In the pole
to pole measurements, exceptions to this trend
were among the ovaries collected from cows within
the weight of 401 - 500 kg. The cows seemed to
have ovaries which were wider than they were

long. But the ovaries belonging to cows that
weighed 451 - 500 kg had shorter border to border
measurements. The difference in these orders may
be attributed to the presence of some atrophied o-
varies in the group encountered during this study.
Weight also seemed to increase the weight of the o-
varies. Exceptions here were ovaries of cows that
weighed451 - 500 kg, this again is explained by
the presence of atrophied ovaries as supported by
Arthur[lO] .

1
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5 Conclusion

Our studies revealed that about 65 % of differ-

ent breeds of cows slaughtered at Owerri abattoir
for meat, irrespective of their weights were still in
their active reproductive states but are being sent
for slaughter for reasons other than reproductive in-
activity. Breeds seemed to positively influence the
reproductive performance of our indigenous cows,
however crCA"'"breeding also slightly improved this
trait. Ovarian measurements increased with the

body weight of the cows. Age[2] and body weight
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Wt. of ovary(g) 26(6.04:1: o. 31) 28(6.649:1: o. 34) 16(5.543:1: O.40)

Pole to pole( em) 26(2.30:1: O. 09) 28(3. 2l:t O.70) 16(2.34:1: O. 09)

Border to border( em) 26 ( 1. 80 :I:O.08) 28(1.80:1: O. 06) 16(2.01:1: 0.15)

No. of follicles 26 (5. 577 :I:O. 78) 28(6.535:1: O. 96) 16(7.25:1: O.97)
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of animals sent for slaughter could be a future reli-
able index to ascertain the reproductive status of
such animals before they are finally passed for
slaughter.
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Gaseous Formaldehyde-induced DNA-protein

Crosslinks in Liver, Kidney and Testicle,of Kunming Mice

Guangyin Peng, Xu Yang, Wei Zhao, ]unjun Sun, Yi Cao, Qian Xu, ]unlin Yuan, Shumao Ding

College of Life Science, Central China Normal University, Wuhan 430079, acina

Abstract,To explore the effect of distant-site toxicity, this study detected the amount of DNA-protein crosslinks
(DPC) with KCI-SDS assay in liver, testide and kidney of the purebred Kunming mice treated with gaseous
formaldehyde (FA). The ,,;sults showed that gaseous FA couldn't cause DPC or could cause few DPC at the lower
concentration (0.5 mg/m3), while could cause significanc DPC at higher concentrations (1.0 mg/ms and 3.0 mg/
m3) (P < 0.0 I). The results snggested that FA could induce DPC in the distant organs (liver, testicle and kidney)
of mice at rdatively high concentrations, which indicated that FA might induce distant-sile toxicity. [Life Science
Journal. 2006;3(3),82-87J ([&SN, 1097-8135).

I

1

Keywords, formaldehyde; dislant-site toxicity; DNA-protein cnv%links; KCI-SDS ",'ieY

Abbreviations, DPC, DNA-protein cro"linb; FA, formaldehyde; DSB,DNA stmnd breaks; lARC, International
Agency for Resea,eh; NO, nitric oxide; SDS,sodium dodccylsulfate

1 Introduction

-

Fonnaldehyde (FA) is a colorless, highly

flammable gas at mnbient temperature, which is

prescnt in the environment from both natural pro-
cesses and manmade sources. As a major industrial
chemical, it can be found in construction materials,

rcsins, textiles, leather goods, paper, and con-

sumer products. At the samc time, as a naturally
occurring biological compound, it is present in tis-
sucs, cells, and body fluids. In addition, some rc-

views have reported that FA is a genotoxic and mu-

tagenic compound and has been classificd as a hu-

man carcinogen (class AI) by IARC (International

Agency for Research) recently!]]. Due to its exten-
sive sources, high level, long-tenn and high toxici-

ty, it is important to study FA toxic effect and
mechanism.

Studies have shown that FA has extensive

genotoxicity, including DNA-protein crosshnks
(DPC) and DNA strand breaks (DSB)[2,3,4]. DPC

is the primary genotoxic effect of FA, which is
fonned through covalent bond where deoxyribonu-
cleic acid is linked to an endogenous protein. Re-
gions of DNA that are covalently linked with pro-
tcin are typically considered to be non-functional
and can block normal functions of the nuclear ma-

trix, such as replication and transcription, and can
fonn the foci for double strand breaks, which can
lead to chromosomal aberrations and sister-chro-
matid exchanges. Furthennore high amounts of
DPC can cause the expression of critical regulatory

~

genes change. For the significance of DPC, the
content of it may be of value in the assessment of
FA-induced gcnotoxicity. Casanova et al have
proved that acutc FA inhalation could induce DPC
in nasal mucosa of rats and monkeys by experi-

ments in -uivo[5,6.7] Kuykendall cxposed rat nasal
epithclial cells to FA and found DPC content in-
creased remarkably above the concentration of 100

!,mollL[4] In addition, in our laboratory, Liu et
al exposed human peripheral blood lymphocytes to
FA and found that there was no significant'differ-
cnce in the DPC coefficient betwecn the groups
treated with 5 "M, 25 I'M FA and the control
group, while there was a significant difference be-
tween the groups treated with 125 fJM, 625 fJM
FA and thc control group (P < 0.01). The results
showed that FA could not induce DPC at low con-

centrations but could induce DPC significantly at

high concentrations[8].
These studies above either chose organs located

at exposure site, or were conducted in vitro to es-
timate FA toxicity. Few of them proved whether
FA could induce distant-site toxicity. At present,
there are still controversies on whether inhaled FA
can induce distant-site toxicity, mainly because of

the rapid metabolism and removal of FA in vi-
vo[9,1O] Recently, Franks developed a mathemati-
cal model for estimating the absorption and
metabolism of FA by humans. This model was used
to analyze the increase of FA concentration in the
blood after exposurc to FA, and results showed
that the increase was insignificant, indicating FA
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could be removed rapidly in the blood[ll]. This is
consistent with previous reports declaring that in-

haled FA could be removed rapidly[9,1O]. However,
some work also support FA has the distant-site tox-
icity. For example, Shaham et al examined DPC
in peripheral blood lymphocytes of workers exposed
to FA, and they found a significantly positive cor-
relation between FA and DPC concentrations. In

their early work, they also found a linear relation-
ship between years of FA exposure and the amount

of DPC[12,13]. Epidemiological studies on workers
also suggested that the possible relations between

FA exposures and leukemia[14,15]. These authors
proposed that although inhaled FA was metabolized
rapidly at contact sites, FA might be transported
by unknown mechanism and cause cancers like
leukemia subsequently.

To investigate FA-induced genotoxicity in the
distant organs such as liver, kidney and testicle of
mice, in this study, the content of FA-induced
DPC in the organs of mice was detected by KCI-
SDS assay. At the same time, the results will give
more information to understand whether FA has

distant-site toxicity. Additionally, this study may
be helpful to understand the genotoxicity and the
carcinogenicity of FA comprehensively and system-
atically, providing a scientific basis for constituting
secure professional concentration standard of FA.
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2 Materials and Methods

2. 1 Reagents and apparatus
10% formalin, calf thymus DNA and fluores-

cence dye Hoechst 33258 were purchased from Sig-
ma(USA). Sodium dodccyl sulfate (SDS) and pro-
teinase K were purchased from Merck ( Germany) .
PBS ( without ci+ and Mi+ ), trypan blue solu-
tion of 0.4 % and other chemicals were of analytical
grades.

A WH-2 type environmental chamber (WH-2,
Yu-Xin Inc, China) as FA generator, a 4160 type
digital electrochemical FA analyzer (Interscan Inc,
USA), glass low inhalation chamber, temperature
centrifuge (Eppendof-5415R), fluorescence spec-
trophotometer (RF -4500 , HITACHI, Japan) were
used in the experiments.
2.2 Animal

24 male Kunming mice were supplied by the
Experimental Animal Center of Hubei Province,
China. Animals' weight were 19:t 1 g.
2.3 Mice exposure to gaseous FA

24 male Kunming mice were divided randomly
into 4 testing groups (n = 6 each) and were ex-
posed to different concentrations of FA: 0, O. 5,
1. 0 and 3. 0 mg/m3. The inhaled groups were ex-
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posed to gaseous FA for 72 hours continuously.
During the exposure the mice were allowed to drink
and eat twice at fixed time each day . FA inhaled
groups were placed into glass inhalation chambers.
The chamber temperature was 23°C :t O. 5 °c , and
the humidity was 45 % :t 0.5 %, and the gas flux
was 1 :t O. 01 L/min. A 4160 type digital electro-
chemical analyzer was used to measure the concen-
trations of gaseous FA.
2. 4 Preparation of cells

Mice were executed immediately after expo-
sure and livers, kidneys and testicle were obtained.
The tissues were minced with scissors and homoge-
nized with seven to eight strokes in PBS (pH 7. 5) .
The homogenate was filtered through four layers of
cheesecloth and then the cells were collected by
centrifugation at 1500 rpm for 5 min. After re-sus-
pending, the cell density was regulated with PBS
and cell viability was analyzed with the method of
trypan blue exclusion. Cell viability was above

95 % and density was 105 - 106 cells per m!.
2.5 KCI-SDSassay

In this study the KCI-SDS assay was based on
Zhitkovich and Chakrabarti methods with some
modification to detect FA-induced DPC[16,17]. Cells
were harvested by centrifugation at 1500 rpm for 5
min. The cells were resuspended in O.5 ml of PBS,
pH 7.5, followed by lysis with 0.5 ml of 2 % SDS
solution with gentle vortexing. The lysate solution
was heated at 65°C for 10 min and then 0.1 mlof
pH 7. 4 and 10 mM Tris-HCI containing 2.5 M
KCI was added, followed by passing the resultant
mixture six times through a 1 ml polypropylene
pipette tip to favor shearing of DNA for a uniform
length. Since SDS binds tightly to protein but not
to DNA, the free protein and protein-DNA com-
plexes are precipitated with added SDS while free
DNA is remained in the supernatant. The SDS-KCI
precipitate (containing the protein and DNA-pro-
tein crosslinks complexes) was formed by placing
the samples in ice for 5 min and was then collected
by centrifugation at 10, 000 rpm for 5 min. The
supernatants containing the unbound fraction of
DNA were collected in different labeled tubes. The
pellets (containing DPC) were washed three times
by resuspending in 1 ml washing buffer (0. 1 M
KCl, 0.1 mM EDTA, and 20 mM Tris-HCI, pH
7. 4) followed by heating at 65 ° C for 10 min,
chilling in ice for 5 min, and centrifugating as de-
scribed above. The latter supernatants from each
wash were added into the previous one with un-
bound fractions of DNA. The final pellet was re-
suspended in 1 ml proteinase K solution (0.2 mg/
ml soluble in a wash buffer) and digested for 3 h at
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..

ing that as the inhaled gaseous FA concentrations
increased, the DPC levels ascended.

I
1
~50 0 C. The resultant mixture was centrifuged at

12,000 rpm for 10 min and the supernatant was
collected (the supernatant contained the DNA pre-
viously involved in DNA-protein crosslinks). 1 ml
of either the supernatant containing the unbound
fraction of DNA or the supernatant containing the
DNA previously involved in DNA-protein crosslinks
was then mixed with 1 ml freshly prepared fluores-
cent dye Hoechst 33258 (400 ng/ml soluble in 20
mM Tris-HCl), and then the tubes were allowed to
stand for 30 min in the dark[18]. The sample fluo-
rescence was measured using a RF-4500 fluores-
cence spectrofluorimeter with excitation wavelength
350 nm and emission wavelength 450 nm. The
DNA contents of the samples were determined
quantitatively through a corresponding DNA stan-
dard curve (as Figure 1 shows and regression equa-
tion is y = 2. 4423 + O. 0028x, r2 = 0.9974) gen-
erated from a set of calf thymus DNA. The DPC
coefficient was measured as a ratio of the percent-
age of the DNA involved in DPC over the percent-
age of the DNA involved in DPC plus unbound frac-
tion of DNA.

1000 2000 3000 4000 5000

DN A (ng/ml)

Figure 1. The standard curve of DNA concentration

2. 6 Statistical analysis
-Results were analyzedby softwareOrigin 6. O.

Student's t-test was applied to evaluate the signifi-
cance of the differences in the results between treat-

ed and control groups. A level of P < 0.05 was de-
fined to be statistically significant.

3 Results

3.1 Effect of FA-iuduced OPC iu the livers of- mice
Figure 2 showed the effect of gaseous FA ex-

posure on DPC levels in livers of mice. There was
no significant difference in DPC coefficient between
0.5 mg/m3 FA inhaled group and 0 mg/m3 control
group. However, the DPC levels at 1.0 mg/m3 and
3.0 mg/m3 groups were significantly (P < O. 01 )
higher than that in the control group, demonstrat-

~

I

..

0.20 **

I

I
~ I.I
; !
I. .
J I

1 I
t I

';:; 0.1'"
:~ 0.12
1:::

~ 0.08
(J

~ I

II

J

CJ 0.0
~ .
0 0.00

a O.5 1. a 3. a

Formaldehyde concentration (mg/m3)
,;

Figure 2. DPC formation in mice liver cells at different FA con-
centrations

* * :P < 0.01, compared with control group
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~3.2 Effect of FA-induced OPC in the kidneys of

mice

Figure 3 showed the effect of gaseous FA on
DPC levels in kidneys of mice. There was signifi-
cant difference in the DPC levels between control
group and FA inhaled groups ( P < O. 01). The re-
sults indicated that the DPC levels ascended with
the increasing of inhaled gaseous FA concentra-
tions.
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Figure 3. DPC formation in mice kidney cells at different FA con-
centrations

* * :P<O.Ol, compared with control group
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Effect of FA-induced OPC in the testicles of
mice

Figure 4 showed that the DPC coefficient of
0.5 mg/m3 FA-treated group was significantly
higher than that of control group (P < 0.05), and
there were significant difference in DPC coefficient
between 1. 0 mg/m3, 3. 0 mg/m3 FA-treated
groups and the control group (P<O.O1). It indi-
cated that there was a clearly dose-dependent rela-
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tionship between the DPC coefficient and the con-
centrations of FA.

**
0.12

~ 0.10
I=i
(!)

'Q 0.08

S 6
(!) 0.0
0
() 0.04
U
p., 0.02
0

0.00

0 0.5 1.0 3.0 3
Formaldehyde concentration (mg/m )

Figure 4. DPC fonnation in mice testicle cells at different FA con-
centrations
* :P<O.O5; * * : P<O.Ol, compared with control group
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4 Discussion

4. 1 Parameters of chamber and the concentra-

tions of gaseous FA
The concentrations of gaseous FA generated

by small environmental chamber were measured 3
times per day for 3 days. The measurement results
(0.03:t O. 03 mg/m3, 0.49:t O. 03 mg/m3, 1. 03

:t 0.04 mg/m3 and 3.03 :t 0.08 mg/m3) were very
close to the anticipative concentrations (0 mg/m3,

0.5 mg/m3, 1. 0 mg/m3 and 3.0 mg/m3). It indi-
cated that the gaseous FA from chamber emission
was quite stable and reliable.

In the previous studies, gaseous FA was gen-
erated from paraformaldehyde. Then high level of
FA was diluted with clean, filtered air to achieve

the desired gas concentrations[ 19J. In this way, it
was very difficult to control the temperature (T),
the humidity (RH) and the gas flux (F) of gaseous
FA. It is well-known that the alterations of tem-

perature and humidity could affect the experimental
results remarkably. The gas flux of FA is also im-
portant to the inhalational quality of mice. In the
present study, different concentrations of gaseous
FA were generated by small environmental chamber
with formalin. In this method, the temperature,
the humidity and the gas flux could be set by the
chamber before exposure. The parameters of the
chamber will be very stable after 3 hours of opera-
tion. The results were showed in Figure 5. Thus,
this experimental method has great improvement
for better reliability and higher reproducibility.

4.2 Comparison of the effect of FA7induced DPC
in the three different organs of mice

According to the effect of FA-induced DPC in
the three different organs of mice, we could con-
clude that FA could induce DPC with a dose-depen-
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dent relationship between the DPC coefficient and
the concentrations of FA. We also found that the

DPC level of 3.0 mg/m3 FA inhaled groups of liver
was the highest and that of testicle was the lowest,
which indicated that gaseous-FA-induced genotoxi-
city in the liver of mice was the most severe, then
was kidney and the least was testicle.

'I j !"l

._-

" """"""';00""""""""""

Figure 5. The parameters of the small environmental chamber

4.3 The mechanism of the FA-induced DPC

DPC is relatively permanent in the cells. Due
to the poor repair capacity, DNA-protein complexes
may be present during DNA replication and possi-
bly cause a loss and inactivity of the important
genes such as tumor suppressor genes, and may be
responsible for tumor formation. For the elec-
trophilicity of carbonyl and smaller steric hin-
drance , FA is apt to form DPC. Initially, a hy-
droxymethyl intermediate is formed by the addition
of FA to a primary amine of either DNA or protein.
The hydroxymethyl group then condenses with a
second primary amine to produce a methylene
bridge between DNA and protein. The form of
DPC can be expressed as histone-NH-CHz-NH-
DNA. Additionally, as a inhibitor to antioxidases,
FA could induce the. formation of DPC indirectly,
for example, by increasing the content of DPC re-
sulted from the depletion of GSH and the inhibition
of glutathioneperoxidase and superoxide dismutase
which can clear hydroxy radical and oxygen-derived
free radicals[6, 13,20,21] .
4. 4 FA and distant-site toxicity

Whether the FA does have the distant-site

toxicity and what is the mechanism still is un-
known. Thrasher proposed that rapid removal of
FA was insufficient to support that FA could not
induce distant -site toxicity, because FA might form
adducts with amino acid or other biological molecule
in blood, and the adducts could be sent to remote
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sites by blood circular system and generate FA a-
gain, so these adducts were responsible for tumors

caused by FA[22]. In fact, as biochemical active as
nitric oxide (NO), it is also able to induce physio-
logical and toxicological effects at distant sites,

probably by forming adducts[23,24]. NO is active to
sulfhydryl and amino groups, and interestingly, re-
cent work showed that it was also the cause for

FA[2S]. Therefore, it would be interesting to inves-
tigate which kind of adduct formed in blood after
exposure to FA, since it had been proposed that the
amount of free FA in blood was not altered after

exposure.
In the present study, significant DPC could be

detected in the three organs of liver, kidney and
testicle when the mice were exposed to gaseous FA
of higher concentrations, which evidently indicated
that FA might induce distant-site toxicity.

5 Conclusions

In this study, KCl-SDS assay was applied to
detect the amount of DPC in liver, kidney and tes-
ticle of mice. According to the results, we could
conclude that FA could induce DPC significantly at
the higher concentrations, the results also indicated
that FA might induce distant-site toxicity.
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Microarchi tecture Fabrication Process

of the Artificial Bone
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Abstract: By using bionic modeling and rapid prototyping technology, a novel system based on air-pressure jet solidi-
fication (AJS) technique is developed to fabricate porous microarchitecture of the artificial bone. Acting as transi-
tional carrier of the bone-implant, the porous scaffolds formed could provide proper porosity and interconnections for
the growth of bone tissue and nutrient transport. This approach is better than traditional fabrication processes, be-
cause the latter methods cannot fabricate a microarchitecture with spatial bending micropores so as to satisfy biologi-
cal requirements. [Life Science Journal. 2006 ;3(3) : 88 - 93] (ISSN: 1097 - 8135).

Keywords: rapid prototyping; scaffolds; air-pressure jet solidification

Abbreviations: AJS: air-pressure jet solidification; DS: denatured sucrose; FDM: fused deposition modeling; RP:
rapid prototyping

1 Introduction

J

In the view of tissue engineering, the osteo- re-
placement tissue must have proper aperture and
porosity for bone repair so as to accelerate bone re-
generation. Moreover, it must serve as three-di-
mensional (3-D) template for initial cell attachment

and subsequent tissue regeneration[1-3]. Conven-
tional wisdom states that scaffolds should be de-

signed to match healthy tissue morphological char-
acteristics and have an interconnected pore network
for cell migration and nutrient transport. Further-
more, the simulation design of the inter-connective
architecture has a decisive effect on the activation of
bone substitute. The traditional methods to fabri-

cate scaffolds include polymer foaming technique,
particulate-leaching, solid-liquid phase separation,
textile technique and extrusion process, etc[ 4 - 10] .
But with these methods, the bionic architecture
similar in morphological characteristics to the inter-
microstructure of the natural bone could not be en-
sured, which is essential to vascularization and tis-

sue regeneration.
Based on the building principle of fused deposi-

tion modeling (FDM) in rapid prototyping (RP)
technology, a new forming technique - AJS system
is developed, which can build up the bone scaffolds
with a novel fabrication material. The formed scaf-

~

fold possesses an exterior mould exactly coincident
with the replaced bone and interior porous architec-
ture simulating the microstructure of the natural
bone tissue. By filling self-setting calcium phos-
phate cement (CPC, a kind of biomaterial for bone
substitute) and rhBMP (recombinant human bone
morphogentic protein, a kind of growth factor) in-
to the scaffolds, the fabricated scaffolds are dis-
solved with the solidification of CPC, and then the
simulated interior microstructure is formed.
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2 Materials and Methods

2. 1 Fabrication material
A kind of fabrication material- denatured su-

crose(DS) is developed to form the 3-D scaffolds.
As a forming material, DS has proper plasticity,
ductility and viscosity, so that the 3-D scaffolds can
be built up and will not distort after solidification.
Equally important, as an implantable biomaterial,
DS has some proper histological performance and
can be served as a biomaterial stabilizer of protein to
maintain the activation of rhEMP.

2.2 AJS system
AJS system is designed to fabricate the artifi-

cial bone based on the layer-by-layer manufacturing

principle of RP[11]. In the process, refined DS is
fed into two controllable jets and melted into a se-
mi-molten state by a heating system. Each jet has a
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small nozzle on the tip, the diameter of the nozzle is
0.2 mm. Both jets are connected to an air compres-
sor. Fine DS filament can be expressed through the
nozzle by applying compressed air. Under the con-
trol of a computer, the on-off operation of the pres-
sure air can be controlled bv electromagnetic
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valves, then a 3-D working platform moves accord-
ing to the processed data generated from the bionic
modelling. So the filament is deposited layer-by-
layer, and finally, a 3-D part is built in the areas
defined by CAD model (Figure 1) .

Figure 1. AJS system and its key part-two pressure jets

2.3 Diameter of filament

AJS system has many technical parameters,
such as temperature of jet, squeezing and scanning
velocityetc, all of these are the important process
variables which determine the quality of the part.
Due to the scaffolds fabricated, the key index is the
diameter of filament in the fabrication process,
which determine the configuration of the microar-
chitecture in the interior of artificial bone.

A calculation modeling is built up according to
the matching relation of squeezing and scanning ve-
locityof the jet. DS is a kind of thermoplastic ma-
teriaL with a certain viscoelasticity. According to
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the viscoelastic and rheologic theory, it will keep in
a semi-molten state in the whole fabrication pro-
cess. Through double actions of air pressure and
the traction force of the solidified layer, the shear-
ing stress in DS would be occurred. Therefore, the
tensile process is belong to non-Newtonia fluid and
stretching flow. According to the theory analysis
and expriments result, after the filament expressed
from jet, the cross-section of filament can be con-
cluded as Figure 2 ( a) in the tensile region, which
is a rectangular CFGH (ill) in the center and two
conics at both ends.

B'lh

(b) L.

r

b
K

(a)

According to the conic in Figure 2 ( b), line

Figure 2. Illustration of solidification filament model in cross-section

KC, KM are tangent to arc MBC, given MC= h,

. 89 .
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KB = band BD = a, p is defined as a I( a + b ) ,
from spline geometrics, it can be educed that the
contour of conic, namely the type of arc MBC can
be determined by p, and a serial of conclusions
could be derived as

0 0.05< p<O. 5, the conic is ellipse;
2) p = O.5, the conic is parabola;
3) O.5< p < O.95, the conic is hyperbola.
For easy to analysis and calculation, Figure 2

is simplified as follows:
a) While the squeezing velocity Vp is slow,

namely while p<O. 3, the cross-section contour of
filament can be simplified as rectangle ill in Figure
2(a). Due to the filament flow in unit time is equal
to the forming volume required, an expression
should be derived as

V "1!d2/4= V "L"hp s

W= L = 1!d2V/J.
4hVs

Where h is defined as the height between the noz-
zle and fabricated layer, d is the diameter of noz-
zle, Vp is the squeezing velocity, Vs is the scan-
ning velocity of jet, L is the width of rectangle ill,
W is the diameter of filament.

b) The area of conic must be taken into ac-
count while Vp is increased to a certainty. If the
contour of conic is difficult to describe, arc FEC
can be used for approximate the conic (Figure 2
(a». It belongs to the circle which include the
four border point of rectangle ill, where 0 is de-
fined as center of circle, segment AC, AF are tan-
gent to arc CEP. Given FD=DC= h12, OD= LI
2, then the equation of p should be deduced as

VL2+h2_L
2

h h
L 2

=[1+~1+(£)2J-1 (0<£<0 (3)
While h IL is taken values in the interval of (0,
0, according to expression (3), it can be conclud-
ed that variation range of p is in the interval of
(0.414, O. 5). Due to in the fabrication process,
hiL is taken values in the interval of (0, 0.5).
Generally speaking, p is be in the interval of
(0.472, 0.5), namely p is set in the middle of
value O. 05 and O. 95, therefore, the curvature
range is between ellipse and hyperbola, which is
approach parabola. Therefore, arc FEC is served as
substitutional curve to calculate area I and II ap-------
proximately.

Therefore, while Vp is)increased to a certain-
ty, P is equal or greater than(? 3, the cross-section
area of filament can be expressed as:

(0

(2)

ED-
P=BD

(4)

;
)
t

(
J
)

J
J
..

I
;
J
~r
.J

)

(5)

From the principle of equal volume, it can be
deduced that

Jl d2 "V - A " V4 p - sectionof filament s

= A (J L2 + h 2 + L) " Vs2

If 1;' = 1!d2 V P, it follows that
2hVs

(2 - h 2

L= 21;'

(6)

(7)

In Figure 2 (a), by using the length of seg-
ment AD as the distance of conic vertex to rectan-

gular border CF, the value L can be deduced ac-
cording to the expression (7), consequently, the
expression of filament diameter can be derived

h2 L2+h2
W=L+2"AD=L+2"-=-

2L L

c) Illustration and analysis
In the fabrication process of filaments, given

d=0.3 mm, h=0.2mm, Vp=15mm/s, Vs=
20 mm/s, value W can be calculated from expres-
sion (2) and (8), which is 0.265 mm and 0.403

mm respectively. Comparing with the actual mea-
surement result, which is 0.4 mm, it can be con-
cluded that the calculation modeling of expression
(8) is feasible, so that the calculation value is close
to the actual result. Figure 3 shows the diameter
variation of filaments in various processing parame-
ter, for concreteness, T = 115 t , P = 0.95 Mpa,
parameter hk, Vs is variable.
2" 4 Integrated fabrication

According to the bionic CAD modelling[12],
some anatomical characteristic can be conclude that
Haversian canals are connected by Volkmann's
canals with a constant angle, the average diameter
of Haversian canal is approximately 300 11m, the
average diameter of Volkmann's canal is approxi-
mately 200 11m. In view of these considerations and
the fabrication characteristic of AJS system, a

(8)
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fonning process can be designed to fonn conduction
of osteons in one cross section by expressing the fil-
ament from point to point. Furthennore, in order
to ensure the interconnection of osteons between

upper and lower cross-sections, the jet should pause
temporarily at the point of Haversian canals so that
the filament can be expressed downwards further.
In this way, the integrated fabrication of Haversian
and Volkman's canals can be realized (Figure 4) .
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Figure 3. Diameter variation of filaments in various processing
parameter
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Figure 4. Schematic illustration of the microarchitecture forming

process in vertical direction

From the mathematical model of the interior

microstructure, the integrated fabrication of Haver-
sian and Volkman's canals can be realized in the

fabrication direction. After feeding DS into two
jets, jet I and jet II are heated to 90 'C and 120 'C
respectively and kept unchanged during the whole
fonning process. Jet I expresses fine filament with
the platfonn moving in X-Y directions according to
the processed data of exterior contour. After one
layer of exterior contour is fabricated, the platfonn
moves 0.2 mm downwards, and continues to fabri-

~
l

~.
~

l
I
\.

l
..

cate the next layer, so the exterior mould can be
built up layer-by-Iayer. Until the required height
reaches to build the interior scaffolds, jet I is cut
off, and the platfonn moves horizonally to the Posi-
tion under jet II , then jet II begins to express fine
filament. Therefore, in the whole process, with
the platfonn moving according to the processed da-
ta, the fabrication of exterior mould and interior
scaffolds can be built up by controlling the two jets
cooperatively, so the 3-D scaffolds can be fabricated
(Figure 5).

Figure 5. Simulated building of the interior 3-D scaffolds and cor-

responding scaffolds fabricated on AlS system

3 Results

3.1 Porous microstructure, porosity and pore di-
mension

After filling CPC into the cavities of bone scaf-
folds and solidifying process, the artificial bone can
be produced. It can be concluded that the compres-
sive strength of the bone substitute, the degrada-
tion rate and osteogenesis as well as osteogenetic
quality are all associated closely with porosity. E-
qually important, the pore dimension is also a key
index in osteoconduction, which plays an important
role in infiltration of tissue fluid and osteogenesis.
In view of medichine, the porosity of 60% or more
and the pores dimension ranging from 200 to 500

pm in bone substitue are suitable for the bone re-

generation[13]. The CPC porosity is 40%, and the
average micropore dimension is about 5 [J.m. So the
porous architecture of the bone scaffolds must in-
clude fabricated micropores and the inherent micro-
pores of CPC. Therefore, the average diameters of
Haversian canals and Volkman's canals should be

controlled within 200 pm and 350 fJ.ffirespectively.
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The porous morphologies of the scaffold are
examined by SEM at 20 KV (JEOL Company
DJM -840, Japan) (Figure 7) . From the energy
spectrum analysis of line scanning between two mi-
cropores centers in a: cross-section, it can be seen
that there is no any chemical element in the center
of micropore, the carbon content (the main ele-
ment of DS) is the highest in the border of microp-
ores, and decreases gradually outwards; at the
same time, the content of calcium and phosphorus
(the main elements of epe) increase gradually.
These findings suggest that micropores can be
formed with the 3-D scaffolds of DS dissolving gradual-

ly during the solidification of epc. So the validity of
using filament scaffolds to fabricate the interior mi-
cm'itructure of bone scaffolds is confirmed.
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The porosity can be adjusted by changing the
height (H). Experiments determine that if fabri-
cating two layer filament scaffolds within 1 mm,
the interference or destruction between two adja-
cent filament scaffolds will occur, furthermore, the
thermal field of the nozzle would melt the previous
filament scaffolds. On the other hand, if fabricat-

ing two layer filament scaffolds to 4 mm or more,
the interior architecture will distort and could not

satisfy the necessary porosity. According to the ex-
perimental analysis, the suitable porosity can be
well ensured if H is 2 mm, which can ensure the

simulation accuracy and give enough space for heat
dissipation.

The porous morphologies of the bone scaffolds
are examined by gross observation, microscope and
scanning electron microscopy (SEM). The bone
scaffolds is cut off with a scalpel in both horizontal
and vertical directions. Macroscopically, clear chan-
nels and micropores can be seen in both vertical and
horizontal directions (Figure 6) .

Under microscope (Keyence Company VH-
8000, Japan), the porous morphologies encompass-
ing Haversian canals and Volkman's canals are visi-
ble. There is no remarkable difference in shape or
size between the filament scaffolds and the porous
architecture formed in the bone scaffolds. The

porosity of the bone scaffolds is 63. 2 % measured
by toluene infiltration displacement method, which
can satisfy the histological criterion of carrier scaf-
folds in bone tissue engineering.
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Figure 6. The fabricated bone scaffold
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4 Conclusions

According to previous bionic eAD modelling
for artificial bone, bone scaffolds can be produced

through the fabrication system built and integrated

fabrication method, which has the exact external

contour of replaced bone and tissue-like 3-D scaf-
folds simulating the interior of natural bone. In this
study, matching relation of processing parameters
is determined through theory analysis and experi-
ment, moreover, results show that some necessary
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indexes of biology, such as porous microstructure,
porosity and pore dimension can be obtained accu-
rately, which can provide an inherent network of
channels for tissue fluid circulation and realize bone
transferma tion.
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