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Abstract

AIM: To investigate p53 mutation and p21 expression in
hepatocarcinogenesis induced by hepatitis B virus (HBV)
and aflatoxin B1 (AFB1) in tree shrews, and to reveal the
role of these genes in hepatocarcinogenesis.

METHODS: Tree shrews were divided into four groups:
group A, those infected with HBV and fed with AFB1 (n = 39);
group B, those infected with HBV alone (n = 28); group C,
those fed with AFB1 alone (n = 29); and group D, normal
controls (n = 20). The tree shrews underwent liver biopsies
once every 15 wk. Expression of p53 and p21 proteins and
genes in the biopsies and tumor tissues of the experimental
tree shrews was detected, respectively, by immunohistochemistry,
and by Southern blotting and reverse transcription-polymerase
chain reaction and sequencing.

RESULTS: The incidence of hepatocellular carcinomas
(HCC) was higher in group A (66.7%) than that in group B
(3.57%) and C (30%). The time of HCC occurrence was
also earlier in group A than that in group C (120.0±16.6 wk
vs 153.3±5.8 wk, respectively, P<0.01). p53 protein was
not detected by immunohistochemistry in all groups before
the 75th wk of the experiment. At the 105th wk, the positive
rates fo p53 were 78.6%, 60% and 71.4% in groups A, B
and C, respectively, which were significantly higher than
that in group D (10%) (all P<0.05). An abnormal band of
p53 gene was observed in groups A and C. The mutation
points of p53 gene in tree shrews with HCC were at codons
275, 78 and 13. The nucleotide sequence and amino acid
sequence of tree shrew’s wild-type p53 showed 91.7%
and 93.4% homologies with those of human p53,
respectively. The immunopositivity for p21 was found
before HCC development. The incidence of HCC was
significantly higher in tree shrews that were positive for
p21 than those negative for p21 (80.0% vs 11.0%, P<0.001).
The incidence of HCC in p21 positive animals in group A
was significantly higher than those positive for p21 in group
C (P<0.05).

CONCLUSION: A remarkable synergistic effect on HCC

development exists between HBV and AFB1. p53 mutation
promotes the development of HCC. HBV and AFB1 may
synergistically induce p53 gene mutation, and stimulate
ras gene expression. ras gene is activated at the earlier
stage during hepatocarcinogenesis. p21 protein may be
an early marker, and the alterations of p53 may be a late
event in the development of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the world’s most
common cancers and is predominant in Africa and South-east
Asia[1]. Epidemiological studies indicated that contamination
of food with aflatoxin B1 (AFB1) and chronic infection with hepatitis
B virus (HBV) are the major risk factors for human HCC[2,3].
       p53, a tumor suppressor gene located on the short arm of
chromosome 17, normally regulates the activity of the cell cycle
machinery. Mutation of the p53 gene has been observed with
a high prevalence in diverse types of human cancer and
frequently occurs with point mutation. The frequencies of p53
mutation in HCC from different studies were varied from 18% to
67%[4,5]. Mutation of G to T transversion at the third base of
codon 249 of p53 gene has been found in human HCC associated
with high exposures to AFB1 in Africa and Qidong, China[6,7],
Where this mutation is absent from HCC in the area with
negligible exposure to AFB1. The ras gene coding for Mr 21 000
protein (p21) binds guanine nucleotides and possesses GTPase
activity. Through this mechanism, the ras p21 participates in the
control of cell proliferation, possibly as a signal transducer
from cell surface receptors to the nucleus[8]. H-ras oncogene
could induce the metastatic phenotype of HCC cell in vitro to
enhance its metastatic potential. The mutations of ras genes at
codons 12, 13, and 61 leading to the increased expression of
normal or mutant form of the p21 protein have been observed
in human HCC and several other tumors[9]. However, some
report that ras proto-oncogene can enhance or inhibit the
malignant phenotype in vivo in different systems[10]. In the
present study, using tree shrew (Tupaia belangeri chinensis)
as an animal model for studying the development of HCC induced
by human HBV and/or AFB1, we investigated the alterations of
p53 and p21 during hepatocarcinogenesis in tree shrews.

MATERIALS AND METHODS

Animals
Tree shrews were obtained from Kunming Medical Biology
Institute, Chinese Academy of Sciences. One hundred and
sixteen adult tree shrews weighed 127±14.5 g. Animals were
raised in stainless steel cage individually at room temperature
of 25±1  and fed with basic diet supplemented with fruits,
milk, and eggs. Drinking water was given ad libitum.



HBV sera for infection
Sera positive for HBV surface antigen (HBsAg), e antigen
(HBeAg) and antibody against c antigen (anti-HBc) were
obtained from several blood donors. The titres of HBsAg and
HBeAg were more than 1:1 024. The sera were preserved in a
refrigerator at -40  and pooled before inoculation.

AFB1

AFB1 was purchased from Sigma Chemical Co., USA. It was
dissolved into dimethylsulphoxide (DMSO) and mixed with milk
to be sipped by tree shrews.

Reagents
Rabbit polyclonal antibody against human p53 protein (CM1)
and avidin-biotin peroxidase complex kit were purchased from
Vector Laboratories Inc., USA. RNase mini-kit was purchased
from Qiagen Inc., Germany. PCR kit was the product of Stratagene
Inc., USA. Rat antibody against human p21 (pan-ras) was
purchased from Biosource Inc., USA.

Methods
Blood sample 1 mL was drawn through the femoral veins of
each tree shrew before the experiment started. Some tree shrews
were inoculated with 0.5 mL of human HBV-infected serum via
the femoral vein. Three days later, another 0.5 mL of the same
serum was injected peritoneally. After a week, the sera of these
animals were checked weekly for HBV infection markers by
enzyme-linked immunosorbent assay (ELISA). HBV- infected
tree shrews confirmed by ELISA were randomly divided into
group A (39 animals) and group B (28 animals). The un-inoculated
tree shrews were randomly divided into group C (29 animals)
and group D (20 animals). The animals of groups A and C were
given AFB1, 200-400 µg/kg.b.m. per day, while group D was
used as control. Liver biopsies were performed in each group
once every 15 wk. The samples of liver biopsy or HCC were cut
into 2 pieces. One was fixed in 40 g/L buffered formaldehyde,
and the other was kept at -80  after immersed in liquid nitrogen.

Southern blotting
Three samples of liver biopsy and 5 samples of HCC tissues
stored at -80  were sent to Korea Research Institute of
Bioscience and Biotechnology for Southern blotting to
determine the p53 gene status.

Sequencing of p53
Total RNAs were extracted from 10 mg of frozen tumors or
biopsied liver tissues. Exon 2-4 (415 bp) of the p53 gene was
amplified using the forward primer CDF2: 5’-ATTGGCAGCCA
GACTGCCTTCCGGG-3’ and reverse primer CDR4: 5’-CGATT
CTAGAGCAAAACATCTTGTTGAGGG-3’. Exon 5-11 (974 bp)
of the p53 gene was amplified using the forward primer CDF5:
5’-CGATGAATTCTTGCATTCTGGGACAGCCAA-3’, and
reverse primer CDR11: 5’-CGATAAGCTTCTGACGCACACCT
ATTGCAA-3’. The reactions containing 0.5 µg total RNA,
5 mmol/L MgCl2, 1 mmol/L dNTP, 20 pmoL of each primer, 40
units of RNase inhibitor, 5 units of AMV reverse transcriptase,
5 units of AMV Tag DNA polymerase in a final volume of 50 µL
in mRNA selective PCR buffer were used. The mixture of
reactants was incubated at 42  for 30 min followed by PCR
amplification with 25 cycles of at 85  for 30 s and at 72  for
1 min. PCR products were analyzed on 15 g/L agarose gel
containing ethidium bromide. The PCR product of p53 was
purified and sequenced by an automatic DNA sequencer.

Immunohistochemistry for p53 and p21
p53 and p21 proteins were detected by immunohistochemical
staining using the avidin-biotin complex (ABC) method on the

sections of liver tissues and tumors. In brief, formalin-fixed,
paraffin-embedded sections were deparaffinized in xylene and
were passed through ethanol series. After the endogenous
peroxidase activity was blocked, the sections were rinsed in
0.01 mol/L PBS. Non-specific binding was blocked by treatment
with 5% normal horse or goat serum for 20 min. Primary antibody
was applied to the sections and incubated in a moist chamber
overnight at 4 . After the sections were washed in 0.01 mol/L
PBS, biotinylated horse or goat anti-mouse or rabbit
immunoglobulin G was applied and sections were incubated for
50 min at room temperature. After washed, the sections were
incubated with avidin-biotin-peroxidase complex for 50 min and
than washed again. The chromogen, 3-3’-diaminobenzidine (DAB)
was added for 5 to 10 min. Finally, the sections were washed and
mounted. The section without primary antibody served as
negative control.

Statistical analysis
Differences of HCC incidence and percentages of immunopositivity
for p53 and p21 were analyzed by the Chi-square (χ2) test. The
difference of the average time for appearance of HCC was
analyzed by the Student’s t test.

RESULTS
The first case of HCC appeared at the 83rd wk of the experiment
in group B. At that time the number of living animals in groups
A, B, C and D were 39, 28, 29 and 20, respectively. After feeding
of AFB1 for 105 wk, the amount of AFB1 in groups A and C was
11.6-15.5 mg and 11.4-16.09 mg, respectively. The difference was
not statistically significant. The experimental period was 160 wk.

Incidence of HCC
HCC occurred only in groups A, B and C, and the rates of HCC
in those groups were 58.9% (23/39), 3.57% (1/28) and 20.68%
(6/29), respectively. No HCC was observed in group D. One
tree shrew died at the 120th wk in group B had two proliferating
pale nodules with 0.5 cm in diameter. They were large proliferating
nodules of liver cells under the microscope. Not only was the
HCC incidence higher but also the average time for HCC
appearance was significantly shorter in group A than that in
group C (120±16.6 wk vs 153±5.8 wk, t  = 3.336, P<0.01).

p53 gene
No p53 protein was detected by immunohistochemistry in each
group at the 75th wk. The percentages of immunopositivity for
p53 in group A (78.6%), B (60%) and C (71.4%) were significantly
higher than that in group D (10.0%) at the 105th wk. The positive
rates for p53 in HCC samples were not significantly different
between groups A and C (52.17%, 12/23 vs 50%, 3/6, P >0.05).
Immunopositive signal of p53 was located in nucleus of cell
(Figure 1).  At the 105th wk, the extra bands of p53 were detected
in 2 of 3 liver biopsy tissues from group C but none from other
groups by Southern blotting. One case from group C appeared
a new band with a size of 12.8 kb and lost a normal band of 1.6 kb
at the same time. This tree shrew developed HCC at the 120th wk.
A new band of 3.4 kb was found in another case from group C.
Before the experiment started and during the 15th to 75th wk of
the experiment, totally 12 biopsy liver tissues from 2 animals in
group C were detected by Southern blotting and a light extra
band of 3.8 kb was found in the tissues of 45th wk. Two of 8
HCCs from group A also appeared an extra band of 4.8 kb. The
point mutation of p53 gene from 3 of 8 tumors was found by
sequencing. The mutations were at codons 275, 78 and 13
(changing proline to serine, T C transversion at the first
nucleotide of codon 275; changing cystein to arginine, A G
transversion at the third position of codon 78; C T transversion
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at the second position of codon 13; no amino acid change)
(Table 1). The nucleotide sequence and amino acid sequence
of tree shrew’s wild-type p53 showed 91.7% and 93.4%
homologies with those of human p53 sequence, and 77.2% and
73.4% homologies with mouse p53 sequence, respectively[11].

Figure 1  Expression of p53 protein located in nuclei of liver
cancer cells (Original magnification: ×400).

p21 protein
p21 protein was located in plasma of liver cells (Figure 2) and
overexpressed in totally 16 animals’ liver tissues in group A
during hepatocarcinogenesis. All those tree shrews developed
HCC. However, only 7 of 23 tree shrews were p21-negative in
liver tissues, and developed HCC in the same group at the end
of experiment. The incidence of HCC was significantly higher
in these p21-positive animals than in those negative ones. There
were 2 animals positive for p21 protein in the liver tissues in
group B, one of them died at the 120th wk and had 2 proliferating
nodules with 0.5 cm in diameter. They were large proliferating
nodules of liver cells under microscope. At the end of the
experiment, 4 of 7 tree shrews that were positive for p21
developed HCC in Group C, whereas only 2 of 22 tree shrews
that were negative for p21 developed HCC in this group. p21
overexpression was not found in group D (Table 2). Totally 25
animals were positive for p21 in liver tissues in all groups and

20 of them developed HCC (80%), while only 10 of totally 91
animals which were negative for p21 developed HCC (10.99%).
Only 1 sample of HCC tissue was positive for p21 in all 30
samples of HCC tissues (Table 3).

Table 3  Relationship between p21 expression and HCC de-
velopment

Group       Animal (n)         HCC (n)     Rate of HCC (%)

p21-positive 25 20 80.0b

p21-negative 91 10 10.99

bP< 0.001 vs p21-negative.

Figure 2  p21 protein located in plasma of liver cells (Original
magnification: ×200).

DISCUSSION
Animals in groups A and B were verified for infection with
human HBV[12]. In the present study, not only was the incidence
of HCC significantly higher but also the average time for HCC
development was shorter in the animals both infected with
HBV and exposed to AFB1 than those infected with HBV or
exposed to AFB1 alone. These results provided further support
for the existence of the synergistic effect between HBV and
AFB1 in tree shrew’s hepatocarcinogenesis[13-15]. Even though

Su JJ et al. p53 and p21 and hepatocarcinogenesis                  3561

Table 2  Expression of p21 in normal liver and liver tumor tissues of tree shrews

  p21+       p21-
Group     No. of animals (n)      incidence of HCC (%)

         Animal (n)        Incidence of HCC (%)   Animal (n)       Incidence of HCC (%)

A       39 23 (58.97)bd    16    16 (100.0)af              23 7 (30.43)fj

B       28   1 (3.57)       2       0          26 1 (3.84)
C       29   6 (20.68)       7      4 (54.14)h               22 2 (9.09)
D       20    0       0          20 0

bP<0.01 vs Group C; dP<0.001 vs Group B; fP<0.001, p21+ vs p21- in Group A; hP<0.01, p21+ vs p21- in Group C; aP<0.05 vs Group C
in p21+; jP<0.01 vs Group B in p21-.

Table 1  Status of p53 gene from liver and tumor tissues of tree shrews

  Treatment  Tissues Grade of tumors  Status of p53 gene      Change of nucleic acid
Animal (Groups)

HBV   AFB1

5201 (C)     -      +     liver -  wt -
5207 (C)     -      +     tumor I  wt -
5063 (A)    +      +     tumor             II              mt (78)     GCA-GCG
5067 (A)    +      +     tumor             II  wt -
5172 (A)    +      +     tumor            III  mt (13)      CCT-CTT
5173 (A)    +      +     tumor             II  mt (275)      TGT-CGT
      1 (D)     -       -     liver -  wt -
      2 (D)     -       -     liver -  wt -

Wt: wild type; mt: mutation.



only one case of HCC developed in group B, which was infected
with HBV alone, proliferation foci and/or nodules appeared
quite early and frequently in this group. One tree shrew in
group B which died at the 120th wk was found with 2 proliferating
nodules with 0.5 cm in diameter in the liver. These results
indicate that HBV has the capability of inducing liver cancer,
but its capability is weak.
      Wild type p53 gene is the control gene at G1 phase of cell
cycle. It can inhibit DNA-damaged cell from entering G1 phase
and let the cell repair the damage[16]. Mutated p53 gene not
only loses the functions that wild type p53 has but also promotes
malignant transformation of cells[17]. All the liver tissues of tree
shrews in all groups were negative for mutant p53 protein by
immunohistochemistry in early period of hepatocarcinogenesis.
However, mutant p53 proteins were detectable in the middle
stage of hepatocarcinogenesis, before the appearance of HCC.
This demonstrates that p53 mutation occurs prior to the
appearance of HCC. In the control group, no HCC developed
and no mutant p53 proteins and mutations of p53 gene were
detected, suggesting that the p53 mutation is a crucial factor
to initiate the malignant transformation of cell. The results of
examining the status of p53 gene by Southern blotting showed
that 2 liver samples biopsied at the 45th wk in group C had an
abnormal band of 3.8 kb. This indicates that the alteration of
p53 gene in the hepatocyte of tree shrew is dependent on a
cumulative amount of AFB1 and sufficient time, and also supports
the finding that mutation of p53 occurs before the appearance
of HCC. The reason for loss expression of mutant p53 in those
2 animals may be due to the low level of mutant p53 protein. In
the 8 samples sent to South Korea, p53 mutation was not
observed in 3 normal liver tissues, but 3 poorly-differentiated
cases from the 5 HCC samples showed p53 mutations. The rate
of mutation was consistent with our previous report[18]. It was
also similar to the reports on human samples. The 3 tree shrews
containing p53 mutation gene were from group A treated by
both HBV and AFB1, implying that HBV and AFB1 may play a
synergistic role in p53 mutation. This may be one of mechanisms
that HBV synergies AFB1 in hepatocarcinogenesis. p53
mutations were located at codons 275, 78 and 13, respectively.
No mutation was found at codon 249. It was differently from
the mutation at codon 249 of the p53 gene identified as a
hotspot mutation in hepatocellular carcinomas occurring in
populations exposed to AFB1 and HBV[4,5,19,20]. However, it was
similar to the results of studies on non-human primate animal
models[21]. This discrepancy may be due to the different species,
or too small amount of cases that were detected to find any
mutation of p53 at codon 249. Moreover, it also suggests that
p53 mutation, which is closely related to the development of
HCC, does not merely occur at codon 249.
      In HCC ras was first proved as one of the transforming
genes, which belong to G-protein family gene. When it is converted
to active oncogene by point mutation or gene amplification the
signal transmission of cell membranes may change, which drives
cell division, and results in abnormal differentiation and finally
neoplasm formation. Oncogene ras directly takes part in human
carcinogenesis, perhaps accounting for as many as 15-20% of
all human tumors. It is well documented that the ras gene
product, p21 protein, has GTPase activity and is involved in
signal transduction. p21 is now well recognized for its essential
function in transducing extracellular signals that regulate cell
growth, survival, and differentiation. Overexpression and point
mutations of ras gene were not only found in HCC[22-23] but
also found in liver cirrhosis and the correlation with liver cell
dysplasia[24]. We detected the p21 expression by immunohi-
stochemistry in biopsied liver tissues of tree shrews at the
45th, 105th and 119th wk. The results showed that the accumulative
total of positive rate for p21 in group A was 41.02%, which was
significantly higher than that in group B (7.14%) and group C

(24.13%). This indicates that HBV and AFB1 can synergistically
activate ras gene in hepatocyte resulting in overexpression of
p21[25]. The p21 protein overexpression appeared before HCC
development, indicating that the p21 protein overexpression is
the early event during hepatocarcinogenesis and p21 protein
may be an early marker in the development of HCC[26]. In the
present study, among the 25 animals that were positive for p21,
20 (80%) developed HCC whereas only 10 of 91 (10.99%) p21-
negative animals developed HCC at the end of the experiment.
This suggests that overexpression of p21 plays an important
role in the development of HCC.
      Comparison of the nucleotide and amino acid, sequences
of human wild-type p53 the structural homology was higher
between tree shrews and human than between tree shrews and
mouse[11], indicating the tree shrew model is a useful animal model
to study the etiology and pathogenesis of HCC in humans[27].
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