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Decreased apoptosis in advanced-stage/high-grade
hepatocellular carcinoma complicating chronic hepatitis C is
mediated through the downregulation of p21 ras
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Objective and background: Although p21 ras has been reported to be upregulated in hepatocellular
carcinoma complicating chronic hepatitis C type I, p21 ras has a different role in advanced stages, as it
has been found to be downregulated. The goal of this study was to investigate the status of p21 ras in
early-stage/low-grade and late-stage/high-grade hepatocellular carcinoma and its possible link to apoptosis.
Material and methods: Thirty-five cases each of chronic HCV hepatitis type 4 (group I) and cirrhosis
with hepatocellular carcinoma (HCC) complicating chronic HCV hepatitis (groups II and III) were
immunohistochemically evaluated using a p21 ras polyclonal antibody. The apoptotic index was determined
in histologic sections using the terminal deoxynucleotidyl transferase-mediated d-UTP biotin nick end
labeling (TUNEL) assay.

Results: Significant differences (P=0.001) were detected in p21 ras protein expression between the
three groups. A near 2-fold increase in p21 ras staining was observed in the cirrhotic cases compared to the
hepatitis cases, and p21 ras expression was decreased in the HCC group. p21 ras expression correlated with
stage (r=0.64, P=0.001) and grade (r=—0.65, P=0.001) in the HCC group and grade in the HCV group (r=0.44,
P=0.008). Both p21 ras expression and TUNEL-LI were significantly lower in large HCCs compared to small
HCCs (P=0.01 each). The TUNEL values were negatively correlated with stage in the HCC group (r=—0.85,
P=0.001). The TUNEL values were also negatively correlated with grade in both the HCV and HCC groups
(r=0.89, P=0.001 and r=—0.53, P=0.001, respectively). The p21 ras scores were significantly correlated with the
TUNEL-LI values in the HCC group (r=0.63, P=0.001) and HCV group (r=0.88, P=0.001).

Conclusions: p21 ras acts as an initiator in HCC complicating type 4 chronic HCV and is downregulated
with HCC progression, which most likely promotes tumor cell survival because it facilitates the

downregulation of apoptosis with tumor progression.
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Introduction the accurate identification of the specific pathways that are
activated or inhibited in different HCV genotypes may be
crucial for the individualization of therapy (6).

HCC (1,2) possibly due to different cells of origin (3) or Many attempts to detect prognostic parameters to classify
different underlying causative viral genotypes (4,5). Indeed, HCCs have been made, initially with predominantly clinical

Previous reports have highlighted the heterogeneity of
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staging systems, such as BCLC (7,8), Okuda, CLIP (9,10),
the Chinese University prognostic index (CUPI) (11)
and JIS (12), though these methods were shown to have
limited value. More recently, HCCs have been classified
according to their molecular characteristics, including
variations in the expression of tumor suppressor genes and
oncogenes (13,14).

However, the key prognostic predictors in cases of
hepatocellular carcinoma are only partially known;
moreover, the predictors vary at different stages of the
disease (15). Refinement of the molecular classification of
HCC:s considering the geographical and genetic diversity
of patients will be essential for the efficient design of the
forthcoming personalized clinical treatments (14).

Although p21 ras has been shown to be upregulated
in HCC complicating chronic HCV type 1, the status of
p21 is unknown in type IV. In addition, the nature of the
relationship between the state of p21 ras activation and the
different stages of HCC also remains unknown (16).

Material and methods

The present study was performed using Tru-cut core liver
biopsies from 35 patients with chronic HCV hepatitis
type 4 and 35 segmentectomy specimens of hepatocellular
carcinoma complicating chronic hepatitis C. The Tru-cut
core biopsies were clinically indicated and were performed
as a part of the pretreatment evaluation of the grade and
stage of chronic HCV in patients who were candidates for
combination therapy (IFN alpha and ribavirin).

HCC specimens were also obtained from excision biopsy
specimens obtained from patients with hepatitis C-related
cirrhosis. At least 5 sections were collected from each
tumor (to account for the heterogeneity of hepatocellular
carcinomas). The cirrhosis specimens were collected from
the segmentectomy specimens from tissue at the farthest
point from the tumor.

The protocol of the study was reviewed and approved
by the Ethics Committee of the Alexandria Faculty of
Medicine.

Paraffin blocks were retrieved from the archives of the
Pathology Department, Alexandria Faculty of Medicine.
Confirmation of the HCV etiology of the liver disease was
performed using a third-generation ELISA technique, and
genotype (type 4) confirmation was performed by INNO-
LiPA (17).

Patients who were obese, diabetic, alcoholic or HBsAb-
positive were excluded from the analysis.
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Methods

Sections (5 micrometers thick) were cut from paraffin blocks
and stained with H&E for histopathological examination.
Masson’s trichrome stain was used to evaluate the stage.
The sections were also immunohistochemically stained
for p21 ras using a ready-to-use polyclonal antibody (Lab
Vision) (code no. RB-1627), and the sections were then
stained with the universal polyclonal kit (Lab Vision, UK)
(TP-015).

Steps

The sections were stained per the manufacturer’ instructions.
Antigen retrieval was performed by boiling the slides in
2% citrate buffer for 10 minutes, and the sections were
then incubated with the primary antibody overnight at
4 °C. Diaminobenzidine (DAB) was used as the chromogenic
substrate, and the sections were counterstained with
hematoxylin. Endometrioid carcinoma was used as a positive
control for p21 ras; the positive controls were included
in each run. Negative controls obtained by omitting the
primary antibody were also included.

Positive cytoplasmic staining was graded on a scale from
0 to 3 according to the extent of staining.

0: no staining;

1: less than 30% of the biopsy showed positive staining;

2: between 30-59% of the biopsy showed positive
staining;

3: greater than 60% of the biopsy showed positive
staining.

The grading and staging of the liver biopsies were
performed according to the hepatitis activity index
(HAI)(18); HCC grading was performed according to the
WHO classification of liver tumors (19). All the biopsies
were scored, and the scores are reported as the mean =
standard deviation of two scores given by two pathologists
for each case.

Determination of the apoptotic index

The APO-BrdU Kit was used to evaluate the apoptotic
index (APO-BRDU-IHC, AbD Serotec, product code
APO002, Batch no. 230112, Oxford, OX5 1GE, UK).
TUNEL (terminal deoxynucleotidyl transferase-
mediated d-UTP biotin nick end labeling) assay: Sections
(5 pm thick) mounted on coated slides were stained
according to the manufacturer’s protocol. Briefly, each
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section was brought to water and then left in PBS to
equilibrate. The specimen was permeabilized by incubation
with proteinase K at a 1:100 dilution in 10 mM Tris buffer
at room temperature for 20 min. After rinsing in PBS, the
endogenous peroxidase activity was quenched by incubation
in H,0, in methanol for 10 min. After rinsing, the sections
were incubated with 1X reaction buffer for 30 min at
room temperature. Without intermediate washes, the
sections were incubated with the complete reaction mixture
overnight at room temperature in a humidified chamber.

On day 2, the reaction buffer was removed, and
blocking buffer was applied at room temperature for
10 minutes. The antibody solution was prepared, added
and incubated for 3 hours at room temperature. After
removing the excess fluid, the blocking buffer was applied.
Visualization of the reaction was performed using DAB as
the chromogenic substrate and hematoxylin as a counter
stain.

Counting the apoptotic index

Five fields were counted per slide. Cells were considered
positive for apoptosis as assessed by 2 criteria: a positive
nuclear stain and, morphologic evidence of apoptotic cells.

The number of positive cells was counted according to
the above-mentioned criteria, and the number of negative
cells (nuclei stained blue with hemotoxylin) was also
counted. The index was calculated as follows (20):

No. of apoptotic cells/(no. of apoptotic cell + no. of
negative cells).

Statistical analysis of the data

The data were input into the computer using IBM SPSS
software package version 20.0. The qualitative data were
described as the number and percent. The distributions
of quantitative variables were tested for normality using
the Shapiro-Wilk test and the D’Agostino test; histograms
and QQ plots were used to visually assess the distribution.
Parametric tests were used when the data were normally
distributed, whereas non-parametric tests were used when
the data were non-normally distributed. The quantitative
data were described using the mean and standard deviation
for normally distributed data, whereas non-normally
distributed data were expressed using the median, minimum
and maximum. For the non-normally distributed data, the
Kruskal-Wallis test was used for comparisons between the
groups, and pair-wise comparisons were assessed using
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the Mann-Whitney test with the Bonferroni correction.
The correlations between two quantitative variables were
assessed using the Spearman coefficient. For non-normally
distributed data, the Mann-Whitney test (for data with a
distribution that was significantly deviated from normal)
was used to analyze the two independent populations.

Significant test results are quoted as two-tailed
probabilities. The significance of the obtained results was
judged at the 5% level.

Results

The patient age ranges were 30-49 (33.9+8.4) years in the
chronic hepatitis group and 47-70 (56.1+7.7) years in the
cirrhosis and HCC group (grouped together, as both the
cirrhosis and HCC specimens were obtained from the same
resection specimen). The male:female ratios were 4:1 and 6:1
for the two groups, respectively.

HCCs were graded as follows: 8 grade I, 7 grade 2 and
20 grade 3. Fourteen HCCs were stage A (less than 5 cm in
diameter), and 21 were stage B (greater than 5 cm in diameter).

Immunobistochemical results

p21 ras expression
p21 ras staining was observed on the cell membrane, as
granular cytoplasmic staining, in acinar zones 1 and 3 and
along fibrous septa. Bile ducts and stroma were negative
(Figure 1). Significant differences in the levels of p21 ras
protein expression were observed between the hepatitis,
cirrhosis and HCC groups (P=0.001). P21 ras expression
was approximately twofold higher in the cirrhosis group
compared to the hepatitis group (Table 1). Within the HCC
group, large HCCs showed significantly lower p21 ras
expression compared to small HCCs (median 0.61 vs. 0.43)
(P=0.001) (Tuble 2).

p21 ras expression correlated significantly with grade
in the HCV group (r=0.44, P=0.008) and the HCC
group (r=0.65, P=0.001) (7able 3). A significant negative
correlation was detected between p21 ras and HCC stage
(r=0.64, P=0.001) (Tible 3).

Tunel-labeling index ('UNEL-LI) (Figure 2)

Positive staining was seen in the form of nuclear staining.
Significant differences in the TUNEL-LI results were
detected between the groups (Tuable 4).

The TUNEL-LI values increased gradually from the
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Flgure 1 Cases stained with p21 ras: (A) case of hepatitis, (B) cirrhosis and (C) hepatocellular carcinoma (><200) (streptavidin peroxidase

technique, p21 ras antibody)

Table 1 Comparison between the different studied groups according to P21 ras positivity scores

HCC HCV hepatitis Cirrhosis KWp
No. % No. % No. %
P21 ras
0 0 0.0 0 0.0 0 0.0
1 18 51.4 21 60.0 0 0.0 .
<0.001
2 14 40.0 8 22.9 10 28.6
3 3 8.6 171 25 71.4
P, 0.767 <0.001*
P, <0.001*

““B, P value for Kruskal Wallis test for comparing between the different studied groups; P,, P value for Mann Whitney test for
comparing between group | and each other group; P,, P value for Mann Whitney test for comparing between group Il and group
III; *, Statistically significant at P<0.05; # significant at P<0.017 using Benferroni correction

Table 2 Relation between Stage and p21 ras in the HCC group

Stage | (n=14)

Stage Il (n=21)

MWP
No. % No. %
P21 ras
1 2 14.3 16 76.2
2 9 64.3 5 23.8 <0.001"
& 8 21.4 0 0.0
YWB P value for Mann Whitney test for comparing between the two studied groups; *, statistically significant at P<0.05
Table 3 Correlation between different parameters
HCC HCV hepatitis Cirrhosis
re B re P re P
Stage vs. p21ras -0.636 <0.001 0.124 0.476 - -
Stage vs. Tunel LI -0.853 <0.001 0.083 0.636 - -
P21 ras vs. Tunel LI 0.629’ <0.001 0.883 <0.001 0.107 0.539
Grade vs. Tunel LI 0.892' <0.001 0.528 <0.001 0.018 0.920
Grade vs. Stage -0.818' <0.001 —0.084 0.632 - -
Grade vs. P21 ras 0.648" <0.001 0.439 0.008 0.017 0.925

r,, sSpearman coefficient; *,
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statistically significant at P<0.05
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Figure 2 Cases stained with the Tunel reaction. Note in (A) a low Tunel-LI in a case of hepatitis. In (B) a higher Tunel-LI in a cirrhotic case
and in (C and D) two HCCs showing different grades of Tunel positivity (Terminal deoxynucleotidyl transferase mediated d-UTP biotin nick end
labelling assay reaction, x200)

Table 4 Comparison between the different studied groups according to tunel-LI

HCC HCV hepatitis Cirrhosis Kwp
Tunel LI
Min. - Max. 0.40-0.68 0.10-0.25 0.25-0.35
Mean + SD 0.53+0.12 0.16+0.04 0.32+0.03 <0.001°
Median 0.45 0.15 0.32
P, <0.001* <0.001*
P, <0.001*

““P, P value for Kruskal Wallis test for comparing between the different studied groups; P;, P value for Mann Whitney test for
comparing between group | and each other group; P,, P value for Mann Whitney test for comparing between group Il and group
III; *, Statistically significant at P<0.05; *, significant at P<0.017 using Benferroni correction

Table 5 Relation between stage and Tunel LI in the HCC group

Stage | (n=14) Stage Il (h=21) Wp
Tunel LI
Min. -Max. 0.65-0.68 0.40-0.45
Mean + SD 0.67+0.01 0.45+0.05 <0.001"
Median 0.67 0.43

YWP P value for Mann Whitney test for comparing between the two studied groups; *, Statistically significant at P<0.05

hepatitis group to the cirrhosis group to the HCC group Correlations between p21 ras expression and TUNEL-
(Table 4). Within the HCC group, a comparison of the LI in the studied groups

TUNEL-LI values between small HCCs (BCLC stage A; TUNEL-LI was significantly correlated with the p21 ras
less than 5 cm in diameter) and large HCCs (multinodular; expression scores in both the hepatitis and HCC groups
greater than 5 cm in diameter; BCLC stage B) revealed that (Tuble 3).

the TUNEL-LI values in the larger tumors (stage B) were
significantly lower than the TUNEL-LI values for smaller

HCCs (stage A) (Tuble 5). Discussion
The TUNEL-LI values were significantly correlated Large differences exist between the gene expression patterns
with grade in both the HCV hepatitis and the cirrhosis of HCC complicating different etiologic agents. Microarray
groups (Tuble 3). analysis studies performed in Egyptian (21) and non-
Significant correlations were detected between the Egyptian patients (22) have demonstrated differences in the
TUNEL-LI values and the HCC stage (Table 3). patterns of upregulated and downregulated gene expression.
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Furthermore, hepatocellular gene expression profiles
differ even among different quasispecies of HCV type 1
(23,24). Therefore, determining the changes in the level of
activation of specific pathways in HCC complicating type 4
HCV (the most common genotype in Egyptian patients) (23)
is important and may have therapeutic implications.

In the present study, p21 ras was found to be over-
expressed in cirrhotic patients, with a decline in its
level of expression in HCC complicating chronic HCV.
Accordingly, p21 ras activation was considered to be an
early event in HCC development. Activation of the ras
proto-oncogene has been linked to the initiation stages of
carcinogenesis in tumors of the pancreas, colon, lung and
thyroid and in myeloid leukemia (25-27). In agreement
with the findings of the present study, Nonomura ez a/.
and Takeuchi er 2. (28,29) have also demonstrated the
downregulation of p21 ras protein expression in HCCs
compared to cirrhotic nodules.

P21 ras is involved in the regulation of several
downstream pathways, including cell cycle control and
apoptosis (30-32), and the reduction of apoptosis mediated
by the downregulation of p21 ras expression in HCCs
would theoretically give the tumor a survival advantage.
Nonomura et al. (28) reported lower p21 ras protein
expression in poorly differentiated HCCs compared to
well-differentiated HCCs, concluding that p21 ras is not
necessary for progression to higher grades of malignancy.

In the present study, the TUNEL-LI values increased
gradually from hepatitis to cirrhosis to HCC, findings
that are similar to those of Park er 4/. (33). Additionally,
significant differences in TUNEL-LI were detected
between advanced-stage and early stage HCCs in the
present study, which is agreement with Park er al. (33),
who reported that high-grade dysplastic nodules showed
higher TUNEL positivity compared to small HCCs
(lower TUNEL-LI with the progression of malignant
transformation). The conclusions of Fukuzawa et al. (34),
who reported that Fas/Fas ligand (involved in the apoptosis
pathway) labeling was lower in HCCs than the surrounding
cirrhotic tissues and was not detected at all in poorly
differentiated HCCs by PCR, also support this finding.
Genes involved in the apoptotic pathway were also found to
be activated in HCC complicating chronic HCV type 4 (34).

The level of activity of oncogenes changes with the
progression of malignancy: Zhang ez a/. (35) detected higher
levels of p21 ras activity in early-stage HCCs compared to
late-stage HCCs.

In the present study, the comparison of p21 ras protein

© Chinese Journal of Cancer Research. All rights reserved.

expression between late- and early-stage HCCs showed
lower expression levels in advanced cases. Similarly, Jagirdar
et al. (36) stated that “tumor dedifferentiation is associated
with an attenuation of p21 ras expression”. These authors
also found that p21 ras was better expressed in fibrolamellar
variants and well-differentiated HCCs compared to
poorly differentiated variants. Their conclusion was that
p21 ras has a role in early HCC development. Large and
advanced-stage HCCs have a higher histologic grade
compared to small and early-stage HCCs (37,38). Most
of the HCC cases included in the present study were of a
high grade/advanced stage, and p21 ras protein expression
was, therefore, decreased in the HCC group as a whole,
which is most likely related to the lower p21 ras expression
and TUNEL labeling index detected in the majority of
the (advanced-stage) HCCs. Therefore, the reduction in
p21 ras expression observed in the present study may have
facilitated the observed reduction of apoptosis, which would
provide the tumor cells with a survival advantage.

These findings highlight the importance of studying
HCC complications in different subtypes of HCV hepatitis
as distinct entities rather than generalizing and pooling the
data obtained from different clinical settings in an attempt
to individualize treatment strategies (39). In addition,
p21 ras could be used as a prognostic indicator in cases of
HCC complicating chronic HCV type 4.
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