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P21 expression and its relation to disease activity and
hepatocyte proliferation in chronic hepatitis B virus

infection

Kronik hepatit B virus infeksiyonunda P21 proteininin hastalik aktivitesi ve hepatosit

proliferasyonu ile iliskisi
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Background/aims: P21 protein, a cell cycle regulatory protein
expressed in the liver, acts as an inhibitor of cyclin dependent
kinase and prevents progression of the cell cycle. In the present
study, our aim was to investigate the relationships between P21
protein expression and hepatocyte proliferation, hepatitis B vi-
rus replication, and hepatitis activity. Methods: A total of 66
patients with chronic hepatitis B without cirrhosis were inclu-
ded in the study. These patients were evaluated in three diffe-
rent groups according to the degree of viral replication and the
disease activity. Group 1: HBeAg-positive patients with active
liver disease and with viral replication, group 2: HBeAg-nega-
tive patients with active liver disease and with viral replication,
and group 3: HBeAg-negative inactive carriers. P21 and proli-
ferating cell nuclear antigen were immunohistochemically sta-
ined and a labeling index was calculated for each protein.
Results: A total of 32 (48.4%) patients were positive for nucle-
ar P21 expression. All three groups had a similar P21 index.
proliferating cell nuclear antigen-labeling index, hepatit B vi-
rus DNA levels, ALT levels, and HAI scores were not different
in patients with and without P21 staining. Spearman’s correla-
tion analysis found no correlation between P21 staining and
ALT and hepatit B virus DNA levels, HAI score and prolifera-
ting cell nuclear antigen-labeling index. Conclusions: These
results suggest that the pattern of P21 expression is not associ-
ated with histological activity, hepatocyte proliferation and vi-
rus replication in patients with well-compensated chronic hepa-
titis B.
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INTRODUCTION

Chronic hepatitis B infection is a major risk factor
for the development of cirrhosis and hepatocellu-
lar carcinoma (1). Recurrent immune attacks aga-
inst infected hepatocytes and continuing necroinf-

Amag: P21 proteini, siklin bagimli kinazlart inhibe ederek hiic-
re sikliisiiniin progresyonunu énleyen ve karacigerde eksprese
olan bir hiicre sikliisii diizenleyici proteinidir. Biz bu ¢calisma-
da P21 protein ekspresyonu ile hepatosit proliferasyonu, hepatit
B viriis replikasyonu ve hepatit aktivitesi arasinda iligki olup
olmadigint stnamayr amagladik. Yontem: Calismaya siroz ol-
mayan 66 kronik hepatit B hastast alindi. Bu hastalar viral
replikasyon derecesi ve hastalik aktivitesine gore 3 gruba ayri-
larak degerlendirildi. 1. grupta HBeAg pozitif ve aktif karaciger
hastaligr olanlar, 2. grupta HBeAg negatif ve aktif karaciger
hastaligi olanlar, 3. grupta HBeAg negatif ve inaktif tasyyicilar
bulunuyordu. P21 ve proliferating cell nuclear antigen boyama-
lart immiinhistokimyasal yontemle yapildi ve her birinin label-
ling index olarak adlandirilan boyanma indeksleri hesapland:.
Bulgular: Toplam 66 hastanin 32’sinde (%48.4) P21 niikleer
boyanmast pozitifti. Tiim gruplar P21 boyanma indeksleri yo-
niinden benzerdi. P21 boyanan ve boyanmayan hastalar ara-
sinda proliferating cell nuclear antigen boyanma indeksi, hepa-
tit B viriis DNA diizeyleri, ALT diizeyleri ve HAI skorlari aci-
sindan fark yoktu. Spearman korelasyon analizi yapildiginda
P21 boyanma durumu ile ALT diizeyleri, hepatit B viriis DNA
diizeyleri, HAI skorlari ve proliferating cell nuclear antigen bo-
yanma indeksleri arasinda korelasyon bulunmadi. Sonu¢: Bu
calismanin sonucunda, kronik hepatit B infeksiyonlu hastalar-
da P21 ekspresyonu ile histolojik aktivite, hepatosit proliferas-
yonu ve viriis replikasyonu arasinda iliski saptanmadi.

Anahtar kelimeler: P21 ekspresyonu, hiicre siklisi, hepatosit
proliferasyonu, viral replikasyon, hepatit B virls

lammation are thought to cause increased hepa-
tocyte proliferation and liver cancer development.
On the other hand, maintaining the liver mass
and function by regenerating hepatocytes is criti-
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cal. In fact, diminished hepatocyte proliferation
has been associated with a poor prognosis in liver
diseases, especially in the setting of fulminant he-
patic failure (1). Thus, the regulation of hepatocy-
te proliferation may be important in determining
the outcome of any type of liver injury.

Current studies have suggested that hepatocyte
cell cycle may also determine replication efficacy
of hepatitis B virus (HBV) and thus may be invol-
ved in the pathogenesis of HBV-related liver dise-
ase. Likewise, HBV replication is increased in qu-
iescent hepatocytes in the absence of liver injury
and hepatocyte proliferation; it is reduced in pati-
ents with increased inflammatory activity and cell
turnover (2, 3). Therefore, understanding the re-
gulation of hepatocyte proliferation and the fac-
tors interacting with cell cycle in HBV infection
may be crucial.

The regulation of hepatocyte proliferation is not
completely understood (4). Cyclin and cyclin-de-
pendent kinase (CDK) complexes are known to
play a key role in cell proliferation and differenti-
ation (5). Current studies have shown that P21, a
cyclin-CDK inhibitor, plays an important regula-
tory role in hepatocyte proliferation (6, 7). P21
protein prevents entry into S phase by inhibiting
CDK complexes and directly inhibits DNA replica-
tion by inhibiting proliferating cell nuclear anti-
gen (PCNA) (7, 8).

In this study, P21 expression pattern was investi-
gated in patients with chronic HBV infection. The
relationships between P21 expression, hepatocyte
proliferation, viral load, and inflammatory acti-
vity were also evaluated.

MATERIALS AND METHODS

In this retrospective study, a total of 66 patients
(39 male, 27 female; mean age 36.3+10.4, range:
15 to 62 years) with chronic HBV infection were
studied. None of the patients had antibodies aga-
inst hepatitis D (anti-HDV), hepatitis C (anti-
HCV), or HIV (anti-HIV), and there was no bioche-
mical, clinical, or histological evidence of other ca-
uses of chronic liver injury such as metabolic or
autoimmune liver disease. Weekly alcohol con-
sumption was less than 40 g in all patients.

These patients were divided into three groups.
Group 1 patients were HBeAg-positive patients
with active liver disease (high ALT levels and ac-
tive liver histology) and with detectable HBV DNA
by a hybridization assay. Group 2 consisted of
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HBeAg-negative patients with active liver disease
with detectable HBV DNA. Group 3 patients were
HBeAg-negative inactive carriers (IC) with nor-
mal ALT levels and undetectable HBV DNA by
the same assay.

Hepatitis Serology and HBV DNA Assay

HBsAg, antibody against hepatitis B surface anti-
gen (anti-HBsAg), HBeAg, anti-HBe, anti-HDV,
anti-HCV, and anti-HIV were measured by enzy-
me immunoassay (Abbott Laboratories, Chicago,
IL). HBV DNA levels were determined by a liquid
hybridization assay (Digene, Gaithersburg, MD).
Reference values of HBV DNA assay were 5 to
2000 pg/ml.

Evaluation of Liver Biopsy Specimens

Liver biopsy specimens were fixed in 10% formal-
dehyde and embedded in paraffin. After routine
tissue processing, the histological diagnosis was
made on the H&E stained sections. Histopathologi-
cal findings were evaluated and numerically sco-
red according to the histological activity index
(HAI) scoring system proposed by Knodell et al. (9).

Immunohistochemical Detection of P21
Protein and Proliferating Cell Nuclear Antigen

4-6-um paraffin sections were obtained from each
liver biopsy specimen for immunohistochemical
analysis. The expressions of PCNA and P21 were
studied by avidin-biotin immunoperoxidase met-
hod [mouse anti-PCNA and mouse anti-P21
(WAF1), Neomarkers, Fremont, CA]. Nuclear la-
beling indexes (LI) for PCNA and P21 were deter-
mined by random evaluation of at least 1000 hepa-
tocytes with distinct nuclei. Positive and negative
controls were also included for each antibody sta-
ining. Assessment of immunohistochemical sta-
ining was performed by a single pathologist who
was blind with regard to the clinical and histologi-
cal diagnosis.

Statistical Methods

All data were analyzed using the SPSS statistical
software. Mann-Whitney U test, Kruskal-Wallis
test, chi-square, and Spearman’s correlation tests
were used where appropriate and a p value of
<0.05 was accepted as significant.

RESULTS

Clinical characteristics of patients are shown in
(Table 1). Group 1 patients were younger than gro-
up 2 and 3 patients (p<0.05). Similar sex distribu-
tion with female predominance was present in all
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Table 1. Clinical characteristics of the patient groups. Mann-Whitney U tests were used for group compaisons

N % Age Sex HbeAg ALT HBV DNA HAT*
(years)* female male (U/L)* (pg/ml)T

Group 1 27 40.9 30+12 22 positive 97+60 >2000 6.8+3.8
Group 2 22 33.3 42+8 13 negative 135132 100 9.4+4.1
Group 3 17 25.8 3711 13 negative 164 <5 2+1.1
HALI: Histological activity index
*Mean (+SD)
TMedian

Table 2. PCNA and P21 indexes of patient groups.
Mann-Whitney U tests were used for comparisons. Data
were expressed as mean (+SD)

PCNALI) P21(LI) p values
Group 1 0.163+0.140 0.083+0.130 NS
Group 2 0.301+0.240 0.048+0.111 NS
Group 3 0.277+0.323 0.03+0.06 NS

LI: Labeling index; PCNA: proliferating cell nuclear antigen

groups. (Table 2) shows the PCNA and P21 labe-
ling indexes of the groups. PCNA and P21 indexes
were similar in all three groups.

Relationship between nuclear P21 expression
(P21-LI) and disease activity

A total of 32 (48.4%) patients were positive for
nuclear P21 expression. Total HAI scores (inflam-
mation and fibrosis) as well as inflammatory acti-
vity score were not different in patients with or
without P21 expression (Table 3). In addition,
when HALI of 8 or greater was accepted as the cut-

Table 3. Comparison of disease activity (ALT and HAI),
hepatocyte proliferation (PCNA) and viremia level
(HBV DNA) in patients with and without P21 positivity.
Chi-square test was used for comparisons

N % ALT HBVDNA PCNA HAT*
UML) *  (pg/ml) ¥ (LD*
P21 (+) 32 48.4 100+129 198,5  0.219+0.246 6.5+4.2

P21 (-)f 34 516 79+50 73,0 0.256+0.230 6.4+4.8

LI: Labeling index; PCNA: Proliferating cell nuclear antigen; HAI:
Histological activity index

* Mean (£SD)

1 Median

$ P21 (-): None of the hepatocytes is stained for P21

off value for significant liver injury, P21 expressi-
on was not different between patients with low ac-
tivity (HAI<8) and with significant activity
(HAI>8) (Table 4). ALT levels were also similar in
patients with and without P21 staining. Correlati-
on analysis did not show a correlation between
P21 indexes, HAI scores and ALT levels.

Relationship between nuclear P21 expression
and the degree of hepatocyte proliferation
(PCNA-LI)

PCNA labeling indexes were similar in patients
with and without P21 staining (Table 3). In addi-
tion, no correlation was found between P21 and
PCNA labeling indexes.

Relationship between nuclear P21 expression
and viral load

Patients with and without P21 staining had simi-
lar HBV DNA levels (Table 3). P21 index did not
correlate with HBV DNA level.

Table 4. P21 and PCNA expressions according to the ac-
tivity of liver disease. HAI > 8 was accepted as significant
liver injury. Chi-square tests were used for comparisons

PCNA(LD P21(LI) p value
HAI<8 0.235+0.255 0.019+0.052 NS
HAI>8 0.243+0.209 0.103+0.152 NS

LI: Labeling index; PCNA: Proliferating cell nuclear antigen;
HALI: Histological activity index
Mean (+SD)

DISCUSSION

Hepatocyte proliferation is a response to liver in-
juries caused by viruses, toxins, and partial hepa-
tectomy, and plays an important role in mainta-
ining hepatic function in chronic liver diseases (2).
P21, as a regulator of hepatocyte proliferation, in-
hibits CDKs and PCNA and thus acts as a cell
cycle inhibitor (4, 8). In the present study, the exp-
ression pattern of P21 in liver biopsy specimens
and its relation to hepatocyte proliferation (PCNA
index) were investigated in patients with chronic
hepatitis B. Because of a possible control of HBV
replication by hepatocyte cell cycle, we also aimed
to evaluate the relationships between P21 expres-
sion, histological activity and viral load.

In our study, there was no relationship between
P21 expression and hepatic inflammatory activity
and hepatocyte proliferation. P21 protein is not
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only expressed in patients with hepatocellular car-
cinomas but also in patients with non-tumoral li-
ver diseases such as nonalcoholic steatohepatitits,
chronic hepatitis C infection and chronic hepatitis
B infection (10). The results of previous reports
suggested that P21 expression correlates with the
degree of liver injury, inflammation and liver rege-
neration (4, 10, 11). The absence of such a correla-
tion in our study may be related to the fact that
our study included only chronic hepatitis B pati-
ents. However, different mechanisms may play ro-
les in the pathogenesis of liver diseases in diffe-
rent etiologies such as HCV, alcoholic and nonal-
coholic steatohepatitis and autoimmune liver dise-
ase. Therefore, expression patterns of cell cycle re-
gulators such as P21, P53, and PCNA may vary
according to the specific etiology. In fact, Wagaya-
ma et al. reported that the expression level of P21
protein in chronic liver disease with type-C hepa-
titis is significantly higher than in those with
type-B hepatitis (11). Furthermore, Crary and
Albrecht reported low P21 expression in nonalco-
holic steatohepatitis (4). Therefore, further studi-
es comparing P21 expression pattern in patients
with liver disease caused by different etiologies
are needed. In addition, relationships between
P21 expression and inflammatory activity and he-
patocyte proliferation need to be determined in pa-
tients with liver disease caused by different etiolo-
gies.

We did not include cirrhotic patients in our study
to compare hepatocyte proliferation (PCNA) and
P21 expression. Ongoing necro-inflammation re-
sults in fibrosis and nodular regeneration, namely
liver cirrhosis, in most types of chronic liver dise-
ases. Cell proliferative activity is expected to be
higher in cirrhotic patients compared to non-cirr-
hotics. In parallel, a cell cycle regulatory protein
(e.g. P21) could be more remarkably takes place in
the control of cell cycle. The results of the present

REFERENCES

1. Lok ASF, Heathcote EJ, Hoofnagle JH. Management of he-
patitis B: 2000 -- summary of a workshop. Gastroentero-
logy 2001; 120: 1828-53.

2. Ozer A, Khaoustov VI, Mearns M, et al. Effect of hepatocy-
te proliferation and cellular DNA synthesis on hepatitis B
virus replication. Gastroenterology 1996; 110: 1519-28.

3. Serinoz E, Varli M, Erden E, et al. Nuclear localization of
hepatitis B core antigen and its relations to liver injury,

hepatocyte proliferation, and viral load. J Clin Gastroente-
rol 2003; 36(3): 269-72.

15

study reflect the relationship between P21 protein
and the inflammatory activity in the absence of
advanced liver disease. It should be kept in mind
that the expression pattern of P21 and its relation
to hepatocyte proliferation may be completely dif-
ferent in more advanced liver disease. This can al-
so explain the different results obtained in diffe-
rent studies, since some studies included the pati-
ents with more advanced liver disease when com-
pared to our study.

We found no correlation in this study between P21
expression and HBV replication. To date, there
have been no reports investigating a possible asso-
ciation between P21 expression and HBV replica-
tion. Current studies have reported that replicati-
on of HBV has been associated with hepatocyte
cell cycle (2). Our previous study also showed that
replication of HBV may be affected by hepatocyte
proliferative activity (3). Absence of a relationship
between P21 expression and viral load is not surp-
rising since hepatocyte proliferation is not solely
controlled by a single regulatory protein (e.g. P21).
Complex interacting mechanisms regulate cell
cycle and cell proliferation. Causes and type of li-
ver injury, stage of the disease, several other host
factors and presence of other concomitant factors
may also have an impact.

In conclusion, expression pattern of P21 protein is
not correlated with liver injury, hepatocyte proli-
feration or virus replication in patients with chro-
nic hepatitis B infection. Because of the comple-
xity of liver cell injury and cell cycle regulation,
further investigations dissecting each factor are
needed. In this respect, our study provides eviden-
ce that there is no association between P21 expres-
sion, hepatocyte injury and proliferation in early
stages of chronic hepatitis B. Further studies inc-
luding patients with more advanced disease may
provide more evidence of a possible role of cell
cycle regulators in the pathogenesis of liver injury.

4. Crary GS, Albrecht JH. Expression of cyclin-dependent
kinase inhibitor P21 in human liver. Hepatology 1998; 28:
738-43.

5. Masaki T, Shiratori Y, Rengifo W, et al. Hepatocelular
carcinoma cell cycle: study of Long-Evans cinnamon rats.
Hepatology 2000; 32: 711-20.

6. Quao L, Leach K, Mckinstry R, et al. Hepatitis B virus X
protein expression of P21 Cip-1/WAF1/MDA6 and P27
Kip-1 in primary mouse hepatocytes, leading to reduced
cell cycle progression. Hepatology 2001; 34: 906-17.



16

7. Peter M, Herskowitz I. Joining the complex: cyclin-
dependent kinase inhibitory proteins and the cell cycle.
Cell 1994, 79: 181-4.

8. Nagaki M, Sugiyama A, Takafumi N, et al. Control of
cyclins, cyclin-dependent kinase inhibitors, P21 and p27,
and cell cycle progression in rat hepatocytes by extracellu-
lar matrix. J Hepatol 2000; 32: 488-96.

9. Knodell RG, Ishak KC, Black WC, et al. Formulation and
application of a numerical scoring system for assessing

histological activity in asymptomatic chronic active
hepatitis. Hepatology 1981; 1: 431-35.

VARLI et al.

10. Kobayashi S, Matsushita K, Saigo K, et al. P21 Waf1/Cipl
messenger RNA expression in hepatitis B, C virus-infected
human hepatocellular carcinoma tissues. Cancer 2001; 91:
2096-103.

11. Wagayama H, Shiraki K, Yamanaka T, et al. P21
Wafl/cipl expression and hepatitis virus type. Dig Dis Sci
2001; 46 (10): 2074-9.



