Bzl SPANDIDOS
7] ,§, PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 19: 54, 2023

pS3 expression is associated with tumor stage, grade and
subtype in patients with hepatocellular carcinoma

NUR RAHADIANI, MARINI STEPHANIE, ALIF GILANG PERKASA,
DIAH RINI HANDJARI and ENING KRISNUHONI

Department of Anatomical Pathology, Faculty of Medicine,

Universitas Indonesia/Dr. Cipto Mangunkusumo Hospital, Central Jakarta, Jakarta 10430, Republic of Indonesia

Received December 14, 2022; Accepted May 2, 2023

DOI: 10.3892/mc0.2023.2650

Abstract. The present study aimed to determine the expres-
sion levels of p53 in patients with hepatocellular carcinoma
(HCC) and to evaluate its association with several HCC-related
prognostic factors and in particular, with tumor stage, grade
and subtype. Therefore, a cross-sectional study, involving
41 patients with HCC, who underwent surgical resection
between January, 2013 and December, 2020 was conducted.
To assess the expression levels of p53 in all patients with HCC,
immunohistochemical staining was performed. In addition,
the association between p53 expression and the clinico-
pathological characteristics of patients with HCC, including
prognostic factors, was evaluated by applying the appropriate
statistical analysis methods. The results revealed that among
the 41 patients enrolled, 35 patients (85.4%) were positive for
p53 expression. A higher percentage of positive p53 expression
was observed in male patients >60 years old, with single HCC
nodules >5 cm in diameter and vascular invasion, compared
with their counterparts. A positive pS3 expression was associ-
ated with well- and poorly differentiated HCC, but not with
tumor stage and subtype. No differences in p53 expression
were observed across different tumor stages and subtypes.
Additionally, patients with moderately and poorly differenti-
ated HCC exhibited significantly higher p53 expression levels
compared with those suffering from well-differentiated
HCC. Overall, the results demonstrated that the rate of p53
immuno-positive cells was increased in patients with HCC. In
addition, p53 expression was associated with well- and poorly
differentiated HCC, thus suggesting its association with a
poorer prognosis.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer (1). Liver cancer is the seventh
most common type of cancer and the third leading cause
of cancer-related mortality worldwide. According to
GLOBOCAN 2020 (The International Agency for Research
on Cancer), 905,677 new cases of liver cancer and 830,180
liver cancer-related deaths were recorded (2). Although the
survival rates of patients with HCC have increased due to
recent medical advances, the overall survival (OS) of patients
with HCC remains low, with reported 1-, 2-, 3- and 5-year
survival rates of 49.3, 35.3, 26.6 and 19.5%, respectively (3).
The 5-year survival rate remains poor, even in patients who
undergo curative surgical resection (56.2% for OS and 35.2%
for recurrence-free survival) (4). A previous study reported that
the 1-year survival rates of Indonesian patients with HCC were
24.1% in 1998-1999 and 29.4% in 2013-2014. This finding may
be due to the fact that the majority of patients are diagnosed
with HCC at a later stage of the disease (5).

Identifying biomarkers associated with a poor prognosis,
that could improve the risk stratification of patients with HCC
at the time of diagnosis, is of utmost significance. Molecular
pathological diagnosis involves various techniques, such as
in situ hybridization, reverse transcription polymerase chain
reaction (RT-PCR) and DNA sequencing. However, immuno-
histochemistry is the most frequently used technique due to
its broad application, ease of performance and evaluation, and
reasonable costs. The results of immunohistochemistry occa-
sionally reflect specific genetic mutations (6). Furthermore, the
ability to obtain imaging studies, combined with the ability
to test patients' blood for elevated levels of alpha-fetoprotein
(AFP), render it possible to detect HCC at an earlier stage.
However, the lack of that an elevated AFP level is not always
associated with HCC. Thus, AFP is only associated with issues
with sensitivity, but also with specificity (7).

p53is a protein encoded by the T7P53 gene located on human
chromosome 17 (8). Initially identified as an anti-oncogene,
p53 functions as a tumor suppressor gene, which is activated
when cells experience stress, thus promoting the uncon-
trolled division and proliferation of cells (9). p53 suppresses
tumor progression and growth by inducing cell cycle arrest
through p21 expression, and inducing apoptosis by activating


https://www.spandidos-publications.com/10.3892/mco.2023.2650
https://www.spandidos-publications.com/10.3892/mco.2023.2650
https://www.spandidos-publications.com/10.3892/mco.2023.2650
https://www.spandidos-publications.com/10.3892/mco.2023.2650

2 RAHADIANI et al: p53 EXPRESSION IN HEPATOCELLULAR CARCINOMA

pro-apoptotic proteins (10,11). When p53 is mutated, it loses
its function, thus promoting uncontrolled cell growth. Mutated
p53 has been detected in several types of cancer, including
breast, colon, lung, liver, prostate, bladder and skin cancer,
while it has been reported that mutant p53 is accumulated in
the cell nuclei of transformed cells (8,12). The development
of anti-p53 monoclonal antibodies, has enabled researchers to
examine the expression of p53 in human tissues (12).

The relevance of p53 as a prognostic factor for the survival
of patients with HCC has been extensively investigated in two
studies [Zhan and Ji (13) and Ji ez al (14)]. Therefore, emerging
evidence has suggested that patients with HCC with a positive
p53 expression have a poorer prognosis (13,14). However, to
date, at least to the best of our knowledge, such a study has
not been performed in an Indonesian population. Therefore,
the present study aimed to analyze the expression of p53 in
Indonesian patients with HCC, and to evaluate its association
with different prognostic factors, such as HCC stage, grade
and subtype.

Patients and methods

Sample collection. In the present cross-sectional study,
a total of 41 patients with HCC who underwent surgical
resection between January, 2013 and December, 2020 at
Dr. Cipto Mangunkusumo Hospital in Jakarta, Indonesia
were enrolled. Patients whose paraffin blocks were not
adequate for evaluation were excluded from the study. The
inclusion criteria consisted of cases with histopathologically
diagnosed hepatocellular carcinoma at the Department of
Anatomical Pathology FKUI-RSCM (Jakarta, Indonesia)
from 2013-2020. Hepatocellular carcinoma cases were taken
from liver resection tissue with adequate quality for immu-
nohistochemical staining. The exclusion criteria were patients
with primary double tumors. The clinical data were obtained
from the medical records each patient. To verify the diagnosis
and obtain histopathological data, the slides and paraffin
blocks were collected and reassessed independently by two
pathologists specializing in liver pathology. The present
study (protocol no. 21-05-0466) was approved by the Medical
Ethics Committee of the Faculty of Medicine, Universitas
Indonesia Dr. Cipto Mangunkusumo Hospital (approval
no. KET-427/UN2.F1/ETIK/PPM.00.02/2021). Patient
consent was waived by the committee as the study included
already existing data (waiver statement no. ND-784/UN2.
F1/ETIK/PPM.00.02/2022).

Immunohistochemical (IHC) staining. IHC staining was
performed on 3-4-um thick paraffin-embedded tissue
sections. The sections were mounted on poly-l-lysine
coated slides and heated on a slide warmer for 60 min at
60°C. Subsequently, the slides were deparaffinized thrice
in a graded xylol (Smart Lab Indonesia) eries for 5 min
each, rehydrated with 96 and 70% alcohol for 4 min each,
followed by rinsing with running water for 3 min. For
antigen retrieval, the sections were boiled for 20 min at 96°C
in tris EDTA (pH 9) in a decloaking chamber (BIOGEAR,
Biozatix), followed by cooling for 25 min. Subsequently, the
tissue sections were washed with PBS (pH 7.4) for 3 min
and the unspecific binding sites were then blocked. A PAP

pen (Scytek, Medipath Biosains) was used to label the tissue
sections. To block endogenous peroxidase, the tissues were
incubated with peroxidase block (Novolink Polymer®;
Novocastra) for 30 min, before being washed with PBS
(pH 7.4) for 3 min. The slides were then incubated [at room
temperature (20-25°C)] for 30 min in protein block (Novolink
Polymer®; Novocastra), washed with PBS (BIOGEAR,
Biozatix) (pH 7.4) for 3 min to remove non-specific proteins,
followed by an overnight incubation with a primary
(20-25°C) antibody against p53 (dilution 1:500; clone DO-7;
Cell Marque, cat. no. 453M-94). Following washing with
PBS (pH 7.4) for 3 min, the tissue sections were incubated
with the corresponding ready to use secondary antibody for
30 min in 20-25°C (Novolink Polymer®; Novocastra, cat.
no. RE7140-K), followed by washing with PBS for 3 min.
The slides were covered with 3,3'-diaminobenzidine tetra-
hydrochloride solution (Novolink Polymer®; Novocastra)
supplemented with 5% lithium carbonate and were then
counterstained with Mayer's hematoxylin (Thermo Fisher
Scientific, Inc.) at 20-25°C for 10 sec. Finally, the sections
were dehydrated with an ascending concentration of alcohol
for 5 min, soaked in xylol (clearing) for 5 min and mounted
under a cover slip.

Assessment of p53 expression. Using IHC staining, two
independent pathologists, blinded to the patients' clinico-
pathological data, evaluated the expression levels of p53
in the tissue sections under a light microscope (Leica ICC
50 HD; Leica Microsystems GmbH; magnification, x40).
A positive p53 expression was indicated by the presence of
brown-stained nuclei. Therefore, cells with brown-stained
nuclei were captured and analyzed using ImagelJ software 20.0
version (National Institutes of Health). The expression levels
of p53 are expressed as a percentage, based on the number of
positively-stained cancer cells/500 cancer cells ratio. Nuclear
staining of <10, 10-30, 30-50 and >50% was considered to
indicate negative, weakly positive, moderately positive and
strongly positive for pS3 expression, respectively.

Statistical analysis. All statistical analyses were performed
using the Statistical Package for Social Sciences software
(version 25.0; IBM Corp.). Categorical variables were compared
using the Chi-squared test or Fisher's exact test. In addition,
continuous variables were compared using the Kruskal-Wallis
test, followed by the Dunn-Bonferroni post hoc test. A value
of P<0.05 was considered to indicate a statistically significant
difference.

Results

Study population. The demographic characteristics of the
study population are presented in Table I. The average age of
patients was 53.32+12.455 years. The majority of the patients
were males (85.4%), <60 years old (63.4%) and with a history
of hepatitis (68.3%). Hepatitis B was more common compared
with hepatitis C (56.1 and 12.2%, respectively). The median
tumor size was 7.9 cm. A tumor diameter >5 cm (75.6%) and
vascular invasion (73.2%) were recorded in the majority of
patients with HCC. Approximately 41.5, 36.6 and 22.0% of the
patients suffered from stage IITA, IT and IB HCC, respectively.
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Table I. Clinicopathological characteristics of the study population.
Characteristic Category n (%)
Sex Male 35(854)
Female 6 (14.6)
Age (mean/standard deviation SD) 53.32/12.455
Age <60 years old 26 (634)
>60 years old 15 (36.6)
History of hepatitis Hepatitis B 23 (56.1)
Hepatitis C 5(12.2)
No history of hepatitis 3(7.3)
Unknown 10 24 4)
Tumor size (median/min-max) 7.9/2.5-20.0
Tumor size <5cm 10 (24 4)
>5cm 31 (75.6)
Number of nodules Solitary 23 (56.1)
Multiple 18 (43.9)
Vascular invasion Absent 11 (26.8)
Present 30 (73.2)
Liver cirrhosis Absent 19 (46.3)
Present 22 (53.7)
AJCC staging Stage IB 9(22.0)
Stage 11 15 (36.6)
Stage IIIA 17 (41.5)
Tumor grade Well-differentiated 3(7.3)
Moderately differentiated 23 (56.1)
Poorly differentiated 15 (36.6)
Histological subtypes Classic HCC 18 (43.9)
Clear cell HCC 16 (39.0)
Macrotrabecular-massive HCC 4(9.8)
Steatohepatitic HCC 3(7.3)
p53 expression (mean/SD) 40.40/25.697
p53 expression Negative 6 (14.6)
Positive (854)
Weakly positive (19.5)
Moderately positive (26.8)
Strongly positive 16 (39.0)

HCC, hepatocellular carcinoma; AJCC, American Joint Committee on Cancer.

Finally, moderately differentiated classic HCC was the most
common pathological finding in the aforementioned patients
(Figs. 1 and 2).

pS53 expression is upregulated in HCC tissues. The THC
staining of p53 expression revealed that the mean expression
levels of p53 in patients with HCC were 40.40+25.697%. The
majority of patients (85.4%) were positive for pS3 expres-
sion. More specifically, 8 patients exhibited a weak (19.5%),
11 patients a moderate (26.8%) and 16 patients a strong (39.0%)
p53 expression (Fig. 3). The characteristics of the study popu-
lation based on p53 expression are displayed in Table II. The
patients with HCC with a positive p53 expression were mostly
males, >60 years old, with solitary nodules >5 cm in diam-
eter and vascular invasion. Statistical analysis revealed that a

positive pS3 expression was associated with well- and poorly
differentiated HCC (P=0.002). With the exception of tumor
grade, no statistically significant differences were obtained
for the clinicopathological features between p53-negative and
p53-positive patients with HCC.

P53 expression is associated with the differentiation status of
HCC. Further analysis was performed to evaluate the asso-
ciation between the expression levels of p53 and tumor stage,
tumor grade and histological subtype (Table III). No statisti-
cally significant differences were observed in the expression
levels of p53 between patients with stage IB, stage II and
stage IITA HCC (P=0.893). Additionally, compared with
well-differentiated HCC, the expression levels of p53 were
notably increased in poorly differentiated HCC (P=0.018).
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Figure 1. Tumor grade of the study population. (A and B) Well-differentiated HCC (original magnification, x400. (C) Moderately differentiated HCC (original
magnification, x400). (D) Poorly differentiated HCC (original magnification, x400). HCC, hepatocellular carcinoma.

Figure 2. Histological subtype of the study population. (A) Classic HCC (original magnification, x100). (B) Clear cell HCC (original magnification, x100).
(C) Macrotrabecular-massive HCC (original magnification, x100). (D) Steatohepatitic HCC (original magnification, x100). HCC, hepatocellular carcinoma.
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Figure 3. p53 expression levels in the study population. (A) Negative p53 expression in well-differentiated steatohepatitic HCC (original magnification, x400).
(B) Weakly positive p53 expression in poorly differentiated clear cell HCC (original magnification, x400). (C) Moderately positive p53 expression in poorly dif-
ferentiated classic HCC (original magnification, x400). (D) Strongly positive p53 expression in poorly differentiated macrotrabecular-massive HCC (original

magnification, x400). HCC, hepatocellular carcinoma.

More specifically, the p53 expression levels were higher in
poorly differentiated HCC compared with moderately differ-
entiated HCC. However, no statistically significant difference
was observed between well-moderate differentiated and
moderate-poorly differentiated, respectively (P=0.056 and
P=0.999. Additionally, no statistically significant differences
were observed in the expression levels of p53 among the four
histological subtypes of HCC (P=0.076).

Discussion

An impaired p53 activity has been shown to be associated
with liver carcinogenesis (15,16). However, HCC pathogenesis
remains unclear. Previous whole-genome sequencing results
have revealed that TP53 was the most commonly mutated
tumor suppressor gene in HCC samples (15). Furthermore,
exome sequencing results revealed that mutations in TP53
were associated with hepatitis B virus infection, a risk factor
for HCC (16). Alterations in the activation of the p53/p21 and
retinoblastoma protein 1 signaling pathways have also been
shown to be associated with the development of HCC by
regulating genomic stability and cell cycle distribution (17). In
addition, HCC-inducing extrinsic factors, such as aflatoxin B1,
non-alcoholic liver disease, iron overload and hepatitis virus
infection, have also been found to be associated with p53 (18).

Gene sequencing is considered the gold standard for identifying
genetic alterations in p53. However, due to its high cost and
limited availability, gene sequencing was not performed in the
present study. A previous meta-analysis, including 36 studies,
demonstrated that an increased p53 expression, detected using
THC staining, could predict mutations in 7P53 in patients with
HCC (19). The p53 family plays a central role in the tumori-
genesis, treatment response and prognosis of HCC. In recent
years it has been revealed that all members of the p53 family
are expressed as a diverse variety of isoforms. Depending on
the isoform expressed, the role of a gene can change from a
tumor suppressor to an oncogene. Consequently, emphasis
needs to be placed on the DN isoforms of p63 and p73, which
have been shown to be critical for carcinogenesis and chemo-
resistance. Thus, targeting specific pS3 family isoforms may be
the key to the development of novel therapeutic strategies for
HCC and other human cancers (19). There have been several
proposed purely molecular HCC classifications and HCC clas-
sification systems using combined histology and molecular
findings; however, none of these have been incorporated into
clinical care, as they do not provide additional relevant clinical
information beyond that obtained by imaging and histology.
Integrated morphological-molecular classifications of HCC
are the most likely to be robust and clinically useful, although
this has not yet been fully achieved (20). Therefore, in the
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Table II. Clinicopathological characteristics of the study popu-
lation according to p53 expression.

p53- p53-
negative positive
Characteristic (n=6) (n=35) P-value
Sex
Male 5(83.3) 30 (85.7) 0.999*
Female 1(16.7) 5(14.3)
Age
<60 years old 4(66.7) 22 (62.9) 0.999*
>60 years old 2 (33.3) 13 (37.1)
Tumor size
<5cm 3(50.0) 7 (20.0) 0.1432
>5 cm 3(50.0) 28 (80.0)
Number of
nodules
Solitary 1(16.7) 22 (62.9) 0.070°
Multiple 5(83.3) 13 (37.1)
Vascular invasion
Absent 3(50.0) 8(22.9) 0.361°
Present 3(50.0) 27 (77.1)
Liver cirrhosis
Absent 1(16.7) 18 (51.4) 0.191°
Present 5(83.3) 17 (48.6)
AJCC staging
Stage IB-II 2 (33.3) 22 (62.9) 0.212*
Stage IIIA 4 (66.7) 13 (37.1)
Tumor grade
Well-differentiated 3(50.0) 0 (0) 0.0022
Moderately-poorly 3(50.0) 35 (100.0)
differentiated
Histologic subtypes
Non-macrotrabecular- 6 (100.0) 31 (88.6) 0.999*
massive HCC
Macrotrabecular- 0 (0) 4(114)

massive HCC

Data were analyzed using °Fisher's exact test. Values in bold font
indicate statistically significant differences (P<0.05). HCC, hepato-
cellular carcinoma; AJCC, American Joint Committee on Cancer.

present study, IHC staining was performed to determine the
protein expression levels of mutant p53, which can accumulate
in the nuclei of cancer cells.

The results of the current study revealed a p53 immuno-posi-
tive rate of 85.4% in patients with HCC. However, the positive
p53 expression rate in patients with HCC was higher compared
with that of previous studies from Malaysia (21), the USA (22),
Egypt (23) and Brazil (24), which demonstrated positive
p53 expression rates of 38, 22.8, 41 and 42%, respectively.
Consistent with the results of the present study, a previous
study from Romania and another one from China, also found
that p5S3 was expressed in more than the half of the patients

with HCC examined. More specifically, 91 and 72.9% of
patients with HCC in the Romanian (25) and Chinese (26)
study, respectively, were positive for p53 expression. Although
all the aforementioned studies interpreted nuclear staining as
positive, not all of them used a cut-off value of 10% to define a
positive p53 expression.

In the present study, further analysis revealed no associa-
tion between p53 expression and sex, age, tumor size, number
of nodules, vascular invasion, liver cirrhosis, American Joint
Committee on Cancer (AJCC) staging and histological
subtype. However, a higher rate of p53-positive HCC cells
was observed in tumors >5 cm in diameter, single nodule
HCC and HCC with vascular invasion compared with their
counterparts (80 vs. 20%, 62.9 vs. 37.1% and 77.1 vs. 22.9%,
respectively). This finding may be due the common occur-
rence of p53 mutations in large HCC with microvascular
invasion (27). A previous study from Indonesia also demon-
strated that p53 expression was upregulated in HCC with
tumor diameter of >10 cm (28). However, p53 mutations are
more frequently found in multinodular HCC (27) compared
with a previous study, which demonstrated that positive p53
expression in HCC was significantly associated with single
tumor and single lobe involvement (22). The prognosis of
patients with HCC associated with recurrence following
hepatic resection remains a major obstacle. Therefore, a
previous study reported that the 5-year recurrence rate in
HCC was ~70%, even in patients with a single nodule of
<2 cm in diameter (29). Nevertheless, the association between
p53 expression and the number of nodules in HCC warrants
further investigation.

Herein, the AJCC 8th edition staging system (30,31) was
used to stratify patient prognosis. In the present study, patients
of stage IB, IT and IIIA HCC were enrolled, while p53 expres-
sion was highest in those with stage II HCC, followed by
stage IB and stage IITA. By contrast, a previous study demon-
strated that p53 expression was positively associated with
tumor staging, with stage III-IV HCC patients showing a 90.9%
positive p53 expression rate (26). Several previous studies
included HCC samples from patients up to stage IV (26,27). In
the aforementioned studies, patients with a higher HCC stage
exhibited increased p53 expression levels, whereas these levels
were significantly higher in the advanced stages compared
with those in the early stages of the disease (26). Herein, only
patients with stage A, IT and IIl HCC were included. However,
the expression levels of p53 did not differ significantly among
the three HCC stages.

Several distinct histological subtypes of HCC have been
recognized. Apart from the classic HCC, herein, patients
suffering from clear cell HCC, macrotrabecular-massive HCC
and steatohepatitic HCC were enrolled. Clear cell HCC, a
subtype of HCC, is characterized by clear and/or acidophilic
ground glass hepatocytes with cytoplasmic clearing due to
glycogen accumulation and fat storage in the cytoplasm (32).
A previous study demonstrated that clear cell HCC exhibits a
more favorable prognosis compared with classic HCC, while
it is associated with the presence of /IDHI mutations (33).
Macrotrabecular-massive HCC is characterized by the pres-
ence of neoplastic cells arranged in thick trabeculae, coated
by endothelial cells and surrounded by dilated vascular
spaces. This HCC subtype is associated with a poor survival,
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Table III. p53 expression in relation to tumor stage, grade and subtype.

Characteristic pS53 expression (%) P-value Post hoc analysis P-value
AJCC staging
Stage 1B 37.00 (0-74) 0.893! Not performed
Stage 11 42.00 (2-88)
Stage IIIA 33.00 (2-81)
Tumor grade
Well-differentiated 2.30 (0-6) 0.023? Well vs. moderate: 0.0562
Moderately differentiated 37.00 (2-88) Well vs. poor: 0.018"
Poorly differentiated 55.00 (2-84) Moderate vs. poor: 0.999?
Histologic subtypes
Classic HCC 40.50 (0-88) 0.076! Not performed
Clear cell HCC 46.00 (2-81)
Macrotrabecular-massive HCC 24.00 (14-68)
Steatohepatitic HCC 5.00 (2-6)

Data were analyzed using the *Kruskal-Wallis and°Dunn's post hoc test. Values in bold font indicate statistically significant differences (P<0.05).
HCC, hepatocellular carcinoma; AJCC, American Joint Committee on Cancer.

vascular invasion and 7P53 mutations (34). Macrovesicular
steatosis, ballooning and inflammation are histological
features of steatohepatitic HCC. Steatohepatitic HCC is asso-
ciated with non-alcoholic fatty liver disease, the activation of
IL-6/JAK/STAT signaling, and less frequently, with CTNNBI
and TP53 mutations (33,34). In the present study, the expres-
sion levels of p53 were highest in classic HCC followed by clear
cell HCC, macrotrabecular-massive HCC and steatohepatitic
HCC. However, no statistically significant differences were
obtained in the expression levels of p53 among these four HCC
subtypes.

In the present study, only four samples from patients
with the massive macrotrabecular HCC subtype were
collected and all of them were positive for p53 expression.
This finding was consistent with the findings of previous
research demonstrating that 7P53 inactivation was also
notably associated with the macrotrabecular massive HCC
subtype (34). However, the molecular complexity of HCC
and other biological conditions, such as hepatitis B virus
infection, can enhance p53 expression and its effects on the
development of HCC (35). Hepatitis B virus infection in
patients with different HCC subtypes, others than macrotra-
becular HCC, may be associated with the upregulation of p53
expression. Therefore, further studies are required to clarify
the reasons for the fact that p53 expression was not increased
in macrotrabecular-massive HCC, which is associated with
TP53 mutations. TP53-mutated HCCs are associated with
an unfavorable prognosis, viral infection, high serum AFP
levels, vascular invasion and proliferation, extensive mitotic
activity resulting in chromosomal instability and stem
cell-like properties. Moreover, a previous study stated that
the presence of telomerase reverse transcriptase promoter
mutations, alone or in combination with 7P53 alteration,
was associated with the morphological progression of HCC,
in terms of a higher tumor grade and an architecture more
related to aggressive behavior (solid, macrotrabecular) (36).

In the present study, the World Health Organization
(WHO) grading system (20) was used to classify patients
with HCC into well differentiated, moderately differenti-
ated and poorly differentiated. The differentiation status
of HCC is considered as a prediction factor of OS and
disease-free survival following resection and/or transplanta-
tion. The tumor cells of well-differentiated HCC resemble
the morphology of a mature benign hepatocyte with minimal
to mild nuclear atypia, whereas the tumor cells of poorly
differentiated HCC are clearly malignant and lack resem-
blance to mature hepatocytes (35,37). Herein, a positive p53
expression was associated with well- and poorly differenti-
ated HCC. Compared with well-differentiated HCC, higher
p53 expression levels were detected in moderately and
poorly differentiated HCC. The results of the present study
were consistent with those of previous studies demonstrating
that p53 expression was associated with poor differentiation
in HCC (22,38). In addition, the results were also consis-
tent with those of a previous study on the phenotypic and
molecular associations in HCC, which demonstrated that
TP53-tumors were poorly differentiated, with multinucleated
and pleomorphic cells (34).

In addition, a previous study demonstrated that p53 muta-
tions exhibited discordant effects on the survival of patients
with HCC of different racial backgrounds (39). Therefore,
p53 mutations were associated with a worse prognosis in
Asian patients compared with Caucasian ones and this effect
was associated with their immune cells. Indonesian patients
were included in terms of race in the majority of studies.
The research revealed similar results on the association of
p53 expression with tumor grading, although p53 expression
was not associated with HCC stage and subtype, since the
results did not reach statistical significance (39). A rigorously
defined, easy to use, reproducible and broadly adopted HCC
grading system remains to be developed. However, even
with the current heterogeneous approaches, tumor grade can
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predict patient survival and disease-free survival following
the curative resection of cirrhotic and non-cirrhotic livers.
The prognosis of patients with HCC is generally poor,
particularly for patients with advanced-stage HCC. It has
been reported that the 5-year survival rate of patients with
symptomatic and unresectable HCC is <5%. Long-term
survival is likely only achievable for patients with small
and asymptomatic HCC, that can be treated by complete
resection, liver transplantation or adequate locoregional
treatment, including percutaneous radiofrequency ablation
or transarterial chemoembolization (20). According to the
WHO, several factors, including clinical, morphological and
molecular factors, are used to predict patient outcomes (20).
Clinical features that are used to predict the prognosis of
patients with HCC include serum AFP levels, tumor size
and number, vascular invasion on imaging, comorbidity and
health condition. Additionally, in terms of morphological
features, tumor grade, vascular invasion and intrahepatic
metastasis, tumor stage, tumor subtype, the presence or
absence of liver cirrhosis and the IHC expression of cyto-
keratin 19 (CK19) are included. Other molecular features,
such as FGF19 amplification and gene expression profiling
between proliferative vs. non-proliferative subclasses have
been considered as prognostic factors of HCC. For example,
patients with HCC with a higher tumor size and grade,
and substantial CK19 immunostaining exhibit a worse
prognosis (20).

The results of the present study suggest that p53 may play
a crucial role in liver carcinogenesis in Indonesian patients.
Its expression was associated with well- and poorly differen-
tiated HCC, thus indicating a poorer prognosis. To the best
of our knowledge, this was the first study to determine the
expression levels of p53 in Indonesian patients with HCC and
evaluate their association with HCC-related prognostic factors.
However, the present study has some limitations, including its
single-centered nature, the small sample size, the lack of gene
sequencing results to verify the presence of p53 mutations and
the lack of overall survival assessment due to limited time and
access to obtain the complete clinical and therapeutic informa-
tion. Further studies are warranted to examine other predictive
or prognostic factors, such as assessing the association between
p53 expression with treatment response or overall survival.
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