L))

Check for
updat

Original Article

High expression of TOP2A gene predicted poor prognosis of
hepatocellular carcinoma after radical hepatectomy
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Background: Topoisomerase (DNA) II alpha (TOP2A) is the up-regulated gene of the chromosome
aggregation pathway. This gene encodes DNA topoisomerase, which can control and change the topological
state of DNA during transcription and replication, participate in chromosome agglutination, separation,
and relieve stress from kinking. Abnormally high expression of TOP2A is often associated with active cell
proliferation. In studies of breast cancer, endometrial cancer, and adrenal cancer, it was found that high
expression of TOP2A suggested a poor prognosis.

Methods: A total of 15 pairs of fresh hepatocellular carcinoma (HCC) specimens and adjacent tissues
were assembled, and the difference of TOP2A mRNA and protein expression level between tumor and
adjacent tissues was detected by RT-PCR and Western blotting analysis, respectively. A total of 8¢ HCC
paraffin specimens were selected for routine pathological grading. TOP2A expression was detected by
immunohistochemistry IHC). The correlation between TOP2A expression and clinicopathological features
and survival time was analyzed.

Results: The expression of TOP2A mRNA and protein in HCC tumor tissues was significantly higher
than that in the adjacent tissues. IHC results indicated that the TOP2A positive rate in tumor tissues was
significantly higher than that in adjacent tissues (84.52%, 71/84 vs. 8.33%, 7/84). High TOP2A expression
was associated with poor tumor differentiation, significant cirrhosis, and larger tumor diameter. Among the
patients whose survival time exceeded 60 m, 14 patients (37.84%, 14/37) had a high expression of TOP2A.
Among the patients whose survival time was less than 60 m, the TOP2A expression was high in 37 cases
(78.72%, 37/47). Kaplan-Meier survival analysis showed that the survival time of the group with low or no
TOP2A expression was better than that of the group with high TOP2A expression (P=0.0011). Regression
analysis of the clinical characteristics and 5-year survival follow-up data of 84 patients showed that cirrhosis
and TOP2A high expression were the independent factors influencing the prognosis of HCC, while gender,
age, tumor grade, hepatitis B virus (HBV) infection, and tumor size did not affect 5-year survival.
Conclusions: The high expression of TOP2A is associated with the invasiveness and poor prognosis of

HCC tumors, and, together with liver cirrhosis, can be a prognostic indicator of radical HCC resection.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy worldwide and one of the leading causes of
cancer-related death (1). Nearly 70% of these cancer deaths
occur in low and middle-income countries. In recent years,
the main treatment methods for HCC include surgical
resection, local ablation, transhepatic arterial chemotherapy
and embolization (TACE), and molecular targeting (2).
However, the therapeutic effects are still not satisfactory. In
particular, the recurrence of HCC after surgical resection is
a key factor affecting the therapeutic effect, and progress has
been slowing for many years (3). Clinical prognostic indexes
of primary HCC include tumor size, liver cirrhosis, the
grade of tumor differentiation, and invasion of microvessels
(4-6). Due to the uncertainty in the development of HCC,
the above predictors are still not accurate for predicting the
prognosis after surgical resection.

Topoisomerase (DNA) II alpha (TOP2A) is the up-
regulated gene of the chromosome bond pathway (7).
This gene encodes DNA topoisomerase, which can
control and change the topological state of DNA during
transcription and replication, take part in chromosome
agglutination and separation, and relieve kinking stress.
Additionally, the abnormal expression of TOP2A gene
is often associated with active cell proliferation (8). In
studies of nasopharyngeal carcinoma (9), breast cancer (10),
endometrial cancer (11), and adrenal cancer (12), it was
found that the high expression of TOP2A suggested a
poor prognosis. By searching the www.oncomine.org
database, it was discovered that TOP2A was found to be
highly expressed in HCC tumor tissues. Therefore, this
study aimed to retrospectively analyze the expression of
TOP2A in HCC and understand the clinicopathological
characteristics of HCC to explore its feasibility as a
prognostic indicator.

Methods
Tumor samples

A total of 84 HCC and para-tumor paraffin specimens
from January 2011 to December 2012 were collected
from patients who had undergone radical resection at the
Affiliated Hospital of Nantong University. The patients
were aged 35 to 74 years old, with no limitation on
gender. All cases were single tumors. No other malignant
tumors were observed in all patients, and no portal venous
carcinoma thrombus was observed by preoperative imaging
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and intraoperative macroscopic examination. From
March 2018 to August 2018, 15 pairs of fresh liver tumor
specimens and para-cancer tissues were taken.

Patients’ clinical data

The clinical features of the patients are shown in the table
below (Table 1). Among all the cases, the 72 males and 12
females had an average age of 52.92 years (35-74 years), 77
were hepatitis B surface antigen (HBsAg) positive, 63 had
significant cirrhosis, and the average tumor size was 4.99 cm
(1-15 cm), among which 50 were less than 5 cm, 24 were
greater than or equal to 5 c¢cm, and 10 were greater than
or equal to 10 cm. Alpha-fetoprotein (AFP) was greater
than or equal to 400 ng/mL in 33 cases and <400 ng/mL
in 51 cases. The degree of pathological differentiation was
determined by Edmonson classification, including grade I
(11 cases), grade II (42 cases), grade III (29 cases), and grade
IV (2 cases).

Pathological diagnosis and grading

After hematoxylin and eosin (HE) staining, paraffin sections
of all patients were accurately diagnosed by 2 pathologists
according to the World Health Organization standards,
and tumors were graded according to Edmonson grading
standards. When differentiated tumor cells appeared in
the same specimen, the higher grade was taken as the final
result.

Real-time PCR was used to detect the expression of TOP2A
in HCC and para-cancer tissues

RNA preparation proceeded as follows: 15 pairs of HCC
tumor tissues and related para-cancer tissues were collected,
and total RNA was extracted by Trizol.

The synthesis of cDNA chain 1 proceeded as
follows: total RNA was reversely transcribed into
cDNA, and Beacon Designer was used to design
the real time (RT)-PCR primer. TOP2A-F:5'-
CATTGAAGACGCTTCGTTATGG-3', TOP2A-R:5'-
CAGAAGAGAGGGCCAGTTGTG-3"; Made B-actin-
F:5'-ATAGCACAGCCTGGATAGCAACGTAC-3",
p-actin-R:5'- CACCTTCTACAATGAGCTGCGTGTG-3".
The quantitative (Q)-PCR reaction system was as
follows: SYBR qPCR Mix 10 pL, qPCR upstream and
downstream primers 0.8 pL (10 pmol/L), cDNA 2 pL,
50x ROX reference dye 0.4 pL, deionized water to 20 pL.
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Table 1 Relationship between clinicopathological features and TOP2A expression in 84 cases of HCC

Groups Patients, n Percentage of total  TOP2A high expression, n  Percentage of total ' P value

Tumor size 5.945 0.0148
<5cm 50 59.52% 25 50.00%
>5 cm 34 40.48% 26 76.47%

Liver cirrhosis 12.13 0.0005
Abscent 21 25.00% 6 28.57%
Present 63 75.00% 45 71.43%

AFP
<400 ng/mL 51 60.71% 31 60.78% 0.0002669 0.987
=400 ng/mL 33 39.29% 20 60.61%

Differentiation 5.748 0.0165
Grade |-l 53 63.10% 27 50.94%
Grade IlI-IV 31 36.90% 24 77.42%

HBsAg 0.04084 0.8399
Positive 77 91.67% 47 61.04%
Negative 7 8.33% 4 57.14%

Five-year survival 14.51 <0.0001
Yes 37 44.05% 14 37.84%
No 47 55.95% 37 78.72%

The reaction system computer detection was as follows:
predenaturation at 95 °C for 1 min, 40 cycles. Each PCR
cycle contained denaturation at 95 °C for 30 s, annealing at
60 °C for 40 s, and a final elongation at 72 °C for 10 min. All
samples were set with 3 parallel multiple holes for 3 times of
repeated detection. The TOP2A expression was measured
using 27*“" method.

Western blotting assay

According to the method reported in the literature (12), 8
samples of tumor and paracancer tissues were homogenized,
and total protein was extracted for protein quantification.
The samples were then subjected to gel electrophoresis and
transferred to polyvinylidene difluoride (PVDF) membrane.
The membrane was incubated with 5% skimmed milk at
room temperature for 2 h and then mixed with primary
TOP2A antibody at dilution of 1:1,000 for overnight
incubation at 4 °C. After washing the membrane, the
secondary antibody was added for 1 h incubation at room
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temperature and finally exposed and developed by X-ray.
GAPDH was used as the loading control.

The expression of TOP2A in HCC was detected by
immunohistochemistry (IHC)

Tissue chip making

Tissue chips were prepared from the HCC tumor samples
(n=84) and surrounding tissues, respectively, fixed by
formalin, and embedded by paraffin. The thickness of
the slices was 4 pm. IHC streptavidin peroxidase staining
was used.

Paraffin sections were dewaxed to water and rinsed
with distilled water 3 times, endogenous peroxidase was
inactivated by 3% H,O, for 10 min, and antigen repair was
performed with sodium citrate for 20 min by phosphate
buffer solution (PBS), followed by 3 PBS rinses of 5 min,
and 10% goat serum and incubation for 30 min. They were
incubated with rabbit anti-TOP2A antibody (1:200) at 37 °C
for 2 h, then rinsed with PBS. The second antibody was
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Figure 1 TOP2A expression by RT-PCR between HCC and para-tumor normal liver tissues (A) and Western blotting assay (B). **, P<0.01; T,

hepatocellular carcinoma; N, para-tumor normal liver tissues.

added and rested at 37 °C for 15 min incubation and PBS
rinsing. Mold avidin horseradish enzyme marker chain
working liquid was then added at 37 °C for 15 min incubation
and PBS rinsing, then chromogenic with diaminobenzidine
(DAB), redyed, dehydrated, made transparent, and sealed
with rubber. Non-reactive PBS replaced TOP2A primary
antibody in negative and positive control experiments, and
the rest of the operations were the same as above.

"Two double-blinded pathologists evaluated the results of
immunohistochemical staining. According to the positive
percentage, the evaluated results were divided into the
following four levels: 0 (0%), 1 (1-33%), 2 (34-66%), and
3 (67-100%). Positive intensity was determined by cell
staining score: tan, 3 points; brown and yellow, 2 points;
light yellow, 1 point; no coloring, 0 points. The sum of
the positive percentage and positive intensity was the
IHC staining score. According to the above scoring
rules, TOP2A expression in HCC was divided into two
groups: the low expression group (0-2 points) and the high
expression group (3—6 points).

Clinical follow-up
All the 84 paraffin-related patients were followed up for the

overall postoperative survival time, which was more than
5 years or until death.

Statistical analysis

All data were analyzed using SPSS 20.0. The expression
of TOP2A in HCC and para-cancer tissues and
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the relationship between TOP2A expression and
clinicopathological factors were analyzed by chi-square
test. Factors with predictive significance in the univariate
model were evaluated in the multivariate Cox regression
model. For all trials, the significance level of statistical
analysis was P<0.05.

Results
Expression of TOP2A in tumor and para-cancer tissues

Real-time PCR and Western blotting analysis

Fifteen pairs of RNA from tumor and para-cancer tissues
were extracted and detected by real-time PCR to investigate
the difference of TOP2A expression in tumor and para-
cancer tissues. mRINA expression of total TOP2A in tumor
tissues was significantly higher than that in para-cancer
tissues compared with B-actin (P=0.0064) (Figure 1A).
Western blotting analysis indicated that TOP2A protein
was higher in HCC tumor tissues than in adjacent tissues
(Figure 1B).

Immunohistochemical analysis

To explore the correlation between TOP2A expression and
clinicopathology at the protein level, paraffin sections of
84 HCC patients from the Nantong Tumor Hospital were
collected. Through immunohistochemical analysis, the
overexpression of TOP2A in the liver and the distribution
of cells in cancer or surrounding tissues were determined
(Figure 2). The brown-yellow granules were distributed
in the nucleus and a few cytoplasms. The positive rate of
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Figure 2 THC of para-tumor and tumor [10x20; streptavidin-perosidase (SP)]. (A) Paracancer tissue, TOP2A negative; (B) paracancer tissue,
weak positive TOP2A; (C) paracancerous tissue, TOP2A medium positive; (D) HCC, weak positive TOP2A; (E) HCC, TOP2A medium

positive; (F) HCC, TOP2A strong positive.

TOP2A in HCC was 84.52% (71/84), while the positive
rate of TOP2A in para-cancer tissues was 8.33% (7/84),
and the expression of TOP2A in HCC was significantly
higher than that in para-cancer tissues (chi-square =98.02,
P<0.0001) (Table 2).

TOP2A expression and pathological stage

After joint evaluation by 2 pathologists, 11 patients with
grade I, 42 patients with grade II, 29 patients with grade III,
and 2 patients with grade IV were classified. There were
53 cases of grade I-1I, 27 of which had high TOP2A
expression (50.94%). There were 31 cases with grade III-
IV, among which 24 cases had high TOP2A expression
(77.42%), and the difference between the two groups was
significant (P=0.0165) (1able 1).
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Relationship between TOP2A expression and

tumor size

Among the 84 cases, 50 cases were <5 c¢cm, among which
25 cases had high TOP2A expression (50%). Twenty-
four cases were >5 and <10 cm, among which 20 cases had
high TOP2A expression (83.33%). TOP2A was highly
expressed in 6 of the 10 patients (60%) with tumor >10 cm.
Due to the small number of patients with tumor size
greater than or equal to 10 cm, tumor sizes >5 cm were
counted. A total of 34 patients with tumor size >5 cm
had high TOP2A expression, among which 26 had high
TOP2A expression (76.47%). The results showed that the
TOP2A expression of tumor size <5 cm was lower than
that of tumor size >5 cm, with a significant difference
(P=0.0148) (Tuble 1).
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Table 2 Expression of TOP2A in primary hepatocellular carcinoma and adjacent tissues

TOP2A ) TOP2A expression strength R
Group n X P value X P value
Negative Positive 0 1-2 3-4 5-6
HCC 84 13 71 98.02 <0.0001 13 20 18 33 100.6 <0.0001
Para-cancer 84 77 7 77 2 5 0

100 7 .
80 1
S
= 60
.2 e
b (TR
3
2 40
§ * Low and no expression of TOP2A
4 20 A —=— High expression of TOP2A
P=0.0011
0 T T T 1
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Follow up time (months)

Figure 3 Survival analysis of the TOP2A high-expression group
and the low-expression group (Log rank test, P=0.0011).

Relationship between TOP2A expression and liver
cirrhosis

Among the 84 cases, 21 cases had no obvious cirrhosis,
among which 6 cases had high TOP2A expression (28.57%).
Sixty-three patients had significant cirrhosis of the liver,
of which 45 had high TOP2A expression (71.43%). The
results showed that TOP2A expression was higher in
patients with cirrhosis than in patients without cirrhosis
(P=0.0005) (Tuble 1).

TOP2A expression and HBV infection

Among all patients, 7 patients had no HBV infection, and
4 of them had high TOP2A expression (57.14%). The
remaining 77 cases were all accompanied by hepatitis b
virus (HBV) infection, among which 47 cases had high
TOP2A expression (61.04%), and there was no significant
difference in TOP2A expression between HBV-infected
tumors (P=0.8399) (Table 1).

TOP2A expression and overall survival time

Among all the patients, 37 survived for more than 60 m,
and 14 of them had high TOP2A expression (37.84%). The
survival time of 47 cases was less than 60 m, among which
37 cases had high TOP2A expression (78.72%), and the
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difference between the two groups was significant in terms
of high TOP2A expression (P<0.0001). Among all the
cases, 51 cases had high TOP2A expression, while 33 cases
had low or no TOP2A expression (1able 1). Kaplan-Meier
survival analysis was performed on the survival time of
the two groups. The results showed that the survival time
of the group with low TOP2A expression or no TOP2A
expression was better than that of the group with high
TOP2A expression, and the difference was statistically
significant (P=0.0011) (Figure 3).

Clinicopathological features and TOP2A correlation
with 5-year survival: COX regression univariate
analysis and multivariate analysis

Univariate analysis was performed on the clinical case
characteristics and 5-year survival follow-up data of
84 patients, and it was found that cirrhosis and TOP2A
expression were respective prognostic factors, while gender,
age, tumor grade, HBV infection, and tumor size had
no effect on S-year survival time in this study. After the
expression of cirrhosis and TOP2A was substituted into
the COX regression multivariate analysis model, it was
found that cirrhosis and TOP2A were independent factors
affecting the prognosis (1able 3).

Discussion

HCC is the second most deadly malignant tumor in the
world. In the Asia-Pacific region, the etiology is mainly
related to viral hepatitis, while in China, it is mainly related
to HBV infection (13,14). Furthermore, the occurrence
and development of HCC is also the common product of a
series of specific molecular and/or genetic events, including
the abnormal expression of oncogenes and tumor suppressor
genes (15-17). HCC has a poor prognosis, but there is still
a lack of effective prognostic indicators for use in clinical
practice. As a common predictor of chemotherapy efficacy,
TOP2A amplification or deletion is significantly correlated
with the reactivity of anthracyclines (18,19). It was found
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Table 3 Univariable analysis & multivariable analysis of prognostic factor in HCC for 5-year survival

Univariable analysis

Multivariable analysis

Variable
HR P 95% CI HR P 95% ClI

Gender

Male vs. female 0.976 0.945 0.493-1.933
Age

<60 vs. >60 1.182 0.571 0.663-2.107
Differentiation

Low vs. high 0.956 0.87 0.558-1.639
Liver cirrhosis

Negative vs. positive 4.158 <0.001 1.875-9.221 2.778 0.016 1.209-6.383
HBV infection

Abscent vs. present 1.029 0.951 0.411-2.578
Tumor size

<5vs. 25cm 1.114 0.69 0.655-1.893
TOP2A expression

Low vs. high 3.8 <0.001 2.062-7.003 2.819 0.001 1.490-5.332

that patients with high expression of TOP2A were more
sensitive to etoposide and anthracyclines, while those with
low expression showed resistance to both drugs (20). In
breast cancer, TOP2A expression is closely related to the
occurrence and development of tumors and its efficacy
on chemotherapy drugs (21,22). It has been noted that
the higher the histological grade of breast-invasive ductal
carcinoma, the worse the differentiation of tumor cells, and
the higher the expression of the TOP2A gene (23). Phelps
et al. found that high expression of TOP2A was associated
with a poor prognosis of nephroblastoma (24). TOP2A gene
expression in esophageal cancer tissues was higher than
para-cancer tissues and was closely related to the degree
of infiltration, lymph node metastasis, differentiation, and
the clinical prognosis of cancer tissues (25). However, the
expression of TOP2A in HCC has not been reported.
Therefore, TOP2A was selected for further study. By
detecting the mRNA level of HCC and paired samples, it
was confirmed in the clinical sample collected that TOP2A
was significantly highly expressed in the tested tumor tissues
(P<0.0001) and negatively correlated with tumor patient
prognosis (P=0.002), suggesting that TOP2A has a similar
role to proto-oncogene. As it is known, there are three main
structural variations of DNA: supercoiling, knotting, and
catenation. These topological configurations enable DNA
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to maintain its compactness without DNA replication and
transcription but will hinder the reaction process during
transcription or replication. Topoisomerase is responsible
for catalyzing and guiding some chemical reactions to
release the knot state of DNA. It catalyzes the instantaneous
breaking and rejoining of two chains of double-stranded
DNA, allowing the chains to pass through each other,
thus changing the topological structure of DNA. DNA
topoisomerase is the general name of enzymes that catalyze
the transformation of DNA topological isomers. Its function
is to catalyze the breaking and binding of DNA chains and
influence the structure and topology of DNA (26). The
topoisomerase Cutting off of the single chain and changing
the topological structure is called type I topoisomerase
(TOP1), while cutting off of the double chain one is called
type II topoisomerase (TOP2). Human TOP2 is composed
of 170 kD (TOP2A) and 180 kD (T'OP2B). Although they
have a high degree of homology in structure, they have
significantly different distributions in tissues and cells
and are products of different transport processes. TOP2A
(topoisomerase II alpha) is one of type II topoisomerase.
The encoding gene TOP2A, located on chromosome 17, is
high in rapidly proliferating cells, but not expressed in cells
that differentiate at the end, and the expression is limited to
the cell cycle from the S phase to the G2/M phase. TOP2A
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protein levels are regulated by multiple systemic factors
such as transcription, translation, and post-transcriptional
stability of mRNA. TOP2A is mostly located in the nucleus
of proliferating cells, and its level in rapid proliferating
cells is several times that in resting cells, and it is mainly
distributed in the nucleus of the cell. In the cell cycle, the
content of TOP2A in the GO/G1 phase is low, the S phase
increases, and the G2/M phase reaches a peak, which is
the key to regulate the dynamic changes of the nucleic acid
spatial structure and control the physiological functions of
the nucleic acid. TOP2A is a key enzyme for DNA repair,
cell cycle regulation, and chromosome division. TOP2A
is also a potential target for many anticancer drugs such as
anthracyclines, and its expression level is also related to the
efficacy of anthracyclines.

Anthracyclines are used to treat a variety of cancers.
However, due to the influence of different molecular
mechanisms and signaling pathways of tumors, the
mechanisms for this action are still unclear. TOP2A
inhibition through inducing cell apoptosis is the focus
of the research related to the mechanism of action in
anthracyclines. This inhibition causes the release of the
DNA superhelix by catalyzing the breaking and rebinding
of the double strand of DNA. The enzyme and the double
strand of the DNA binding site are then embedded by
anthracyclines, which then block DNA reconnection and
cannot be repaired, thus killing tumor cells. Therefore, the
main mechanism of anthracyclines is inhibiting TOP2A.
The overexpression of TOP2A can reflect the proliferation
activity of cells and therefore, indicates poor invasion
behavior and prognosis (27-29).

In tumors, the expression of TOP2A is proliferation-
dependent, and its expression level reflects the proliferation
level of the tumor to some extent. Compared with adjacent
normal tissues, its contents in esophageal cancer, liver
cancer, gastric cancer, and colorectal cancer tend to be
highly expressed, and this difference is closely related to
the number of S-phase cells (30-32). This suggests that
TOP2A may be a specific marker of malignant tumor cells
and plays an important biological role in the occurrence
and development of malignant tumors. In addition, the high
expression of TOP2A in invasive breast cancer is also related
to the negative expression of hormone receptor ER and
the high expression of ki-67, which affects the disease-free
survival and overall survival of breast cancer patients and
is regarded as an important prognostic molecular indicator
in the development process of breast cancer (33). At the
same time, studies have shown that the high expression
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of TOP2A in tumors is related to malignant biological
behaviors such as axillary lymph node metastasis and distant
metastasis (34). Combined with the above findings, our
results suggest that the high expression of TOP2A in HCC
may be closely related to its proliferation and metastasis,
and may be used as a biological indicator to predict the
prognosis of tumor clinically. Villman ez /. (35) also found
in their study that the higher the expression of TOP2A the
more obvious the malignant biological behavior of tumors
and the worse the prognosis of patients. This indicates that
TOP2A could be used as an independent prognostic factor
in HCC, and the high expression of TOP2A in tumor tissue
may predict poor prognosis of patients.

In this study, TOP2AmRNA expression and TOP2A
protein expression were detected by RTPCR and IHC in
15 pairs of fresh tumor and paraffin tissues and 84 pairs
of paraffin samples, respectively. TOP2A expression in
tumor tissues was found to be higher than that in para-
cancer tissues, suggesting that TOP2A may be one of the
biomarkers for predicting the prognosis of HCC. The study
found that the larger the tumor, the higher the degree of
cirrhosis, and the higher the pathological grade, the higher
the proportion of TOP2A high expression. In the cases with
an overall survival time of less than 60 m, the proportion of
TOP2A high expression was higher than that of the cases
with the overall survival time of more than 60 m. These
suggest that TOP2A expression may be related to the
clinical progression of HCC.

TOP2A, a biomarker for predicting the prognosis of
malignant tumors, has been confirmed in many tumors,
including breast cancer, endometrial cancer, and adrenal
cancer. So far, it has not been reported as a prognostic marker
of HCC. Currently, the clinical factors that influence the
prognosis of HCC include high replication of hepatitis virus,
cirrhosis, portal vein carcinoma thrombus, tumor size, and
number, etc. (36). However, as a single tumor without portal
vein tumor thrombus, the prognosis after radical resection
varies greatly. There are no biological markers that predict
prognosis in such cases. The cases selected in this study were
all single lesion without portal vein cancer thrombi. Kaplan-
Meier survival analysis found that the overall survival time of
patients with high TOP2A expression was shorter than that
of patients with low expression. Univariate and multivariate
analysis found that both TOP2A and liver cirrhosis were
independent predictors of poor prognosis after single HCC
radical resection.

Since HCC in China is mostly related to HBsAg, only 7
out of 84 cases in this study did not have HBV infection, giving
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no indication that HBV infection is related to prognosis. The
purpose of this study was to explore the prognostic indicators
after radical resection of a single tumor, with limited cases
included. Whether our results can be applied to all postoperative
HCC cases still requires further prospective study.

Conclusions

The high expression of TOP2A is associated with the
invasiveness and poor prognosis of HCC tumors, and,
together with liver cirrhosis, can be a prognostic indicator
of HCC radical resection.
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