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Serum ESPL1 Can Be Used as a Biomarker for
Patients With Hepatitis B Virus-Related Liver
Cancer: A Chinese Case-Control Study
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Abstract
Aims: To investigate the feasibility of serum extra spindle pole bodies-like 1 (ESPL1) used as a biomarker for patients with
hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC). Methods: 131 chronic HBV-infection patients were recruited
and divided into HBV S gene integration, non-HBV S gene integration, chronic hepatitis B (CHB), HBV-related liver cirrhosis (LC)
and HBV-related HCC group, 24 non-HBV-related HCC patients were selected as HCC control group, 30 people without
HBV-infection as healthy control group. Serum ESPL1 were detected and compared. Results: ESPL1 level of integration group
was significantly higher than that of non-integration group (346.7 vs 199.6 ng/ml, P ¼ 0.000) and healthy control group (346.7 vs
41.3 ng/ml, P ¼ 0.000). ESPL1 level of non-integration group was significantly higher than that of healthy control group (199.6 vs
41.3 ng/ml, P ¼ 0.000); ESPL1 levels in chronic HBV-infection related groups were increased in turn according to CHB group
(95.8 ng/ml), HBV-related LC group (268.2 ng/ml), HBV-related HCC group (279.9 ng/ml) and integration group (346.7 ng/ml).
Except that there was no significant difference in ESPL1 levels between HBV-related LC and HCC group (P ¼ 0.662), pairwise
comparisons between other groups showed significant differences (P < 0.05). ESPL1 level of HBV-related HCC group was signifi-
cantly higher than that of non-HBV-related HCC group (279.9 vs 46.6 ng/ml, P¼ 0.000), there was no noticeable difference between
non-HBV-related HCC and healthy control group (46.6 vs 41.3 ng/ml, P ¼ 0.848). ESPL1 level of HBV-related HCC group after
resection was significantly lower than that of before resection (178.4 vs 260.8 ng/ml, P ¼ 0.000). Conclusions: Chronic HBV-
infection patients with high ESPL1 level may indicate HBV S gene integration and is a high-risk population for HBV-related HCC.
Serum ESPL1 can be used as a biomarker for screening HBV-related HCC high-risk population and monitoring recurrence.
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Introduction

Liver cancer is the fifth most common cancer and the second

most frequent cause of cancer-related death globally. Hepato-

cellular carcinoma (HCC) represents about 90% of primary

liver cancers and constitutes a major global health problem.1,2

Approximately 90% of HCCs are associated with a known

underlying etiology, most frequently chronic viral hepatitis

(B and C), alcohol intake, aflatoxin exposure, liver cirrhosis,

diabetes, and obesity.2-6 Previous studies have found that inte-

grated hepatitis B virus (HBV) S gene and human gene were

fused in the cancer tissues of HBV-related liver cancer to form

HBV S-Human TERT, HBV S-Human UP3A and other fusion

genes, which may be related to HCC occurrence.7 Recently,

our team reported for the first time that Human ESPL1-HBV S

fusion gene was detected in 75% of HCC tissues with HBV S

gene integration. Therefore, we speculated that Human ESPL1-
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HBV S fusion gene may induce HCC in patients with HBV

infection.8 However, detection of S gene integration needs liver

biopsy, an invasive examination with certain known risk and

contraindications, thus, it is not yet available for routine clin-

ical application.9,10 As we known, ESPL1, which is expressed

by human ESPL1 gene, mainly plays a role in the nucleus, is

difficult to be secreted out of cells, and can’t be expressed in

peripheral blood or only low expression to be detected.11-14

However, after ESPL1 gene fused with HBV S gene, how does

the ESPL1 gene expression level change? Is it detectable in the

peripheral blood? No relevant studies have been found so far.

Based on the previous study background, on the basis of the

long-term antiviral treatment cohort of chronic HBV infection,

this study was designed to detect serum ESPL1 levels in

patients with HBV infection-related groups, and explore the

feasibility of serum ESPL1 level used as a biomarker for

patients with HBV-related HCC.

Materials and Method

Patient Selection

In this study, all the chronic HBV-infection patients were

selected from the long-term follow-up cohort, which estab-

lished by our team since February 2002. They are all from the

wards and outpatient departments of the Infectious Diseases

Department, the First Affiliated Hospital of Guangxi Medical

University. The inclusion criteria for each group were as

follows:

1. HBV S gene integration group: serum hepatitis B sur-

face antigen (HBsAg) positive over 6 months, diagnosis

of CHB/LC before antiviral treatment, performed liver

biopsy before treatment, and Alu-polymerase chain

reaction (PCR) detection of liver tissue indicated HBV

S gene integration in our previous study,15 and receiving

antiviral treatment over 3 years;

2. Non-HBV S gene integration group: serum HBsAg pos-

itive over 6 months, diagnosis of CHB/LC before anti-

viral treatment, performed liver biopsy before treatment,

and Alu-PCR detection of liver tissue indicated no HBV

S gene integration in our previous study,15 and receiving

antiviral treatment over 3 year;

3. Chronic hepatitis B (CHB) group: serum HBsAg posi-

tive over 6 months, CHB diagnosis meets the diagnostic

criteria of the American Association for the Study of

Liver Diseases (AASLD) 2018 Hepatitis B Guidance,16

receiving antiviral treatment over 7 years, and no LC

and/or HCC occurred during follow-up;

4. HBV-related liver cirrhosis (HBV-related LC) group:

serum HBsAg positive over 6 months, the treatment

baseline LC diagnosis meets the diagnostic criteria of

the AASLD 2018 Hepatitis B Guidance,16 receiving

antiviral treatment over 1 years and no HCC occurred

during follow-up;

5. HBV-related HCC group: serum HBsAg positive over 6

months, HCC occurred after more than 1 year of anti-

viral treatment, HCC diagnosis meets the diagnostic cri-

teria of the 2018 Practice Guidance by the AASLD,17

continued regular follow-up over 6 months after HCC

resection;

6. Healthy control group: healthy people who excluded

hepatitis virus infection, other infectious diseases and

malignant tumors;

7. Non-HBV-related HCC group: serum HBsAg detected

negative, HCC diagnosis meets the diagnostic criteria of

the 2018 Practice Guidance by the AASLD17;

Exclusion criteria: (1) Coinfection with other viruses such as

HAV, HCV, HDV, HEV and HIV; (2) suffered from other

malignant tumors during follow-up; (3) receiving nterferon

therapy or immunosuppressive therapy during follow-up; (4)

under 18 years old; (5) Loss of follow-up or death during

follow-up.

Sample Collection and Storage

Five milliliter (5 ml) peripheral venous bloods were collected

at the last follow-up period from Integration group and Non-

integration group, CHB group, HBV-related LC group and

non-HBV-related HCC group before HCC resection; HBV-

related HCC group’s peripheral venous bloods were collected

before and after HCC resection within 6 months, and the

healthy control group’s sample were also obtained. After cen-

trifuging at 3000 rpm for 15 minutes at room temperature,

upper samples were kept frozen at -80�C for ESPL1 detection.

Five milligram (5 mg) HCC tissue specimens were collected by

surgical resection in the HBV-related HCC and non-HBV-

related HCC group.

Serum ESPL1 Levels Detection

Serum ESPL1 levels were detected by ESPL1 Enzyme-Linked

Immunoassay (ELISA) Kit (Jianglai Biotechnology Co., Ltd.,

Shanghai, China) with a linear range of 0 -400 ng/ml following

manufacturer’s protocol: 50ul of standard samples, unknown

samples of each group and blank control samples were added

into the 96-well plate. Except for the blank control wells, 100ul

of enzyme labeling reagent was added to the remaining wells,

mixed up and sealed, and then incubated at 37�C for 60 min-

utes. Washing the plate 5 times and patted dry. Adding 50ml of

developer A and B respectively to each well, mixed up and

sealed, and then incubate at 37�C in the dark for 15 minutes,

finally adding 50ml of stop solution to each well to stop the

reaction. The absorbance (OD value) of each sample was mea-

sured on a microplate reader (BioRad, Co., Ltd., USA) at a

wavelength of 450 nm. All samples were detected with 3 repli-

cate wells and the mean value was obtained. The concentration

of serum ESPL1 in each group of unknown samples was cal-

culated according to the standard curve. Experimental quality
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control required that the standard curve of every detection met

R2 � 0.99.

Histopathology and Immunohistochemistry

For histopathological examination, paraffin-embedded sections

were stained with hematoxylin and eosin (HE) and were sealed

with neutral gum. Immunohistochemical assay was performed

using a Streptomyces antibiotic protein-peroxidase ligation

method. In brief, 5mm tissue sections were cut from formalin-

fixed, paraffin-embedded specimens. The expression of

HBsAg protein was measured with UltraSensitive™ S-P Kit

(Maixin, Fuzhou, Fujian, PR China). Before labeling with pri-

mary antibody, the sections were deparaffinized, antigens were

restored, and the sections were incubated with hydrogen per-

oxide to block endogenous peroxidase. The specimen sections

were incubated overnight at 4�C with primary antibody to

HBsAg (1:2000; Maixin) and then with a secondary antibody

(1:2000; Maixin) conjugated to streptavidin-peroxidase. After

color development with diaminobenzidine peroxidase substrate

solution, the sections were counterstained with hematoxylin.

For the negative control, phosphate buffered saline was used

instead of primary antibody. The immunohistochemical results

were examined independently by 2 pathologists. When all of

the cytoplasm exhibited a brown reaction product, sections

were considered positive. The sections were examined under

a microscope at low power to identify evenly labeled areas.

Images were acquired using a Leica DMRD optical microscope

(Leica, Wetzlar, Germany) at 200� magnification.

Statistical Analysis

Statistical analysis was performed by SPSS, version 22.0. Con-

tinuous variables which normal distribution were expressed as

mean + standard deviation. Continuous variables which

skewed distribution were expressed as median (P25*P75).

Categorical variables were summarized by counts and percen-

tages. One-way Analysis of Variance (ANOVA) was used to

compare the serum ESPL1 levels among multiple groups.

Paired T test was applied to analyze the serum ESPL1 levels

of HBV-related HCC group before resection and after resec-

tion. Statistical significance was defined as a P value of less

than 0.05. All statistical tests were 2 sided.

Results

Patient Characteristics

All the patients entered in the study were Chinese. 131 cases of

chronic HBV infection were recruited, 30 cases in the healthy

control group, and 24 cases in the non-HBV-related HCC

group. The characteristics of each group are shown in Table 1.

Imaging and Pathological Diagnosis of HBV-Related LC
Group, HBV-Related HCC Group and Non-HBV-Related
HCC Group

HBV-related LC group was diagnosed by multiphase compu-

terized tomography (CT) examination (Figure 1A); HBV-

related HCC and non-HBV-related HCC group were diagnosed

by multiphase CT (Figure 1B), contrast-enhanced ultrasound

(CEUS) (Figure 1C) or multiphase magnetic resonance ima-

ging (MRI) (Figure 1D). The liver tissue samples from surgical

resection in the HBV-related HCC group and non-HBV-related

HCC group were confirmed to be HCC by HE staining

(Figure 1E and F). Immunohistochemical staining of the non-

HBV-related HCC group’s liver tissues showed HBsAg nega-

tive while the HBV-related HCC group positivity (Figure 1G

and H).

Comparison of Serum ESPL1 level between Healthy
Control Group, HBV S Gene Integration Group and Non-
HBV S Gene Integration Group

The serum ESPL1 level of HBV S gene integration group was

significantly higher than that of non-HBV S gene integration

group (346.7 vs 199.6 ng/ml, P ¼ 0.000) and healthy control

group (346.7 vs 41.3 ng/ml, P ¼ 0.000). The serum ESPL1

Table 1. The Characteristics of Study Subjects.*

Healthy

control group

HBV S gene

integration group

Non-HBV S gene

integration group CHB group

HBV-related

LC group

HBV-related

HCC group

Non-HBV

related HCC

group

Number (n) 30 20 25 27 25 34 24

Age (years) 47.2 + 8.3 47.8 + 7.5 50.8 + 9.2 51.4 + 13.1 49.3 + 10.1 53.4 + 9.2 56.9 + 2.0

Male (n, %) 19 (63.3) 18 (90.0) 18 (72.0) 24 (88.9) 22 (88.0) 30 (88.2) 20 (83.3)

Average follow-up

time (year)

/ 7.2 (6.4*9.5) 7.2 (5.9*8.1) 12.8 (11.7*13.7) 6.5 (4.9*8.8) 6.5 (3.7*9.0) /

First-line medication

(n, %)

/ 18 (90.0) 15 (60.0) 26 (96.3) 22 (88.0) 30 (88.2) /

* Continuous variables which normal distribution were expressed as mean + standard deviation. Continuous variables which skewed distribution were expressed

as median (P25*P75). Categorical variables were summarized by counts and percentages.

HBV, hepatitis B virus; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; First-line medication, means treated with entecavir or

tenofovir;
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level of non-HBV S gene integration group was significantly

higher than that of healthy control group (199.6 vs 41.3 ng/ml,

P ¼ 0.000) (Figure 2).

Comparison of Serum ESPL1 Levels in Patients With
Chronic HBV Infection

As we can see, the serum ESPL1 level of HBV S gene integration

group was significantly higher than that of HBV-related HCC

group (346.7 vs 279.9 ng/ml, P ¼ 0.02), HBV-related LC group

(346.7 vs 268.2 ng/ml, P ¼ 0.011) and CHB group (346.7 vs

95.8 ng/ml, P¼ 0.000); The serum ESPL1 level of HBV-related

HCC group was significantly higher than that of CHB group

(279.9 vs 95.8 ng/ml, P ¼ 0.000); The serum ESPL1 level of

HBV-related LC group was significantly higher than that of

CHB group (268.2 vs 95.8 ng/ml, P ¼ 0.000); The HBV-

related HCC group had a higher serum ESPL1 level than that

of HBV-related LC group (279.9 vs 268.2 ng/ml, P¼ 0.662), but

the difference was not statistically significant (Figure 3).

Comparison of Serum ESPL1 Levels in Healthy Control
Group, Non-HBV-Related HCC Group and HBV-Related
HCC Group Before and After Surgical Resection

The serum ESPL1 level of HBV-related HCC group was sig-

nificantly higher than that of non-HBV-related HCC group

Figure 1. Imaging and pathological diagnosis of HBV-related LC group, HBV-related HCC group and non-HBV-related HCC group. (A) CT

diagnosis of LC: A shrunken liver with rough edges, widened liver fissures, and a moderate amount of fluid in the peritoneal cavity; (B) CT

diagnosis of HCC: A shrunken liver with rough outer edges, a lump with short T1 and long T2 signal lesions is seen in liver S8 (red arrow), the

size is about 4.8cm� 4.2cm� 5.1cm, the internal signal is uneven; (C) CEUS diagnosis of HCC: Liver S8 has a hypoechoic mass with a size of

4.8�3.9cm (red arrow), with clear edges and regular morphology, with high enhancement in the diseased arterial phase, and low enhancement in

the portal phase and delayed phase; (D) MRI diagnosis of HCC: An irregular low-density shadows are seen in liver S4 during plain scan (red

arrow), the size is about 4.8cm�3.0cm�2.8cm, and the edges are not clear; (E) HE staining of non-HBVrelated HCC tissue (200�): hepa-

tocellular carcinoma, 40% of them were solid type, 30% were coarse trabecular type and 30% were clear cell type; (F) HE staining of HBV-

related HCC tissue (200�): moderately differentiated hepatocellular carcinoma, mostly clear cell type; (G) Immunohistochemical staining of

non-HBV-related HCC tissue (200�): antibody to HBsAg is negative; (H) Immunohistochemical staining of HBVrelated HCC tissue (200�):

antibody to HBsAg is positive.

Figure 2. Comparison of serum ESPL1 level between healthy control

group, HBV S gene integration group and non-HBV S gene integra-

tion group. One-way Analysis of Variance (ANOVA) was used to

compare the serum ESPL1 levels among these groups. The serum

ESPL1 level of HBV S gene integration group was significantly higher

than that of non-HBV S gene integration group (346.7 vs 199.6 ng/ml,

P ¼ 0.000) and healthy control group (346.7 vs 41.3 ng/ml, P ¼
0.000). The serum ESPL1 level of non-HBV S gene integration group

was significantly higher than that of healthy control group (199.6 vs

41.3 ng/ml, P ¼0.000).
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(279.9 vs 46.6 ng/ml, P¼ 0.000), while there was no noticeable

difference between non-HBV-related HCC group and healthy

control group (46.6 vs 41.3 ng/ml, P ¼ 0.848). Among the 34

patients in HBV-related HCC group, 25 patients had preserved

serums before and after the HCC surgical resection. Compared

the ESPL1 levels by paired t test, the serum ESPL1 level of

HBV-related HCC group after resection was significantly

lower than that of before resection (178.4 vs 260.8 ng / ml, P

¼ 0.000) (Figure 4). It is worth noting that in the 3 (12%) HBV-

related HCC patients, the serum ESPL1 level did not decrease

within 6 months after surgical resection, and as a result, they all

suffered HCC recurrence within 1 year after resection.

Discussion

The evidence linking HBV with HCC is unquestioned.18 Anti-

viral therapy can delay the progression of CHB and reduce the

incidence of HBV-related HCC.19,20 However, even after long-

term effective antiviral treatment, some patients still inevitably

develop into HCC.21 The mechanism of HCC caused by

chronic HBV infection is complex. Previous studies have found

that HBV integration can be detected in 85-90% of HBV-

related HCC tissues, which suggested that HBV integration

may cause HCC.22-24 The occurrence of viral gene integrated

into host gene is an early-to-mid event of viral infection, gene

fusion occurs on the basis of gene integration. One of our

previous studies has shown that the occurrence of HBV S gene

integration was not related to factors such as gender, age, fam-

ily history of HBV infection, ALT level, HBeAg status, geno-

type and antiviral therapy.15 In the integration group of this

Figure 3. Comparison of serum ESPL1 levels in patients with chronic

HBV infection. One-way Analysis of Variance (ANOVA) was used to

compare the serum ESPL1 levels among these groups. The serum

ESPL1 level of HBV S gene integration group was significantly higher

than that of HBV-related HCC group 346.7 vs 279.9 ng/ml, P¼ 0.02),

HBV-related LC group (346.7 vs 268.2 ng/ml, P ¼ 0.011) and CHB

group (346.7 vs 95.8 ng/ml, P ¼ 0.000); The serum ESPL1 level of

HBV-related HCC group was significantly higher than that of CHB

group (279.9 vs 95.8 ng/ml, P ¼ 0.000); The serum ESPL1 level of

HBV-related LC group was significantly higher than that of CHB

group (268.2 vs 95.8 ng/ml, P ¼ 0.000); The HBV-related HCC group

had a higher serum ESPL1 level than that of HBV-related LC group

(279.9 vs 268.2 ng/ml, P ¼ 0.662), but the difference was not statis-

tically significant.

Figure 4. Comparison of serum ESPL1 levels in healthy control group, non-HBV-related HCC group and HBVrelated HCC group before and

after surgical resection. One-way Analysis of Variance (ANOVA) was used to compare the serum ESPL1 levels among these groups. The serum

ESPL1 level of HBV-related HCC group was sgnificantly higher than that of non-HBV-related HCC group (279.9 vs 46.6 ng/ml, P ¼ 0.000),

while there was no noticeable difference between non-HBV-related HCC group and healthy control group (46.6 vs 41.3 ng/ml, P ¼ 0.848).

Compared the ESPL1 levels by paired t test, the serum ESPL1 level of HBV-related HCC group after resection was significantly lower than that

of before resection (178.4 vs 260.8 ng / ml, ¼ 0.000).

Wang et al 5



study, HBV S gene integration had occurred in the liver tissues

before receiving antiviral treatment. These patients were fol-

lowed up for an average of more than 7.2 years after antiviral

treatment. It was found that 50% (10/20) of these patients still

developed into HBV-related HCC. It can be seen that the exist-

ing antiviral drugs cannot act on the integrated gene, the dif-

ferent potency of antiviral therapies cannot affect the formation

of integrated gene or even fusion gene, and the ESPL1 gene

expression is still active even after long-term effective antiviral

therapy.

Human ESPL1 gene, also known as SEPA gene, exists at the

human chromosome 12q13.13, with a total length of 6662 bp, is

a protein coding gene for ESPL1, which also known as separase

protein, whose main function is to catalyze fibronectin decom-

position at mitosis anaphase in order to separate sister chroma-

tids during cell division.11,12,25,26 In general, ESPL1 is mainly

effective in the nucleus, which is difficult to be secreted out of

the cell, the ESPL1 level in the peripheral blood is not high11-14

(Figure 5). However, Studies found ESPL1 levels is generally

high in malignant tumor tissues such as liver cancer, breast

cancer, osteosarcoma, prostate cancer, which may be due to

the long-term effect of carcinogenic factors such as viral infec-

tion, chemical carcinogens, radiation and so on.27-30 Our pre-

vious study found a high detection rate of Human ESPL1-HBV

S fusion gene in patients with HBV-related HCC,8 but ESPL1,

which is highly expressed in the HCC tissue, whether can be

detected in peripheral blood, it has not been reported yet. In this

study, serum ESPL1 levels were measured in different groups.

The results showed that serum ESPL1 levels in the healthy

control group were significantly lower than those in HBV S

gene integration group (41.3 vs 346.7 ng/ml, P ¼ 0.000) and

non-HBV S gene integration group (41.3 vs 199.6 ng/ml, P ¼
0.000), which further confirmed that ESPL1 is not expressed or

low expressed in serum without HBV infection. Once HBV

infection, especially after HBV S gene fused with human

ESPL1 gene to form Human ESPL1-HBV S fusion gene, which

may change the secretion characteristics of the ESPL1 gene

expression product and makes it can be detected in peripheral

blood.

Chronic HBV infection usually follows the development of

CHB, LC and HCC. This study found that serum ESPL1 levels

in patients with chronic HBV infection showed a trend from

quantitative to qualitative changes consistent with the develop-

ment of disease progression. Serum ESPL1 levels increased in

turn according to CHB group (95.8 ng/ml), HBV-related LC

group (268.2 ng/ml), HBV-related HCC group (279.9 ng/ml)

and HBV S gene integration group (346.7 ng/ml). It is sug-

gested that the activity of ESPL1 gene may be consistent with

the progression of HBV infection. The more active the expres-

sion of ESPL1 gene, the higher the risk of progression towards

HCC. The mechanism of ESPL1 gene over-expression causing

HCC may be due to genetic mutations (gene fusion, deletion,

Figure 5. Mechanism of ESPL1 gene in normal cell cycle. Human ESPL1 gene, also known as SEPA gene, exists at the human chromosome

12q13.13, with a total length of 6662 bp, is a protein coding gene for ESPL1, which also known as separase protein, whose main function is to

catalyze fibronectin ecomposition at mitosis anaphase in order to separate sister chromatids during cell division.
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etc.) resulting in the inherent dysfunction of ESPL1. As a

result, ESPL1 is unable to play a role in the anaphase of cell

division, leading to abnormal sister chromatids separation and

aneuploidy accumulation, which causes the heterogeneity of

tumor suppression gene p53 missing and loss of heterozygos-

ity, normal cells appear out of control of proliferative apopto-

sis, which may eventually lead to the formation of HCC31-34

(Figure 6). Human ESPL1-HBV S fusion gene may also have a

synergistic effect with protooncogenes such as c-myc and fur-

ther promote the occurrence and development of HCC.35 It is

speculated that in patients with chronic HBV infection with

high serum ESPL1 levels have a high probability of fusion of

HBV S gene and ESPL1 gene, which are the high-risk popu-

lation of HCC; chronic HBV infection patients with low serum

ESPL1 level, there is a low probability of fusion of HBV S gene

and ESPL1 gene, they are the low-risk population of HCC. In

this study, serum ESPL1 level in CHB group was low, and no

HCC occurred during an average of more than 12.8 years of

follow-up, which further confirmed our hypothesis. It is worth

noting that the serum ESPL1 level in HBV-related LC group

also showed a high level, which was close to that of HBV-

related HCC group (268.2 vs 279.9 ng / ml, P ¼ 0.662). Of

the 20 patients in the integration group in this study, 6 were

diagnosed with HBV-related LC before antiviral therapy. We

found the HBV S-Human ESPL1 fusion gene in the liver tis-

sues of these patients, and also detected high expression of

serum ESPL1. It indicates that ESPL1 gene is also actively

expressed in HBV-related LC patients, which is a precancerous

lesion of HCC and is consistent with the clinical outcome of

CHB, that is, most HCC patients have a LC background.

Whether the active expression of ESPL1 gene not only has a

carcinogenic effect, but also initiates the related mechanism of

liver fibrosis remains to be further studied.

Previous studies on ESPL1 gene expression were mostly

carried out on tumor tissues or animal models. Studies on the

relationship between ESPL1 and HCC was also limited to

the expression in HCC tissues.31,36 There were few reports

on the relationship between serum ESPL1 level and HCC mon-

itoring. The focus of this study is on HBV-related HCC. Of the

20 patients in the integration group in this study, the fusion

gene had been detected in their liver tissue before antiviral

treatment. After starting antiviral treatment, we followed up

these patients for an average of more than 7.2 years, and found

that 50% (10/20) of them eventually occurred HBV-related

HCC during antiviral treatment. We collected their last

follow-up serum of these patients for testing and found the

Figure 6. The mechanism of ESPL1 gene overexpression causing HCC. Hepatocyte is infected by hepatitis B virus (HBV), extracellular HBV

DNA is a relaxed circular double-stranded DNA (relaxed circular DNA, rcDNA). During the replication of HBV, viral DNA enters the nucleus

of the host cell, and under the action of DNA polymerase, the gaps of the 2 strands are filled to form a supercoiled covalently closed circular

DNA (cccDNA). Under the influence of some carcinogenic factors, HBV S gene can fuse with human ESPL1 gene to form Human ESPL1-HBV

S fusion gene, which resulting in the inherent dysfunction of ESPL1 gene, its expression product ESPL1 will be overexpressed and secreted into

the blood to be detectable. On the other hand, Overexpressed ESPL1 is unable to play a role in the anaphase of cell division, leading to abnormal

sister chromatids separation and aneuploidy ccumulation, which causes genetic instability and makes the heterogeneity of tumor suppression

gene p53 missing and loss of heterozygosity, normal cells appear to be out of control of proliferative poptosis, which may eventually lead to the

formation of hepatocellular carcinoma.

Wang et al 7



serum ESPL1 was highly expressed. In order to confirm the

abnormal expression of ESPL1 gene in HBV-related HCC

patients is affected by HBV infection, we added a group of

patients with non-HBV-related HCC for comparison. The

result showed that serum ESPL1 level of non-HBV-related

HCC group was not high, which was close to the healthy con-

trol group (46.6 vs 41.3 ng/ml, P¼ 0.848). Of the 24 patients in

the non-HBV-related HCC group, 6 of them was infected by

HCV, while their serum ESPL1 level was not high either.

Above results suggested that it is not a common pathway for

all HCC patients that ESPL1 gene expresses abnormal. Maybe

because of HBV infection forms HBV S-Human ESPL1 fusion

gene, which changes the secretion characteristics of ESPL1, the

increase in serum ESPL1 level is HBV-related HCC specific.

Moreover, serum ESPL1 levels were compared in 25 patients

before and after resection in the HBV-related HCC group, the

serum ESPL1 levels after tumor resection were significantly

lower than those before resection (178.4 vs 260.8 ng/ml, P ¼
000), which may be associated with the active ESPL1 gene

expression in HCC tissue before resection. After HCC resec-

tion, ESPL1 gene expression activity decreased or silenced,

and serum ESPL1 levels also decreased. It is worth noting that

3 cases (12%) of patients after resection of serum ESPL1 levels

did not decrease, still maintain a high level, results in this part

of patients occurred HCC recurrence within 1 year after resec-

tion. It can be seen that serum ESPL1 can be used as a bio-

marker to monitor the recurrence of HBV-related HCC.

In conclusion, this study suggests that chronic HBV-

infection patients with a high ESPL1 level may indicate HBV

S gene integration and is a high-risk population for HBV-

related HCC. Serum ESPL1 can be used as a biomarker for

screening HBV-related HCC high-risk population and monitor-

ing recurrence. The results of this study provide a new direction

for the development of anti-tumor drugs targeting HBV inte-

grated gene. In the next step, we will continue to expand clin-

ical samples and longitudinally monitor the serum ESPL1

levels in patients with chronic HBV infection to further reveal

the relationship between abnormal expression of ESPL1 and

clinical outcomes.
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