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ABSTRACT
Objective: To investigate the role of interleukin-23 (IL-23)/interleukin-23 receptor (IL-23R) in the transformation of chronic
hepatitis B to hepatocellular carcinoma.
Methods: Seven-week-old healthy C57BL/6J mice and HBV transgenic mice were selected to culture HBV transgenic mice in
male and female cages. After mating, F1 mice were born. At 3 weeks, 1ml of tail venous blood was collected from F1 mice and centrifuged to detect the changes of serum inflammatory factors (interleukin-6, IL-23). The mice in the observation group were injected with
IL-23R neutralizing antibody intraperitoneally at 5, 9 and 15 weeks, 40 ug per mouse for 3 weeks, twice a week. The mice in the control
group were injected with equal volume phosphate injection. The expression of IL-23R in liver tumors was measured by immunofluorescence. To observe the changes of vascular endothelial growth factor (VEGF) levels before and after IL-23R blockade at the 9th week.
HE staining was used to observe the growth of liver tumors in mice at different time.
Results: After stimulation with HbsAg and HbcAg, the levels of IL-6 and IL-23 in healthy and infected mice increased significantly (P<0.05), and HbsAg and HbcAg could stimulate the secretion of IL-23 more significantly. IL-23R positive cells were mainly
distributed in the infiltrated immune cells of tumor tissue. Flow cytometry showed that IL-23R was mainly expressed in CD45 positive
cells. Compared with before blockade, the level of vascular endothelial growth factor in liver tissue of mice decreased significantly
(P<0.05). At the 9th week, the liver structure of mice was normal, with normal arrangement of hepatic lobules and occasional punctate
necrosis; at the 15th week, the size and shape of the liver changed and atypical hyperplasia nodules were found; at the 19th week, there
were obvious atypical hyperplasia in the liver tissue of mice, and some of the mice had tumor nodules; at the 21st week, the liver of
mice was found to be well-defined, moderately and highly differentiated swelling. Nodule. When IL-23R was blocked at the 5th and 9th
weeks, the number of tumors in the liver tissue of mice decreased significantly at the 21st week and before the blockade, while at the
15th week, there was no significant change in the number of tumors in the liver tissue of mice before the blockade.
Conclusion: IL-23/IL-23R plays a promoting role in the conversion of chronic hepatitis B into liver cancer.
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Introduction
Liver cancer is one of the most common malignant tumors in the world, and its incidence rate ranks
fifth in the world, and the mortality rate ranks third. It
is estimated that the annual incidence of liver cancer
in the world is as high as 850,000, seriously affecting
people's life and health(1). According to clinical and
epidemiological data, more than 91% of liver cancers
are transformed from the inflammation associated
with hepatitis B virus (hepatitis B virus) infection.
Hepatitis B surface antigen (HBsAg) and Hepatitis
B core antigen (HBcAg) are important structural pro-

teins of hepatitis B and are indispensable components
of viral particles(2). Hepatitis B antigen (HBeAg) is
secreted by infected liver cells, which can induce immune tolerance in the body and reduce the sensitivity
of immune cells to hepatitis B virus. Some scholars
have found that hepatitis B virus antigen can induce
the body's innate immune cells to produce and secrete inflammatory cytokines(3). After biopsy of the
tumor tissue, a large amount of immune cell infiltration was found in the tumor tissue. Interleukin-23
(IL-23) shares homology with interleukin-12 and is
a heterodimer composed of two subunits, IL-23p19
and IL-12p40, which can induce the proliferation of
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memory T cells(4). Hamdy et al(5) found that IL-23 has
a promoting effect on tumor growth. Interleukin-23
Receptor (IL-23R) is mainly expressed in memory T
cells and NK cells. It has been reported that a large
amount of IL-23 can be detected in peripheral blood
and liver tissues of patients with chronic hepatitis B
virus infection, and IL-23 can promote hepatocyte
inflammation and induce liver injury(6). However, the
role and mechanism of IL-23 in the conversion of
chronic hepatitis B into liver cancer is still unclear.
Therefore, this study investigated the role of IL-23/
IL-23R in the conversion of chronic hepatitis B into
liver cancer.
Materials and methods
Main instruments and reagents
Centrifuge (Guangzhou Jidi Instrument Co.,
Ltd., model: JIDI-4D-WS); DMEM cell culture medium (Shanghai Thermo Fisher Scientific Co., Ltd.);
incubator (Nanjing Camilo Biotechnology Co.,
Ltd.); Refrigerator (Beijing Yaxing Yike Technology
Development Co., Ltd., model: CDW-86L80); microscope (Shanghai Tongyu Optoelectronics Technology Co., Ltd., model: E-M10); paraffin slicer
(Germany SLEE company, model: CUT4062); Cell
detector (Nanjing Beideng Medical Co., Ltd., model: FACSCanto II); fetal bovine serum (Shanghai
Yuchuang Biotechnology Co., Ltd., specification:
Z7185FBS-100); phosphate buffer solution (Shanghai Yansheng Industrial Co., Ltd.) Qing Streptomycin (Jiangsu Enmoaisai Biotechnology Co., Ltd.);
Gentamicin (Beijing Newin Huaxin Co., Ltd.); Recombinant Human IL-23 [Peptech Biotechnology
(Suzhou) Co., Ltd. (PeproTech China) )]; goat anti-human IL-23 polyclonal antibody (Shanghai Zhenyu Biotechnology Co., Ltd.).
Experimental animals
7-week-old clean grade healthy C57BL/6J mice
and hepatitis B virus transgenic mice (provided by
Guangdong Medical Laboratory Animal Center,
production license SCXK (Yue) 2016-0001), body
weight (23±2) g. In the laboratory temperature (23±2)
°C, humidity (52±8) %, light and dark alternately 12h
environment, free to eat and drink.
Experimental methods and indicators
Hepatitis B virus transgenic mice were cultured
in male and female cages, and F1 mice were born after
mating. F1 mice were taken 1 ml of tail vein blood at
3 weeks, and after centrifugation, enzyme-linked im-
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munosorbent assay (Enzyme-linked immunosorbent
assay) was used. ELISA) measures serum HBsAg
levels. HbsAg and HbcAg were stimulated in healthy
mice and chronic hepatitis B virus-infected mice, and
the changes of serum inflammatory factors (Interleukin-6, IL-6, IL-23) were detected in each group.
The mice in the observation group were injected
with IL-23R neutralizing antibody intraperitoneally
at 5, 9 and 15 weeks, 40 ug per mouse for 3 weeks,
twice a week. The mice in the control group were
injected with equal volume phosphate injection. The
expression of IL-23R in liver tumors was measured
by immunofluorescence. To observe the changes of
vascular endothelial growth factor (VEGF) levels
before and after IL-23R blockade at the 9th week.
All mice were killed at 21 weeks to observe
the growth of liver tumors. The mice in the control
group were killed at 9, 15 and 19 weeks to observe
the growth of liver tumors, weigh the weight of liver, and freeze some liver tissues such as refrigerators. HE staining was used to observe the growth of
liver tumors in mice at different time.
Statistical methods
Statistical analysis was performed using
SPSS21.0 software package. Measurement data
were compared using independent sample t test;
count data were compared using χ2 test. The ranking
data was compared using the Ridit test. The statistical results were statistically significant at P<0.05.
Results
Comparison of serum inflammatory factors in
each group of mice
The results showed that IL-6 and IL-23 levels
in the healthy and infected groups were significantly increased after stimulation with HbsAg and HbcAg (P<0.05), and HbsAg and HbcAg could stimulate IL-23 secretion more significantly. See Table
1, Figure 1, 2.
Group

healthy group

Hnfected group

IL-23(pg/mL)

IL-6(ng/mL)

Before stimulation

42.58±10.28

4.19±0.47

HBsAg

142.18±11.31

a

7.95±1.52a

HBcAg

407.34±23.43a

7.01±0.92a

Before stimulation

26.31±12.34

1.49±0.44

HBsAg

99.21±9.87

2.54±0.59a

HBcAg

272.37±33.25a

2.94±0.66a

a

Table. 1: Comparison of serum inflammatory factor changes in mice of different groups (x̅ ±s).
Note: a indicates that compared with the control group aP<0.05.
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Effect of IL-23R before and after blocking on VEGF
The level of VEGF in the liver tissue of mice
was significantly lower than that before blocking
(P<0.05). See Table 2, Figure 4.
Group

VEGF (pg/mg)

IL-23R before blocking

1226.54±126.27

IL-23R after blocking

824.92±268.19

Table. 2: Effect of IL-23R before and after blocking on
VEGF (x̅ ±s).
Figure 1: Comparison of serum IL-23 changes in each
group of mice.

Figure 4: Effect of IL-23R before and after blocking on VEGF.

Figure 2: Comparison of serum IL-6 changes in each
group of mice.

Expression of IL-23R in liver tumor tissues
Studies have found that IL-23R-positive cells
are mainly distributed in tumor cells infiltrating immune cells, in which red represents IL-23R and blue
represents 4', 6-diamidino-2-phenylindole (DAPI),
green indicates CD45. It was found by flow cytometry that IL-23R was mainly expressed in cells positive for CD45. See Figure 3.

Hepatitis B Virus Transgenic Mice Liver Tumor Growth at Different Time
At the 9th week, the structure of the liver was normal, the lobules of the liver arranged normally, and punctate necrosis was occasionally seen. At the 15th week, the
size and shape of the liver changed, and atypical hyperplasia nodules were found. At the 19th week, the liver tissue of the mice showed obvious atypical hyperplasia, and
some of the mice had tumor nodules. At the 21st week, the
liver of mice was found to have well-defined, moderately
and highly differentiated tumor nodules. See Figure 5.

Figure 5: Growth of hepatic tumors in HBV transgenic
mice at different times.

Figure 3: IL-23R expression in liver tumor tissues.

A: The growth of liver tumors in mice at the 9th week; B: the
growth of liver tumors in mice at the 15th week; C: the growth
of liver tumors in mice at the 19th week; D: the growth of liver
tumors in mice at the 21st week.
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Effects of IL-23R on the growth of hepatic
tumors
It was found that at week 5 and 9, the number
of tumors in liver tissue of mice decreased significantly before and after blocking IL-23R, but at week
15, there was no significant change in the number
of tumors in liver tissue of mice before blocking IL23R. See figure 6.

Figure 6: Effect of IL-23R on liver tumor growth.

A: Liver growth at 21 weeks after blocking Il-23R at the 5th
week; B: Liver growth at 21 weeks after blocking Il-23R at the
9th week; C: Liver growth at 21 weeks after blocking Il-23R at
the 15th week.

Discussion
Liver cancer is the most common malignant
tumor in the world, which can be divided into primary and secondary types. Liver cancer has always
been the leading cause of morbidity and mortality
of malignant tumors, and is the most important disease burden in China. A large number of studies
have shown that chronic hepatitis B virus infection
is closely related to the development of liver cancer.
Wang et al.(8) found that more than 20% of adults
in high incidence areas of hepatocellular carcinoma
in our country had positive expression of HbsAg
in serum. Because the early clinical symptoms of
hepatocellular carcinoma were not obvious, when
diagnosed, the patient's condition generally entered
the middle and advanced stage. At this time, the
patient's condition developed rapidly and could
only be treated conservatively. Therefore, study the
mechanism of chronic hepatitis B virus infection in
promoting the development of liver cancer, block
the process and delay the development of disease,
improve patients prognosis is of great significance.
Some studies have found that chronic inflammation, cirrhosis and so on often exist in the process of hepatocarcinogenesis initiated by hepatitis
B virus. Endothelial cells play an important role in
malignant transformation, progression, metastasis
and immune escape of liver tumors. Yang et al.(9)
believe that chronic inflammation and DNA damage induced by oxidative stress are important causes of malignant transformation of hepatocytes.
Elsaid et al.(10) found that the number of HBV DNA
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replication in serum of patients with hepatocellular
carcinoma was always higher than that of patients
with persistent chronic hepatitis B virus infection in
the course of progression from chronic hepatitis B
virus infection to hepatocellular carcinoma. HbsAg
and HbcAg are the two major structural proteins
of hepatitis B virus. HbsAg can be secreted to the
outside of the cells, while HbcAg only exists in the
infected hepatocytes and can be released to the outside after cell necrosis(11). In this study, activated
macrophages were stimulated by HbsAg and HbcAg. It was found that macrophages of normal mice
produced a large number of inflammatory cytokines
stimulated by HBV-related antigen, and the level of
IL-23 increased significantly after HbsAg and HbcAg stimulation. It is suggested that HBV-related
antigen can promote the production of IL-23.
IL-23 is a member of IL-12 cytokine family, which is mainly produced by activated macrophages and dendritic cells(12). IL-23 needs to
bind to its receptor to play its biological function.
Its receptor consists of two subunits, IL-23R and
IL-12R beta 1. IL-23R is mainly expressed in activated T cells. Domanski et al.(13) found that IL-23R
can also be expressed in some cancer cells. Arafa
et al.(14) found that IL-23 can directly bind to IL23R expressed by oral squamous cell carcinoma
cells, thus promoting the growth and proliferation
of cancer cells. Fukuda et al. showed that the level
of IL-23 in colon cancer tissues was significantly
higher than that in normal adjacent tissues, and IL23R was highly expressed in cancer tissues. Papatheodoridis et al.(15) believe that in the process
of chronic hepatitis B virus infection transforming
into hepatocellular carcinoma, hepatitis B virus
and necrotic hepatocytes release related liver compensatory proliferation or even canceration. In the
study of mice, Xu et al.(16) found that the expression of IL-23 was positively correlated with the
expression of vascular endothelial growth factor.
IL-23 could promote the secretion of vascular endothelial growth factor.
In this study, we found that when IL-23R neutralizing antibody blocked IL-23/IL-23R pathway,
the number of liver tumors decreased significantly,
and the expression of vascular endothelial growth
factor decreased significantly, indicating that IL23/IL-23R played a role in promoting the development of hepatocellular carcinoma.
In conclusion, the levels of IL-6, IL-23 and
other factors increased significantly in the process of chronic hepatitis B transforming into
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hepatocellular carcinoma, and the level of IL-23
increased more significantly. IL-23 can bind to IL23R, induce the production of vascular endothelial growth factor, promote the angiogenesis of
tumors, and promote the development of hepatocellular carcinoma.
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