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Summary

Background: To investigate the potential therapeutic bene-
fits of autoimmune antibody detection in individuals suffer-
ing from chronic hepatitis B.

Methods: In the observation group, 102 patients with
chronic hepatitis B who were admitted between March
2022 and March 2025 were included. Additionally, the
control group consisted of 102 healthy people who were
examined throughout the same time period. The two
groups’ autoimmune antibodies were identified, and
patients in the observation group with either positive or
negative autoimmune antibodies were compared in terms
of liver function, liver fibrosis markers, and cytokine levels.
Results: The total positive rate of autoimmune antibodies in
the observation group was 26.47%, whereas it was 3.92% in
the control group (P<0.05). Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels were
noticeably greater in patients in the observation group with
positive autoimmune antibodies than in those with negative
antibodies. However, the albumin (ALB) and total protein
(TP) levels were much lower in these patients than in patients
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Kratak sadrzaj

Uvod: Cilj je bio da se ispitaju potencijalne terapijske koristi
otkrivanja autoimunih antitela kod osoba obolelih od
hroni¢nog hepatitisa B.

Metode: U posmatranu grupu je bilo uklju¢eno 102 paci-
jenta sa hroni¢nim hepatitisom B, hospitalizovanih u perio-
du od marta 2022. do marta 2025. godine. Kontrolnu
grupu su cinila 102 zdrava ispitanika pregledana u istom
vremenskom periodu. U obe grupe su odredena autoimu-
na antitela, a pacijenti iz posmatrane grupe sa pozitivnim i
negativnim autoimunim antitelima su uporedeni u pogledu
funkcije jetre, markera fibroze jetre i nivoa citokina.
Rezultati: Ukupna stopa pozitivnosti autoimunih antitela u
posmatranoj grupi je iznosila 26,47%, dok je u kontrolnoj
grupi bila 3,92% (P<0,05). Nivoi aspartat-aminotransfer-
aze (AST) i alanin-aminotransferaze (ALT) su bili znacajno
vi$i kod pacijenata sa pozitivnim autoimunim antitelima u
odnosu nha one sa negativnim. Suprotno tome, vrednosti
albumina (ALB) i ukupnih proteina (TP) su bile znacajno
nize kod pacijenata sa pozitivnim antitelima, pri ¢emu je
uocena statisti¢ki znacajna razlika (P<0,05). Nivoi prokola-
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with negative antibodies. A statistically significant difference
was observed (P<0.05). The levels of type Il procollagen
(PCIIN), hyaluronidase (HA), and laminin (LN) were signifi-
cantly (P<0.05) greater in individuals with positive autoim-
mune antibodies than in those with negative antibodies.
Patients with positive autoimmune antibodies had consider-
ably higher levels of interleukin-4 (IL-4), interleukin-10 (IL-
10), and interleukin-6 (IL-6) than patients with negative anti-
bodies. Patients who were negative for antibodies had
significantly higher levels of interferon-y (IFN-y) (P<0.05).
Conclusions: Autoimmune antibodies, which influence liver
fibrosis indicators and related cytokines, are present in
patients with chronic hepatitis B. The identification of
autoimmune antibodies in chronic hepatitis B patients can
serve as a guide for evaluating illness and determining
patient prognosis.

Keywords: chronic hepatitis b, autoimmune antibodies,
liver fibrosis, Th1/Th2 cytokines

Introduction

In clinical practice, chronic hepatitis B is rather
prevalent (1). Data indicate that there are approxi-
mately 93 million chronic hepatitis B virus (HBV)
infections and 20 million chronic hepatitis B patients
(2-4). Liver fibrosis indicators and cytokines can
reflect the severity and clinical outcomes of chronic
hepatitis B, although the incidence and progression
of chronic hepatitis B are significantly influenced by
autoimmunity (5). Research (6-8) indicates that HBV
can trigger an immune response in the body, gener-
ating autoimmune antibodies that cause damage to
the liver. Consequently, it is crucial to identify autoim-
mune antibodies in patients with chronic hepatitis B.
However, research on the relationships between
autoimmune antibody levels, liver fibrosis indicators,
and cytokines in patients with chronic hepatitis B is
currently somewhat limited in China (9). To explore
the pathological mechanism of chronic hepatitis B
and provide guidance for clinical treatment, autoim-
mune antibodies should be detected in patients, and
their relationships with liver fibrosis indicators and
cytokines should be analysed (10).

Hepatitis B virus (HBV) is the cause of chronic
hepatitis B (CHB), a chronic liver iliness (11). Chronic
infection can cause liver fibrosis, which can lead to
liver cirrhosis and possibly hepatocellular carcinoma
(HCC). Hepatic fibrosis is the liver’s response to per-
sistent damage and is characterised by excessive
extracellular matrix (ECM) deposition (12-14). The
progression of this process indicates deterioration of
the disease. Th1/Th2 cytokines play a significant role
in immune responses and are crucial in the
immunopathological mechanisms of chronic liver dis-
eases. Th1 cytokines, such as interferon-y (IFN-y) and
tumour necrosis factor-o. (TNF-au), primarily promote
cell-mediated immune responses and inhibit viral
replication. Interleukin-4 (IL-4) and interleukin-10 (IL-
10) are T2 cytokines that primarily participate in
humoral immune responses by promoting B-cell dif-

gena tipa Il (PCIII), hijaluronske kiseline (HA) i laminina
(LN) su bili zna¢ajno (P<0,05) visi kod pacijenata sa pozi-
tivnim autoimunim antitelima u poredenju sa onima sa
negativnim. Takode, kod pacijenata sa pozitivnim autoimu-
nim antitelima su registrovani znatno visi nivoi interleukina-
4 (IL-4), interleukina-10 (IL-10) i interleukina-6 (IL-6), dok
su pacijenti sa negativnim antitelima imali znadajno vise
vrednosti interferona-y (IFN-y) (P<0,05).

Zaklju€ak: Kod pacijenata sa hroni¢nim hepatitisom B pos-
toje autoimuna antitela koja uticu na pokazatelje fibroze
jetre i povezane citokine. Detekcija autoimunih antitela kod
ovih pacijenata moze da posluzi kao koristan pokazatelj u
proceni tezine bolesti i prognozi ishoda.

Kljuéne reéi: hroni¢ni hepatitis B, autoimuna antitela,
fibroza jetre, Th1/Th2 citokini

ferentiation and antibody production (15). To explore
the correlation between Th71/Th2 cytokines and
hepatic fibrosis markers in CHB patients. In patients
with CHB, Th1/Th2 cytokines may be contributing
factors to liver fibrosis. A novel theoretical foundation
and possible therapeutic targets for the treatment of
CHB may be provided by an understanding of the role
these cytokines play in liver fibrosis. Studying the rela-
tionships between Th1/Th2 cytokines and liver fibro-
sis indicators aids in the early identification and eval-
uation of liver fibrosis levels in CHB patients, guiding
the selection of clinical treatment approaches (16). If
certain cytokines are closely related to liver fibrosis,
they may serve as new biomarkers to assist existing
diagnostic and monitoring methods, thereby increas-
ing the accuracy and effectiveness of disease man-
agement (17-20).

This study detected the levels of major Th1/Th2
cytokines in the serum of CHB patients and conduct-
ed a correlation analysis in combination with liver
fibrosis indicators (such as hyaluronic acid, laminin
and type lll procollagen peptide), aiming to reveal
potential connections and provide concepts for early
detection, evaluation of prognosis, and treatment of
liver fibrosis in individuals with persistent heart failure
on an individual basis.

Materials and Methods

General information

Between March 2022 and March 2025, 102
patients with chronic hepatitis B were admitted,
including 57 males and 45 females, who were cho-
sen to serve as the observation group. The average
age was 49.24+6.81 years, and the ages ranged
from 18 to 71 years. Twenty-eight cases were mild,
53 cases were moderate, and 21 cases were severe.
Extrahepatic manifestations included fatigue in 12
patients, arthralgia in 14 patients, jaundice in 8
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patients, pruritus in 15 patients, and glomeru-
lonephritis in 6 patients. A control group of 102
healthy adults, comprising 53 men and 49 women
between the ages of 19 and 72, with an average age
of 48.97+6.85 years, were chosen after undergoing
physical tests over the same time period. The inclu-
sion criteria for patients were as follows: aged 18
years; had a disease history of at least six months; and
fulfilled the diagnostic criteria for chronic hepatitis B.
No antibiotics, interferons or hormone drugs were
taken. Be informed of and agree to this research. The
exclusion criteria were as follows: liver cancer and
liver cirrhosis; pregnant or lactating; blood diseases;
acute or chronic liver injury caused by various factors;
and autoimmune illnesses.

This study was approved by the Human Medical
Research Ethics Committee (ZJJC18020022).

Specimen collection

Each participant had six millilitres of fasting
elbow venous blood extracted. The serum was isolat-
ed and kept for later use in a refrigerator at -20 °C
after being centrifuged for 15 minutes at 3,000
rmin”! with an 8 cm centrifugation radius.

Autoimmune antibody detection

Indirect immunofluorescence was used to iden-
tify serum antinuclear antibodies (ANAs), anti-mito-
chondrial antibodies (AMAs), and anti-smooth mus-
cle antibodies (ASMAs). Serum samples were
collected, redissolved at 37 °C, and then diluted
1:100 with PBS. The experimental substrates includ-
ed the liver tissues of monkeys, the stomach and renal
tissues of Wistar rats, and HEP-2 cells. Bioslice tech-
nology was used to merge them into a reaction zone.
An antibody tagged with fluorescein isothiocyanate
was added following a 30-minute incubation period
at 24 °C to 30 °C. A Japanese Olympus BX-51 fluo-
rescent microscope was used to see the results after
the plates had been cleaned and sealed. A positive
outcome was indicated by the green fluorescence
released by the cells or tissues. Western blotting was
used to identify the anti-liver and kidney microsomal
antibodies type | (LKM-1) and anti-liver-specific cyto-
plasmic antigen type | (LC-1). PBS was used to dilute
the serum 1:100, and the matching antigen-coated
blotting membrane strips were applied. For half an
hour, the samples were agitated at room temperature
on a shaker. Chromogenic reagent was applied to the
membrane following washing. A standard schematic
showing the positive band position was used to deter-
mine the membrane strip’s positive result ten minutes
later. German (Oumeng) Medical Laboratory
Diagnostics GMBH supplied all of the reagent kits
used.

Laboratory biochemical testing methods

In all the research subjects, 10 mL of fasting
venous blood was collected in the early morning and
aliquoted into two types of pretreatment tubes: (1)
EDTA-K anticoagulant tubes (BD Vacutainer®, cata-
logue number: 367525) were used for the detection
of Th1/Th2 cytokines. After collection, the mixture
was gently inverted and mixed 8 times, incubated at
room temperature for 30 minutes, and centrifuged at
3000 rpm for 15 minutes at 4 °C. The plasma was
separated, aliquoted into sterile EP tubes, and frozen
in a -80 °C ultralow-temperature refrigerator (Thermo
Scientific) for testing. (2) A common coagulation
induction tube (BD Vacutainer®, catalogue number:
367812) was used for serological index detection of
liver fibrosis. After standing at room temperature for
30 minutes to allow coagulation, the samples were
centrifuged at 3000 rpm for 10 minutes to separate
the serum, aliquoted and stored at -20 °C. Cytokine
detection was performed via a flow cytometry micros-
phere array (CBA) (BD Biosciences) with a human
Th1/Th2 cytokine kit (BD CBA Flex Set, catalogue
number: 558266). Quantitative concentrations of
IFN-y, IL-2, and TNF-a. (Th1 type) and IL-4, IL-6, and
IL-10 (Th2 type) in plasma (pg/mL) were measured.
The experiment was carried out in strict accordance
with the instructions, and data were collected on a BD
FACSVerse flow cytometer. A standard curve was gen-
erated, and the concentration was calculated via
FCAP Array v3.0 software. Four indicators of liver
fibrosis (HA, LN, IV-C, Plll NP) were analysed via a
chemiluminescence immunoassay (CLIA): a fully
automatic chemiluminescence immunoassay analyser
(Abbott ARCHITECT i2000SR) and matching original
kits (HA: catalogue number: 8L77-25; LN: 8L78-25;
IV-C: 8L79-25; (PIll NP: 8L80-25). The concentra-
tion of the indices in the serum (ng/mL) was deter-
mined via the double-antibody sandwich method.
Each batch of tests included high- and low-value
quality control products (Abbott quality control pack-
age, item number: 7K67-10).

Liver function index detection

Serum liver fibrosis-related indicators of patients
in the observation group. The Beijing Northern
Institute of Biotechnology provided the reagent kits
used, and the instructions for the reagent kits and
instruments were strictly followed to perform the spe-
cific activities.

The liver function indicators detected in this
study included ALT, AST, ALP GGT, total bilirubin
(TBIL), direct bilirubin (DBIL), total protein (TP), albu-
min (ALB), and total bile acid (TBA). All commercial
reagent kits from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China) were used. The specific
item numbers and methodologies are as follows: ALT
C009-2-1 (rate method), AST C010-2-1 (rate
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method), GGT C017-2-1 (y-glutamyl p-nitroaniline
method), ALP A059-2-1 (p-nitrophenol phosphate
PNPP method), TBIL C019-1-1 (diazo method) (con-
taining accelerator/caffeine reagent), DBIL C020-1-1
(direct diazo method), TP A045-2-1 (biuret method),
ALB A028-2-1 (bromocrephenol green method), and
TBA E003-1-1 (circulating enzyme method).

Cytokine detection

The cytokines interleukin-4 (IL-4), interleukin-6
(IL-6), interleukin-10 (IL-10), and interferon-y (IFN-y)
in the patients of the observation group were detect-
ed using a sandwich enzyme-linked immunosorbent
test with two antibodies. Cytokine detection was per-
formed via the flow microsphere array method. The
CBA Human Th1/Th2 Cytokine Kit Il (item number
551809; SAN Jose, California, USA) from BD
Biosciences was used. It is used for the quantitative
detection of IL-4, IL-6, IL-10 and IFN-y (the kit also
contains IL-2 and TNF indicators, which were not
analysed).

The components in the kit (sample diluent,
assay diluent, 10X wash buffer, recombinant human
cytokine standard, capture microsphere mixture, and
PE-labelled detection antibody) were all provided by
BD Biosciences (Becton, Dickinson and Company, BD
Biosciences, San Jose, CA, USA). BD FACSFlow
Sheath Fluid (No. 342003): BD Biosciences (Becton,
Dickinson and Company, BD Biosciences, San Jose,
CA, USA). Compensation microbeads (BD
CompBeads, item No. 552843; BD CompBeads Set

Anti-Mouse lg, «: BD Biosciences (Becton, Dickinson
and Company, BD Biosciences, San Jose, CA, USA))
were used.

Statistical analysis

Correlations between Th1/Th2 cytokine levels
and liver fibrosis indicators were assessed via either
Spearman rank correlation analysis or Pearson corre-
lation analysis. To further confirm the reliability of the
pertinent findings, we further performed multiple lin-
ear regression analyses to account for any confound-
ing variables and investigate the separate impact of
each cytokine on the severity of liver fibrosis. SPSS
software will be used for all statistical analyses, along
with two-sided tests.

Results

Comparison of the detection of autoimmune
antibodies

The percentages of ANA-, ASMA-, LKM-1-, LC-
1-, and AMA-positive samples in the observation
group were 23.53%, 4.90%, 5.88%, 3.92% and
7.84%, respectively. Twenty-seven of them had at
least one autoimmune antibody found, and the total
positive rate was 27.45%. As shown in Table I, the
control group had a total positive rate of autoimmune
antibodies of 3.92%, and the difference between the
two groups was statistically significant (P<0.05).

Table | Comparison of positive rates of autoimmune antibodies.

Group category n ANA ASMA LKM-1 LC1 AMA Total positive
Observation group 102 24 (23.53) 5 (4.90) 6 (5.88) 4 (3.92) 8 (7.84) 28(27.45)
Control group 102 4 (3.92) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 4(3.92)
X2 value - - - - 21.349
P value - - - - 0.001
Table Il Liver Function Indicators between patients with positive and negative Autoimmune Antibodies (x=s).
Group category n AST/U L7 ALT/U L7 TP/g -L" ALB/g -L"
Positive group 28 175.42+21.57 187.65%+24.89 23.67x4.97 21.36x4.24
Negative group 74 134.31+17.22 149.48+19.36 31.84+5.26 29.75+5.02
t value - 10.018 8.193 7.104 7.842
P value - 0.001 0.001 0.001 0.001
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Table 111 Comparison of liver fibrosis index levels between patients with positive and negative autoimmune antibodies (x=s).

Group category n HA/mg L LN/ug -mL" PC /ug -L" IV-C/pg L
Positive group 28 121.56+13.35 137.91+16.98 128.35+12.86 78.96+8.21
Negative group 74 98.37+11.48 115.42+12.73 109.53+12.17 67.35+7.99
t value - 8.700 7.238 6.863 6.500

Table IV Comparison of cytokine levels between patients with positive and negative autoimmune antibodies (x=s).

Group category n IL-4/pug -L7 IL-6/pg L IL-10/ug L IFN- g/pg ‘ml”
Positive group 28 59.41+6.42 97.84+10.78 132.67+16.94 36.79+5.11

Negative group 74 45.38+5.76 78.63+8.89 115.42+13.15 49.62+6.38

t value - 10.636 9.174 5.447 9.537

P value - 0.001 0.001 0.001 0.001

Comparison of liver function

Patients with positive autoimmune antibodies
had much higher levels of AST and ALT than those
with negative antibodies. In contrast, patients who
were negative for antibodies had significantly higher
levels of TP and ALB. Table Il indicates that the differ-
ences were statistically significant (P<0.05).

Comparison of liver fibrosis indicators

Patients with positive autoimmune antibodies in
the observation group had significantly higher levels
of HA, LN, PCIIl, and IV-C than those with negative
antibodies, and the difference was statistically signifi-
cant (P<0.05), as shown in Table Ill.

Cytokine comparison

Patients with positive autoimmune antibodies in
the observation group had significantly higher levels
of IL-4, IL-6, and IL-10 than those with negative anti-
bodies, while patients with negative antibodies had
far higher levels of IFN-y. The differences were statis-
tically significant (P<0.05), as shown in Table IV.

Discussion

Chronic hepatitis B patients may exhibit a range
of symptoms and indicators (21-23). Some patients
may get liver cirrhosis, liver failure, or even primary
liver cancer as the condition worsens (24). Numerous
factors contribute to the clinical development of
chronic hepatitis B. Still, two main ones are host fac-

tors (age, sex, immunological state, etc.) and virolog-
ical factors (HBV genotype, HBV expressed protein,
HBV DNA load level, etc.) (25). Instead of attacking
liver cells directly, HBV triggers an immunological
response in the body, which damages liver cells and
induces inflammatory changes in liver tissue (26).
According to reports, the body’s immune reaction to
HBYV is intimately linked to liver tissue deterioration in
patients with chronic hepatitis B. Autoimmune anti-
bodies are a form of immunoglobulin that attacks
healthy human organs, tissues, and cells. They can
harm the corresponding organs or target cells (27).
Other studies (28-30) have reported that hepatitis
virus-infected individuals usually present with autoim-
mune manifestations (31). Extrahepatic signs caused
by an imbalance in immune tolerance mechanisms
are also relatively common. Some patients have
autoimmune antibodies in their bodies, which may be
risk factors for organ dysfunction, histopathological
damage, and aggravation of the condition (32).

Some scholars (33-35) believe that conducting
autoimmune antibody testing on HBV-infected indi-
viduals can provide important references for clinical
diagnosis, treatment plan formulation, and prognosis
assessment. This study revealed that the positive rates
of ANA, ASMA, LKM-1, LC-1 and AMA in the obser-
vation group were 23.53%, 4.90%, 5.88%, 3.92%
and 7.84%, respectively, and the total positive rate
was 26.47%. Moreover, in the observation group,
patients with positive autoimmune antibodies had
worse liver function indicators than did the control
group, further confirming that autoimmune antibod-
ies are present in the bodies of patients with chronic
hepatitis B and that the degree of liver function
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impairment is substantially correlated with their
expression.

Due to the influence of various factors, astro-
cytes in the liver are activated and proliferate, leading
to liver fibrosis and aberrant proliferation of the liver’s
connective tissue (36). An essential pathophysiologi-
cal mechanism for the development of chronic hepa-
titis B into liver cirrhosis is hepatic fibrosis, which can
result in aberrant alterations in liver structure and
function. Serum levels of the liver matrix metabolites
HA, LN, PCIIl, and IV-C can indicate the progression
of hepatic fibrosis. The patient’s immune response is
primarily responsible for the development and clinical
outcomes of chronic hepatitis B. Helper T (Th) cells
form the foundation of the immune system, and their
function is primarily expressed through cytokine levels
(37). IFN-y is a cytokine secreted by Th1 cells that
can mediate immune responses related to local
inflammation (38). Cytokines are closely related to
liver cell damage and liver fibrosis, significantly
impacting the evaluation of liver fibrosis levels and the
tracking of chronic hepatitis B (39).

In conclusion, patients with chronic hepatitis B
have autoimmune antibodies that are associated with

References

1. Bhagoowani S, Devi U, Munir A, Hasnain U, Igbal J.
Antineutrophil cytoplasmic antibodies (ANCA)-associat-
ed vasculitis in chronic Hepatitis B: Unraveling the
immune puzzle - a rare case report with review of litera-
ture. IDCases 2024 Oct 17; 38: e02100. doi:
10.1016/j.idcr.2024.e02100. PMID: 39469501;
PMCID: PMC11513519.

2. Shen Y, Wu SD, Chen Y, Li XY, Zhu Q, Nakayama K,
Zhang WQ, Weng CZ, Zhang J, Wang HK, Wu J, Jiang
W. Alterations in gut microbiome and metabolomics in
chronic hepatitis B infection-associated liver disease and
their impact on peripheral immune response. Gut
Microbes 2023 Jan-Dec; 15(1): 2155018. doi:
10.1080/19490976.2022.2155018. PMID: 36519342;
PMCID: PMC9757487.

3. Wong YJ, Nguyen VH, Yang Hl, Li J, Le MH, Wu WJ, Han
NX, Fong KY, Chen E, Wong C, Rui F, Xu X, Xue Q, Hu
XY, Leow WQ, Goh GB, Cheung R, Wong G, Wong VW,
Yu MW, Nguyen MH. Impact of fatty liver on long-term
outcomes in chronic hepatitis B: a systematic review and
matched analysis of individual patient data meta-analy-
sis. Clin Mol Hepatol 2023 Jul; 29(3): 705-20. doi:
10.3350/cmh.2023.0004. Epub 2023 May 8. PMID:
37157776; PMCID: PMC10366810.

4. Wu L, Yang L, Qian X, Hu W, Wang S, Yan J. Mannan-
Decorated Lipid Calcium Phosphate Nanoparticle
Vaccine Increased the Antitumor Immune Response by
Modulating the Tumor Microenvironment. J Funct
Biomater 2024 Aug 16; 15(8): 229. doi: 10.3390/
ifb15080229. PMID: 39194667; PMCID:
PMC11355305.

cytokines and markers of liver fibrosis to some
degree. The detection of autoimmune antibodies has
significant therapeutic implications for patients with
chronic hepatitis B.

Funding

This work was supported by the Guiding Project
of Quzhou Science & Technology Bureau
(2024ZD006) and the Shen Xian Expert Workstation
Fund (xk 2022-14).

Acknowledgments. We thank all patients for par-
ticipating in this study. Additionally, we thank
Shandong University Qilu Hospital for providing the
data.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

5. Huang SC, Kao JH. Metabolic dysfunction-associated
fatty liver disease and chronic hepatitis B. J Formos Med
Assoc 2022 Nov; 121(11): 2148-51. doi: 10.1016/
j.jffma.2022.07.013. Epub 2022 Aug 15. PMID:
35981929.

6. Wu L, Liu Q, Ruan X, Luan X, Zhong Y, Liu J, Yan J, Li
X. Multiple Omics Analysis of the Role of RBM10 Gene
Instability in Immune Regulation and Drug Sensitivity in
Patients with Lung Adenocarcinoma (LUAD). Biome-
dicines 2023 Jun 29; 11(7):b1861. doi: 10.3390/bio-
medicines11071861. PMID: 37509501; PMCID:
PMC10377220.

7. Jiang T, Leng W, Zhong S. Diagnostic Role of Circulating
miRNAs in the Grading of Chronic Hepatitis B-Related
Liver Fibrosis: A Systematic Review and Meta-Analysis.
Lab Med 2023 Sep 5; 54(5): 479-88. doi: 10.1093/
labmed/Imac151. PMID: 36637253.

8. Stalla F, Armandi A, Marinoni C, Fagoonee S, Pellicano
R, Caviglia GP Chronic hepatitis B virus infection and
fibrosis: novel noninvasive approaches for diagnosis and
risk stratification. Minerva Gastroenterol (Torino) 2022
Sep; 68(3): 306-18. doi: 10.23736/S2724-5985.
21.02911-9. Epub 2021 Apr 19. PMID: 33871225.

9. Wu L, Zhong V¥, Yu X, Wu D, Xu P, Lv L, Ruan X, Liu Q,
Feng Y, Liu J, Li X. Selective poly adenylation predicts the
efficacy of immunotherapy in patients with lung adeno-
carcinoma by multiple omics research. Anticancer Drugs
2022 Oct 1; 33(9): 943-59. doi: 10.1097/CAD.
0000000000001319. Epub 2022 Aug 9. PMID:
35946526; PMCID: PMC9481295.



J Med Biochem 2025; 44

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

Liguori A, Zoncapé M, Casazza G, Easterbrook P,
Tsochatzis EA. Staging liver fibrosis and cirrhosis using
noninvasive tests in people with chronic hepatitis B to
inform WHO 2024 guidelines: a systematic review and
meta-analysis. Lancet Gastroenterol Hepatol. 2025 Apr
10(4): 332-349. doi: 10.1016/52468-1253(24)
00437-0. Epub 2025 Feb 18. PMID: 39983746.

Lin MH, Li HQ, Zhu L, Su HY, Peng LS, Wang CY, He CR
Liang XE, Wang Y. Liver Fibrosis in the Natural Course of
Chronic Hepatitis B Viral Infection: A Systematic Review
with Meta-Analysis. Dig Dis Sci 2022 Jun; 67(6): 2608-
26. doi: 10.1007/510620-021-07009-y. Epub 2021
May 18. PMID: 34008117.

Chen N, Sun Y, Luo P Tang Y, Fan Y, Han L, Wang K.
Association of CXCR4 gene expression and promoter
methylation with chronic hepatitis B-related fibrosis/cir-
rhosis. Int Immunopharmacol 2024 Sep 30; 139:
112686. doi: 10.1016/].intimp.2024.112686. Epub
2024 Jul 25. PMID: 39053226.

Kim GA, Choi SW, Han S, Lim YS. Nonlinear association
between liver fibrosis scores and viral load in patients with
chronic hepatitis B. Clin Mol Hepatol 2024 Oct; 30(4):
793-806. doi: 10.3350/cmh.2024.0252. Epub 2024
Jul 19. PMID: 39026397; PMCID: PMC11540400.

Wu L, Zheng Y, Liu J, Luo R, Wu D, Xu B Wu D, Li X.
Comprehensive evaluation of the efficacy and safety of
LPV/r drugs in the treatment of SARS and MERS to pro-
vide potential treatment options for COVID-19. Aging
(Albany NY) 2021 Apr 20; 13(8): 10833-52. doi:
10.18632/aging.202860. Epub 2021 Apr 20. PMID:
33879634; PMCID: PMC8109137.

Fan R, Li G, Yu N, Chang X, Arshad T, Liu WY, Chen Y,
Wong GL, Jiang Y, Liang X, Chen Y, Jin XZ, Dong Z,
Leung HH, Wang XD, Zeng Z, Yip TC, Xie Q, Tan D, You
S, Ji D, Zhao J, Sanyal AJ, Sun J, Zheng MH, Wong VW,
Yang Y, Hou J. aMAP Score and Its Combination With
Liver Stiffness Measurement Accurately Assess Liver
Fibrosis in Chronic Hepatitis B Patients. Clin Gastro-
enterol Hepatol 2023 Nov; 21(12): 3070-9.e13. doi:
10.1016/j.cgh.2023.03.005. Epub 2023 Mar 17.
PMID: 36933605.

Kavak S, Kaya S, Senol A, Sogutcu N. Evaluation of liver
fibrosis in chronic hepatitis B patients with 2D shear wave
elastography with propagation map guidance: a single-
center study. BMC Med Imaging 2022 Mar 18; 22(1):
50. doi: 10.1186/s12880-022-00777-7. PMID:
35303822; PMCID: PMC8932279.

Wu L, Zhong Y, Wu D, Xu B Ruan X, Yan J, Liu J, Li X.
Immunomodulatory Factor TIM3 of Cytolytic Active
Genes Affected the Survival and Prognosis of Lung
Adenocarcinoma Patients by Multi-Omics Analysis.
Biomedicines 2022 Sep 10; 10(9): 2248. doi: 10.3390/
biomedicines10092248. PMID: 36140350; PMCID:
PMC9496572.

.WulL, LiH, LiuY, Fan Z, Xu J, Li N, Qian X, Lin Z, Li X,

Yan J. Research progress of 3D-bioprinted functional
pancreas and in vitro tumor models. International Journal
of Bioprinting 2024, 10(1), 1256. doi: 10.36922/
ijb.1256.

Zhou L, Wu CY, Wang XT, Liu SQ, Zhang YZ, Sun YM,
et al. Traditional chinese medicine synonymous term

20.

21.

22.

23.

24.

25.

26.

27.

28.

conversion: A bidirectional encoder representations from
transformers-based model for converting synonymous
terms in traditional chinese medicine. World J Tradit Chin
Med 2023; 9: 224-33. doi: 10.4103/2311-8571.
378171.

Dilcan KH, Gozdas HT. Noninvasive evaluation of signif-
icant liver fibrosis in chronic hepatitis B patients. Acta
Gastroenterol Belg 2024 Jul-Sep; 87(3): 388-92. doi:
10.51821/87.3.13290. PMID: 39411792.

Wu L, Liu Q, Ruan X, Luan X, Zhong Y, Liu J, Yan J, Li
X. Multiple Omics Analysis of the Role of RBM10 Gene
Instability in Immune Regulation and Drug Sensitivity in
Patients with Lung Adenocarcinoma (LUAD). Bio-
medicines 2023 Jun 29; 11(7):1861. doi: 10.3390/bio-
medicines11071861. PMID: 37509501; PMCID:
PMC10377220.

Wang WM, Zhang WS, Yang ZG. Vimentin (VIM) pre-
dicts advanced liver fibrosis in chronic hepatitis B
patients: A random forest-derived analysis. Eur Rev Med
Pharmacol Sci 2022 Jul; 26(14): 5164-77. doi:
10.26355/eurrev_202207_29305. PMID: 35916814.

Wang WM, Zhang WS, Yang ZG. Vimentin (VIM) pre-
dicts advanced liver fibrosis in chronic hepatitis B
patients: A random forest-derived analysis. Eur Rev Med
Pharmacol Sci 2022 Jul; 26(14): 5164-77. doi:
10.26355/eurrev_202207_29305. PMID: 35916814.

Wu L, Li X, Qian X, Wang S, Liu J, Yan J. Lipid
Nanoparticle (LNP) Delivery Carrier-Assisted Targeted
Controlled Release mRNA Vaccines in Tumor Immunity.
Vaccines (Basel) 2024 Feb 12; 12(2): 186. doi:
10.3390/vaccines12020186. PMID: 38400169;
PMCID: PMC10891594.

Wu L, Zheng Y, Ruan X, Wu D, Xu P, Liu J, Wu D, Li
X. Long-chain noncoding ribonucleic acids affect the
survival and prognosis of patients with esophageal
adenocarcinoma through the autophagy pathway:
construction of a prognostic model. Anticancer Drugs
2022 Jan 1; 33(1): €590-e603. doi: 10.1097/CAD.
0000000000001189. PMID: 34338240; PMCID:
PMC8670349.

Pan Z, Li Z, Meng F, Hu Y, Zhang X, Chen Y. Fat- and
iron-corrected ADC to assess liver fibrosis in patients
with chronic hepatitis B. Diagn Interv Radiol 2022 Jan;
28(1): 5-11. doi: 10.5152/dir.2021.21471. PMID:
34914604; PMCID: PMC12278920.

Luu NM, Nguyen TKT, Vu TT, Dinh TS, Luu NH, Do
TTT, Nguyen VS, Ha TBV, Nguyen DC, Tran TH, Phung
TTH, Duong XP, Khuong QL, Nguyen TTT, Saw YM,
Hoang TNA, Nguyen TN. Progression of liver fibrosis
and associated factors among chronic hepatitis B
patients at a general hospital in Northern Vietnam.
Nagoya J Med Sci 2022 Feb; 84(1): 19-28. doi:
10.18999/nagjms.84.1.19. PMID:  35392005;
PMCID: PMC8971045.

Bui HH, Nguyen ST, Phan ST, Nguyen KM, Nguyen CD.
Evaluating M2BPGi as a Marker for Liver Fibrosis in
Patients with Chronic Hepatitis B. Dig Dis Sci 2023 Dec;
68(12): 4407-17. doi: 10.1007/s10620-023-08143-
5. Epub 2023 Oct 20. PMID: 37861877; PMCID:
PMC10635958.



8 Yu et al.: Th1/Th2 cytokines and liver fibrosis indicators in chronic hepatitis B

29.

30.

31.

32.

33.

34.

Wu L, Chen X, Zeng Q, Lai Z, Fan Z, Ruan X, Li X, Yan
J. NR5A2 gene affects the overall survival of LUAD
patients by regulating the activity of CSCs through SNP
pathway by OCLR algorithm and immune score.
Heliyon 2024 Mar 28; 10(7): e28282. doi:
10.1016/j.heliyon.2024.e28282. PMID: 38601554;
PMCID: PMC11004709.

Yang K, Pan Y, Liu L, Sun B, Shi W. Serum Alpha-
Fetoprotein as a Predictor of Liver Fibrosis in HBeAg-
Positive Chronic Hepatitis B Patients. Medicina
(Kaunas) 2023 May 11; 59(5): 923. doi: 10.3390/
medicina59050923. PMID: 37241155; PMCID:
PMC10221886.

Han BJ, Liu YJ, Jin JY, Xu HK, Zhang WZ,Ren SM, et al.
Symptom assessment and management in patients with
lung cancer undergoing conventional or traditional chi-
nese medicine care. World J Tradit Chin Med 2023; 9:
235-42. doi: 10.4103/2311-8571.382112.

Sohn W, Chang Y, Cho YK, Hong YS, Shin H, Ryu S. Liver
fibrosis scores and risk of liver-related mortality in young
adults with chronic hepatitis B: A cohort study. J Viral
Hepat 2022 Jan; 29(1): 69-77. doi: 10.1111/
jvh.13618. Epub 2021 Oct 7. PMID: 34582599.

Zhang X, Wan Z, Lin M, Li Y, Wu X, Jiang J, Lin S, Chi
X. Immunoglobulin A and complement C4 are involved
in the progression of liver fibrosis in patients with chronic
hepatitis B. Int Immunopharmacol 2023 Sep; 122:
110604. doi: 10.1016/}.intimp.2023.110604. Epub
2023 Jul 12. PMID: 37451022.

Chen N, Luo P Tang Y, Liu B Wang J, Fan Y, Han L, Wang
K. Accelerators of chronic hepatitis B fibrosis cirrhosis
CCND" gene expression and promoter hypomethylation.
Sci Rep 2025 Mar 27; 15(1): 10630. doi: 10.1038/
s41598-025-93778-9. PMID: 40148411; PMCID:
PMC11950333.

35.

36.

37.

38.

39.

Wu L, Li X, Yan J. Commentary: Machine learning devel-
oped an intratumor heterogeneity signature for predict-
ing prognosis and immunotherapy benefits in cholangio-
carcinoma. Transl Oncol 2024 Jul; 45: 101995. doi:
10.1016/j.tranon.2024.101995. Epub 2024 May 9.
PMID: 38789241.

Sapmaz FP, Buyukturan G, Sakin YS, Kalkan H, Atasoy P
How effective are APRI, FIB-4, FIB-5 scores in predicting
liver fibrosis in chronic hepatitis B patients? Medicine
(Baltimore) 2022 Sep 9; 101(36): e30488. doi:
10.1097/MD.0000000000030488. PMID: 36086763;
PMCID: PMC10980425.

LiuZ, Wen H, Zhu Z, LiQ, Liu L, Li T, Xu W, Hou C,
Huang B, Li Z, Dong C, Chen X. Diagnosis of significant
liver fibrosis in patients with chronic hepatitis B using a
deep learning-based data integration network. Hepatol
Int 2022 Jun; 16(3): 526-36. doi: 10.1007/s12072-
021-10294-4. Epub 2022 Mar 21. PMID: 35312969.

Liao MJ, Li J, Dang W, Chen DB, Qin WY, Chen P Zhao
BG, Ren LY, Xu TE Chen HS, Liao WJ. Novel index for
the prediction of significant liver fibrosis and cirrhosis in
chronic hepatitis B patients in China. World J
Gastroenterol 2022 Jul 21; 28(27): 3503-13. doi:
10.3748/wjg.v28.i27.3503.  PMID: 36158257,
PMCID: PMC9346453.

Ekmen MO, Uzman M. The Relationship between Mean
Platelet Volume and Neutrophil-Lymphocyte Ratio and
Liver Fibrosis in Patients with Chronic Hepatitis B.
Medicina (Kaunas) 2023 Jul 12; 59(7): 1287. doi:
10.3390/medicina59071287. PMID: 37512098;
PMCID: PMC10384412.

Received: September 12, 2025
Accepted: October 13, 2025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


