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Objective: Pre-S1 antigen (pre-S1) is a component of hepatitis B virus large surface antigen (L-HBsAg). This study aimed to
investigate the association between clinical pre-S1 antigen (pre-S1) status and adverse prognostic events in chronic hepatitis B (CHB)
patients.

Methods: This study retrospectively enrolled 840 CHB patients with comprehensive clinical data, including 144 patients with
multiple follow-up of pre-S1 status. All patients were tested for serum pre-S1 and divided into pre-S1 positive and negative groups.
Single factor and logistic multiple regression analyses were performed to explore the association between pre-S1 and other HBV
biomarkers with the risk of hepatocellular carcinoma (HCC) in CHB patients. The pre-S1 region sequences of HBV DNA were
obtained from one pre-S1 positive and two pre-S1 negative treatment-naive patients using polymerase chain reaction (PCR)
amplification followed by Sanger sequencing.

Results: The quantitative HBsAg level was significantly higher in the pre-S1 positive group than that in the pre-S1 negative group (Z=
—15.983, P<0.001). The positive rate of pre-S1 increased significantly with the increase in HBsAg level (y*=317.963, P<0.001) and
HBV DNA load (y>=15.745, P<0.001). The pre-S1 negative group had a higher HCC risk than the pre-S1 positive group (Z=—2.00,
P=0.045, OR=1.61). Moreover, patients in the sustained pre-S1 negative group had a higher HCC risk (Z=—2.56, P=0.011, OR=7.12)
than those in the sustained pre-S1 positive group. The sequencing results revealed mutations in the pre-S1 region from samples of pre-
S1 negative patients, including frameshift and deletion mutations.

Conclusion: Pre-S1 is a biomarker that indicates the presence and replication of HBV. Pre-S1 sustained negativity attributed to pre-S1
mutations in CHB patients may be associated with a higher risk of HCC, which has clinical significance and warrant further
investigations.

Keywords: chronic hepatitis B, pre-S1 antigen, hepatocellular carcinoma

Introduction

Chronic Hepatitis B virus (HBV) infection is a global health problem, with a prevalence of about 5% worldwide that
varies significantly by region.' In China, the prevalence of HBV infection is higher, with the domestic rate dropping from
9.75% in 1992 to 7.2% in 2006, mainly due to widespread vaccination.”® HBV is a hepatotropic DNA virus that can
cause acute and chronic infections. The chronic infection can result in an asymptomatic carrier state, chronic hepatitis
B (CHB), liver cirrhosis (LC), and hepatocellular carcinoma (HCC).*® Although most adults with acute HBV infection
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recover completely with only about 5% become chronic infection, newborns and infants (< 4 years old) have a high
chance of developing chronic infection, which can be as high as 90%. LC and HCC are the main causes of death for
HBV-related liver diseases, resulting in over 500,000 deaths annually.® Thus, identifying risk factors for cirrhosis and
HCC in CHB patients is crucial for effective health management.

Ten HBV genotypes (A-J) have been identified based on the inter-genotype genome difference of more than 8%.
While all genotypes can cause liver disease, they also exhibit distinct pathogenic and therapeutic characteristics.”* In
particular, according to the sequence, Genotypes B and C are more prevalent in the Asian region such as China and East
Asia, and the infected patients show lower response rates to interferon therapy, as well as more rapid progression of liver
fibrosis and liver cancer.”'® Notably, HBV carriers of type C have a higher pre-S loss rate than those of type B.'""'

HBYV, also known as Dane particle, consists of an envelope and nuclear capsid.'> The envelope contains hepatitis
B surface antigen (HBsAg), glycoprotein, and lipid, while the nuclear capsid contains a viral genome composed of
relaxed circular double-stranded DNA (rcDNA), viral DNA polymerase (Pol), and viral core antigen (HBcAg). HBsAg
can be classified into large (L-), medium (M-), and small (S-) HBsAg based on their molecular weight. L-HBsAg is
composed of pre-S1 (108 or 119 hydrophilic amino acid residues depending on genotype), pre-S2 (55 hydrophilic amino
acid residues), and S protein (226 amino acid residues). M-HBsAg is made up of pre-S2 and S protein, while S-HBsAg
only consists of S protein.'>'? The interaction between pre-S1 and pre-S1-specific receptors, such as asialoglycoprotein
receptor (ASGPR), on the surface of human hepatocytes and hepatocellular carcinoma cells plays a key role for the entry
of HBV particles into hepatocytes.'*'> The receptor binding sites of pre-S1 (amino acids 1-48) are highly conserved
across multiple HBV genotypes.

Pre-S1 (pre-S1 antigen) has been used as a marker of hepatitis B since the 1980s. Currently, it has been widely used in
clinical practice as an indicator of HBV replication, similar to HBeAg. It has clinical significance for the detection of
early acute HBV infection, as well as for evaluating chronic HBV replication level, drug efficacy, and patient prognosis.
Pre-S1 appears at the earliest stage of acute HBV infection and its seroconversion is also the earliest indicator of virus
clearance.

Pre-S1 mutations, however, may alter HBV replication activity and secretion ability, potentially leading to decreased
circulating HBsAg levels.'®'® The inhibition of the secretion of HBV particles due to pre-S deletion mutations
(including pre-S1 and pre-S2 mutations) may result in the retention of viral particles in the endoplasmic reticulum,
which consequently induces endoplasmic reticulum stress. Compared with wild-type HBV, pre-S variants may develop
adaptive antigen properties to evade host immune surveillance and clearance, and enhance replication capabilities.'*°

Several studies have reported a higher pre-S1 mutation rate in CHB patients with liver cancer compared to those
without liver cancer.''*'*? Therefore, caution should be taken when interpreting the clinical significance of pre-S1, along
with other HBV markers, for the prognosis of CHB patients. The aim of this study was to investigate the association
between clinical pre-S1 status and adverse prognostic events in CHB patients.

Materials and Methods

Study Population
This clinical retrospective study was approved by the ethical committee of Zhongshan Hospital affiliated with Fudan
University. The study protocol conformed to the provisions of the Declaration of Helsinki. Informed consent was
obtained from all subjects. A total of 840 patients with chronic HBV infection who visited the hospital from
January 2016 to January 2021 were enrolled. Chronic infection was defined as HBsAg positive, with or without HBV-
DNA positivity. All patients were tested for pre-S1 and divided into pre-S1 positive and negative groups. Among them,
144 HBsAg positive patients were followed up with multiple detections of pre-S1 at intervals of at least 6 months,
including 122, 13, and 9 patients tested for pre-S1 twice, thrice, and four times, respectively.

The exclusion criteria were: (1) acute hepatitis B virus infection; (2) co-infection with other hepatitis viruses, eg, hepatitis C,
A, or E; (3) autoimmune liver diseases, including primary biliary cirrhosis and autoimmune hepatitis; (4) drug-induced liver
injury; (5) schistosomiasis cirrhosis; (6) other diseases that may lead to liver cirrhosis or other serious liver diseases.
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Data Collection

The clinical data were collected, including: (1) general information, such as age and gender; (2) biomarkers of HBV infection,
including HBV pre-S1 antigen (pre-S1), HBV markers (HBsAg, HBsAb, HBeAg, HBeAb, HBcAb, HBcAb IgM), and HBV-
DNA; (3) liver function tests, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phos-
phatase (ALP), gamma-glutamyltransferase (GGT), total bilirubin (TB), conjugated bilirubin (CB), and albumin (ALB); (4)
blood lipids, including total cholesterol and serum triglyceride levels; (5) blood routine, including total hemoglobin (Hb) and
platelet count (PLT); (6) coagulation function, including prothrombin time (PT) and activated partial thrombin time (APTT);
(7) tumor markers, including alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9
(CA19-9); (8) imaging results, including ultrasound of the liver and biliary system, Fibroscan, abdominal computed
tomography (CT), upper abdominal magnetic resonance imaging (MRI), and positron emission tomography-computed
tomography (PET-CT), and liver biopsy results if available; and (9) Child-Pugh stage of cirrhosis.

Diagnosis of Liver Cirrhosis and Liver Cancer

The diagnosis of hepatitis B-related cirrhosis should conform to the (1) and (2) pathological diagnosis, or (1) and (3) clinical
diagnosis, as follows: (1) current HBsAg positive, or HBsAg negative, anti-HBc positive, with a definite history of chronic
HBYV infection (past HBsAg positive for >6 months), except for other causes; (2) pathological results of liver biopsy consistent
with liver cirrhosis; (3) at least 2 of the followings: imaging examination showing signs of cirrhosis and/or portal hypertension;
endoscopic examination showing esophageal and gastric varices; liver hardness tested by Fibroscan was consistent with
cirrhosis; decreased albumin level (<35g/L) and/or prolonged PT (compared with the control group) on blood biochemical
examination; and platelet count <100x10"9/L in blood routine examination.

The diagnostic criteria for HBV-related hepatocellular carcinoma (HCC) are as follows: (1) with HBV-related liver
cirrhosis, intrahepatic nodules with diameter <2cm, and presence of typical HCC characteristics shown in at least 2 of the
following imaging examinations: dynamic enhanced MRI, dynamic enhanced CT, ultrasound imaging, and hepatocyte-
specific Gd-EOB-DTPA enhancement MRI; (2) intrahepatic nodules with diameter >2cm, and at least one typical liver
cancer characteristic found in the above 4 imaging examinations; (3) Focal liver biopsy and/or surgery showing
a pathological diagnosis of HCC, including HBV-related liver cirrhosis, intrahepatic nodules with a diameter <2cm,
without or with only one of the typical liver cancer characteristics found in the above four imaging examinations; or
nodules with a diameter of >2 cm without typical features of liver cancer.

Detection of Pre-Si

Serum pre-S1 was detected using standardized procedures of enzyme-linked immunosorbent assay (ELISA) (Shanghai
Alpha Biotechnology Co., LTD) with an ST-360 automatic quantitative ELISA detection system (Shanghai Kehua
Experimental System Co., LTD).

Sequence Analysis and Detection of Pre-S| Variations

Serum samples (5 mL each) were collected from two pre-S1 positive and two pre-S1 negative treatment-naive patients
who were positive for HBV DNA was extracted using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany). The
pre-S1 region was amplified by PCR using the following primers: pre-S1 forward: 5’-GTCACCATATTCTTGGGAACA
-3’; and pre-S1 reverse: 5’-GTCCACCACGAGTCTAGACTC-3’. The PCR products were cloned using the pLB Lethal
Based Fast Cloning Kit, and 10 positive clones were selected and sequenced by Sanger sequencing. The sequences were
analyzed and compared with the control sequences of HBV type B (GenBank Accession No. KR152339), type
C (GenBank Accession No. KY881972.1) and type D (GenBank Accession No. V01460.1).

Statistical Analysis
Statistical analysis was performed using ¢-test and Wilcoxon rank sum test to compare the average level of measurement
data, and Chi-square test and Fisher exact test to compare the average level of count data. Single-factor and logistic
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multiple regression analyses were applied to explore the correlation between pre-S1 status and the risks of cirrhosis and

HCC. P < 0.05 was considered statistically significant.

Results

Characteristics of the Study Population
The general characteristics of the 840 CHB patients are shown in Table 1. The pre-S1 negative and positive groups

comprised 305 and 535 patients, respectively. Although there was a statistical difference in age (P<0.050), there was no

Table | Association of Pre-S| Single Test Result with Clinical Parameters

Variables Pre-S| Negative (N=305) Pre-S| Positive (N=535) ZI %It value P value
No. (%); M (P25~P7s)
Age (years) 7.101 0.029
<40 36(11.8%) 45(8.4%) 2.565
40~60 182(59.7%) 293(54.8%) 1.903
>60 87(28.5%) 197(36.8%) 5.977
Genders 0.368 0.544
Male 252(82.6%) 433(80.9%)
Female 53(17.4%) 102(19.1%)
HBYV markers
HBsAg (COlI) 1232(237~3236) 5773(3282~6984) —15.983 <0.001
HBeAg positive/HBeAg negative 38(12.5%)/267(87.5%) 138(25.8%)/397(74.2%) 20.858 <0.001
THBVDNA positive/HBV DNA negative 122(42.7%)/164(57.3%) 238(46.6%)/273(53.4%) 1.137 0.286
Liver function
ALT (U/L) 31(20~49) 31(20~52) -0.310 0.757
AST (U/L) 38(24~61) 36(25~57) 0.245 0.807
ALP (U/L) 98(73~139) 97(72~36) 0.614 0.539
GGT (U/L) 62(31~138) 63(32~147) -0.212 0.832
ALB (g/L) 39(36~53) 41(37~44) —2.088 0.037
Blood fat
TC (mmol/L) 3.95(3.26~4.57) 3.91(3.31~4.62) —0.596 0.551
TG (U/L) 1.00(0.73~1.43) 0.96(0.69~1.39) 0.698 0.485
Blood routine
Hb (g/dl) 11.15(10.00~13.03) 10.95(9.35~12.5) 1.448 0.149
PLT (x1079/L) 124(77~185) 132(82~188.5) —-1.120 0.263
Coagulation function
PT (s) 12.4 (11.6~13.9) 12.5 (11.8~13.6) —0.552 0.581
APTT (s) 28.7 (26.8~30.8) 28.5 (27.1~30.6) 0.114 0.909
Tumor markers
AFP (ng/mL) 9.2(2.5~214.75) 13.6(3~269.2) —1.242 0.214
CEA (ng/mL) 2.52(1.66~3.9) 2.4(1.6~3.48) 1.029 0.304
CA19-9 (ng/mL) 17.6(9.1~38.1) 18.2(10.3~39.8) —0.764 0.445
Liver cirrhosis
With/without cirrhosis 136(44.6%)/169(55.4%) 270(50.5%)/265(49.5%) 2.687 0.101
Liver function (Child-Pugh grade)
A# 259(84.9%) 484(90.4%) / 0.041
B 43(14.1%) 48(9.0%)
C 3(1.0%) 3(0.6%)
HCC
With/without HCC 253(83.0%)/52(17.0%) 419(78.3%)/116(21.7%) 2.606 0.106

Notes: No.: number of patients who had single pre-S| test with these characteristics. M (P,s~Ps) refered to medium (25th percentile~75th percentile). Non-normal
distribution measurement data were analyzed by Wilcoxon rank sum test. The measurement data of ALB and Hb that conform to normal distribution after variable
transformation were analyzed by t-test. Counting data of HBeAg positive and HBY DNA positive (number/total number) were analyzed by Chi-square test. The bold font
indicates P-values less than 0.05. TThe data of HBV DNA is partially missing. “Child-Pugh A group included CHB patients scored<=6 without liver cirrhosis.
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difference in gender distribution between the two groups. The level of HBsAg in the pre-S1 negative group was
significantly lower than that of the positive group (P<0.001). However, there was no statistical difference in HBV
DNA positive rate between the two groups.

A statistical difference was found in the ALB level between the two groups, although the levels were within the
normal range. However, no difference was observed in other parameters, such as liver function, blood lipids, blood
routine, coagulation function, and tumor markers, between the two groups.

Pre-S| Status is Associated with Other HBV Markers

As shown in Table 2, there was a significant difference in the positive rates of pre-S1 in patients with different HBsAg
titers ranging from HBsAg <1000COI, 1000~2000COI, 2000~5000COI, to >5000COI. The positive rates of pre-S1
detected in patients with a single test showed an increasing trend with the increase in HBsAg titers. The positive rate of
HBeAg in the pre-S1 positive group was also significantly higher than that in the pre-S1 negative group. The correlation
analysis between HBV DNA content and the positive rate of pre-S1 in a single test also showed that the positive rate of
pre-S1 increased significantly with the increases in HBV DNA loads (Table 2).

Correlation Analysis Between Pre-S| Status and Hepatitis B-Related Cirrhosis and
HCC

Single and multivariate analyses of the association between clinical factors and HCC risk in CHB patients are shown in
Table 3. Pre-S1 negative, cirrhosis, age >50, and male gender were associated with a higher HCC risk.

A total of 144 HBsAg positive patients were followed up with pre-S1 testing multiple times. The pre-S1 status was
classified into four modes based on the changing trend (ie, negative-negative, positive-positive, positive-negative, and
negative-positive). No significant association was found in cirrhosis risk between the pre-S1 follow-up modes.
However, a significant difference was observed in HCC risk between the pre-S1 sustained negative and sustained
positive groups (Table 4).

Logistic multiple regression analysis showed that patients with sustained pre-S1 negativity in multiple follow-
up tests were associated with a higher HCC risk than that of the sustained positive group (Table 5). The odds
ratio (OR) of multiple tests with negative pre-S1 maintenance versus multiple tests with positive pre-S1
maintenance was 7.12.

During the pre-S1 follow-up period, the antiviral drugs used by the patients included entecavir, tenofovir, telbivudine,
adefovir, and lamivudine. As shown in Table 5, there was no significant difference in the multiple follow-up tests of pre-
S1 status with antiviral treatments (y°=4.895, P=0.180).

Table 2 Association of Pre-S| Single Test Result with Other HBV Markers

Variables Pre-S| Negative | Pre-S| Positive | x* value | P value
No. (%)

HBsAg (COI) N=305 N=535 317.963 | <0.001*
<1000 140 (45.9%) Il (2.0%)

1000~2000 50 (16.4%) 37 (6.9%)

2000~5000 70 (22.9%) 174 (32.5%)

>5000 45 (14.8%) 313 (58.5%)

tHBV DNA (IU/mL) N=286 N=511 15745 | <0.001*
~1E+04 259 (90.6%) 411 (80.4%)

|E+04~|E+06 21 (7.3%) 62 (12.1%)

|E+06~IE+08 6 (2.1%) 38 (7.4%)

Notes: No.: number of patients who had single pre-S| test with these characteristics. The bold font
indicates P-values less than 0.05. *P<0.001 after chi-square test and Bonferroni correction. fThe data of
HBV DNA is partially missing.
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Table 3 Single and Multivariate Analysis for the Association of Clinical Factors with HCC Risk in Chronic HBV Infected

Patients

Variables in HCC Patients | Patients with Pre-S| Test (N=840) | Single Factor Analysis Multivariate Analysis
(N=672) 2

No.(%)/No.(%) X P z P OR
Pre-S| (negative/positive) 253(30.1%)/419(49.9%) 2.606 0.106 —2.00 | 0.045 1.6l
Cirrhosis (with/without) 313(37.3%)/359(42.7%) 4.148 0.042 —247 | 0.013 1.59
Age (250/<50) 475(56.5%)/197(23.5%) 5.504 0.019 261 0.009 1.02
Gender (male/female) 579(68.9%)/93(11.1%) 47.518 <0.001 6.70 <0.001 | 4.04
HBsAg (COl) / 0.050 0.960 1.45 0.147 1.00
HBeAg (positive/negative) 137(16.3%)/535(63.7%) 0.649 0.421 -0.94 | 0.345 0.81
ALT (U/L) / —0.187 0.852 I.10 0.273 1.00
Child Pugh (A*+B/C) 601(71.5%)/71(8.5%) 3.173 0.075 —-1.81 | 0.071 0.64
THBV DNA (negative/positive) | 359(42.7%)/282(33.6%) 2.036 0.154 —1.04 | 0.300 0.82

Notes: No.: number of HCC patients who had single pre-S| test with these characteristics.

which scored <=6. The bold font indicates P-values less than 0.05. TThe data of HBY DNA is partially missing.

Table 4 The Association Between Four Pre-S| Follow-Up Modes with Cirrhosis

#Child-Pugh A group included CHB patients without liver cirrhosis

and HCC, and Antiviral Treatment

Variables Patients with Multiple Pre-S| Tests N=143 7 P Ve P
No.(%)
Negative-Negative Positive-Positive Positive-Negative Negative-Positive
(N=33) (N=94) (N=6) (N=10)
Cirrhosis 17(51.5%) 44(46.8%) 1(16.7%) 5(50.0%) 2.524 | 0471
HCC 16(48.5%) 23(24.5%) 1(16.7%) 4(40.0%) - 0.054% | 6.621 | 0.010%
Antiviral therapy/Total 14(42.4%) 53(56.4%) 1(16.7%) 5(50.0%) 4895 | 0.180

Notes: No.: number of patients who had multiple pre-S| tests with these characteristics. The bold font indicates P-values less than 0.05. Correlation of sustained pre-S|
serological status with HCC, *P=0.054 after chi-square test, "P=0.010 after Bonferroni correction, respectively.

Table 5 Single and Multivariate Analysis for the Association of Clinical Factors with HCC Risk in Chronic HBV Infected Patients

with Sustained Pre-S| Test Results

Variables in HCC Patients (N=39) Patients with Sustained Pre-S| Test Single Factor Multivariate

Results (N=127) Analysis Analysis

No.(%)/No.(%) barA P z P OR
Pre-S|(sustained negative/ sustained positive) 16(12.6%)/23(18.1%) 6.621 0.010 —2.56 | 0.011 | 7.12
Cirrhosis (with/without) 28(22.0%)/11(8.7%) 12.365 | <0.001 | 1.8I 0.022 | 4.6l
Age (250/<50) 26(20.5%)/13(10.2%) 8519 | 0.004 1.87 | 0.062 | 1.05
Gender (male/female) 29(22.8%)/10(7.9%) 0.679 | 0410 0.88 | 0378 | .77
HBsAg (COl) / —2.112 | 0.035 1.83 | 0.068 | 1.00
HBeAg (positive/negative) 8(6.3%)/30(23.6%) 1.467 | 0.226 —0.34 | 0.735 | 0.79
ALT (U/L) / —0.050 | 0.960 / / /
Child Pugh (A*+B/C) 37(29.1%)/2(1.6%) 0.199 | 0.655 -1.01 | 0312 | 0.23
HBV DNA (negative/positive) 26(20.5%)/12(9.4%) 1.677 | 0.195 0.17 | 0.868 | I.Il
Antiviral treatment (effective/ ineffective or 28(22.0%)/11(8.7%) 8.186 0.004 1.62 0.105 | 2.71
without treatment)

Notes: No.: number of patients who had HCC with these characteristics. #Child-Pugh A group included CHB patients without liver cirrhosis which scored <=6. The

bold font indicates P-values less than 0.05.
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Table 6 Information of Pre-SI Sequence Results of Pre-S|I Negative and Positive, Treatment
Naive Patients

Information Patient | Patient 2 Patient 3
Gender Male Male Female
Age (years) 43 48 62
Liver cirrhosis Yes Yes Yes
HCC No No No
Family history of HCC No Yes Yes
Pre-S| status Positive Negative Negative
HBsAg (COlI) 7040 3000 3360
e-antigen Negative Positive Negative
HBV DNA (IU/mL) 8.01E+04 2.02E+06 4.89E+06
Pre-S1 Sequences Df 1: C-(V90A) I: ct
2: C-frame shift mutation 2: C-deletion mutation (54bp)
3: C-deletion mutation (54bp)

Notes: TReference sequences: type C toxic strain (has not been submitted to GeneBank) and type D toxic strain
(GeneBank accession No. V01460.1). All data were obtained at presentation.

Comparison of the Sequence of the Pre-SI Region Between Pre-S| Positive and

Negative Patients

The DNA and amino acid sequences of the pre-S1 region in the pre-S1 positive sample were consistent with those of type
D HBV. The samples from two pre-S1 negative patients were of type C HBV origin and contained multiple pre-S1
sequences, including frameshift and deletion mutations. The general information and specific sequences are shown in
Table 6 and Figure 1, respectively.

Discussion

The present study investigated the association between clinical pre-S1 status with other HBV markers and the adverse
prognostic events of CHB in 840 patients with chronic HBV infection with a single test of pre-S1, and 144 CHB patients
with multiple follow-up tests of pre-S1.

It was found that the HBsAg level was significantly higher in the pre-S1 positive group than in the pre-S1 negative group
(Z=—15.983, P<0.001). The positive rate of pre-S1 was also found to increase significantly with the increase in HBsAg level
(/*=317.963, P<0.001) and HBV DNA load (*=15.745, P<0.001), indicating that pre-S1 positivity is an indicator of HBV
presence and replication, similar to HBsAg and HBV DNA. In addition, single and logistic multiple regression analyses
revealed an association between pre-S1 negativity and HCC risk, highlighting the importance of monitoring pre-S1 clinically.

HBsAg originates from sources including Dane particles and non-infectious filaments or globular “viral shells”, which are
10% to 10 times more abundant than Dane particles. Serum HBsAg level is associated with the content of covalently closed
circular DNA (cccDNA), the original HBV cDNA template, in the liver nuclei. However, it may not always be parallel to HBV
DNA levels, as the mRNA of HBsAg synthesis can also come from the integrated viral DNA in the host genome.'® Serum
HBsAg is an important serum marker for screening and diagnosis of HBV infection, as well as for assessing the effects of HBV
treatment. HBsAg level can independently predict long-term treatment efficacy and the effectiveness of the treatment regimen,
with a lower baseline HBsAg indicating a higher likelihood of HBsAg seroconversion.

Pre-S1 is an important component of L-HBsAg, and in normal circumstances, the large surface protein encoded by the
pre-S1 gene is closely associated with the virus cycle, including the interaction between viruses and hepatocyte receptors.
Pre-S1 positivity can therefore be considered as a marker of HBV presence and replication, and thus can serve as an
auxiliary indicator of HBV clearance status.”® In contrast, pre-S1 negativity in clinical tests may be due to an overall
reduction in HBsAg or L-HBsAg synthesis to an undetectable level, or mutations that occur in the pre-S1 region.'®?°

HBYV polymerase lacks a proofreading function for DNA replication, leading to HBV mutants being selected during
the reverse transcription step under immune and/or drug pressure.”* Mutations, such as base substitutions, deletions, or
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Figure | Pre-S| amino acid sequences of pre-S| positive and Pre-S| negative treatment naive patients. (A) The pre-S| amino acid sequence of pre-S| positive patient |
(Seq_I) was consistent with D-type HBV. (B) The sample of pre-S| negative patient 2 contained two pre-S| sequences. Compared with C-type HBYV, Seq_| of the pre-S|
amino acid sequence had only one site mutation (V90A); another pre-S| sequence had frame shift mutation resulting the mutation and premature termination. (C) Sequence
analysis showed that the sample of pre-S| negative patient 3 contained three pre-S| sequences. Among them, the amino acid sequence of pre-S| Seq_| was identical with
that of C type HBV; pre-S| Seq_2 and Seq_3 contained deletion mutations.
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insertions, in the pre-S region may alter the phenotype of HBsAg, therefore affecting HBV infectivity, nucleic acid
replication, serological markers, viral protein expression, and secretion. These mutations may also impact the immuno-
genicity and antigen-antibody binding capacity of HBV. Compared to the wild-type, pre-S1 variants may have adaptive
antigenic properties or different replication capabilities that allow them to evade host immune surveillance or clearance.”*

Studies have reported that HBsAg with pre-S deletion mutations (including pre-S1 and pre-S2 mutations) can accumulate in
the endoplasmic reticulum (ER) of ground-glass hepatocytes (GGH).'®'7** In fact, two pre-S mutants have been detected in the
serum and HCC tissues of 60% of HCC patients,”>*® highlighting the clinical relevance of these mutations. Another study found
that pre-S1 interacts with -catenin to inhibit its phosphorylation, thereby activating the Wnt signaling pathway and promoting
the transformation of normal hepatocytes to cancerous hepatocytes. Different types of GGH are related to different expression

1617 with GGH type I containing pre-S1 deletion mutant.>” Deletion

patterns and viral replication stages of HBsAg/HBcAg,
mutations in pre-S1 have been associated with an increased risk of HCC,?!*%?% 3 these mutations are often observed in patients
with HBV genotype C. Large deletion mutations involving the pre-S1 or pre-S2 regions have also been linked to an increased risk
of HCC,?" as well as HCC recurrence after surgical resection.>

There are multi-mechanisms of chronic HBV infection in promoting the development of HCC. Within them, pre-S1
deletion mutations have been considered as a potential attributing factor. It was shown that these mutations can lead to
the accumulation of virus particles in cells, causing endoplasmic reticulum stress, DNA oxidative damage, and genomic
instability, all of which may contribute to an increased risk of HCC.?** In transgenic mice, pre-S mutants were found to
induce hepatocyte dysplasia and hepatocellular carcinoma. Moreover, in a nested control study, the presence of pre-S
mutants in HBV carriers was associated with a high risk of developing liver cancer.> In the present study, no statistically
significant differences in the ratios of cirrhosis between the pre-S1 negative and positive groups were found. However,
logistic multiple regression analysis of the correlation between pre-S1 status, age, gender, HBsAg level and incidence of
HCC in CHB patients with multiple follow-up pre-S1 tests showed that pre-S1 negativity (Z=—2.00, P=0.045, OR=1.61)
and cirrhosis (Z=—2.47, P=0.013, OR=1.59) were risk factors for HCC. The OR of patients with sustained negative pre-
S1 versus those with sustained positive pre-S1 was the highest (Z=—2.56, P=0.011, OR=7.12) (Table 5). These results
suggest that pre-S1 negativity, especially sustained pre-S1 negativity, is associated with a higher risk of HCC.
Furthermore, two pre-S1 negative patients with HBV DNA load were found to have type C HBV origin by sequencing
and contain multiple pre-S1 sequences with frameshift mutations and deletion mutations. In sustained pre-S1 negative
CHB patients, even when the HBsAg titers were lower than other types, they could still be detected in plasma, indicating
the potential existence of pre-S1 mutations. Therefore, emphasizing pre-S1 detection in follow-up and early detection of
mutations in the pre-S1 region may facilitate active treatment and intervention, close monitoring of the occurrence of
HCC, and improved adverse prognostic events.

In the present study, no statistical difference was found in pre-S1 results between CHB patients treated with different
antiviral drugs, indicating that existing drug therapy was not correlated with pre-S1 serological status. Current clinical
practice guidelines recommend antiviral therapy for CHB patients to prevent disease progression to liver cirrhosis and
HCC.**® However, even with effective antiviral therapy, most HBeAg positive CHB patients cannot achieve complete
clearance of HBeAg (with or without anti-HBe seroconversion); the ideal endpoint of HBsAg negative conversion is also
rarely achieved in CHBpatients with or without detectable HBV DNA replication. In addition, antiviral therapy can not
eliminate the risk of liver cancer, especially in patients with liver cirrhosis. The eradication of HBV requires the clearance
of cccDNA in liver cells.***° The expression of HBsAg is attributable to viral transcriptional template cccDNA and
integrated HBV DNA in patients with low viral load.*' Currently, the commonly used therapeutic drugs for HBV
infection are nucleoside analogs (NAs), which mainly inhibit HBV replication by inhibiting HBV polymerase but have
no effect on cccDNA and the expression of integrated HBV DNA. Therefore, studying multi-target new drugs for HBV
treatment is of great significance. Studies have shown that a significant decrease in type I and type Il GGH can only be
observed in patients after a long duration of treatment (median duration of 4.3 years), and the persistence of GGHs could
explain the residual risk of HCC development under anti-HBV treatment. Intrahepatic GGHs and pre-S mutants are
potential additional targets for HCC prevention in patients already receiving anti-HBV treatment.****

In conclusion, pre-S1 positivity reflects the presence of HBV and viral replication, similar to other HBV markers.
Current oral anti-HBV drugs have no significant effect on pre-S1 serological reversion. Sustained positivity of pre-S1 and
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HBsAg or HBV DNA can reflect the unclearance of HBV. Pre-S1 mutations as indicated by sustained pre-S1 negativity
and HBsAg positivity are associated with a higher risk of HCC. Thus, it is clinically significant for patients with chronic
HBYV infection to be monitored for pre-S1 status in follow-up visits. However, more studies are needed to establish the
clinical significance of pre S1 status with the adverse prognostic events of CHB patients, and to understand HBV
mutation sites and their roles in carcinogenesis of hepatitic B related HCC.
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