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Objective: Studies have shown that cluster of differentiation (CD) 24 gene polymorphism is associated with several diseases. Among
these, chronic hepatitis B (CHB) infection has not been investigated. This study aimed to assess the function of CD24 in CHB.
Methods: The study included 478 cases of CHB and 318 cases without CHB from 230 families that underwent genotyping.
Polymerase chain reaction-restriction fragment length polymorphism was performed to assess the single nucleotide polymorphism
(SNP) P170 of the CD24 gene. The detected genotypes were TT, CT, and CC. Then, family based-association analysis was carried out
to investigate the association between CD24 gene polymorphism and susceptibility to CHB.

Results: In the 478 patients with CHB, the frequencies of CD24 P170 T and C alleles were 35.5% and 64.5%, respectively, and the frequencies
of CD24 P170 CC, CT, and TT genotypes were 39.3%, 50.4% and 10.3%, respectively. In a CD24 single-locus analysis by a family-based
association test of P170 polymorphisms, T and C were not significantly associated with CHB in the additive (Z=0.169, P =0.866; Z=—0.169,
P =0.866, respectively), dominant (Z = 0.522, P=0.602; Z= 0.428, P =0.669, respectively), or recessive (Z=—0.428, P=0.669; Z=—0.522,
P =10.602, respectively) models. Transmission-disequilibrium (TD) and sib-transmission disequilibrium (STD) tests revealed no excess of T or
C alleles from heterozygous parents to their children with the disease or higher frequencies of these alleles in patients compared with their
normal siblings (> = 0.06, P = 0.897).

Conclusion: The study findings suggest that the SNP P170 of CD24 has no significant association with susceptibility to the HB virus
and related phenotypes in Chinese patients.
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Introduction

Persistent hepatitis B virus (HBV) infection is considered a polygenic and multifactorial disease.' The causes of viral
persistence remain unknown, but host factors may have profound effects on disease outcomes.' A large number of
unknown genes may alter the susceptibility to persistent HBV infection.”

T-cell-mediated immunity plays a very important role in persistent HBV infection, and genes regulating local
inflammation may be related to chronic hepatitis B (CHB) risk and progression.® First, an active immune response is
required for HBV clearance and CHB blocking.* Second, multiple experimental studies of HBV infection in transgenic
mice demonstrate that T-cell-mediated chronic inflammation is responsible for hepatocellular carcinoma progression.>®
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Cluster of differentiation (CD) 24 is a glycosylphosphatidylinositol (GPI)-anchored protein found on the surface of
multiple cell types, such as activated T cells,” B cells,® macrophages,9 and renal tubular epithelial cells.'® It has been
shown in experimental mice that CD24 regulates a CD28-independent costimulatory pathway that improves CD4 and
CDS8 T-cell activation.'' Additionally, CD24 is very important in autoreactive T-cell-induced chronic inflammation.'?
Recent studies indicate that CD24 is associated with the risk and progression of autoimmune diseases. '

The human CD24 gene harbors a single nucleotide polymorphism (SNP) that causes alanine substitution by valine at
a position preceding the putative cleavage site for the GPI anchor (the ®-1 position).'"* Evidence suggests that the
replacement of an amino acid may impact the amount of CD24 on circulating T cells.'> Therefore, the CD24 SNP may
affect HBV pathogenesis by controlling CD24 expression levels.

Recently, it has been revealed there is an increased risk of multiple sclerosis (MS) in individuals carrying P170""
compared with those harboring the P170°T and P170°“ genotypes among familial MS cases. Current findings suggest
that the CD24" allele is more easily transmitted to infected individuals.'® In addition, a case-control study found that the
CD24 SNP influenced CHB pathogenesis by affecting CD24 expression.'®

A case-control study is an epidemiologic method that is often applied to survey the association between risk factors
and diseases. Subject selection bias may easily happen in a case-control study; as a result, false-positive results caused by
population stratification due to mismatched subject selection would be obtained. By comparison, the influence of
population stratification on association tests could be theoretically avoided in a family-based study. This study is the
first family-based susceptibility study of CD24. In this study, we performed a family-based association test (FBAT) of the
P170 SNP in CD24 to determine whether it represented a susceptibility locus for chronic HBV infection in the Chinese
population.

Materials and Method

Participants

An FBAT for CHB was performed between 2020 and 2021. A total of 796 participants (478 patients and 318 family
members) were assessed from among 230 nuclear families. Patients who had CHB, according to the classification
criteria, were recruited in Anhui province, China. Among the 230 families, 96 (41.74%) had both parents alive, 87
(37.83%) had only one living parent, and 47 (20.43%) had lost both parents. The family selection criteria for probands
that were applied in this study should meet any of the following three requirements: (1) both parents were alive; (2)
participants had at least two siblings; (3) at least one parent or one additional sibling. All participants provided signed
informed consent for inclusion in the study, and peripheral whole blood samples were collected. The CD24 gene’s SNP
was derived from the National Center for Biotechnology Information’s Single Nucleotide Polymorphism Database home
page. The P170 SNP in CD24 is located in exon 2 as a non-synonymous mutation. This study was conducted with
approval from the Ethics Committee of the Affiliated Taixing People’s Hospital of Yangzhou University and was
conducted in accordance with the declaration of Helsinki.

Phlebotomy
A blood specimen was obtained in a 5-mL Vacutainer tube from each participant. This was followed by the centrifugation
of samples at 5000 rpm for 5 min for plasma collection. Whole blood samples were stored at —80°C.

Genotyping of the P170 Polymorphism

Deoxyribonucleic acid (DNA) extraction from 5 mL of venous peripheral blood was carried out using a DNA extraction
kit (Yuan Ping-hao Biotechnology, China), following the manufacturer’s instructions, and stored at —80°C until analysis.
The P170°" genotypes of CD24 were identified by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). The P170 locus underwent specific amplification by nested-PCR using a First PCR Amplification Kit
(TaKaRa, Japan) and using CTTGGCATTTTTGAG GCATCT and TGTGTCGAGGCAGTTGTAAAA as forward and
reverse primers, respectively. Amplification conditions were: 94°C (10 min); 20 cycles at 94°C (30 s), 55°C (30 s), and
68°C (2 min), 72°C (10 min). A 1882 base pairs (bp) CD24 amplicon was obtained. Another amplification with
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Figure | Genotyping of the CD24 gene polymorphism P170 by BstX| RFLP. The 1000 bp ladder was run as a standard. PCR fragments with TT underwent digestion to yield
2 fragments (275 and 129 bp, respectively); those with CT yielded 3 fragments (275, 129 and 404 bp, respectively), while CC-containing fragments were undigested (404 bp).

CTAAAGAGAATGACCTTGGTGGGT and GGATTGGGTTTAGAAGATGGGG as forward and reverse primers,
respectively, was performed as follows: 94°C for 2 min; 35 cycles at 94°C for 30s, 55°C for 30s and 72°C for 30s;
and 72°C for 4 min. A 404 bp amplicon was obtained. The final PCR products underwent BstXI digestion (45°C) and
separation by 3.0% agarose gel electrophoresis (Figure 1). The genotype was termed “C” with no BstXI restriction site
and was termed “T” where the BstXI restriction site was present (Figure 1). The PCR-RFLP data were validated by the
direct sequencing of 10 PCR specimens in each genotype.

Statistical Analysis
To avoid a population-based bias, which commonly occurs in population-based association studies, a transmission/
disequilibrium test and a unified FBAT were carried out under dominant, recessive, and additive genetic models; based on
these results, the case number was selected. The FBAT’s statistical power relied on the included family members.
A single-marker FBAT was performed to assess single locus frequencies. Each test calculated the frequency of a specific
locus in HBV-infected families. A positive Z value for a single locus indicated that the latter had a higher transmission
strength than anticipated, considering the null hypothesis. To assess the transmission disequilibrium in families, we
applied the conventional TDT statistic (disequilibrium of transmission of alleles from heterozygous parents to affected
children) and the STDT (considering patient and other normal siblings).

The statistic was computed as (b — ¢)*/(b + c), where b and ¢ represented, respectively, the transmission and non-
transmission numbers for the allele. The Hardy—Weinberg equilibrium was used for families with unclear results; P <
0.05 was considered to indicate significant evidence of association.

Results

A total of 230 core families with 796 in-family members were selected; these included 279 parents and 517 children, and
412 males and 384 females (Table 1). There were 478 CHB cases, which were all assessed; in addition, 318 family
members of these cases were genotyped.

When stratified by the P170 genotype, the frequencies of the CC, CT, and TT genotypes were 39.3%, 50.4%, and 10.3%,
respectively (Table 2); the number of core families with the three genotypes was 62 (CC), 71 (CT), and 28 (TT). Out of all the
study subjects, 478 were infected and 318 were non-infected, including a total of 317 with CC, 84 with TT, and 395 with CT
(Table 3). Meanwhile, T and C allele frequencies were 35.46% and 64.54%, respectively (Table 4); the T and C alleles were
transmitted in 29 and 31 core families of offspring with chronic HBV infection, respectively (Table 4). The genotype
distributions of P170 polymorphisms obey the Hardy—Weinberg principle (x* = 0.065, P = 0.897).
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Table | Structures of CHB Families

One Child | Two Children | Three Children | Four Children | Five Children | Total
Two parents | 58 26 7 2 96
One parent | 0 57 24 6 0 87
No parent 0 0 34 12 I 47
Total 58 83 65 21 3 230

Notes: A total of 230 core families with 796 in-family members were selected; these included 279 parents and 517 children, and 412
males and 384 females.

Table 2 Associations
Association Test

of the PI70 Genotype with Chronic HBV Infection by Family-Based

Marker Genotype | Frequency | Family® | S E (S) Var (S) | Zz° P

P170T/C | C/IC 0.393 62 38.000 | 40.184 17.494 -0.522 | 0.601
cIT 0.504 71 54.000 | 50.573 | 20.827 0.751 0.452
T/T 0.103 28 15.000 16243 | 8.446 —0.428 | 0.668

Notes: *Number of nuclear families informative for a given allele. S, test statistic; E (S) and Var (S) represent the test statistic’s
expected value and variance, respectively. A negative Z value suggests that the frequency of the transmitted genotype is negatively
associated with susceptibility to HBV.

Table 3 Genotypes distribution of CHB families

Genotypes Total
CcC TT TIC
Infected 185 39 254 478
Non-infected 132 45 141 318
Total 317 84 395 796

Note: Out of all the study subjects, 478 were infected and 318 were non-infected, including a total of
317 with CC, 84 with TT, and 395 with CT.

Table 4 TDT of Association with HBV-Affection Status in 478 Trios Selected from the HBV Nuclear

Families
SNP Frequency Allele Transmitted Not Ve P
P170C/T 0.3546 T 29 31 0.065 0.897
0.6454 C 31 29

Note: TDT analysis revealing T and C allele (P170) transmission, respectively, to chronic HBV-infected offspring.

In a CD24 single-locus analysis by FBAT of P170 polymorphisms, T and C were not significantly associated with CHB
in the additive (Z = 0.169, P = 0.866; Z = —0.169, P = 0.866, respectively), dominant (Z = 0.522, P = 0.602; Z = 0.428,
P = 0.669, respectively), and recessive (Z = —0.428, P = 0.669; Z = —0.522, P = 0.602, respectively) models (Table 5).

The FBAT data are summarized in Table 2. The assessed genotypes were not associated with CHB, the result of CC,
CT and TT are Z=-0.522, P =0.601; Z=0.751, P = 0.452; Z = —0.428, P = 0.668. The TDT analysis also revealed no
enhanced transmission of the main allele (* = 0.065, P = 0.897).

Discussion
The current study found that P170 allele transmission did not occur at an elevated frequency from heterozygous parents
to HBV-infected children. In addition, no associations between CD24 polymorphisms and chronic HBV infection were
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Table 5 Associations of PI70 Polymorphisms with Chronic HBV Infection Assessed by Family-Based
Association Test (Single-Marker FBAT Analysis)-in the Additive, Dominant and Recessive Models

Allele Additive Model Dominant Model Recessive Model
Families® zb P Families z P Families z P

T 72 0.169 0.866 62 0.522 0.602 28 —0.428 0.669

C 72 —0.169 0.866 28 0.428 0.669 62 -0.522 0.602

Notes: *Informative families might have two heterozygote parents or many offspring. With <10 informative families, the test could not be
performed. °A negative Z value suggests that the frequency of the transmitted allele is negatively associated with susceptibility to HBV.

detected. However, this study showed a predominance of the C allele in patients with hepatitis B, which is consistent with
previous studies.

To the best of the authors’ knowledge, this is only the second study to evaluate CD24 in a cohort with HBV P170,
which is a non-synonymous polymorphism that potentially has a degree of immune function. The previous study on the
association between P170 gene polymorphisms and hepatitis B was a case-control study, which is an epidemiological
method commonly used to investigate the relationship between risk factors and disease. However, subject selection bias
can easily occur in case-control studies; false-positive results due to population stratification as a result of mismatched
subject selection will then be obtained. In contrast, family-based studies can theoretically avoid the effect of population
stratification on association tests. The reasons for this discrepancy may be as follows. To some extent, in a pedigree-
based association study, such as the present study, population stratification may avoid false positive results; on the other
hand, differences in allele frequencies reflect differences in different samples, which may lead to inconsistent results. In
addition, the interaction of clinical characteristics and heterogeneity of genetic environment samples may also lead to the
occurrence of inconsistent results. However, the transmission disequilibrium method stratifies the population and can
investigate maternally mediated parentage effects; these aspects cannot be provided by case-control studies, so the
method used in the present study is more persuasive.

In relation to the results of this experimental study not being consistent with previous studies, several mechanisms
may exist. One is that the gene for P170 selected in this study may not affect the expression level of CD24 or may result
from linkage disequilibrium with other gene polymorphisms of CD24, and therefore, T cell activation may not be
affected. Another possible explanation is that the SNP of P170 is functionally associated with the CD24 protein, and this
association occurs by changing the order and structure of the CD24 protein through linkage disequilibrium with other
SNPs. We also cannot rule out the possibility that another real HBV gene is connected to the P170 gene polymorphism
site of the CD24 gene and that it affects the association between the P170 gene and susceptibility to CHB.

This study does, however, represent the first FBAT of chronic HBV infection in Chinese individuals. A recent study
suggested that the P170" allele encodes a protein that is expressed at higher levels compared with P170°, possibly
through an increase in the effectiveness of posttranslational GPI cleavage.'” An independent case-control study found
that the selected mutation of CD24 strongly inhibits liver cancer in HBV transgenic mice; the same study demonstrated
that CD24 genetic variation may be a crucial factor for determining CHB outcome and reported that CD24 plays an
important role in HBV development.'® In the present study, PCR-based RFLP was performed for genotyping P170
polymorphisms in patients with CHB and their families. The authors used an FBAT to determine whether a P170 SNP in
the CD24 gene was linked to patient susceptibility to HBV in the Chinese population. This study investigated one SNP
(P170), but did not replicate the positive association with HBV infection reported by previous studies, which indicate that
the gene loci of CD24 are likely associated with CHB in the Chinese Han population.

In contrast, the current study’s data suggest there are no genetic factors that may affect susceptibility to HBV at the
P170 position in Chinese subjects. The allelic frequency of P170 in CHB subjects in the present study was 0.3546/0.6454
(T/C), while in the study noted above, a ratio of 0.3168/0.6832 (T/C) was obtained.'® To some degree, the distinction of
allelic frequency showed the difference between samples, which may have led to the dissimilar results. Additionally,
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family-based studies tend to avoid false positives because of population stratification. Furthermore, sample heterogeneity,
eg, in terms of clinical features and gene-environment interactions, may result in inconsistencies.

It is well-known that HBV is a disease of polygenic inheritance, and the effect of single polymorphisms is weak.'®
Additional studies that include more SNPs within the HBV genome or additional HBV variants are warranted.
Furthermore, there may be additional genes that are closely associated with HBV in terms of function, such as those
described above, and their possible relationships with HBV as well as gene—gene interactions all deserve further
investigation. The TDT and STDT analyses also found no elevated parent transmission of the main alleles of the
assessed SNP to HBV-infected offspring. The non-significant results in the assessed families may have resulted from the
decreased power of the TDT test, with few families remaining after stratification.'® In addition, the pedigree we selected
contained alleles that were homozygous, meaning only a certain allele is present in a certain family, which also may have
affected our findings. Although this stratification reduced the number of observed participants, the frequency of each
assessed feature remained high, and subgroups contained reasonable sample sizes. Larger sample sizes will, nonetheless,
be more useful. Finally, subgroup analysis was performed because HBV is a complex disease that may have multiple
distinct etiopathogenic subgroups. In a subgroup with a certain etiopathogenesis, the influence of a given genetic variant
may be much higher than in the entire HBV population on average. Considering that a TDT analysis provides robustness
to population stratification and can evaluate maternal and parent-of-origin effects, which cannot be assessed by case-

control analyses,”*?!

the current results may be more credible.

Complex diseases such as chronic HBV infection depend on the interactions of multiple factors.?* It is possible that
no individual gene specifically leads to CHB infection.”® At times, environmental factors may exert important effects on
the susceptibility of diverse individuals.>* This may be an essential reason for the negative results of the present study.
Therefore, even with the above-noted negative outcomes, the effects of these gene alterations on susceptibility to CHB
cannot be excluded.

This study contains some limitations. First, not enough polymorphic markers were selected to cover the entire CD24
sequence, particularly as it relates to promoter variants; therefore, the current results should be interpreted with caution.
Second, the reliability of this study was limited by its small sample size. Thus, further research with additional
polymorphic markers and larger sample sizes should be performed within the Chinese Han population to validate the
present research findings; in particular, increasing the number of core pedigrees selected to contain both parents or to
include one of the parents should be considered.

Conclusion
The study findings suggest that the SNP P170 of CD24 has no significant association with susceptibility to HBV and
related phenotypes in Chinese patients.

Abbreviations

bp, base pairs; CHB, chronic hepatitis B; CD, cluster of differentiation, DNA, deoxyribonucleic acid; FBAT, family-
based association test; HBV, hepatitis B virus; GPI, glycosylphosphatidylinositol; MS, multiple sclerosis; PCR-RFLP,
polymerase chain reaction-restriction fragment length polymorphism; SNP, single nucleotide polymorphism; STDT, sib
transmission-disequilibrium test; TDT, transmission-disequilibrium test.
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