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Abstract. - OBJECTIVE: Hepatitis B virus
(HBV) causes long-term injury to the liver in pa-
tients with chronic hepatitis B. It was reported
that nearly half of this disease’s cases now re-
sult from mother-to-infant (MTI) transmission.
Therefore, intervention during this period of
transmission of HBV could effectively prevent
HBYV infection in infants.

MATERIALS AND METHODS: This study
employed bioinformatics methods to analyze
the datasets of MTI hepatitis B transmission
obtained from the Gene Expression Omnibus
(GEO) database. Through this analysis, we ex-
tracted valuable information to identify genes
exhibiting differential expression and uncover
the associated signal pathways. Ultimately, our
investigations into alterations in immune func-
tion shed light on the underlying mechanisms of
MTI HBV transmission.

RESULTS: There were 593 genes that were sig-
nificantly differentially expressed (512 up-regu-
lated genes and 81 down-regulated genes) in
the offspring CD8+T cells with Hepatitis B sur-
face antigen (HBsAg) intrauterine exposure. The
pathways enriched for differentially expressed
genes have been revealed. Furthermore, we per-
formed a correlation analysis between differ-
entially expressed genes and maternal hepati-
tis B inheritance via the weighted gene co-ex-
pression network analysis (WGCNA) and even-
tually found a high correlation between the cyan
module and the shape. Among them, there were
166 genes in the cyan module, which were main-
ly enriched in the phosphatidylinositol signal-
ing system, glycerolipid metabolism, and other
types of O-Glycan biosynthesis.

CONCLUSIONS: Therefore, we speculated
that these signaling pathways and the genes
within may be closely related to hepatitis B sus-
ceptibility and maternal hepatitis B inheritance.
In this study, we showed that differentially ex-
pressed genes and signaling pathways may be
valuable in preventing MTI transmission of HBV.
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Introduction

Among 7.2 billion people worldwide, about
two billion have had previous HBV infections,
and 350 million are chronically infected with it
About 30-50% of chronic HBV infections are
transmitted from mother to child**. The Hepatitis
B vaccine (HBVac) has effectively controlled
prenatal and postpartum HBV transmission, but
intrauterine HBV infection remains the leading
cause of failure in neonatal immune blocking3®.
With few exceptions, the majority of newborns
who acquire intrauterine infection will become
lifelong carriers of HBV. Eventually, approxi-
mately 20-25% of these cases will develop cir-
rhosis and liver cancer, which can be attributed to
the persistence of chronic hepatitis B. Currently,
there are still a significant number of HBV-infect-
ed females of childbearing age in China, leading
to the transmission of HBV to their newborns
through mother-to-infant (MTI) transmission.
Among these cases, 5-40% of MTI transmissions
are caused by intrauterine infection. This issue
poses a social problem that not only jeopardizes
the quality of the birth population but also im-
pacts the harmony and stability of families and
society in China’.

Despite the significant efficacy of active and
passive immunoblockings in preventing MTI
hepatitis B, the poor response to the hepatitis B
vaccine in some pregnant patients remains a pri-
mary reason for the failure in completely ceasing
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the newborns” MTI hepatitis B transmission'’-'2.
Besides, newborns’ immune tolerance and/or
other factors resulting from intrauterine HBV
infection might also lead to neonatal immuniza-
tion failure. Contextually, the optimal means to
avoid fetal intrauterine HBV infection would be
a timely and accurate rapid diagnosis. Previous
evidence'*!* pointed out that pregnant patients’
DNA level of serum HBV and their positive
hepatitis B E antigen (HBeAg) are the indexes
closely relevant to the HBV MTI transmission
risk, and these two factors are the dominant
players in the course of the intrauterine HBV
transmission through chorionic capillary endo-
thelial cells. The occurrence of MTI hepatitis
B transmission happens in all newborns when
their mothers are HbeAg-positive, especially
when the mothers’ viral loads are higher than
10® copies/mL. Both positive maternal HBV
DNA and HbeAg are risk factors for HBV in-
trauterine transmission'>'°, It was reported that
pregnant women with viral loads >10° copies/
mL have a notably higher intrauterine transmis-
sion incidence than those with viral load <10°
copies/mL. A debate still exists regarding the
effect of delivery mode on the MTI transmis-
sion of HBV'"'®, The cesarean section would
effectively reduce the risk of HBV intrauterine
transmission'”?’.

In this study, we used biological information
to analyze whether intrauterine HbsAg exposure
affects the immune response of offspring to HBV
and its related mechanisms, which is crucial to
prevent MTI transmission of HBV.

Materials and Methods

Datasets

In this study, datasets related to hepatitis B in
maternal and infant cohorts were screened from
the GEO database (available at: www.ncbi.nlm.
nih.gov/geo). The GSE162718 dataset was chosen
as the analysis object. The data set was made up
of two groups: liver cells from C57BL/6 mice
and liver cells from C57BL/6-TG (HBV ALB-1)
Bri44 transgenic mice expressing HBS.

Variation Analysis

In this study, we fetched differentially ex-
pressed genes amid the different comparison
and control groups using the R software package
DESeq2 (version 3.5.1, R Foundation for Statis-
tical Computing, Vienna, Austria). DESeq2, a

method based on negative binomial distribution
generalized linear model, is used for differential
expression screening. During this phase, we ob-
tained the genes from the expression profile data
set whose expression value was 0 and their pro-
portion >50% were removed. The input matrix
was constructed via the DESeq DataSet from
the Matrix function, and then these data were
standardized using the DESeq function. The sig-
nificance of each gene was determined based on
the results obtained from the difference analysis.

Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes
(KEGG) analyses

We mapped genes into the background set and
used the R software package Cluster Profile R
(version 3.5.1, R Foundation for Statistical Com-
puting, Vienna, Austria) for gene set enrichment
analysis. An analysis of gene set functional en-
richment was conducted using GO annotations
in the R software package org.hs.eg.db (version
3.5.1), and genes were mapped into the back-
ground set as a reference set. Gene set enrichment
analysis was conducted using the R package
Cluster Profiler (version 3.5.1)*22,

WGCNA

The aim of this section was to estimate the
Median Absolute Deviation (MAD) of each gene
according to its expression spectrum. After the
analysis, the top 50% of genes with the smallest
MAD values were disregarded or excluded from
further consideration. Through the Good Sam-
ples Genes method of the R software package
WGCNA, outliers and samples were removed.
We combined modules with a distance <0.25;
finally, co-expression modules were obtained. In
the context of the study, the Grey module refers
to a group of genes that could not be clearly asso-
ciated or assigned to any specific biological func-
tion or process. These genes exhibited a level of
complexity or ambiguity in their roles, making it
challenging to categorize them into known gene
sets with defined functions®-*.

Statistical Analysis

All statistical analyses were completed using
SPSS version 27 (IBM Corp., Armonk, NY,
USA) and R version 3.5.1 (R Foundation for Sta-
tistical Computing, Vienna, Austria). A p-value
lower than 0.05 was considered the threshold for
statistical significance.
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Results

Intrauterine Exposure of HBsAg
to Regulation of Progeny Gene
Expression Profile

Our study aimed to perform a bioinformatics
analysis to determine the consequence of intra-
uterine HBsAg exposure affecting the immune
response of the offspring to HBV and to reveal the
underlying mechanisms, which would be mean-
ingful for MTI HBV transmission prevention. We
found that there were 593 differentially expressed
genes (512 up-regulated and 81 down-regulated
genes) in the group of the offspring CD8+T cells
with HBsAg intrauterine exposure in contrast to
the control (Figure 1).

Differential Genes were Analyzed
by GO and KEGG

By performing GO analysis of down-regu-
lated genes, we found that most of these genes
were enriched in macromolecule localization,
protein localization, nuclear part, nuclear lumen,
catalytic activity, enzyme binding, and other
functional pathways. The KEGG analysis re-
vealed that the genes MAP2K6, NFATC3, ITPR?2,
IKBKE, ISG15, TUBB2A4, SMYD3, KMT5B, and
CD28 exhibited significant enrichment. These
genes were mainly associated with various path-
ways, including Kaposi sarcoma-associated her-
pesvirus infection, PD-checkpoint pathway in
cancer, L1 expression and PD-1, C-type lectin
receptor signaling pathway, cellular senescence,
Hepatitis B, lysine degradation, Retinoic ac-
id-inducible gene I (RIG-I)-like receptor sig-
naling pathway, Epstein-Barr virus infection,
human immunodeficiency virus 1 infection, and
Gap junction signaling pathways (Figure 2).

By performing GO analysis of the up-reg-
ulated genes, we found that these genes were
rich in system development, nervous system
development, plasma membrane part, cell pro-
jection, cytoskeletal protein binding, calcium
ion binding, and other functional pathways. The
up-regulated genes primarily exhibited signif-
icant enrichment in several pathways and bi-
ological processes, including axon guidance,
arrhythmogenic right ventricular cardiomyopa-
thy (ARVC), glutamatergic synapse, morphine
addiction, insulin secretion, renin secretion, cell
adhesion molecules (CAMs), purine metabo-
lism, ErbB signaling pathway, and hypertrophic
cardiomyopathy (HCM) (Figure 3).
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WGCNA Method was Used to Analyze
Differentially Expressed Genes

Subsequently, we further analyzed the dif-
ferentially expressed genes through WGCNA
and then divided the differentially expressed
genes into multiple gene modules. We ana-
lyzed the correlation between different mod-
ules and conducted a correlation analysis be-
tween modules and samples. From the Cyan
module, we extracted 166 genes (Figure 4).
Subsequently, we conducted an in-depth analysis
of the signaling pathway involving 166 genes
within this module. Our findings revealed that
these genes are significantly enriched in several
biological pathways, including phosphatidylinosi-
tol signaling system, glycerolipid metabolism,
mismatch repair, glycerophospholipid metabo-
lism, Notch signaling pathway, palpation, pyrim-
idine metabolism, breast cancer, phospholipase D
signaling pathway, and other types of O-Glycan
biosynthesis pathways. Signaling pathways and
genes within these pathways may be related to
susceptibility to hepatitis B and maternal trans-
mission of hepatitis B (Figure 5).

Discussion

MTI transmission of HBV refers to the trans-
mission process of HBV from infected pregnant
women to their offspring by means of intrauterine
infection, birth canal infection, or postpartum
transmission, also known as vertical transmis-
sion*?. This HBV transmission path was first
discovered in 1975, wherein there were 63 cases
of HBsAg-positive infants born to 158 HBV-car-
rying mothers, and 51 of the 63 infants were
HBsAg positive for six months?. Thus, it was
confirmed that HBV is transmitted from infected
mothers to their babies, i.e., HBV could be trans-
mitted through perinatal MTI transmission. In
areas with a high prevalence of HBV infection,
HBYV is often transmitted perinatally from mother
to child, which is the main mode of transmission
in China. Infants infected with HBV during the
perinatal period and early childhood are prone
to developing chronic hepatitis B infection be-
cause of their underdeveloped immune systems.
Therefore, preventing infantile HBV infection
by blocking HBV transmission from mother to
child will likely reduce the occurrence of chronic
hepatitis B*3°.

HBVac and hepatitis B immunoglobulin
(HBIG) are two ways to stop MTI transmission.
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Figure 1. Analysis onto those genes of differential expression relevant to the progeny CD8+ T cells in MTI HBV transmission.
A, Differentially expressed genes are plotted on a volcano plot. B, Differentially expressed genes heat map analysis.




M.-M. Zhang, X.

Liao, H. Wang

A macromolecule localization - o
protein localization | o
cold-induced thermogenesis

ion of cold-induced th is

adaptive thermogenesis |

protein methylation |

protein alkylation |

temperature homeostasis |

histone lysine methylation 4 L]

thymic T cell selection -

T T T
0.1 0.2 0.3 0.4

GeneRatio

B nuclear part -
nuclear lumen -
nucleoplasm -]
cytoplasmic vesicle | [ ]
intracellular vesicle - [ ]
nucleoplasm part - [ ]
nuclear body - [ ]
cell projection membrane -
actin-based cell projection - [ ]
intercellular canaliculus 4 @
T T T T T
0.0 0.1 0.2 0.3 0.4

GeneRatio

c catalytic activity, ill:llrll’l:;o()‘gi: i .
enzyme binding - o
lipid binding -
phospholipid binding - Y

protein serine/threonine kinase | PY
activity

phosphatidylinositol binding -|
integrin binding { @

phosphatidylserine binding -{ @

3,4,5-tri binding{ @

polyubiquitin modification-dependent |

protein binding | ®

T T T T T
0.050.100.150.200.250.30
GeneRatio

-log10(pvalue)

16 1.8 20 22 24 26

KEGG Pathways
@ Kaposi sarcoma-associated herpesvirus infection
@PD-L1 expression and PD-1 checkpoint pathway in cancer
@ C-type lectin receptor signaling pathway
@ Cellular senescence
@ Hepatitis B
© Lysine degradation
@ RIG-I-like receptor signaling pathway

Epstein-Barr virus infection

Human immunodeficiency virus 1 infection

Gap junction
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analysis results.

Blood-derived HBVac was approved for clin-
ical application in 1981; HBVac recombinant
protein was introduced in 1986 and is now used
worldwide. After exposure to HBV, HBIG pro-
vides passive immunity with temporary protec-
tion (3-6 months)**2. The HBsAg immunogenic
components in HBVac cannot immediately ac-
tivate the immune system to produce sufficient
anti-HBs, but the passive immunization with
HBIG prior to this is capable of neutralizing the
HBYV that may come from the mother, which is
an important means to block the MTI transmis-
sion. Scholars* have shown that the combined
immunoblocking strategy of HBIG with HBVac
is effective in avoiding MTI transmission after
delivery. The effective rate of HBVac and HBIG
combined immunoblocking is 94%, while the ef-
fective rate of HBVac or HBIG alone is 75% and
71%, respectively®. Multiple research studies*
have demonstrated that infants born to mothers
who are positive for HBsAg and HBeAg can be
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effectively protected through a combination of
HBIG and HBVac immunization, or through
the administration of Hepatitis B vaccine alone.
These studies®*** have provided a scientific basis
for the implementation of combined immuniza-
tion strategy. However, there were still failures
in immune blocking; hence, it is very important
to study the effects of MTI and intrauterine
transmission on the offspring’s immune cells.
HBsAg intrauterine exposure resulted in 593
genes with notably differential expression in the
offspring CD8+T cells of this study. These genes
may be closely related to hepatitis B suscepti-
bility and maternal hepatitis B inheritance. Our
findings enhanced our understanding towards
the biological aspects of MTI HBV transmission
and laid the foundation for further development
of effective HBVac or prevention strategies.
Finally, we used WGCNA to further ana-
lyze the association between differential genes
and traits. A close relationship was observed
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Figure 3. Go analysis onto those up-regulated genes relevant to the progeny CD8+ T cells in MTI HBV transmission. A, GO
analysis, Biological Process. B, GO analysis, Cellular Component. C, GO analysis, Molecular Function. D, KEGG analysis

results.

between the cyan module and these signaling
pathways and the genes, indicating the role of
maternal hepatitis B inheritance in hepatitis B
susceptibility. Gene association patterns within
different sources can be described using WGC-
NA, a systems biology method; in practice, this
method is implemented for the identifications
of highly covarying gene sets and the candi-
date biomarker genes or therapeutic targets in
light of interconnectedness of gene sets and
the relevance within gene sets and phenotypes.
Unlike those research methods that only focus
on gene differential expression, WGCNA is
able to retrieve information from thousands or
nearly 10,000 genes with the largest variation
or all genes, which is an effective way of iden-
tifying the gene sets of interest and conducting
significant association analysis with phenotypes.
The differentially expressed genes and signaling
pathways screened in this study can provide
some reference for clinical diagnosis and treat-
ment. But this is also the limitation of this study

because we have not been able to verify the ex-
pression or function of these differential genes
and signaling pathways in animal models or
cell models, or even clinical samples. In future
research, we will focus on in-depth research in
this area.

Conclusions

Our study revealed that there were 512 and
81 genes, notably up-regulated and down-reg-
ulated, respectively, in the CD8+T cells from
the offspring mice that underwent HBsAg in-
trauterine-exposure treatment. Out of the 166
differentially expressed genes, a significant cor-
relation was observed between these genes and
the shape-related characteristics under investiga-
tion. These genes showed prominent enrichment
in various biological pathways, including the
phosphatidylinositol signaling system, glycero-
lipid metabolism, mismatch repair, phospholip-
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id metabolism, Notch signaling pathway, legio-
nellosis, pyrimidine metabolism, breast cancer,
phospholipase D signaling pathway, and other
types of O-Glycan biosynthesis. Those signaling
pathways and the genes were considered relevant
and pinpointed a correlation between hepatitis
B susceptibility and infection of an infant with
HBYV from its mother. And we also believed that
our findings would be a valuable clue for MTI
HBYV transmission prevention.
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