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Abstract

AIM: To explore the mechanism of intra-uterine
transmission, the HBV infection status of placental tissue
and /n vitro cultured placental trophoblastic cells was
tested through /n vivo and in vitro experiments.

METHODS: A variety of methods, such as ELISA, RT-
PCR, IHC staining and immunofluorescent staining were
employed to test the HBV marker positive pregnant
women's placenta and /n vitro cultured placental
trophoblastic cells.

RESULTS: The HBV DNA levels in pregnant women's
serum and fetal cord blood were correlated. For those
cord blood samples positive for HBV DNA, their maternal
blood levels of HBV DNA were at a high level. The HBsAg
IHC staining positive cells could be seen in the placental
tissues and the presence of HBV DNA detected. After co-
incubating the trophoblastic cells and HBV DNA positive
serum /n vitro, the expressions of both HBsAg and HBV
DNA could be detected.

CONCLUSION: The mechanism of HBV intra-uterine
infection may be due to that HBV breaches the placental
barrier and infects the fetus.
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INTRODUCTION

The maternal-fetal transmission of hepatitis B virus
(HBV) remains one of the important causes of chronic
HBYV infection in Chinal"?. At present, the combined
immunity of hepatitis B vaccine and high-titer hepatitis B
immunoglobulin (HBIG) has already achieved relatively
excellent efficacies in blocking the maternal-fetal
transmission of HBVPl Howevert, still among around
10% of the mothers with positive HBV serum marker,
the immunological blockade failed in the born neonates
who later became chronically infected with HBV®, It is
currently thought that the major cause of unsuccessful
immunological blockade is the intra-uterine infection of
HBYV. The mechanism of HBV intra-uterine infection
remains unclear at present. But, during the process of
intra-uterine transmission, the placental tissue plays an
important role. The HBV DNA in maternal body needs
to trespass the placental battier to infect the fetus. Duting
pregnancy, the direct contact of trophoblast cells with
the maternal blood is the first step of HBV passing
through the placental barrier®!". Therefore the studies
of HBV infections of placental tissue and placental
trophoblast cells are of great significance for elucidating
the mechanism of HBV intra-uterine transmission.

MATERIALS AND METHODS

Clinical cases

A total of 20 cases of HBV-infected pregnant women
during normal delivery for the period of October 2002
to December 2004 on the ward of Department of OB &
GYN at the Shengjing Hospital Affiliated to CMU were
selected. The age range of pregnant women was 23-38
years old. 20 cases of neonate were delivered normally.
After birth, the fetuses (9 males and 11 females) were all
healthy. They received HB vaccine and anti-hepatitis B
immunoglobulin at birth and 1 mo after birth, and HB
vaccine 6 mo after birth. Follow-up visit of HBV serum
markers in the neonates were at 6 mo after birth. None
of 20 pregnant women received anti-viral treatment. At
admission, the LFT examination was normal with no
symptom of hepatitis. The serologic HBV testing of their
spouses was all negative. The peripheral venous blood and
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fetal cord blood were retained to isolate the serum and
stored in a -20°C freezer. The appearance of their placenta
was normal, with intact fetal membranes and no evidence
of abruption. The surgical scalpel was used to slice the
placental tissue into the blocks of size around 1.0 cm’.
Formalin fixation was petformed. 5 pregnant women with
normal delivery were taken as the negative control. Patient
permission was sought to retain the samples of placental
tissue.

Serological testing of HBV marker

The ELISA method was used to perform the serological
testing of HBV marker. The experimental methods
followed those specified within the reagent kit (Shanghai
Kehua Biotech Co., Ltd) package insert.

HBV DNA detection in serum samples by real-time PCR
Real-time fluorescence quantitative PCR was used to test
the HBV DNA level in serum samples: The handling
procedures were performed in strict accordance with the
reagent kit (Shenzhen PG Biotech Co., I.td.) package insert.
The primer was provided in the kit, the reaction volume was
40 pL, and the reaction condition was 37°C for 5 min, 94°C
for 1 min then 40 cycles as 95°C for 5 s and 60°C for 30 s.
The test was repeated twice to confirm the results.

IHC staining of HBV marker in placental tissue

The routine ABC method was adopted for staining.
The handling methods specified within the reagent kit
(ZYMED Co., Ltd. USA) package insert were followed and
the experimental results considered to properly adjusting
the incubation time. Visualization was achieved through
DAB. The pregnant women's placenta with negative HBV
serum marker was taken as the negative control while the
tissue samples from liver puncture of chronic hepatitis B
patients as the positive control.

HBV DNA testing of placental tissue samples

The digestive lysis method of proteinase K was used
to extract the tissue DNAI'Y and the method of real-
time fluotescence quantitative PCR (reagent kit was
manufactured by Shenzhen PG Biotech Co., Ltd.) for
testing. The test was repeated twice to confirm the results.

HE staining of placental tissue

The product of tissue section and HE staining were
produced by department of pathology of shengjing
hospital affiliated to china medical university.

Follow-up visit of neonates at 6 mo
Six months post-birth the newborns were examined for
HBV matkers in the serum by ELISA.

Cell culture

Primary generation culture of human early-pregnancy
villous membrane trophoblast cells™: eatly-pregnancy
placental villus was digested by the combined trypsin/
DNAase method to harvest the single cells. The trypsin
was produced by Sigma Co., Ltd. and DNAase by
Worthington Co., Ltd. USA. The trophoblast cells were
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separated and purified by Percoll (Pharmacia Co., Ltd.)
density gradient centrifugation, and rat tail collagen
(Sigma Co., Ltd.) was employed to promote the cellular
wall-adsorption. The primary generation culture was
performed. The 7x vitro culture model of trophoblast cells
was established.

Propagation culture of trophoblast cell line JEG-3: The
trophoblast cell line JEG-3 (generous gift of Prof. Wang
Yanling, Institute of Zoology, CAS) was propagated
in DMEM/F12 medium (Hyclone Co., Ltd.) with 10%
FCS ( Hyclone Co., Ltd.) until the cells stayed within
the logarithmic growth period for experiments. Prior
to inoculation, the slide covers were pre-placed into the
6-hole culture plate (Costar Co., Ltd.).

The infection test of HBV to trophoblastic cells

The serum samples from HBV carriers (normal LFT) with
a high level of HBV DNA (> 1.0 X 10° copies/mL) and
those from the healthy volunteers with a negative serum
HBV marker wete collected. A 0.22 um filtration device
(Costar Co., Ltd.) was used to filter away the bacteria. At
56°C for 30 min, the complement was inactivated and
stored aseptically.

DMEM/F12 (1:1) serum-free cell culture medium
(Hyclone Co., Ltd.) containing 20% HBV positive serum
was added into the primary cultured cells and JEG-3 cells.
For the control group, the HBV negative control serum
was added. The cells were taken out after co-incubating
with HBV positive serum for 8, 24 and 48 h in the cell
incubator at 37°C with 5% CO,. After washing and fixing,
the samples were frozen and stored for later testing;

Detection of HBV infection status in the trophoblast cells
by immunofluorescence and IHC staining

The frozen cell slides were taken out and blocked with
10% bovine serum albumin (BSA) (Sigma Co., Ltd.). After
addition of 1:50 HBsAg monoclonal antibody (Beijing
Zhongshan Co., Ltd.) diluted with 1% BSA, the samples
were stored at 4°C overnight. The FITC-tagged secondary
antibody (Beijing Zhongshan Co., Ltd.) was added and the
staining results observed under the fluorescent microscope
(Nikon, Japan).

The routine ABC method was adopted for staining. The
handling methods specified within the reagent kit (Beijing
Zhongshan Co., Ltd.) package insert were followed.
HBcAg monoclonal antibody (Beijing Zhongshan Co.,
Ltd.) was used as first antibody. Visualization was achieved
through DAB.

HBYV DNA detection in trophoblast cells
The testing method of HBV DNA in trophoblast cells was
identical to that for HBV DNA in tissue.

Statistical analysis

The experiment data were expressed as mean * SD. And
the software of SPSS for Windows 10.0 was employed to
perform statistic analysis of the data. The #test, Spearman's
rank correlation test and Wilcoxon's rank sum test for
2-sample geometric mean comparison were used for
statistic analysis. The LSD method was used for inter-
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Table 1

Relationship between HBV DNA level of mothers'
serum and their fetus' cord blood

Maternal serum HBV DNA level

n Xin Sin
Cord blood HBV DNA positive 6 19.2556" 1.5614
Cord blood HBV DNA negative 14 16.0952 2.8454

Xin is logarithmic mean and si logarithmic SE. t = 2.536, P = 0.021, °P < 0.05 vs
both group.

group paired comparison and the ANOVA method for
single factor analysis. P < 0.05 was limit of significant
difference.

RESULTS

HBV DNA test results in pregnant women and fetal cord
blood

The serum HBV DNA in 20 mothers were all positive.
The HBV DNA was positive in 6 samples of fetal cord
blood while the HBV DNA level of fetal maternal blood
in these 6 cases was all above 1.0 X 107 copy/mL. The
positive rate of HBV DNA in cord blood was 30%. And
the HBV DNA level in fetal cord blood was markedly
lower than that in maternal blood.

The authors compared the relationship of maternal
blood HBV DNA level and cord blood HBV DNA level.
The results are shown in Table 1.

The results have indicated that the cord blood HBV
DNA level was closely correlated with the maternal blood
HBYV DNA level. For the fetus with positive cord blood
HBV DNA, the maternal serum HBV DNA was at a
higher level. As compared with those with negative cord
blood HBV DNA, there was significant difference.

IHC testing results of HBsAg and HBcAg in placental
tissue

IHC staining of HBsAg and HBcAg in placental tissue of
20 pregnant women was carried out. The results showed
that there were 6 cases of positive HBsAg IHC staining in
placental tissue of pregnant women. No positive HBcAg
IHC staining in placental tissue was found. Among the
pregnant women with positive staining of placental tissue,
5 cases of cord blood were tested positive for HBV DNA.
Among them, 1 case of cord blood was tested negative for
HBYV DNA while another 1 case positive for cord blood
HBYV DNA and no HBsAg positive cell was observed
in placental IHC staining. The HBsAg positive staining
cell was most commonly seen at the villous surface of
trophoblast cells in placental tissue and also among the
villous interstitial cells. Within one case, HBsAg positive
staining was seen within the endothelial cells of villous
capillaties in pregnant women's placental villus. For control
group, there was no positive staining observed (Figure 1).

HBV DNA test results in placental tissue

Five cases of placental tissue in 6 fetuses with positive
cord blood were tested positive for HBV DNA. The level
of HBV DNA was as low as 5.0 X 10°-3.0 X 10’ copy/mL.

Figure 1 The IHC staining results of the placenta of HBV carrier mothers. A: HBsAg
positive cells in the vascular endothelial cell of the placenta villi (x 40); B: HBsAg
positive cells in the trophoblastic cell of on the surface of placenta villi (x 40).

Follow-up results of neonates at 6 mo

After 6 mo, 19 neonates received follow-ups. Among
which, 2 cases tested positive for serum HBsAg, HBeAg
and anti-HBc. Both these two cases were positive for HBV
DNA in cord blood and placental tissue. The remaining
17 cases were HBsAg negative. Ten cases were anti-HBs
positive.

Results of HBV infection status in trophoblast cells by
immunofluorescence and HC staining

After co-incubating with HBV-infected serum, the
trophoblast cells might show positive signal of HBsAg by
immunofluorescence staining. At 8 h of co-incubating,
the positive signal was weaker and the number of
infected cells was fewer. While at 24 h of co-incubating,
the positive signal became stronger and the number of
infected cells showed a rising trend. Afterward when at 48
h of co-incubating, the number of HBsAg positive cells
in trophoblast cells had no marked increase (Figure 2).
Through numeration, the number of HBsAg positive cells
for every 100 cells at each time point was recorded (500
cells counted for each glass slide). The number of HBsAg
positive trophoblast cells at different time points was
compated!” (# = 5). The results ate summatized in Table
2. IHC staining also showed that the positive expression
of HBcAg could be seen within the nucleus of trophoblast
cells at 24 h and 48 h of co-incubating with HBV-infected
serum. In the negative control group, no HBsAg or
HBcAg positive cell was seen.
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Figure 2 Immunofluorescence staining results of trophoblastic cells of different
co-incubation time with HBV positive serum. A: 8 h; B: 24 h; C: 48 h.

Co-incubation time »#» Numbers of HBsAg positive cells (per 100 cells)

8h 5] 18.93 +£0.83
24h ) 30.87 £ 0.83"
48h 5] 25.80+1.11

t=6.03,"P <0.05vs 8 h.

HBYV DNA detection results in trophoblast cells

The fluorescence quantitative PCR test results showed
that, after co-incubating with HBV-infected serum for 8
h, 24 h and 48 h, the presence of HBV DNA could be
detected in primary generation cultured trophoblast cells

and trophoblast cell line JEG-3 cell (Figure 3).

DISCUSSION

In clinical practice, the tests of HBsAg and HBV DNA
in fetal cord blood or neonatal peripheral blood are often
performed to diagnose intra-uterine HBV infection!™.
The authots carried out the test of HBV DNA in cord
blood and placental tissue of fetuses born of 20 pregnant
women. As a result, among 6 cases of fetal cord blood
positive for HBV DNA, 5 cases of placental tissue were
also positive for HBV DNA. At 6 mo post-birth, the
follow-up results indicated that, among 6 neonate cases
of positive cord blood, only 2 cases were still positive
for serum HBsAg. The remaining 4 neonate cases were
all negative for HBsAg and 3 cases produced anti-HBs.
In mothers with cord blood and placental tissue positive
for HBV DNA, the serum HBV DNA was all at a high
level. It illustrates that the high level of serum HBV
DNA in pregnant women is one of the high-risk factors
for occurrence of HBV intra-uterine infection®!”), But
the positive cord blood of HBV DNA does not indicate
that HBV intra-uterine infection occurs in fetus. After
fetal birth, despite the combined blockage of hepatitis
B vaccine and HBIG, over one half of neonates can still
acquire successful immunity. Since the positive rate of
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Figure 3 HBV DNA detection results in the trophoblastic cell by RT-PCR. A:
standard curve; B: detective result.

HBV DNA in cotd blood is obviously correlated with the
HBV DNA level of maternal blood and cord blood HBV
DNA is always positive in cases of intra-uterine infection,
it illustrates that the positive HBV DNA of cord blood is
one of the high-risk factors of occurrence of intra-uterine
infection in fetus. For the relative ease of collecting the
cord blood in clinical setting, so the test of HBV DNA
in cord blood may be used as one of the predicative
parameters for occurrence of intra-uterine infection.

To further explore the mechanism of HBV intra-
uterine infection, the authors proved through two parts of
clinical trial and 7 vitro experiment that HBV enters the fetal
body through infecting the placental barrier. Within the
clinical trial part, the IHC method was employed to test the
placental tissue of HBsAg positive pregnant women. The
results showed that the HBsAg positive cell could be seen
in all the cell layers of the placental tissue. The expression
of HBsAg was at a low level in the placental tissue, and
HBV DNA was detected in the placenta of the pregnant
women that were positive for HBV DNA in cord blood. It
illustrates that HBV could infect the placental cell'”. The
HBYV infection of placenta was markedly correlated with
the HBV DNA in cord blood. Among 6 cases of pregnant
women with placental HBV infection, 5 cases were tested
positive for HBV DNA in cord blood. Another case was
tested positive for HBY DNA in cord blood while the IHC
staining of the placental tissue was negative. At follow-up 6
mo post-birth, the neonates didn't have occutrence of HBV
infection, and anti-HBs were positive. It did not rule out
the possibility of the cord blood being contaminated by the
maternal blood. And for the cases of positive staining of
the placental tissue and negative HBV DNA in cord blood,
there was no occurrence of HBV infection in neonates
even at the post-birth follow-up. It illustrates that the HBV
DNA in cord blood may be acquired through the placental

infection,
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To further prove the hypothesis that HBV intra-
uterine infection occurs through the infection of placental
barrier, the authors carried out the experiment of HBV
infecting the iz vitro cultured trophoblast cells of human
villous membrane. Based upon the literature reports
and our studies, both the primary cultured cell and human
trophoblast cell line JEG-3 could be infected with HBV.
Therefore the authors introduced the primary cultured cell
and trophoblast cell line JEG-3 into the experiment and
established it as the study model of placental barrier. The
HBV DNA positive serum was added into the cell culture
medium to simulate the 7z vivo situation of the trophoblast
cells being immersed in the maternal blood. Both cell IHC
staining and cellular immunofluorescent staining showed
that, after co-incubating with HBV-infected serum for
8 h, 24 h and 48 h, the expression of HBsAg could be
consistently detected in the primary generation cultured
trophoblast cells and JEG-3 cell. The HBsAg positive cell
was distributed diffusely in the trophoblast cells. At 24 h
and 48 h post-infection, the expression of HBcAg was
also detected in the trophoblast cells. When the test of
HBV DNA was performed upon the trophoblast cells co-
incubated with the HBV positive serum, the results showed
that HBV DNA could be detected in the trophoblast cells.
This further proved that HBV could infect the trophoblast
cells. However, as found by the authors in the experiment,
with the elapsing of time post-infection, the number of
infected cells showed no obvious increase. It illustrates
that other potential mechanisms may influence the HBV
infection of the trophoblast cells®2%. Further studies will
be needed.

The HE staining of the placental tissue slides revealed
no marked cellular lesion and damage of intercellular
conjunction. As observed under the inverted microscope,
after the addition into the HBV-infected serum, there
was no marked change of growth speed of trophoblast
cells, cellular structure and intercellular tight junction. It
illustrates that the intra-uterine transmission of HBV may
be not related with the breached integrity of placental
bartier ot its increased permeability®.

It was reported that HBV uptake by trophoblasts is
increased if the HBsAg is complexed with anti-HBsP,
The serologic profile of the mothers was detected before
delivery. We didn't found the conditions that both HBsAg
and anti-HBs were positive in serum of the mothers.
So whether the 6 infected newborns in this study were
associated with HBsAg and anti-HBs complex couldn't be
proved in this study.

As concluded from the above, through the clinical
cases and 7 vitro infection experiment of trophoblast
cells, the authors prove that the fetal mechanism of HBV
intra-uterine infection occurs when the placental barrier
becomes infected.
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