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Abstract: Objective: This study is to investigate the effects of the lymphocyte co-culture on the proliferation and
apoptosis of the hepatitis B virus (HBV)-expressing normal human mesangial cells (NHMCs). Methods: NHMCs were
transfected with the PHY106-CHBV plasmid containing C genotypeHBV with liposome. These cells were co-cultured
with human peripheral blood lymphocytes. The HBsAg and HBeAg contents in the supernatant were detected at 24
h, 48 h, and 72 h after transfection. Cell proliferation was assessed with the MTT assay, and apoptosis was detected
with flow cytometry. Results: In the normal control and negative control groups, negative results for the HBsAg and
HBeAg detection were observed, at all the time points. However, in the transfected NHMCs, positive results were
observed for the HBsAg and HBeAg detection at 48 h and 72 h after transfection. These HBV-expressing NHMCs
were co-cultured with human peripheral blood lymphocytes for 48 h. Results from the MTT assay showed that, the
proliferation of NHMCs was not significantly affected by the transfection of the empty plasmid. However, compared
with the control group, the proliferation rate was dramatically declined in HBV-expressing NHMCs. Moreover, the
lymphocyte co-culture further significantly decreased the proliferation of HBV-expressing NHMCs. In addition, our
results from the flow cytometry showed that, the early apoptosis rate in the co-culture group was significantly higher
than the HBV-expressing group. Conclusion: Co-culture of peripheral blood lymphocytes could inhibit proliferation
and enhance apoptosis of HBV-expressing NHMCs. These findings might contribute to the understanding of the
pathogenic mechanisms of the HBV-associated glomerulonephritis.
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mesangial cells (NHMCs), peripheral blood lymphocytes, co-culture

directly induce apoptosis of the renal cells, and
lead to the transdifferentiation of the tubular
cells [4, 5].

Introduction

Hepatitis B virus-associated glomerulonephri-
tis (HBV-GN) is one of the common extrahepatic
damages caused by HBV infection, which
accounts for about 3% of the HBV infection in

Activated cytotoxic T lymphocytes (CTLs) could
clear the virus in the following two ways: (1) the

the population [1]. The pathogenesis of HBV-
GN is still unclear. There has already been the
evidence of the infection and in situ replication
of HBV in the kidney inherent cells [2]. Some
studies have demonstrated the deposition of
the HBV markers and viral particles in the renal
tissues [3], indicative of the HBV infection. Our
previous studies indicate that, HBV could

lysis pathway, in which the infected target cells
are directly killed by the CTL-secreted cytotoxic
molecules (such as perforin and granzyme), or
through the Fas/FasL pathway-induced apopto-
sis; and (2) the non-lysis pathway, in which the
viral replication is inhibited by the secreted
cytokines [6, 7]. Studies have shown that the
CTLs are the important immune cells that would
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cause pathological damages in the pathogene-
sis of hepatitis B. When the activated CTLs
clear the virus through the lysis pathway, the
infected target cells (such as HBV-infected liver
cells and kidney cells) would undergo cellular
apoptosis. Severe injuries of the target cells
might result in the pathophysiological injuries
and functional impairment in the target organs,
even after reconstruction, leading to corre-
sponding clinical symptoms.

It has been shown that the hepatitis B virus
core antigen (HBcAg)-positive renal interstitial
tissues are associated with the T lymphocyte
infiltration, accompanied by more severe renal
tubular lesions, interstitial inflammation, and
fibrosis [8]. All these findings suggest that HBV
infection in the renal tissues might not only
cause immune complex glomerulonephritis
(through the formation of the antigen-antibody
immune complexes), but also induce the infil-
tration of CTLs, aggravating the kidney damag-
es. However, the experimental evidence sup-
portive of the hypothesis is still needed to be
established.

In this study, the role of the peripheral blood
lymphocyte in the pathogenesis of the HBV-GN
was investigated. The NHMCs expressing HBV
markers were co-cultured with human periph-
eral blood lymphocytes, and the effects of lym-
phocyte co-cultureon the proliferation and
apoptosis of these NHMCs were observed.

Methods and materials
Cell line and cell culture

Normal human mesangial cells (NHMCs) were
preserved by our own laboratory. These cells
were cultured with DMEM low-glucose medium
(Gibco, Gaithersburg, MD, USA), containing
10% fetal bovine serum (FBS; Sijiging,
Hangzhou, Zhejiang, China), 100 u/mL penicil-
lin, and 100 pg/L streptomycin, in a 37°C, 5%
CO, incubator.

PHY106-CHBYV extraction, identification, and
transfection

The competent bacteria DH5a was transformed
with 2 mL PHY106-CHBYV, and the incubated in
the Amp™* plate at 37°C overnight. The mono-
clone was picked up and cultured with 20 mL
Amp* LB medium at 37°C overnight. Then the
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plasmid was extracted with the plasmid extrac-
tion kit (Invitrogen, Carlsbad, CA, USA). The tar-
get plasmid was identified using the double
digestion with Hindlll and Nsil, followed by
theagarose gel electrophoresis. Moreover,
sequencing was performed by the LiuheHuada
Genomics Technology Co., Ltd., Beijing, China.

For the cell transfection, the NHMC cells in the
logarithmic growth phase were seeded onto
the 6-well plates, at the density of 1x10* cells/
mL. The cell culture was ready for transfection
when 80%-90% confluence was reached. 4 ug
PHY106 empty vector or PHY106-CHBV plas-
mid (C genotype HBV, a kind gift from Prof. Jun
Cheng, Beijing Ditan Hospital, Beijing, China)
was added into and mixed with 250 pL opti-
MEM. Moreover, 10 pL liposome (Invitrogen)
was diluted with another 250 uL opti-MEM, and
placed at room temperature for 5 min. The
above mixture were gently mixed together, and
placed at room temperature for 20 min. For
transfection, the culture medium was discard-
ed, and 1500 yL DMEM low-glucose medium
was added into each well. Then 500 pL lipo-
some-PHY106 (negative control) or liposome-
PHY106-CHBV plasmid was added into the cell
culture. 500 yL DMEM low-glucose medium
was added instead in the control group.After 6
h, the medium was replaced by DMEM low-glu-
cose medium containing 10% FBS.

Human peripheral blood lymphocyte isolation
and cell co-culture

Totally 10 mL heparin-anticoagulated blood
was obtained and diluted with PBS. The diluted
blood sample was added into the tube contain-
ing lymphocyte separating solution (1:1), fol-
lowed by centrifugation at 1500 rpm for 15
min. Then the lymphocyte layer was slowly
obtained and washed with PBS twice. After
centrifugation at 2000 rpm for 10 min, the pre-
cipitation was cultured with DMEM low-glucose
medium, containing 10% FBS, 100 U/mL peni-
cillin and 100 U/mL streptomycin, 60 pg/mL
PHA, and 100 U/mL rlL-2, in a 37°C, 5% CO,
incubator. Half of the culture medium was
changed twice a week.

For the cell co-culture, human peripheral blood
lymphocytes were added in to the culture of
HBV-expressing NHMCs, at the density of 1x10°
cells/mL, for 48 h.
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Figure 1. Identification and characterization of PHY106-CHBV plasmid. A. The PHY106-CHBV plasmid was digested
with Hindlll and Nsil restriction endonucleases, and then subjected to the agarose gel electrophoresis. B. Results of

the sequencing of the PHY106-CHBV plasmid.

HBsAg and HBeAg content detection

After transfection, the culture supernatant was
collected, and the HBsAg and HBeAg contents
in the supernatant were determined in the labo-
ratory of our hospital.

MTT assay

The cell proliferation was assessed with the
MTT assay. The cells were planted onto 96-well
plates. 10 yL MTT was added to incubate the
cells for 4 h. Then 100 pL dimethyl sulfoxide
(DMSO) was added, and the plate was kept
shaking for 10 min. The optical density (OD)
was detected with a Model 680 microplate
reader (Bio-Rad, Hercules, CA, USA), with the
excitation wavelength of 570 nm and the emis-
sion wavelength of 630 nm.

Flow cytometry

Cellular apoptosis was detected with flow
cytometry. The cells were harvested and
washed with PBS twice. The cells were then re-
suspended with 500 pL 1x binding buffer, and
stained with 5 yLAnnexin V-FITC and 10 pyL Plin
dark at 2-8°C for 5 min. The fluorescence was
detected with a flow cytometer (BD Biosciences,
San Jose, CA, USA) within 1 h.

Statistical analysis

Data were expressed as mean+SD. The SPSS
17.0 software was used for the statistical anal-
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ysis. The t-test was performed for the group
comparison. P<0.05 was considered statisti-
cally significant.

Results

Identification and characterization of PHY106-
CHBYV plasmid

When the obtained PHY106-CHBV plasmid was
digested with Hindlll and Nsil restriction endo-
nucleases, target fragments of 5400 bp and
920 bp were observed (Figure 1A). Moreover,
the gene sequencing further confirmed that the
obtained plasmid harbors the full-length C gen-
otype HBV (Figure 1B), which was suitable for
the following experiments.

Detection of HBsAg and HBeAg contents in
culture supernatant

To confirm the expression of hepatitis B mark-
ers in the transfected NHMCs, the determina-
tion of HBsAg and HBeAg contents in the cell
culture supernatant was performed, at 24 h, 48
h, and 72 h after transfection. Our results
showed that, in the normal control and nega-
tive control groups, negative results for the
HBsAg and HBeAg detection were observed, at
all the time points (i.e., 24 h, 48 h, and 72 h)
(Table 1). However, in the transfection group,
positive results were observed for the HBsAg
and HBeAg detection at 48 h and 72 h after
transfection (Table 1), with statistical signifi-
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Table 1. Levels of HBsAg and HBeAg in the culture supernatant of NHMCs

HBsAg level (ng/mL)

HBeAg level (PEIU/mL)

Group N
24 h 48 h

72h 24 h 48 h 72h

Normal control 3 010+0.06 0.11+0.02
Negative control 3 0.11+0.02 0.12+0.01
HBV-NHMCs 3 0.16+0.04 0.59+0.08"

0.13+0.02 0.14+0.02 0.18+0.03 0.14+0.02
0.11+0.02 0.15+0.03 0.13+x0.03 0.13+0.03
1.77+£091" 0.19+0.02 1.08+0.15° 1.64+0.30"

Note: Quantitative reference intervals: 0-0.2 ng/mL for HBsAg and 0-0.5 PEIU/mL for HBeAg. Compared with the normal

control group, “P<0.05.

Relative cell proliferation

creased the proliferation rate
of HBV-expressing NHMCs
(P<0.05) (Figure 2). These
results suggest that, co-cul-
ture with human peripheral
blood lymphocytes could sig-
nificantly decline the pro-
liferation of HBV-expressing
NHMCs.

Effects of lymphocyte co-
culture on apoptosis of HBV-
expressing NHMCs

The apoptosis of the HBV-
expressing NHMCs co-cul-

Figure 2. Effects of lymphocyte co-culture on proliferation of HBV-expressing
NHMCs. HBV-expressing NHMCs (HBV-NHMCs) were co-cultured with human

Normal control Negative control HBV-NHMCs

Co-culture ' tured with human peripheral
blood lymphocytes was de-
tected with flow cytometry

peripheral blood lymphocytes for 48 h, and then the proliferation rats of the after the AnnexinV-FITC/PI

HBV-NHMC and the co-culture groups were detected with the MTT assay. The
control group was treated with the medium alone, and the negative control
group was transfected with the plasmid vector. Compared with the control
group, "P< 0.05; compared with the HBV-NHMC group, #P<0.05.

cance compared with the control group (both
P<0.05). These results suggest that the trans-
fected NHMCs express hepatitis B markers as
expected.

Effects of lymphocyte co-culture on prolifera-
tion of HBV-expressing NHMCs

The HBV-expressing NHMCs were co-cultured
with human peripheral blood lymphocytes for
48 h, and then the proliferation of these NHMCs
was detected with the MTT assay. Our results
showed that, compared with the normal control
group, the proliferation of NHMCs was not sig-
nificantly affected by the transfection of the
empty plasmid (P>0.05) (Figure 2). However,
compared with the normal control group, the
proliferation rate was dramaticallydeclined in
the HBV-expressing NHMCs. Moreover, the lym-
phocyte co-culture further significantly de-
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double staining. As shown in
Figure 3, the cells in the lower
right quadrant were early
apoptotic cells. No significant
difference was observed in
the early apoptosis rate between the normal
control and negative control groups (P>0.05).
However, compared with the control group, the
early apoptosis rate was significantly higher in
the HBV-expressing NHMCs (P<0.05). Moreover,
the apoptosis rate was further elevatedby the
lymphocyte co-culture in the HBV-expressing
NHMCs (P<0.05) (Figure 3). These results sug-
gest that, co-culture with human peripheral
blood lymphocytes could significantly ele-
vate the early apoptosis of HBV-expressing
NHMCs.

Discussion

Ever since the first report on HBV-GN [9], more
evidence has been accumulated concerning
the association between the HBV infection and
Kidney diseases. A previous study has shown
the deposition of HBV markers and viral parti-
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Figure 3. Effects of lymphocyte co-culture on apoptosis of HBV-expressing NHMCs. A. HBV-expressing NHMCs (HBV-NHMCs) were co-cultured with human peripheral
blood lymphocytes, and then cellular apoptosis ratesof the HBV-NHMC and the co-culture groups were detected with flow cytometry. The control group was treated
with the medium alone, and the negative control group was transfected with the plasmid vector. B. Statistical analysis of the apoptosis rates.Compared with the
control group, “*P<0.05; compared with the HBV-NHMC group, #P<0.05.
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cles in the renal tissues [3], indicating that HBV
could infect kidney cells. Moreover, the infiltra-
tion of local CD4* and CD8" cells has also been
observed in the renal interstitial tissues, in the
children with HBV-GN [10]. Furthermore, the
expression of perforin would also be detected
in the renal interstitial tissues, glomerular, and
tubular, in patients with HBV-GN [11]. The per-
forin-mediated CD8* CTL specific cytotoxic
effects could induce the cellular injuries and
apoptosis, leading to kidney damages. In order
to demonstrate the effects of sensitized lym-
phocytes on the renal cell injuries, the HBV-
expressing NHMCs were co-cultured with
peripheral blood lymphocytes from healthy
subjects inoculated with the hepatitis B vac-
cine, and the cell proliferation and apoptosis
were investigated. Our results showed that,
compared with the HBV-expressing NHMC
group, the proliferation was significantly
declined and the apoptosis rate was signifi-
cantly elevated by the lymphocyte co-culture.

It has long been accepted that the specific
CTLs mainly work through the lysis pathway.
HBV induces high expression of Fas/FasL in
liver cells and peripheral blood lymphocytes.
Thus, the clearing of HBV might cause serious
damages to liver cells. On the other hand, some
studies showed that the non-lysis pathway also
plays an important role. Activated CTLs secret
certain cytokines, inhibiting the viral replica-
tion, and recruit a large number of non-specific
T lymphocytes to the liver, increasing the liver
cell injuries. Therefore, the pathological dam-
ages in the liver tissue might not only be attrib-
uted to the Fas system-mediated apoptosis,
but also to other involved factors, including
virus products and immune cytokines [12]. The
role of cytokines in the pathogenesis of HBV-
GN cannot be ignored. Studies have found that,
in the HBV-transgenic mice, activated CTLs
could rapidly accumulate in the liver, which
induce liver cell apoptosis via direct contact
and secret large amounts of IFN-y at the same
time. IFN-y could inhibit the expression and
replication of HBV, and clear the viral nucleo-
capsid in the cytoplasm. Moreover, IFN-y could
change the viral RNAs integrated into the
nucleus through an SSB/La dependent way,
further reducing the viral gene products in liver
and body fluid [13].

A previous study has been shown that, the
incubation with the serum from chronic hepati-
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tis B patients could increase the apoptosis of
the renal tubular epithelial cells, which is asso-
ciated with the serum TGF-B1 level and the viral
replication [14]. Moreover, TGF-B1 has been
found to directly induce the apoptosis of the
renal tubular epithelial cells in mice, increasing
the renal tubular damages [15]. TGF-B1 binds
to the receptors on tubular epithelial cells, and
activates the MAPK signaling pathway through
Smad and p38, leading to the cellular apopto-
sis [15]. Based on these findings, we suppose
that, in the pathogenesis of HBV-GN, peripheral
blood lymphocytes could not only directly
attack the target cells, but also produce certain
cytokines via the immune system to activate
the cellular apoptosis pathway in kidney cells,
increasing kidney damage. However, further in-
depth studies are still needed to investigate the
signaling pathways involved in the disease
pathogenesis.

In conclusion, our results showed that the co-
culture of human peripheral blood lymphocytes
could significantly inhibit proliferation and
enhance apoptosis of HBV-expressing NHMCs.
These findings might contribute to the under-
standing of the pathogenic mechanisms of
HBV-GN.
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