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Abstract: Objective: This study is to investigate the hepatitis B virus (HBV)-induced tubular epithelial-myofibroblast 
transdifferentiation (TEMT) in human renal tubular epithelial HK-2 cells. Methods: Human proximal tubular epithe-
lial HK-2 cells were cultured. These HK-2 cells were divided into 4 groups: the blank control group, the vector control 
group, the HBV-transfected group, and the inhibitor-treated group. Transfection was performed with lipofectamine. 
Measurements of hepatitis B e antigen (HBeAg) and hepatitis B surface antigen (HBsAg) in culture supernatant 
were determined by electrochemiluminescence immunoassay. Immunocytochemical staining, reverse transcription 
PCR (RT-PCR), and Western blot analysis were performed to detect the mRNA and protein expression levels, respec-
tively. Results: The immunocytochemical staining showed that, the expression level of E-cadherin was dramatically 
decreased, while the α-SMA expression level was significantly elevated, in HBV-transfected HK-2 cells. The mRNA 
level of TGF-β1 and the protein level of p-p38 mitogen-activated protein kinase (MAPK) were elevated in HK-2 cells 
transfected with HBV. When treated with the p38 MAPK-specific inhibitor, the activation of p38 MAPK was eliminat-
ed in HBV-transfected HK-2 cells. In addition, the altered expression levels of E-cadherin and α-SMA, the increased 
contents of HBeAg and HBsAg in the culture supernatant, as well as the morphological changes of TEMT in HBV-
transfected HK-2 cells, were all reversed by the inhibiter treatment. Conclusion: HBV transfection could induce TEMT 
in HK-2 cells, which was mediated by the TGF-β1/p38 MAPK pathway. These findings provide new insights into the 
prevention and treatment of HBV-associated glomerulonephritis.
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Introduction

Hepatitis B virus-associated glomerulonephri-
tis (HBV-GN) is one of the common hepatic inju-
ries induced by HBV infection [1]. The mecha-
nisms for HBV-GN have not yet been fully 
elucidated, which might involve immune com-
plex deposition injury, autoimmune damage, 
and other kidney damages directly induced by 
HBV-related pathways [2]. HBV-GN might lead 
to renal interstitial fibrosis (RIF) in the late 
stage, including tubular cell loss and excessive 
extracellular matrix (ECM) accumulation. Tubu 
lar epithelial-myofibroblast transdifferentiation 

(TEMT) has been reported to play an important 
role in RIF pathogenesis [3].

Under pathological conditions, renal tubular 
epithelial cells would lose their epithelial phe-
notypes, and transdifferentiate into myofibro-
blasts (referred to as TEMT). The transdifferen-
tiated cells would secrete large amounts of type 
I, III, and IV collagen and fibronectin, leading to 
excessive ECM accumulation and the subse-
quent fibrosis. Several cytokines have been 
shown to be involved in TEMT, including trans-
forming growth factor (TGF)-β1. Increasing evi-
dence supports the role of TGF-β1 and its down-
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stream signal transduction pathways in the 
development and progression of renal fibrosis 
[4, 5]. On the other hand, TGF-β1 also plays an 
important role in HBV-related liver diseases [6, 
7]. Our previous study has shown that HBV 
could replicate and express corresponding anti-
gens in human tubular epithelial cells, resulting 
in cellular apoptosis [8]. However, whether or 
not HBV infection could induce TEMT in tubular 
epithelial cells and the related mechanism(s) 
have not yet been fully established.

In this study, human proximal tubular epithelial 
HK-2 cells were transfected with recombinant 
full-length HBV genotype C, and the process of 
HBV-induced TEMT, especially concerning the 
involvement of the TGF-β1/p38 mitogen-acti-
vated protein kinase (MAPK) pathway, was 
investigated. Our findings might contribute to 
understanding the mechanisms of HBV-related 
pathogenesis.

Materials and methods

Materials and reagents

Recombinant full-length HBV genotype C 
(PHY106-CHBV) plasmid was a kind gift from 
Prof. Jun Cheng at Beijing Ditan Hospital 
(Beijing, China). Human proximal tubular epi-
thelial HK-2 cell line was preserved in the 
Laboratory of Biochemistry and Molecular 
Biology, School of Medicine, Shandong Univer- 
sity. Plasmid extraction kit and Lipofec- 
tamineTM2000 were purchased from Invitrogen 
(Grand Island, NY, USA). DMEM/F12 medium 
and fetal bovine serum was purchased from 
Gibco (Grand Island, NY, USA). Rabbit anti-
human anti-α-smooth muscle actin (α-SMA) 
antibody and rabbit anti-human anti-E-cadherin 
antibody were purchased from Abcam (Cam- 
bridge, MA, USA). Rabbit anti-human anti-p-
p38 MAPK and rabbit anti-human anti-p38 
MAPK antibodies were purchased from Anbo 
(San Francisco, CA, USA). The p38 MAPK spe-
cific inhibitor SB20358 was purchased from 
Beyotime (Haimen, Jiangsu, China). Biotin-
labeled goat anti-rabbit IgG and DAB kit were 
purchased from Boster Biological Engineering 
Co., Ltd. (Wuhan, Hubei, China). Reverse tran-
scription kit and PVDF membrane were pur-
chased from Ferments (Flambourough, Ontario, 
Canada). ECL developing kit was from Cwbio 
(Beijing, China). TE2000-U inverted fluores-
cence microscope was from Nikon (Tokyo, 
Japan).

Cell culture and grouping

Human proximal tubular epithelial HK-2 cells 
were cultured using DMEM/F12 medium con-
taining 10% fetal calf serum, as well as penicil-
lin and streptomycin, in a 37°C, 5% CO2 incuba-
tor. These HK-2 cells were divided into the 
following groups: (1) the blank control group 
that was free from intervention; (2) the vector 
control group that was transfected with empty 
plasmid (PHY106); (3) the HBV-transfected 
group in which HK-2 cells were transfected with 
PHY106-CHBV DNA; and (4) the inhibitor-treat-
ed group in which HK-2 cells were pre-treated 
with 10 µmol/L SB203580 for 30 min, and 
then transfected with PHY106-CHBV DNA.

Transient transfection

Cells in exponential growth phase were planted 
into 24-well plates at a density of 1×106 cell/ml. 
When 80-90% confluence was reached, tran-
sient transfection was performed. 0.8 µg plas-
mid and 2 µL liposome were added into 50 µL 
opti-MEM, respectively, and gently mixed. After 
incubated at room temperature for 5 min, opti-
MEM medium containing plasmid and liposome 
was mixed together and incubated for another 
20 min. For transfection, 400 µL fresh DMEM/
F12 medium was added into each well. For the 
blank control group, another 100 µL DMEM/
F12 medium was added; for the vector control 
group, 100 µL liposome-PHY106 complex was 
added; for the HBV-transfected group and the 
inhibitor-treated group, 100 µL liposome-
PHY106-CHBV DNA was added. After 6 h, the 
transfection medium was replaced by complete 
medium for further incubation.

Electrochemiluminescence immunoassay 
(ECLIA)

The contents of hepatitis B e antigen (HBeAg) 
and hepatitis B surface antigen (HBsAg) in the 
culture supernatant were detected with the 
ECLIA method at 24 h, 48 h, and 72 h, respec-
tively, after transfection.

Immunocytochemical staining

Cells were cultured on 10-mm cover-slips in a 
24-well plate. For immunocytochemical stain-
ing, cells were fixed by 4% paraformaldehyde, 
and treated with 0.5% TritonX-100 at room tem-
perature for 30 min. After incubated with 3% 
H2O2, the cells were blocked with rabbit serum 
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Table 1. Measurements of HBsAg and HBeAg in culture supernatant of HK-2 cells

Groups n
24 h post-transfection 48 h post-transfection 72 h post-transfection
HBsAg
(ng/ml)

HBeAg
(PEIU/ml)

HBsAg
(ng/ml)

HBeAg
(PEIU/ml)

HBsAg
(ng/ml)

HBeAg
(PEIU/ml)

Blank control 5 0.10±0.02 0.21±0.02 0.11±0.02 0.15±0.02 0.12±0.02 0.17±0.03
Vector control 5 0.10±0.01 0.14±0.02 0.16±0.02 0.19±0.03 0.10±0.02 0.21±0.03
HBV transfection 5 0.16±0.02 0.12±0.02 0.51±0.03* 1.02±0.04* 2.62±0.02* 1.93±0.06*

Inhibitor treatment 5 0.10±0.03 0.20±0.01 0.13±0.02 0.17±0.02 0.11±0.02 0.18±0.03
Note: Compared with the control groups, *P < 0.05. HBsAg and HBeAg quantification > 1.0 was considered as positive, while < 
1.0 was considered as negative.

at room temperature for 15 min. Then rabbit 
anti-human anti-E-cadherin antibody (1:100 
dilution) and rabbit anti-human anti-α-SMA 
antibody (1:100 dilution) was added, respec-
tively, to incubate the cells at 4°C overnight. 
Biotin-labeled secondary antibody was used for 
incubation at 37°C for 30 min before SP addi-
tion. After 8-min DAB incubation, cells were 
subjected to counter staining with hematoxylin 
and the subsequent gradient alcohol dehydra-
tion, xylene transparency, and gum sealing. 
LIMPS microscope was used for image captur-
ing, and Image Pro Plus 6.0 software was used 
to analyze the optical density.

Reverse transcription PCR (RT-PCR)

Cells were seeded in 6-well plates, and the 
transfection was performed as mentioned 
above. After 72 h, total RNA was extracted with 
the Trizol agent, and RT-PCR was performed. 
The primer sequences for TGF-β1 were: for-
wards, 5’-TCCACCTGCAAGACTATCGAC-3’, and 
reverse, 5’-GAGGTATCGCCAGGAATTGTT-3’; β- 
actin primer sequences were: forward, 5’-AG- 
TTGCGTTACACCCTTTC-3’, and reverse, 5’-CCT- 
TCACCGTTCCAGTTT-3’. PCR conditions were as 
follows: denaturation at 95°C for 10 min; 95°C 
for 15 s, 66°C for 1 min, for totally 30 cycles. 
PCR products were subjected to 1.5% agarose 
gel electrophoresis. Bio-Rad gel imaging sys-
tem was used for image capturing, and ImageJ 
software was used for optical density analysis. 
β-actin was used as control.

Western blot analysis

Cells were collected and lysed with lysis buffer 
on ice. After centrifugation, protein concentra-
tion was determined with the BCA method. 50 
μg protein samples were subjected to SDS-
PAGE, and then electrically transferred to a 
PVDF membrane. The blot was blocked with 5% 
non-fat milk at 37°C for 2 h. The following pri-

mary antibodies were used for incubation at 
4°C overnight: α-SMA (1:500 dilution), E- 
cadherin (1:500 dilution), p-p38 MAPK (1:500 
dilution), p38 MAPK (1:1000 dilution), and 
GAPDH (1:3000 dilution). Then horseradish 
peroxidase-conjugated secondary antibody 
(1:5000 dilution) was used for incubation at 
37°C for another 1 h. ECL developing exposure 
was performed. Bio-Rad gel imaging system 
was used for image capturing, and ImageJ soft-
ware was used for optical density analysis. 
GAPDH was used as control.

Statistical analysis

Data are expressed as mean ± SD. SPSS19.0 
software was used for statistical analysis. F 
analysis and SNK-t test were used for compari-
son. P < 0.05 was considered statistically 
significant.

Results

Detection of HBeAg and HBsAg in culture 
supernatant of HK-2 cells

HK-2 cells were transfected with the HBV-
containing plasmids (PHY106-CHBV DNA), and 
the contents of HBeAg and HBsAg in cell cul-
ture supernatants were determined with the 
ECLIA method at 24 h, 48 h, and 72 h, respec-
tively, after transfection. HK-2 cells without 
transfection and HK-2 cells transfected with 
empty vector were used as the blank control 
and the vector control. Our results showed that, 
the cell culture supernatant was negative for 
HBsAg and HBeAg in the blank and vector con-
trol groups at all indicated time points. On the 
other hand, HBsAg and HBeAg was positive in 
the culture supernatant from HK-2 cells trans-
fected with HBV, and the contents of these two 
antigens were increased from 24 h to 72 h 
post-transfection (Table 1). The results suggest 
that HBV could efficiently replicate and express 
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corresponding antigens in HK-2 cells. According 
to these results, the following measurements in 
HK-2 cells were carried out at 72 h after HBV 
transfection.

Morphological observation and immunocyto-
chemical staining of HK-2 cells

To investigate whether HBV infection could 
induce TEMT in HK-2 cells, morphological 
observation and immunocytochemical staining 
for E-cadherin and α-smooth muscle actin 
(α-SMA) were performed. Under inverted 
phase-contrast microscope, the HK-2 cells in 
the blank and vector control groups exhibited 
cobblestone-shaped morphology, which was 
typical of epithelial cells. HBV-transfected HK-2 
cells, however, exhibited spindle-shaped fibro-
blast-like morphology (Figure 1A). E-cadherin is 
an epithelial cell-specific adhesion molecule, 
and α-SMA is a specific marker for myofibro-

blasts. Our results from immunocytochemical 
staining showed that, compared with the blank 
and vector control groups, the expression level 
of E-cadherin was dramatically decreased in 
HBV-transfected HK-2 cells (Figure 1A, 1B; P < 
0.05). On the other hand, the expression level 
of α-SMA was significantly elevated in HBV-
transfected HK-2 cells than the control groups 
(Figure 1A, 1C; P < 0.05). These results sug-
gest that HBV infection could induce the trans-
differentiation from renal tubular epithelial 
cells into myofibroblasts.

Involvement of TGF-β1/p38 MAPK pathway in 
TEMT of HK-2 cells

The TGF-β1/p38 MAPK pathway has been 
shown to be involved in fibrotic processes in 
various diseases [9, 10]. Next, the involvement 
of the pathway in TEMT of HK-2 cells was inves-
tigated. The mRNA level of TGF-β1 and the pro-

Figure 1. Immunocytochemical staining of E-cadherin and a-SMA in HK-2 cells. (A) HK-2 cells were subjected to im-
munocytochemical staining to detect the expression of E-cadherin (upper panel) and a-SMA (lower panel) (×200). 
The blank control group was free from intervention; the vector control group was transfected with empty plasmid 
(PHY106); the HBV-transfected group was transfected with PHY106-CHBV DNA; and the inhibitor-treated group was 
pre-treated with SB203580, and then transfected with PHY106-CHBV DNA. (B, C) Statistical analysis of the optical 
densities in the immunocytochemical staining of E-cadherin (B) and a-SMA (C). Compared with the blank and vector 
control groups, *P < 0.05; compared with the HBV-transfected group, #P < 0.05.
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tein level of p-p38 MAPK were detected with 
RT-PCR and Western blot analysis, respectively. 
The protein expression levels of E-cadherin and 
α-SMA in HK-2 cells were also detected. Our 
results from RT-PCR indicated that, compared 
with the blank and vector control groups, the 
mRNA expression level of TGF-β1 was signifi-
cantly elevated in HK-2 cells transfected with 
HBV (Figure 2; P < 0.05). On the other hand, in 
line with our results from immunocytochemical 
staining, Western blot analysis indicated that 
the protein expression level of E-cadherin was 
dramatically decreased, while the α-SMA 
expression level was drastically increased, in 
HBV-transfected HK-2 cells (Figure 3). Mo- 
reover, the protein level of p-p38 MAPK was 
obviously elevated in HK-2 cells transfected 
with HBV, indicating the kinase activation 
(Figure 3). These results suggest that the TGF-
β1/p38 MAPK pathway is involved in TEMT of 
HK-2 cells induced by HBV transfection.

To further investigate whether the signal trans-
duction pathway was necessary for the TEMT of 
HK-2 cells, these cells were pre-treated with 
the p38 MAPK-specific inhibitor, SB20358, and 
then transfected with HBV-containing vectors. 
Our results indicated that the inhibitor treat-
ment could significantly eliminate the activa-
tion of p38 MAPK (Figure 3). Furthermore, the 
decreased expression of E-cadherin and the 
increased expression of α-SMA in HBV-infected 
HK-2 cells were all reversed by SB20358 
(Figures 1-3). In addition, the contents of 

HBeAg and HBsAg in culture supernatant of 
HK-2 cells transfected with HBV were decreased 
(Table 1), and the morphological changes of 
TEMT were abolished (Figure 1A), after the 
inhibitor treatment, indicating that HBV-induced 
TEMT of HK-2 cells could be reversed by 
SB20358. Taken together, these results sug-
gest that HBV-induced TEMT of HK-2 cells is 
mediated by the TGF-β1/p38 MAPK pathway.

Discussion

HBV infection can not only cause pathological 
changes in liver structure and function, but also 
induce a variety of extrahepatic damages, 
including HBV-GN. The mechanism for HBV-GN 
has not yet been fully elucidated, and the end-
stage renal disease is mainly characterized by 
renal RIF, in which TEMT is an important deter-
minant. In the present study, in HK-2 cells 
transfected with HBV-containing plasmids, 
whether HBV could promote the transdifferen-
tiation of these renal tubular epithelial cells, as 
well as the possible involved mechanisms, 
were investigated.

TEMT refers to the process that, under patho-
logical conditions, renal tubular epithelial cells 
would lose the epithelial phenotype, and trans-
differentiate into myofibroblasts. Myofibroblasts 
hardly exist in normal kidney tissues, and they 
are mainly derived from the differentiation of 
fibroblasts, the migration or partial proliferation 
of smooth muscle cells, and the transdifferen-
tiation of renal tubular epithelial cells [11, 12]. 
The α-SMA is a specific marker for myofibro-
blast [13], and in normal kidney tissues, α-SMA 
can only be found in vascular media [14]. It has 
been shown that the expression level of α-SMA 
in kidney tissues can partially reflect the 
amount of myofibroblasts [15, 16], making 
α-SMA a widely used indicator for the transdif-
ferentiation from renal intrinsic cells to myofi-
broblasts. E-cadherin is an epithelial cell-spe-
cific adhesion molecule, which is the main 
constituent of the adhesion belt. E-cadherin 
located in the epithelial cell membrane can 
connect with various ligandins and cytoskele-
ton components, contributing to the mainte-
nance of normal cytoskeletal structures and 
the formation of epithelial cell polarity, which 
are very important for the structural integrity of 
epithelial cells [17]. The down-regulated expres-
sion of E-cadherin would affect the interactions 
between epithelial cells, resulting in loss of epi-

Figure 2. The mRNA expression levels of TGF-β1 in 
HK-2 cells. A. The TGF-β1 mRNA expression levels 
in HK-2 cells were detected by RT-PCR. B. Statistical 
analysis of the expression levels of TGF-β1 in HK-2 
cells. Compared with the blank and vector control 
groups, *P < 0.05.
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dependent, p38 MAPK, PI3k/Akt, and RhoA/
ROCK pathways. There would be also interac-
tions between these signal transduction path-
ways. TGF-β1 binds to the receptor tyrosine 
kinases on the cell membrane, promoting the 
formation of receptor dimers and activating the 
tyrosine kinase inside the membrane. The auto-
phosphorylated receptors connect with the 
SH2 domain within connexin GRB2, which fur-
ther connect to GEF/NETl through SH3 domain. 
The interaction promotes the dissociation of 
Ras from GDP, resulting in the activated GTP-
bound state. Activated Ras can bind to and 
activate the Raf sites on Ras proteins, stimulat-
ing the cascade amplification of MAPK path-
way. MAPKs are serine/threonine kinases 
which can phosphorylate other cytoplasmic 
proteins. MAPKs can translocate from the cyto-
plasm into the nuclei, regulating the activities 
of transcription factors. MAPK family consists 
of extracellular signal-regulated kinase (ERK), 
c-Jun N-terminal kinase/stress-activated pro-

Figure 3. Involvement of the TGF-β1/p38 MAPK pathway in TEMT of 
HK-2 cells. A. The protein expression levels of p-p38 MAPK, E-cad-
herin, a-SMA, and p38 MAPK in HK-2 cells were detected by Western 
blot analysis. B. Statistical analysis of the expression levels of the pro-
teins. Compared with the blank and vector control groups, *P < 0.05; 
compared with the HBV-transfected group, #P < 0.05.

thelial cell polarity. Zhong et al. [18] show that, 
in normal human kidney tissues, E-cadherin 
was abundantly expressed. On the other hand, 
in patients with type 2 diabetes, the expression 
of E-cadherin was dramatically declined, while 
the expression of α-SMA was drastically in- 
creased, along with the increasing clinical stag-
es. In this study, HK-2 cells were transfected 
with HBV-containing plasmids. 72 h after trans-
fection, elevated levels of HBsAg and HBeAg 
were detected in the culture supernatant, indi-
cating that HBV could efficiently replicate and 
express corresponding antigens in these cells. 
Moreover, the observation of cellular morphol-
ogy showed that, with the transfection, HK-2 
cells changed from cobblestone-shaped epi-
thelial cells into spindle-shaped myofibroblast-
like cells. Furthermore, the expression of 
E-cadherin was declined, while the expression 
of α-SMA was elevated, in HK-2 cells after 
transfection. Taken together, these results sug-
gest that HBV infection could induce the trans-

differentiation of renal tubular epi-
thelial HK-2 cells into myofibro- 
blasts.

So far, the molecular mechanisms 
of TEMT are not entirely clear. 
Studies have shown that a variety of 
cytokines and/or signaling path-
ways might participate in regula- 
ting the transdifferentiation of renal 
tubular epithelial cells, including 
TGF-β1, hepatocyte growth factor, 
interleukin-l, and BMP-7 [19, 20]. 
Among these cytokines, TGF-β1 is 
the most important factor in initiat-
ing and regulating TEMT [21]. TGF-
β1-induced TEMT has been con-
firmed in various clinical studies 
and animal experiments. But wheth-
er or not HBV infection could in- 
crease the expression of TGF-β1 in 
tubular epithelial cells has not yet 
been reported. Our results showed 
that the mRNA expression level of 
TGF-β1 was significantly increased 
in HK-2 cells at 72 h after HBV trans-
fection. HBV infection-caused cell 
injury could stimulate the secretion 
of TGF-β1, which could greatly con-
tribute to the transdifferentiation of 
HK-2 cells. TGF-β1-assocaited sig-
nal transduction pathways involved 
in TEMT might include the Smad-
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tein kinase (JNK/SAPK), p38, and big mitogen-
activated protein kinase (ERK5). The TGF-β1/
p38 MAPK pathway has been found to be 
involved in the fibrotic process in various dis-
eases. Peinado et al. [9, 10] have shown that 
TGF-β1 could induce TEMT via the MAPK signal 
transduction pathway in dog renal tubular epi-
thelial cells. Moreover, it had been confirmed 
that Snail is involved in TEMT, and TGF-β1 could 
regulate the transcription and degradation of 
Snail [22, 23]. Stambe et al. [24] show that, in 
renal interstitial fibrosis rats with unilateral ure-
teral obstruction, the levels of phosphorylated 
p38 MAPK are significantly increased in the 
renal interstitial fibroblasts and tubular epithe-
lial cells. Furthermore, Chin et al. [25] report 
that TGF-β1 stimulates the synthesis of procol-
lagen I via activating p38 MAPK in murine glo-
merular mesangial cells, and the specific inhibi-
tor SB203580 could inhibit the expression of 
procollagen I, indicating that p38 MAPK was 
implicated in TGF-β1-induced ECM synthesis. 
Wang et al. [26] suggest that, in MKK3+/+ mice, 
TGF-β1 stimulation can readily activate p38 
MAPK in glomerular mesangial cells, while TGF-
β1 stimulus cannot induce p38 MAPK activa-
tion in MKK3-/- mice. These results suggest that 
TGF-β1-induced glomerular sclerosis might be 
mediated by the p38 MAPK pathway, and 
MKK3 is necessary for the activation of p38 
MAPK by TGF-β1. Martin-Garrido et al. [27] 
show that TGF-β could up-regulate the expres-
sion of α-SMA in human vascular smooth mus-
cle cells, which is mediated by the p38 MAPK 
pathway and serum response factors. Mo- 
reover, the p38 MAPK pathway is activated by 
the elevated ROS production induced by NADPH 
oxidase 4 (Nox4). Our results showed that, the 
protein expression levels of p38 MAPK and 
α-SMA were up-regulated, while the expression 
level of E-cadherin was down-regulated, in HBV-
transfected HK-2 cells. SB203580, the specific 
inhibitor of p38 MAPK, could abolish the up-
regulation of α-SMA and the down-regulation of 
E-cadherin. These results suggest that p38 
MAPK might be involved in the transdifferentia-
tion of HK-2 cells induced by HBV.

In conclusion, our results showed that HBV 
transfection could induce TEMT of HK-2 cells, 
which was mediated by the TGF-β1/p38 MAPK 
pathway. These findings contribute to the 
understanding of the pathogenesis of HBV 
infection, and provide new insights into the pre-
vention and treatment of HBV-associated glo- 
merulonephritis.
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