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Abstract

AIM: To investigate the effects of activated rat hepatic
stellate cells (HSCs) on rat Th1/Th2 profile /in vitro.

METHODS: Growth and survival of activated HSCs and
CD4" T lymphocytes cultured alone or together was
assessed after 24 or 48 h. CD4" T lymphocytes were
then cultured with or without activated HSCs for 24 or
48 h and the proportion of Thi [interferon (IFN)-y*]
and Th2 [interleukin (IL)-4"] cells was assessed
by flow cytometry. Thl and Th2 cell apoptosis was
assessed after 24 h of co-culture using a caspase-3
staining procedure. Differentiation rates of Th1l and
Th2 cells from CD4" T lymphocytes that were positive
for CD25 but did not express IFN-y or IL-4 were also
assessed after 48 h of co-culture with activated HSCs.
Galectin-9 expression in HSCs was determined by
immunofluorescence and Western blotting. ELISA was
performed to assess galectin-9 secretion from activated
HSCs.

RESULTS: Co-culture of CD4" T lymphocytes with
activated rat HSCs for 48 h significantly reduced the
proportion of Thl cells compared to culture-alone
conditions (-1.73% % 0.71%; P < 0.05), whereas the
proportion of Th2 cells was not altered; the Th1/Th2
ratio was significantly decreased (-0.44 £ 0.13; P <
0.05). In addition, the level of IFN-y in Thl cells was
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decreased (-65.71 £ 9.67; P < 0.01), whereas the
level of IL-4 in Th2 cells was increased (82.79 £ 25.12;
P < 0.05) by co-culturing, as measured by mean
fluorescence intensity by flow cytometry. Apoptosis
rates in Thl (12.27% % 0.99%; P < 0.01) and Th2
(1.71% =+ 0.185%; P < 0.01) cells were increased 24
h after co-culturing with activated HSCs; the Th1l cell
apoptosis rate was significantly higher than in Th2
cells (P < 0.01). Galectin-9 protein expression was
significantly decreased in HSCs only 24 h after co-
culturing (P < 0.05) but not after 48 h. Co-culture for
48 h significantly increased the differentiation of Thl
and Th2 cells; however, the increase in the proportion
of Th2 cells was significantly higher than that of Thi
cells (1.85% =+ 0.48%; P < 0.05).

CONCLUSION: Activated rat HSCs lower the Th1/Th2
profile, inhibiting the Thl response and enhancing the
Th2 response, and this may be a novel pathway for
liver fibrogenesis.

Key words: Hepatic stellate cells; Thl cells; Th2 cells;
Galectin-9

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The Th1/Th2 profile plays a pivotal role in
the development of fibrosis and may be impacted by
hepatic stellate cell activation. However, little is known
about the effect of fibroblasts on CD4" T lymphocyte
profiles. This study shows that co-culture with activated
rat hepatic stellate cells shifts the Th1/Th2 profile of
CD4" T lymphocytes by inhibiting the Th1 response and
enhancing the Th2 response.
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INTRODUCTION

Liver fibrosis can result from sustained activation of
myofibroblasts and other matrix-producing cells, such
as hepatic stellate cells (HSCs)!. As fibrosis develops,
there is an infiltration of inflammatory cells that
secrete proinflammatory and profibrotic cytokines.
Innate and adaptive immune cells, such as natural
killer (NK) and Kupffer cells, play roles in the reversal
of fibrosis™. In addition, T lymphocytes can interact
with myofibroblasts and secrete various cytokines to
modulate the fibrogenic process™. Type 1 helper T
(Thl) lymphocytes secrete high levels of antifibrotic
interferon (IFN)-y, whereas type 2 (Th2) cells release
profibrogenic interleukin (IL)-4 and IL-13%%,
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The switch from an early Thl response to a
sustained Th2 response is thought to facilitate
hepatic fibrogenesis in alcoholic liver disease'™ and
schistosomiasis!’!. Therefore, the Th1/Th2 profile
is pivotal in the development of liver fibrosis and
presents a possible therapeutic target. However, the
mechanisms involved in regulating Th1/Th2 balance
during fibrogenesis are still unclear. Some evidence
suggests that decreased production of IL-12 by
antigen-presenting cells in the liver™ and regulatory T
cells™® play roles in this balance. However, activated
HSCs have also been observed adjacent to and
engulfing infiltrating lymphocytes and NK cells in
the liver following fibrosis induction®®*”, suggesting
a direct interaction between liver myofibroblasts
and infiltrating lymphocytes. HSCs are activated by
immune cells®*™ and can then influence lymphocyte
infiltration, activation and proliferation via secretion of
various proinflammatory cytokines and chemokines®.
To gain a better understanding of this relationship, T
lymphocytes were co-cultured with activated HSCs
and the effect on the Th1/Th2 profile was examined in
vitro.

MATERIALS AND METHODS

Activation of rat HSCs

Male Wistar rats (250 g each) were used in this study.
Rat livers were digested with collagenase and HSCs
were obtained by fractionation of the cell suspension
using continuous Percoll density gradients, as described
previously™, HSCs were cultured in RPMI 1640 (Gibco
of Thermo Fisher Scientific, Waltham, MA, United
States) containing penicillin (100 U/mL), streptomycin
(100 ug/mL) and 20% fetal bovine serum (FBS;
Gibco) at 37 'C with 5% CO2. After reaching about
100% confluency (10-14 d), the cells were subcultured
for co-culture or further examination. Activation of
subcultured cells was confirmed by immunostaining
for anti-desmin (1:50; Santa Cruz Biotechnology Inc.,
Dallas, TX, United States) and anti-a-smooth muscle
actin (1:800; Abcam, Cambridge, United Kingdom)
using fluorescein isothiocyanate (FITC)-conjugated
anti-rabbit (1:200; ZhongShan-Golden Bridge, Beijing,
China) or anti-mouse (1:500; Abcam) secondary
antibodies.

Isolation of CD4" T lymphocytes

Rat spleen lymphocytes were isolated as previously
described™ and cultured in RPMI 1640 containing
10% FBS for 2 h to remove adherent monocytes. Rat
CD4 microbeads (Miltenyi Biotech, Bergisch Gladbach,
Germany) were used to isolate CD4" T lymphocytes
by magnetic cell sorting according to the manufac-
turer’s instructions. The purity was 98.23% £ 0.27%
as detected by flow cytometry (FCM) using anti-
CD4-FITC (Becton, Dickinson and Company, Franklin
Lakes, NJ, United States).
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Co-culture of activated HSCs and CD4" T lymphocytes
After culturing for 24 h in 6-well culture plates,
activated rat HSCs (2 x 10° cells/well) were co-
cultured with freshly isolated CD4" T lymphocytes (4
x 10° cells/well) using Millipore cell culture inserts (0.4
pm; Millipore, Billerica, MA, United States) in RPMI
1640 containing 10% FBS. CD4" T lymphocytes from
the same rat, cultured alone were used as a control
and in each experiment, HSCs and T lymphocytes
were from the same rat. The sample size was n = 10
rats per group.

A CFSE cell proliferation assay (Invitrogen of
Thermo Fisher Scientific) was used to determine
whether CD4* T lymphocytes could proliferate in vitro
in the absence of mitogens.

An Annexin V/Dead Cell Apoptosis Kit (Invitrogen)
was used to determine the proportion of viable T
lymphocytes by FCM; cells negative for both Annexin V
and propidium iodide were considered viable.

Additionally, activated HSCs (5 x 10° cells/well)
were cultured alone or with CD4" T lymphocytes
(5 x 10* cells/well) in 96-well culture plates. At the
beginning and end of a 24 or 48 h co-culture, a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was performed to detect
the proliferation of activated HSCs, as described
previously™.

Apoptosis and FCM determination of Th1 and Th2 cells
After 24 h of co-culture, apoptosis of CD4" T
lymphocytes was assessed using a Fluorescein Active
Caspase-3 Staining Kit (BioVision, Mountain View,
CA, United States) according to the manufacturer’s
instructions.

After 48 h of co-culture, the proportion of Thl cells
(IFN-") and Th2 cells (IL-4") was determined by FCM
using anti-IFN-y-PE and anti-IL-4-PE antibodies, with
an isotype antibody control (Becton, Dickinson and
Company), as previously described™®.

Galectin-9 expression in activated HSCs

Galectin-9 in supernatants of activated HSCs was
detected by ELISA (Uscn Life Science, Wuhan,
China) according to the manufacturer’s instructions.
Galectin-9 protein expression in activated HSCs was
assessed by immunofluorescence using anti-galectin-9
(1:200; Abcam) and FITC-conjugated goat anti-
rabbit (1:200; Zhongshan-Golden Bridge) antibodies.
Protein levels were assessed by Western blotting using
anti-galectin-9 (1:1000; Abcam) and anti-p-actin
(1:4000; Sigma-Aldrich, St. Louis, MO, United States)
antibodies with horseradish peroxidase-conjugated
anti-rabbit (1:9000) or anti-mouse (1:8000; both from
Zhongshan-Golden Bridge) secondary antibodies, as
previously described"”’.

Differentiation of Th1 and Th2 cells
After freshly isolated CD4" T lymphocytes were
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cultured in medium with 5 pg/mL concanavalin A for
2 wk, the CD4" T lymphocytes with differentiation
potential (CD25"/IFN-y/IL-4) were obtained. These
T lymphocytes were co-cultured with activated HSCs
in 6-well culture plates, as described above. After
48 h of co-culture, proportions of Thl and Th2 cells
were detected by FCM. CD4" T lymphocytes from the
same rat were cultured alone as a control and in each
experiment, HSCs and T lymphocytes were from the
same rat (n = 10).

Statistical analysis

Data were analyzed using SPSS 14.0 (SPSS Inc.,
Chicago, IL, United States). Paired Student’s t tests
and randomized block design analysis of variance
were applied; P < 0.05 was considered statistically
significant. The data are expressed as mean % SD.

RESULTS

Co-culturing affects HSC and T cell viability

The proliferation rate of activated HSCs detected
by MTT assay was significantly increased when co-
cultured for 24 or 48 h, compared with those cultured
alone (P < 0.05) (Figure 1A); there were no changes
in the morphology of HSCs. At the same time, the
proportion of viable CD4" T cells decreased after 48
h when co-cultured with activated HSCs compared to
culturing alone without mitogens (55.27% =+ 3.88% vs
61.28% =+ 3.84%, P < 0.01) (Figure 1B).

Co-culturing with activated HSCs alters the Th1/Th2
profile

After 48 h of co-culture with activated HSCs, the
proportion of Th1l cells significantly decreased
compared to culturing alone (-1.73% % 0.71%; P
< 0.05), while the proportion of Th2 cells did not
change (Figure 2A). Thus, co-culturing lowered the
Th1/Th2 ratio (-0.44 £+ 0.13; P < 0.05). Furthermore,
the mean fluorescence intensity of IFN-y in Thl cells
was decreased (-65.71 £ 9.67, P < 0.01) and the
mean fluorescence intensity of IL-4 in Th2 cells was
increased (82.79 £ 25.12; P < 0.05) after 48 h in co-
culture conditions (Figure 2B).

Co-culturing with activated HSCs induces apoptosis of
Th1 cells

Co-culture with activated HSCs for 24 h significantly
increased the apoptosis rates in Thl and Th2 cells
(P < 0.01; Figure 3). Moreover, the increased rate of
apoptosis in Thl cells was significantly higher than in
Th2 cells (12.27% £ 0.99% vs 1.71% =+ 0.185%, P <
0.01).

Co-culturing transiently decreases galectin-9 expression
in activated rat HSCs

As demonstrated by immunofluorescence staining,
activated rat HSCs express galectin-9 (Figure 4A).
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Figure 1 Effect of co-culturing on viability of activated hepatic stellate cells and CD4" T lymphocytes. A: Proliferation of activated hepatic stellate cells (HSCs);
B: Proportion of viable CD4" T lymphocytes when cultured alone or co-cultured together (n = 3). OD: Optical density; data are expressed as mean % SD. °P < 0.05 vs

cultured alone; °P < 0.01 vs control.
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Figure 2 Effect of co-culturing on Th1/Th2 profile. A: Proportion of CD4" T lymphocytes identified as Th1 and Th2 cells; B: Mean fluorescence intensity of
interferon (IFN)-y in Th1 cells and interleukin (IL)-4 in Th2 cells assessed by flow cytometry when cultured alone or co-cultured for 48 h with activated hepatic stellate
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Figure 3 Effect of co-culturing on apoptosis of Th1 and Th2 cells.
Apoptosis rates were assessed after 24 h by flow cytometric analysis of
caspase-3 staining in CD4" T lymphocytes cultured alone or co-cultured with
activated hepatic stellate cells (n = 10). Data are expressed as mean + SD; °P
<0.01 vs control.

Quantification of galectin-9 protein showed that levels
were significantly reduced after co-culturing with CD4*
T lymphocytes for 24 h (P < 0.05) but not after 48
h (Figure 4B). However, galectin-9 was undetectable
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by ELISA in the supernatants of activated rat HSCs
cultured alone or co-cultured with CD4™ T lymphocytes.

Co-culturing alters the differentiation of CD4' T
lymphocytes

CD4" T lymphocytes with differentiation potential
(CD25%/IFN-y/IL-47) were also co-cultured with
activated rat HSCs for 48 h. Flow cytometry showed
that proportions of both IFN-y* (Th1l) and IL-4*
(Th2) cells increased but the increase observed in
the proportion of Th2 cells (1.85% £ 0.48%) was
significantly higher than was observed for Th1 cells (P
< 0.05) (Figure 5).

DISCUSSION

Cytokines released from leukocytes can promote the
activation of myofibroblasts in injured liver, which
in turn can regulate immune cells and promote
chronic inflammation!*®*”), This activation switches
HSCs from a fibrogenic to a proinflammatory pheno-
type, which then continues to modulate local inflam-
matory responses long after they remodel the
extracellular matrix!'®. Therefore, repeated activation
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Figure 5 Effect of co-culturing on Th1 and Th2 cell differentiation. CD4"
T lymphocytes with differentiation potential were co-cultured for 48 h with
activated hepatic stellate cells (n = 5). Data are expressed as mean + SD; °P <
0.05, Th1 vs Th2.

of myofibroblasts can result in sustained chronic inflam-
mation and fibrosis™, The results from the present
study show that activated HSCs lower the Th1/Th2
profile of CD4" T lymphocytes, thus suggesting a
mechanism by which activated myofibroblasts promote
fibrogenesis.

CD4* T lymphocytes play an important role in the
pathogenesis of fibrogenesis. IFN-y released by Thl
cells decreases HSC activation and extracellular matrix
deposition during rat liver fibrosis'*®! and promotes the
function of NK cells, which can induce HSC death™.
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Moreover, Thl cells can inhibit the differentiation
and maturation of Th17 and Th2 cells®", which have
proinflammatory and profibrogenic effects. This
study shows that the relationship is reciprocal as the
proportion of Thl cells, as well as the amount of IFN-y
they express, is reduced by co-culture with activated
HSCs. Therefore, activated HSCs might promote
chronic inflammation and fibrosis by inhibiting the Th1
response. In line with this, the development of liver
fibrosis was determined to be facilitated by a shift from
a Thl to a Th17 response in an animal model with an
IL-12 gene knockout™?.

In the present study, we also found that activated
HSCs disproportionately increase the apoptosis of CD4"
T cells, showing a more profound effect on Th1l cells.
These results are consistent with a study that reported
apoptosis of infiltrating T cells in hepatic fibrotic tissue,
which was thought to be due to the interaction with
myofibroblast-like cells™®,

Galectin-9 is known to induce apoptosis of Thl
cells’® and is expressed by human lung fibroblasts
and dermal fibroblasts™?*!, Galectin-9 is detected
on Kupffer cells, fibroblasts and histiocytes in biopsy
specimens of drug-induced liver disease patients®.
Although galectin-9 was expressed in the activated
rat HSCs in this study, supernatant levels were below
the ELISA detection limit, suggesting that that the
activated HSCs were unable to secrete galectin-9 in
vitro. This finding does not support the hypothesis
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that HSCs promote Th1 cell apoptosis via galectin-9
secretion. Further study is needed to ascertain the
factors that induce in vivo galectin-9 secretion from
activated HSCs.

In the present study, the differentiation of CD4™ T
lymphocytes into Th2 cells was more strongly affected
by co-culturing with activated HSCs as the increase in
the proportion of Th2 cells was greater than for Thl
cells. This suggests that, in addition to proliferation
and apoptosis of T lymphocytes, activated HSCs
might also modulate Th1/Th2 balance by altering their
differentiation rates. Moreover, the expression of IL-4
in Th2 cells was enhanced by co-culture with activated
HSCs.

A limitation of this study is that only the in vitro
effects were examined and thus may not fully reflect
the in vivo condition. Future in vivo studies are needed
to verify these results and to explore the underlying
mechanisms.

In summary, the present study shows that
activated HSCs decrease the Th1/Th2 ratio in vitro via
promoting apoptosis and inhibiting IFN-y production
in Thl cells, while promoting IL-4 production and
differentiation of Th2 cells. These data suggest that
a mechanism by which activated HSCs promote liver
fibrosis is by altering the Th1/Th2 balance.

COMMENTS

Background

Hepatic stellate cells (HSCs) can be activated by various inflammatory
cytokines and promote the development of liver fibrosis. HSCs can also
influence the infiltration, activation and proliferation of lymphocytes, such as
CD4" T cells. Th1 cells play an anti-fibrotic role, whereas Th2 cells play a
profibrogenic role. This study aimed to examine the effect of HSC activation on
the Th1/Th2 profile and explored the potential mechanism of this effect.
Research frontiers

The authors found that activated rat HSCs may promote liver fibrosis via
inhibition of the Th1 response and enhancement of the Th2 response.
Innovations and breakthroughs

This study found a direct interaction between HSCs and Th1/Th2 cells.
Activated HSCs can regulate function, apoptosis and proliferation of Th1 and
Th2 cells to change the Th1/Th2 immune status.

Applications

The findings suggest that activated rat HSCs alter the Th1/Th2 profile of CD4" T
lymphocytes as a novel mechanism for liver fibrogenesis.

Terminology

Galectin-9 is a ligand that inhibits T cell activation and proliferation and
regulates their expression and secretion of cytokines.

Peer-review

This study addresses a very important aspect of immune regulation in liver
diseases. Using an in vitro approach with co-cultures, these authors showed
that the Th1/Th2 profile changed when the cells were co-cultured with activated
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