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The angiotensin-converting enzyme inhibitor, captopril, suppressed hepatic
stellate cell activation via NF-kappaB or wnt3a/p-catenin pathway

Zhaodi Gu, Linjun Fang, and Peijun Ma

Internal Medicine Department, Shaoxing Yuecheng People’s Hospital, Shaoxing City, Zhejiang Province, China

ABSTRACT

Activation of hepatic stellate cells (HSC) is associated with hepatic fibrogenesis, which is one of
complications of diabetes mellitus. Captopril possesses potent anti-inflammation, oxidative stress
and fibrosis effects. However, the specific molecular mechanism of captopril in high glucose (HG)-
induced hepatic stellate cells has not been elucidated. Following the treatment of HG or captopril
treatment for rat hepatic stellate cells (HSC-T6), cell activities were detected by Cell Counting Kit-8
(CCK8) assay. Reactive oxygen species (ROS) levels were determined by ROS staining. The expres-
sion of inflammation-related proteins (Interleukin (IL)-1B, IL-6 and IL-8) and fibrosis-related pro-
teins (fibronectin (FN), collagen |, collagen lll, collagen IV, matrix metallopeptidase (MMP-2 and
MMP-9) were determined by Western blot. Captopril significantly decreased HSC-T6 cell viability
induced by HG in a dose-dependent manner, as well as decreased levels of malondialdehyde
(MDA), ROS, pro-inflammatory markers and fibrosis-related proteins, while upregulated super-
oxide dismutase (SOD) activities. We further found that captopril decreased the ratio of p-lkBa/
IkBa and the ratio of p-p65/p65. Intriguing, phorbol myristate acetate (PMA) or LiCl was able to
significantly reverse the captopril-induced alteration of oxidative stress-, inflammation- and fibro-
sis-marker levels. In conclusion, in HG-stimulated HSC-T6 cells, captopril displayed a potent ability
to inhibit oxidative stress, inflammation and hepatic fibrogenesis via NF-kappaB or wnt3a/(-
catenin. These results demonstrated the mechanism of captopril as well as the role of the NF-
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kappaB or wnt3a/B-catenin on HSC-T6 activation induced by HG.

Introduction

Hepatic fibrosis is one of the many complications
of diabetes mellitus. Hepatic stellate cells (HSCs)
are the main cell source for the generation of
extracellular matrix when liver injury occurs and
play a central role in the formation of liver fibrosis
[1,2]. The activation process of hepatic stellate cells
can be divided into initiation stage and continuous
activation stage. If the activation process can be
blocked in time, the further development of the
disease can be blocked, and the result of hepatic
fibrosis can be terminated or even reversed [3-5].

Captopril is an inhibitor of angiotensin con-
verting enzyme (ACE), which is commonly used
to low blood pressure in patients with high blood
pressure [6]. Captopril combined with gliclazide
has been found to reduce vascular and renal
complications and control blood glucose in strep-
tozotocin-induced diabetic rats [7]. In addition,
captopril has a protective effect on renal injury

caused by ischemia reperfusion in diabetic rats
[8]. These studies suggest that captopril may
work against diabetes. In addition, captopril alle-
viates renal injury and inflammation in sponta-
neously hypertensive rats through NF-kB
signaling pathway [9], which also is reported to
improve fibrosis and oxidative stress of lipopoly-
saccharide-induced pneumonia [10]. In addition,
some studies have reported that captopril plays
a protective role in diabetic liver injury [11], and
can reduce TAC-induced heart failure by inhibit-
ing Wnt3A/p-catenin and JAK2/STAT3 pathways
[12]. It is reported that the activation of Wnt/p-
catenin signaling pathway can promote liver
fibrosis [13]. However, the specific molecular
mechanism of captopril in HG induced hepatic
stellate cells has not been studied. Taken
together, we assume that NF-xB and Wnt/f-
catenin signaling pathways could be involved in
the effects of captopril on HG-induced hepatic
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stellate cells. Therefore, we further explore the
mechanism of captopril in HG-induced HSCs,
and speculate that captopril can reduce the
abnormal proliferation, inflammatory response
and fibrogenesis of HG-induced HSCs by inhibit-
ing NF-xB and Wnt/p-catenin signaling
pathways.

Method

Cell culture

HSC-T6 cells were purchased from ATCC
(USA) and cultured in DMEM medium
(Hyclone, USA) containing 10% FBS (Gibco,
USA) in 37 °C with 5% CO2. HSC-T6 was sub-
jected to glucose treatment at a concentration of
(0, 10, 30, 50, 70, 100 mM) to observe cell activity,
inflammatory cytokines and ROS production. In
the next experiment, HSC-T6 cells were pretreated
with different concentrations of captopril (0, 0.1,
0.3, 0.5, 1, 3 mM) for 12 h, and incubated with HG
(50 mM) for 48 h.
CCK8 assay

HSC-T6 was seeded into 96-well plates with
2 x 10" cells per well. After high glucose or capto-
pril treatment, or pretreatment with different con-
centrations of captopril for 12 h and then incubated
with HG (50 mM) for 48 h, the cell viability was
detected using CCK8 kit according to manufac-
turer’s guidance (ThermoFisher. Inc). 10 pL CCK8
solution was added to each well for incubation for
2 h. The absorbance at 450 nm was detected using
a microplate reader (ThermoFisher. Inc).
The detection of SOD activity and MDA levels

HSC-T6 cells were collected and washed with
PBS of 4°C. The SOD activities were detected
using Total SOD activity detection kit (Beyotime,
Shanghai, China). For the detection of MDA, cells
were collected and lysed using RIPA lysis buffer
(ThermoFisher. Inc). Then, the supernatant was
collected after centrifugation at 12000 g for
10 min. The MDA activities were detected using
MDA detection kit (Beyotime, Shanghai, China).
ROS staining

The ROS was detected using Reactive oxygen
species assay kit (Beyotime, Shanghai, China)
according to manufacturer protocol. The cells
were collected and suspended in DCFH-DA.
After incubation at 37°C for 20 min, the cells
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were observed under a fluorescence microscope
(OLYMPUS).
Quantitative
qPCR) assay

The total RNA of cells was extracted with FAST200
kit. The concentration and purity of RNA were deter-
mined by spectrophotometer and cDNA was synthe-
sized according to the Fermentas Reverse
Transcription Kit instructions. The cDNA was ampli-
fied by SYBR® Premix Ex Taq (TAKARA, Japan). The
primers were designed using the gene sequences pro-
vided in NCBI Genebank and synthesized by Beijing
Aoko Biological Engineering Co., Ltd. The used pri-
mers used in this study are as following: IL-6 forward
5'- CCACCAGGAACGAAAGTCAAC-3/, reverse 5'-
GGCAGTGGCTGTCAACAACA-3'; IL-1P forward
5'- GACCTGTTCTTTGAGGCTGAC-3', reverse 5'-
TCCATCTTCTTCTTTGGGTATTGTT-3'; IL-8 for-
ward 5-TGGTCTCAGCCACCCGC-3/, reverse 5'-
TCCACGACATACTCAGCA -3}

B-actin forward 5- GCTCGTCGTCGACAA
CGGCTG- 3/, reverse 5-CAAACATGATCTG
GGTCATCTTTTC-3'. B-actin was used to be as
an internal reference.

Enzyme Linked Immunosorbent Assay (ELISA)

The cells were seeded into 6-well plate. After the
intervention of high glucose, the supernatant of cell
culture medium was collected and centrifuged at
3000 r/min for 15 min to collect supernatant. The
experiment was performed to detect the levels of IL-
1B, IL-6 and IL-8 in strict accordance with the kit
instructions (Beyotime Biotechnology, Shanghai,
China).

Western blot

Total protein was extracted by protein extrac-
tion kit, and then electrophoresis was performed
in polyacrylamide gel. The protein was electrically
transferred to PVDF membrane, blocked with 5%
skimmed milk powder and incubated with pri-
mary antibodies (FN, ab268020; collagen I,
ab270993; collagen III, ab275881; collagen IV,
ab270993; MMP-2, ab92536; MMP-9, ab76003;
GAPDH, ab8245. Abcam, England) at 4 °C over-
night, followed by the incubation with HRP-
conjugated secondary antibodies (ab7090, Abcam,
England) for 2 h at 37°C. GAPDH was used as an
internal reference. The optical density ratio of
target protein to corresponding internal reference
was calculated by Image J software 1.46 r.

reverse transcription PCR (RT-
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Statistical analysis

Prism 7.0 software was used for statistical ana-
lysis of experimental data. Data were represented
by mean + standard deviation (SD). One-way ana-
lysis of variance was used to determine the differ-
ence among different groups, followed by hos
turkey’s test. p < 0.05 indicates that the difference
is statistically significant.

Result

Captopril suppressed HSC-T6 cell activities
induced by HG

To investigate the effects of captopril on HSC-
T6 cell subject to HG, we assessed HSC viability
after captopril treatment using CCKS8 assay.
Different concentrations of HG were used to sti-
mulate HSC. The results showed that with the
increase in HG concentration, the cell viability of
HSC was significantly increased (Figure la). In
order to evaluate the cytotoxic effect of captopril
on HSC-T6, HSC-T6 cells were treated with dif-
ferent concentrations of captopril. There were no
significant effects for captopril on cell viability
(Figure 1b). Then, we further found that captopril
reduced viability of HSC challenged with HG in
concentration-dependent manner (Figure 1c). In
subsequent experiments, 1 mM of captopril was
used for deeper mechanism exploration for its
effects on HSC in response to HG.

Captopril suppressed oxidative stress, inflam-
mation and fibrosis in HSC-T6 cells exposed
to HG

To analyze the mechanism of captopril in HSC-
T6 cells challenged with HG, the effects of capto-
pril on oxidative stress, inflammation and fibrosis
in HSC-T6 cells cotreated with HG and captopril
were determined. The results showed that capto-
pril exhibited markedly higher SOD activities and
SOD levels than HG treatment alone, while reverse
effects were observed in MDA levels (Figure 2 A).
We observed an obvious decrease in fluorescence
intensity for ROS staining after captopril treatment
(Figure 2b). By testing the expression of inflam-
mation-related factors through qPCR and ELISA
assay, the results showed that captopril treatment
markedly lessened the levels of IL-1p, IL-6 and IL-
8 (Figure 2c-d) as relative to HG group. The levels
of FN, collagen-I, collagen-III, collagen-IV, MMP-
2 and MMP-9, which have been recognized to be
as markers for liver fibrosis, were also analyzed by
Western blot assay in HG-challenged HSC-T6 cells
following captopril treatment. As shown in
Figure 2e, these protein levels were markedly
decreased when captopril was used to co-treat
cells with HG.

Captopril inhibits HG-induced activation of the
NF-kappaB and wnt3a/p-catenin pathway in HSC-
T6 cells

To analyze the role of the NF-kappaB and
wnt3a/B-catenin after captopril treatment, we
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Figure 1. Captopril reduced HSC-T6 cells viability. (a) After HSC-T6 cell was exposed to glucose of different concentration for 48 h,
cell viability was detected through CCK8 assay. (b) CCK8 assay. (c) CCK8 assay. *p < 0.05, **p < 0.01, *** p < 0.001.
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Figure 2. Captopril reduced oxidative stress, inflammation and

|

fibrosis in HG-treated HSC-T6. (a) The evaluation of SOD and MDA

co-in co-iv MMP-2 MP-

levels through related kit. (b) ROS staining results. (c) The levels of liver fibrosis-related proteins were detected through Western blot.
FN: fibronectin, CO-I: collagen I, CO-IlI: collagen IlI, CO-IV: collagen IV. *** p < 0.001 Vs Control. **p < 0.001 Vs HG.

looked at expression levels of NF-kappaB pathway-
related proteins and wnt3a/B-catenin. The phos-
phorylation of IkBa makes it possible that NF-«kB
is released from the cytoplasmic NF-«kB/IxBa com-
plex and activated to expose the nuclear localiza-
tion domain and p65 is confirmed to be the main
transcriptional factor. Increased ratio of p-IkBa/
IxBa and the ratio of p-p65/p65 are considered to
be related to be involved in NF-xB activation [14-
16]. As shown in results, captopril markedly
decreased the ratio of p-IkBa/IkBa and the ratio
of p-p65/p65 when compared with HG alone
(Figure 3). In addition, the expression of Wnt3A
and [B-catenin were detected. The results showed
that the expression of Wnt3a/B-catenin protein
was increased after HG treatment, while that of
Wnt3a/p-catenin was decreased after captopril
treatment (Figure 3). The above results indicated
that captopril could inhibit HG-induced activation
of NF-kappaB pathway and Wnt3A/p-catenin
pathway in HSC-T6 cells.

Captopril inhibited HG-induced oxidative
stress, inflammatory response, and fibrosis in
HSC-T6 cells by blocking the NF-kB pathway
and Wnt3a/p-catenin pathway

Next, whether the effects of captopril on oxidative
stress, inflammatory response, and fibrosis in HSC-
T6 cells were related to NF-kB pathway and Wnt3a/
B-catenin pathway was further investigated. We used
NF-«B activator or Wnt signaling pathway activator
to determine whether captopril affected NF-«B sig-
naling pathway and Wnt signaling pathway to sup-
press oxidative stress, inflammation and fibrosis.
Accumulating evidences have confirmed that PMA
is able to activate NF-kB pathway and LiCl is an
activator of Wnt signaling pathway [17-22].
Treatment with PMA (NF-xB activator) or treat-
ment with LiCl Wnt signaling pathway activator)
resulted in a significant decrease in SOD activities
and an increase in MDA levels compared with the
cotreatment group of HG and captopril (Figure 4a).
DCFH-DA staining for ROS demonstrated marked
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Figure3 The detection of NF-kB and wnt3a/B-catenin pathway in HG-induced HSC-T6 cells. *** p < 0.001 Vs Control. *p < 0.01,

###5 < 0.001 Vs HG.

attenuation in green fluorescence intensity after
PMA or LiCl treatment (Figure 4b). Next, we exam-
ined the effects of PMA or LiCl on inflammatory
markers. PMA or LiCl treatment significantly partly
recovered captopril-treated effects on levels of IL-1p,
IL-6 and IL-8 in HG-induced HSC-T6 cells
(Figure 4c-d). We also studied FN, collagen-I, col-
lagen-III, collagen-IV, MMP-2 and MMP-9 levels,
which are markers for liver fibrosis. The results
demonstrated a marked increase after treatment
with PMA or LiCl (Figure 4e), which implied that
captopril inhibited fibrosis through NF-kB and Wnt
signaling pathway.

Discussion

Our results demonstrate that captopril is a potentially
effective anti-fibrosis reagent in HG-induced HSC-T6
cells and its effects are mediated by suppressing NF-
kappaB and wnt3a/f-catenin. Additionally, captopril
significantly increases cell viability and suppresses
inflammation and oxidative stress. Use of NF-kB sig-
naling pathway activator or Wnt signaling pathway
activator confirms that NF-kB pathway and wnt3a/p-
catenin pathway mediate the effects of captopril on
oxidative stress, inflammation and fibrosis [23].
Liver fibrosis is a chronic process that usually
progresses over decades and can eventually lead to
cirrhosis [24]. Recently, more and more studies pay
attention to the identification of drugs, which can
produce inhibitory effects on the progression of

hepatic fibrosis [25]. Captopril’s potent ant-fibrosis
properties suggest that it is expected to be
a potential anti-fibrosis agent. Captopril also sup-
presses oxidative stress and inflammation in HSC-
T6 cells. Treatment of captopril significantly
reduced MDA and ROS levels and increased SOD
activities, as well as a decrease in inflammatory
marker levels in HG-induced HSC-T6 cells. The
mechanism of antioxidant activity and anti-
inflammatory effects of captopril could be related
to the inhibition of NF-kappaB and wnt3a/p-
catenin. In previous research, captopril significantly
increased Nrf2 and HO-1 protein levels, which
could be involved in the modulation for oxidative
stress in vitro [23]. We predicted that Nrf2 signaling
pathway could be also engaged in mediating the
effects of captopril on oxidative stress.

The roles of captopril in anti-oxidative stress and
inflammation, as well as anti-fibrosis have been
revealed in some studies [10,26,27]. Besides the reg-
ulatory role of NF-kappaB in inflammation and
oxidative stress in diabetes, wnt3a/B-catenin was
also reported to be involved in these processes
[28-30]. Wnt3a activation in response to glucose
was related to increased [-catenin level [31].
A study found that wnt3a/B-catenin pathway was
engaged in hepatoprotective effects of hesperidin,
which could be related to oxidative imbalance and
inflammation [32]. Additionally, Wnt3a/{-catenin
pathway was confirmed to modulate oxidative stress
and inflammation [33-35]. Treatment with
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Figure 4. PMA or LiCl treatment reversed the effects of captopril in oxidative stress, inflammatory response, and fibrosis. (a) The
detection of SOD and MDA levels by related kits. (b) SOD staining. (c) The analysis of inflammatory factors through gqPCR. (d) The
detection of inflammatory factors levels by Western blotting. (e) The evaluation of liver fibrosis-related markers by Western blot
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captopril contributes to the decrease in protein
levels of FN, collagen I, collagen III, collagen IV,
MMP-2 and MMP-9 in HG-induced HSC-T6 cells,
which plays key roles in the formation of ECM
through inducing the activation of HSCs [36-39].
In summary, captopril plays a protective role in
protecting hepatic stellate cell from oxidative stress,
inflammation and fibrogenesis injury caused by HG
via NF-kappaB pathway and Wnt3a/B-catenin
pathway.

Conclusion

Liver injury is a typical inducement for the devel-
opment of liver fibrosis and cirrhosis. Our study
demonstrated that inhibition of the NF-kappaB

pathway and Wnt3a/p-catenin by captopril under
these HG conditions could exert inhibitory effects
on fibrogenesis. The study provided experimental
basis to confirm that captopril could be a potential
therapeutic drug for the treatment of hepatic fibro-
sis. How captopril plays a role in vivo still requires
amounts of experiments to explore, which will be
considered in the next step of the study.

Highlights

1. Captopril reduces increased viability of rat hepatic stellate
cells induced by HG stimulation.

2. Captopril alleviates oxidative stress, inflaimmation and
fibrogenesis in HG-induced HSC-T6 cells.

3. These effects of captopril could be mediated by NF-«kB
pathway and wnt3a/p-catenin pathway.
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