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Inhibitory Smads suppress pancreatic stellate cell activation
through negative feedback in chronic pancreatitis
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Background: Activation of pancreatic stellate cells (PSCs) is a key cause of chronic pancreatitis (CP),
while inhibition of transforming growth factor-p (TGF-p) signaling renders PSCs inactive. Inhibitory Smads
(I-Smads) impede T'GF-p intracellular signaling and may provide a way to alleviate CP. Thus, we aimed to
investigate the molecular mechanism of I-Smads in CP animals and freshly-isolated PSCs.

Methods: Sixteen male C57BL/6 mice were randomly divided into two groups; a control group (treated
with saline) and a CP group (treated with caerulein) for 6 weeks. Masson’s staining was performed to identify
fibrosis, and immunohistochemistry (IHC) was performed to measure the levels of Smad6 between the two
groups. An improved method derived from internal digestion was used to isolate PSCs from male Sprague
Dawley rats. Quantitative real-time polymerase chain reaction (QRT-PCR) and immunofluorescence staining
were used to measure the messenger ribonucleic acid (nRNA) and protein levels of alpha-smooth muscle
actin (0-SMA). Plasmids of I-Smads or SB431542 were transfected into freshly-isolated PSCs, and relative
mRNA levels of marker genes were quantified by qRT-PCR. The two-tailed Student’s t-test was performed
to assess significance.

Results: The Smad6 protein level was significantly higher in the pancreas tissue of CP mice compared
to the control group. A large number of PSCs were isolated from rat pancreas using an improved isolating
method and were confirmed by quiescent and active PSC markers including cluster differentiation antigen
133 (CD133), perilipin 2 (Plin2), 0-SMA, Desmin, and collagen 1 (Coll). The mRNA levels of both Smad6
and Smad7 were down-regulated during freshly-isolated PSC activation. Over-expression of both Smad6 and
Smad7 in freshly-isolated PSC reduced the mRNA level of a-SMA, glial fibrillary acidic protein (GFAP),
Desmin, Coll, Col3, and fibronectin 1 (Fnl) significantly. SB431542 reduced the mRNA level of a-SMA,
Coll, Col3, and Fnl significantly in freshly-isolated PSCs.

Conclusions: This study demonstrated that CP promoted the expression of I-Smads, which suppressed
the activation of freshly-isolated PSCs via a negative feedback loop.
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Introduction

Pancreatic stellate cells (PSCs) play important roles in
pancreatic diseases, such as chronic pancreatitis (CP).
Quiescent PSCs contain a burden of vitamin A droplets,
acting as a kind of vitamin A storage cell (1,2). Under
pathological conditions, quiescent PSCs become activated,
lose their vitamin A droplets, and develop a myofibroblast-
like cell type. With the activation of PSC, its properties of
proliferation and migration activity increases, releasing a
large number of cytokines, such as transforming growth
factor-p (T'GF-B1) and tumor necrosis factor alpha (INF-a),
and secreting extracellular matrix (ECM), which ultimately
leads to pancreatic fibrosis (3).

It has been demonstrated that TGF-p signaling is
involved in PSC activation progress (4,5). Quiescent PSCs
become activated upon TGF-B stimulation, and activated
PSCs release cytokines, including TGF-B1, to further
activate themselves. The positive feedback loop of TGF-
signaling makes it difficult to deactivate PSCs, thus making
the alleviation of CP particularly challenging.

The inhibitory Smads (I-Smads), which comprise
Smad6 and Smad7, inhibit TGF-B intracellular signaling
via interaction with type I receptors and receptor-regulated
Smads (R-Smads) (6). I-Smads also belong to the Smad
family containing carboxy-terminal Mad Homology 2 (MH2)
domains. Hama et a/. have shown that adenovirus-mediated
Smad7 over-expression inhibits TGF-B1-induced nuclear
translocation of Smad3 (an R-Smad) and Smad4 (known
as a common-partner Smad or co-Smad) in PSCs. The
over-expression of Smad7 enhances PSC proliferation (7).
Hepatic stellate cells (HSCs) are located in the liver and
share similar characteristics with PSCs. It has been shown
that the over-expression of Smad7 in HSCs suppresses
expression of alpha-smooth muscle actin (0-SMA), a stellate
cell activation marker, and reduces the synthesis of ECM
proteins such as collagen. Smad7 expression blocks the
TGF-B signal by inhibiting Smad2/3 phosphorylation (8).
Bian er al. have further demonstrated that 5-aza-2-
deoxycytidine (5-azadC), a deoxyribonucleic acid (DNA)
methylation inhibitor, prevents the phosphorylation of
Smad2 and Smad3 by up-regulation of Smad7 expression (9).

Pancreatic fibrosis is an important feature of CP. PSC
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activation promotes fibrosis progress by secreting cytokines
and ECM proteins (10), and thus, PSCs are an important
target for antifibrotic therapies. The continuous activation
of TGF-p signaling is a key basis for the activation of PSCs,
resulting in CP’s development. If TGF-P signaling can
be down-regulated, it will provide important supports for
the clinical relief of CP. Fortunately, I-Smads, which are
endogenous TGF-B inhibitors, can hinder TGF-p signaling
activity by directly binding to R-Smads, a potential target
for CP's remission and treatment. Therefore, exploring the
expression level and function of I-Smads in the CP process
may provide a new strategy for the clinical treatment of CP
in the future.

SB431542 is a well-tested chemical that specifically
inhibits type I receptor, also known as activin receptor-like
kinase 5 (ALKS) (11). In renal epithelial carcinoma A498
cells, SB431542 inhibits Smad3 phosphorylation, TGF-
pl-induced nuclear Smad3 localization, as well as collagen
1 (Coll) and fibronectin 1 (Fnl) messenger ribonucleic
acid (mRNA) expression (12). In pancreatic cancer cell
PANC-1, SB431542 inhibits TGF-B regulated epithelial to
mesenchymal transition (EMT) (13). However, the function
of SB431542 has not been well investigated during PSC
activation, especially in freshly-isolated PSCs.

Rodents, including mice and rats, are good animal
models for studying human diseases' related mechanisms at
the histological and molecular levels. Injection of caerulein
in mice was a widely used procedure for inducing histological
CP (14). On the other hand, since the rat’s pancreas is
larger, more freshly-isolated PSCs can be obtained from
rats than from mice.

Herein, we aimed to investigate the molecular
mechanism of I-Smads in CP animals and freshly-isolated
PSCs. We constructed a CP animal model and found that
CP promoted Smad6 expression in pancreatic tissues. We
modified the method of rat PSC isolation and harvested
as many cells as possible for experimentation. We over-
expressed I-Smads or SB431542 in freshly-isolated PSCs
and found that both I-Smads and SB431542 can inactive
PSCs during its early activation progress. Our data
suggested that negative feedback of TGF- signaling by
I-Smads might provide a novel treatment strategy for CP.
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We present the following article following the ARRIVE
(Animal Research: Reporting of In Vivo Experiments)
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-4282).

Methods
Animal model

Experiments were performed under a project license (NO.:
20200103017) granted by the Experimental Animals Ethics
Committee of Southeast University, in compliance with
national and Southeast University guidelines for the care
and use of animals.

After adaptation for 7 days under a 12-hour light/dark cycle
at 21-25 °C, male C57BL/6 mice (aged 6-8 weeks, 18-22 g,
purchased from Animal Laboratory of Nanjing Medical
University, Nanjing, China) were randomly divided into a
CP group and a normal control group (n=8 mice per group),
which were treated with 50 pg/kg caerulein (Bachem AG,
Bubendorf, Switzerland) or saline, respectively. After 6 weeks
of treatment, the control and CP mice were sacrificed with
4% halothane anesthesia followed by carbon dioxide (CO,).
The mice’s pancreases were then collected, fixed with

paraformaldehyde (PFA), and embedded in paraffin.

Isolation and culture of PSCs

Rat PSCs were isolated as previously described, with some
modification (1). Briefly, the pancreases from male Sprague
Dawley rats (200-250 g) were digested by injecting pre-
warmed 0.08% collagenase V (Sigma, USA, C9263) in Gey’s
balanced salt solution (GBSS) into the common bile duct.
The cell suspension was centrifuged in a 13.1% Nycodenz
(Axis-Shield, Norway, 1002424) gradient with 0.3% bovine
serum albumin (BSA) at 1,400 g for 20 minutes. PSCs
were separated into a fuzzy band just above the Nycodenz
solution interface and 0.3% BSA. PSCs were harvested and
cultured in Dulbecco’s Modified Eagle Medium (DMEM,
Hyclone, USA, SH30023.01) containing 10% fetal bovine
serum, 2.5 mM glutamine, 15 mM 2-[4-(2-hydroxyethyl)
piperazin-1-yl]ethanesulfonic acid (HEPES) Buffer, and
antibiotics (penicillin 100 units/mL and streptomycin
100 pg/mL).

Plasmids, inbibitor, and cell transfection

Plasmids of Homo Smad6-Flag and Mus Smad7-Flag
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were kindly provided by Prof. Yeguang Chen, Tsinghua
University, China. The plasmid of Green Fluorescent
Protein (GFP) was kindly provided by Prof. Qinghua Tao,
Tsinghua University, China. 1 pg of Smad6 or Smad?7
was used for plasmid transfection using Lipofectamine
2000 (Thermo, USA, 11668019), while GFP was used as
a negative control. Cells were cultured to indicated time
points before harvesting for RINA isolation.

SB431542 was purchased from Selleck (USA). The
storage concentration of this inhibitor was 10 mM in
dimethyl sulfoxide (DMSO). 1 or 5 pM of SB431542 was
used for the inhibiting experiments. Cells were cultured to
indicated time points before harvesting for RNA isolation.

RNA isolation, reverse transcription, and real-time PCR

PSCs were cultured in 6-well dishes before harvesting.
Total RNA was extracted using TRIzol reagent (Invitrogen,
USA, 15596026) and was subjected to reverse transcription
using HiScript II 1st Strand complementary DNA (cDNA)
Synthesis Kit (Vazyme, China, R212). Quantitative real-
time polymerase chain reaction (QRT-PCR) was performed
using the ABI (USA) QuantStudio 6 platform according
to the manufacturer’s instructions. All gPCR primers were
optimized, as previously described (15) and are listed in
Table S1. B-Actin was used as an internal reference. One
well of 6-well dishes was used as the unit of analysis for each
dataset. The two-tailed Student’s 7-test was performed to
assess significance.

Masson’s staining

Masson’s staining was described previously (16). Briefly,
pancreatic tissue was fixed in 4% PFA for 24 h and
dehydrated via a graduated ethanol series followed by
embedding in paraffin blocks. Pancreas sections (5 pm) were
dewaxed in xylene and subjected to Masson’s staining.

Immunofluorescence (IF) and immmunobistochemistry
(IHC) staining

Briefly, PSCs were fixed with ice-cold PFA and incubated
with antibody against a-SMA (Sigma, USA, A5228)
overnight at 4 °C, followed by Cy3—conjugated Goat Anti-
Mouse immunoglobulin G (IgG, Proteintech, China,
SA00009-1). Stained cells were visualized on a Zeiss Axio
Observer microscope (Germany). 4',6-Diamidino-2-
phenylindole (DAPI) was used to stain the nucleus.
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Figure 1 Chronic pancreatitis promoted Smad6 expression. (A,B) Masson’s staining was performed in (A) normal pancreas tissue and (B) CP

pancreas tissue. (C,D) IHC of Smad6 was performed in (C) normal pancreas tissue and (D) CP pancreas tissue (magnification, x400).

The fixed pancreatic tissues were cut into sections
followed by IHC protocol as previously described (16).
Sections were incubated with mouse monoclonal Smad6

(Sigma, USA, SAB1412513, 1:100 dilution).

Statistical analysis

Data in this study were described as mean = standard
deviation (SD), and the differences between groups with
normal distribution were calculated by the Student’s 7-test
using SPSS 22.0 IBM, USA). The criterion of significance
was set at P<0.05.

Results
Chromnic pancreatitis promoted Smad6 expression

"To examine the expression level of I-Smads in CP tissues,
we established a model of CP in mice. There were no
differences in the health status of the animals between the
two groups. Masson’s staining was used to confirm the
model (Figure 14,B). All mice in the CP group (8/8) showed
pancreatic fibrosis phenotype,, while all animals in the
control group (8/8) did not. Since an antibody of Smad7 was
unavailable, we tested Smad6 in the CP model and normal
tissues. The IHC staining data showed that the protein level
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of Smad6 was significantly higher in the pancreas tissue of
CP mice compared to those in the control group (Figure
IC,D).

Freshly-isolated PSCs from Sprague Dawley rats

To investigate the function of I-Smads and SB431542 in
the early stage of PSC activation, we freshly isolated rat
PSCs using the density gradient centrifugation method.
These PSCs were cultured in a medium of DMEM plus
10% FBS, which caused them to activate automatically.
The PSCs remained quiescent with a stellate, angular
appearance on day 1 after isolation (Figure 2A4). During PSC
activation, they progressively developed a myofibroblast-
like phenotype (Figure 2B,C,D,E,F). In order to verify the
status of freshly-isolated PSCs, we carried out qRT-PCR
for the relative mRNA expression level of a-SMA, which is
a well-known PSC activation marker (Figure 2G). We found
that there was almost no a-SMA mRNA expression on day
1. The a-SMA expression level reached its relatively high
level on day 5 and maintained this level through day 10. We
further investigated the protein level of a-SMA during PSC
activation. Immunofluorescence staining data confirmed
that the a-SMA protein level increased gradually from day 1
to day 7 (Figure 2H,L7,K,L,M,N,O,P). According to mRNA
or protein level of a-SMA, these results indicate that PSCs
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Figure 2 Freshly-isolated rat pancreatic stellate cells. (A,B,C,D,E,F) Freshly-isolated PSCs were cultured and monitored on the indicated

days. (G) Relative mRINA expression level of a-SMA was measured by comparing with B-actin during freshly-isolated PSC activation.

(H,LJ,K,L,M,N,O,P) Immunofluorescence staining of a-SMA was carried out on days 1, 3, and 7. DAPI was used as a nuclear marker

(magnification, x400).

were fully activated after at least the fifth day.

I-Smads were down-regulated during activation of freshly-
isolated PSCs

In addition to a-SMA, we also investigated the mRNA
levels of other important markers during the activation
of freshly-isolated PSCs. Firstly, we found that Desmin,
an intermediate filament marker involved in myogenic
differentiation (17), was at a low level on day 1 and peaked
on day 7 (Figure 3A). This data confirmed that Desmin was
not a quiescent PSC marker (18). Furthermore, collagen
1 (Coll) expression, an ECM marker, increased gradually
as expected (Figure 3B). We then investigated perilipin
2 (Plin2, also known as adipose differentiation-related
protein or ADRP), which is associated with intracellular
neutral lipid storage droplets and controlled cellular
lipolytic activity (19). Plin2 was highly expressed on day 1,
and reduced gradually during PSC activation (Figure 3C).
The expression pattern of Plin2 was consistent with the
phenomenon of PSCs losing their vitamin A droplets.
Kordes et al. have shown that the cluster differentiation
antigen 133 (CD133) positive hepatic stellate cell was a
progenitor cell (20), and thus, we tested whether CD133
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was expressed in PSCs. Our data showed that CD133
was highly expressed in day-1 PSCs and then reduced
dramatically. After day 7, there was no expression of CD133
(Figure 3D). We then examined the expression patterns of
Smad6 and Smad7 in freshly-isolated PSCs. We found that
both I-Smads had a relatively high expression level on day 1,
which reduced by approximately half on day 3 (Figure 3E,F).
However, the level did not decrease further during PSC
activation. These results suggest that both of these I-Smads
might have important roles in maintaining the quiescent
status of PSCs.

I-Smads and inbibitor suppressed the activation of freshly-
isolated PSCs

The above results suggest that over-expression of I-Smads
might act to suppress the activation of freshly-isolated
PSCs. According to the data from Figure 1, we chose PSCs
separated by only 5 days for subsequent experiments. We
investigated whether over-expression of either Smad6 or
Smad?7 could suppress PSC activation markers a-SMA,
GFAP, and Desmin. We found that a-SMA and Desmin
were inhibited by both Smad6 and Smad7 after 24 h of
over-expression, while GFAP was not inhibited (Figure
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Figure 3 The mRNA levels of I-Smads and other markers during activation of freshly-isolated PSCs. The relative mRNA expression level
of (A) Desmin, (B) Coll, (C) Plin2, (D) CD133, (E) Smad6, and (F) Smad7 was measured by comparing with B-actin during activation of

freshly-isolated PSCs.

34,B,C, left panels). After 48 h of over-expression, all three
markers were inhibited by the I-Smads (Figure 44,B,C, right
panels). We then tested the ECM synthesis function of
PSCs. After 48 h of over-expression, Smad6 suppressed the
expression of Coll, Col3, and Fnl, while Smad7 suppressed
Col3 and Fnl, but not Coll (Figure 4D,E,F). Lastly, we
found that the quiescent PSCs marker, CD133, was not
changed significantly by either Smad6 or Smad7 after 48 h
of over-expression (Figure 4G). These results demonstrated
that both I-Smads could inhibit both the activation of
freshly-isolated PSCs and the ECM synthesis function of
PSCs.

The results above have proved the function of
endogenous inhibitors of TGF-B signaling. We then tested
SB431542, which is a chemical that inhibits the TGF-p
type I receptor. Different doses of SB431542 were used for
inhibiting the activation of freshly-isolated PSCs and ECM
synthesis. Both 1 and 5 pM had significant inhibitory effects
on PSC activation at different time points (Figure SIA).
As expected, we also found that both doses suppressed the
expression of the ECM markers Coll, Col3, and Fnl at
12 or 24 h after SB431542 stimulation (Figure S1B,C,D).
These results demonstrate that SB431542 inhibited both
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the activation of freshly-isolated PSCs and the ECM
synthesis function of PSCs.

Discussion

During CP progression, TGF-p signaling is active, and
numerous targets of TGF-P signaling are induced (4). It
has been demonstrated that both Smad6 and Smad?7 are the
target genes of TGF-B signaling (21). This study provided
evidence that Smad6 was highly expressed in the CP animal
model (Figure 1C,D). This result confirmed that Smad6
was a target of TGF-B signaling and that TGF-f could
induce the expression of Smad6 through R-Smads-mediated
transcriptional activation (21).

I-Smads have been implicated in the down-regulation of
TGF-p signaling (6). In this study, we provided evidence
that both I-Smads were highly expressed in freshly-isolated
PSCs and down-regulated during the activation of freshly-
isolated PSCs. The over-expression of I-Smads inhibited
the activation of freshly-isolated PSCs by measuring PSC
activation markers, including a-SMA, GFAP, and Desmin,
and also suppressed the ECM synthesis function of PSCs
by measuring markers Coll, Col3, and Fnl. SB431542,
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Figure 4 I-Smads suppressed the activation of freshly-isolated PSCs. The relative mRNA expression level of (A) a-SMA, (B) GFAP, (C)
Desmin, (D) Coll, (E) Col3, (F) Fnl, and (G) CD133 was measured after 24 h and/or 48 h under the condition of over-expression of both
Smad6 and Smad7 during activation of freshly-isolated PSCs. GFP was a negative control. B-Actin acted as an internal reference. The two-
tailed Student’s t-test was performed to assess significance. ns, not significant; *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001.

a known TGF-p type I receptor inhibitor, is involved
in TGF-B signaling inhibition within many cell types
(22-24). This study demonstrated that SB431542 suppressed
both the activation of freshly-isolated PSCs and PSC ECM
synthesis. Our findings provide a novel insight into the
progression of freshly-isolated PSC activation.

Additionally, we observed that the protein level of
Smad6, an endogenous TGF-p signaling inhibitor,
increased significantly in the pancreatic tissue of CP mice.
These results suggested that PSCs themselves might
alleviate the progression of CP by synthesizing TGF-p
inhibitors. However, this negative feedback of TGF-B
signaling seems insufficient to alleviate CP. If I-Smads
of PSCs could be induced more iz vivo, this would likely
block TGF-B signaling activation, thereby alleviating CP.
Therefore, establishing an # vivo I-Smads induction system
will provide support for future translational medicine
research.

We investigated the mRINA expression levels of several
genes during the activation of freshly-isolated PSCs, and
found that Smad6 and Smad7 were highly expressed 1-day
after PSC isolation, following by down-regulation on day 3
(Figure 3E,F). These results implied that Smad6 and Smad7
might participate in maintaining the quiescent state by
inhibiting TGF-p signaling.

Both Smad6 and Smad?7 are inhibitors of the TGF-f
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superfamily, but there are still some differences between
these two proteins (6). Smad6 generally mediates Bone
Morphogenetic Protein (BMP) signals, whereas Smad?7
mediates TGF-B signaling (25-27). Although both
of these I-Smads contain MH2 domains, which are
required for interactions with type I receptors, Hanyu
et al. demonstrated that the MH2 domain of Smad7 is not
sufficient for maximum inhibition of T'GF-p signaling (28).
Our data showed that Smad6, but not Smad?7, suppressed
Coll expression 48 h after the over-expression of plasmids,
although both of them suppressed Col3 and Fnl expression
at the same time point (Figure 4D,E,F). These results
reflected the differences between the two I-Smads, and
BMP signaling should be investigated carefully during
activation of freshly-isolated PSCs.

PSCs are the key target of pancreatic diseases, such as
CP and pancreatic cancer. However, at present, scientists
have not yet found a unique marker that distinguishes PSCs
from other cell types. For example, GFAP was used as an
active PSC marker; however, some other types of cells also
express GFAP, such as astrocytes from the nervous system.
In this study, we found that CD133 and Plin2 could act as
quiescent PSCs markers (Figure 3C,D). CD133, a stem/
progenitor cell marker, was highly expressed in PSCs
(Figure 3D) and in HSCs (20), meaning that PSCs possess
stem/progenitor cell properties. Unfortunately, inhibition
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of TGF-B signaling did not transform active PSCs into
quiescent ones based on the mRNA level of CD133
(Figure 4@G). These results suggest that inhibition of TGF-p
signaling is not sufficient to transfer active PSCs into
quiescent ones.

Early prevention is important for controlling and
alleviating CP mainly because PSCs are in the early stage
of activation. Fully activated PSCs are very difficult to
inactivate during experiments. Therefore in this study,
we focused primarily on freshly-isolated PSCs, which
are easier to revert to an inactive state. Further study
should investigate the sufficient and necessary conditions
required to inactivate PSCs, including signaling pathways,
transcription factors, or chemicals.

There were some limitations in this study that should
be noted. Firstly, due to the limitations of experimental
conditions, we only used animal models and did not obtain
patients' pathological sections with CP. We need further
to verify our findings in human samples in future studies.
Secondly, we observed that I-Smads could inhibit PSC
activation-related genes’ expression level at the cellular
level. However, we did not construct transgenic mice that
specifically and continuously activated I-Smads in vivo.
Therefore, we cannot observe the remission effect of
[-Smads’ over-expression in mice with CP at the animal
level. Thirdly, SB431542, a known inhibitor, also showed
good inhibitory activity on TGF-p signaling in PSCs.
However, the inhibitory effect should be compared between
the inhibitor and I-Smads both in vive and in vitro. Lastly,
our results need to be validated in other CP models, such as
pancreatic duct ligation.

Since animal experiments' results were a better reflection of
the situation /7 vivo, the number of related animal experiments
and the number of animals used cannot be reduced.

In summary, we demonstrated that CP promotes the
expression of Smad6. We also showed that both I-Smads
suppressed the activation of freshly-isolated PSCs through
inhibition of TGF-p signaling and its targets. Taken
together, I-Smads and TGF-p signaling are involved in a
negative feedback loop in CP. These experimental results
offer a new perspective to clarify the role of the TGF-f
signaling pathway in CP. Simultaneously, the significant
effect of I-Smads and inhibitors also provides new targets
for drug screening and clinical treatment.
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Supplementary

Table S1 qQRT-PCR primers used in this study

ltems Sequences Notes/Reference
B-Actin-f 5'TCTTCCAGCCTTCCTTCCTG 3’ New designed
B-Actin-r 5’'CACACAGAGTACTTGCGCTC &

a-SMA-f 5’CGAAGCGCAGAGCAAGAGA 3’ Yu 2019 (29)
a-SMA-r 5’CATGTCGTCCCAGTTGGTGAT 3

Col1-f 5’GATCCTGCCGATGTCGCTAT 3’ Yu 2019 (29)
Col1-r 5'TGTAGGCTACGCTGTTCTTGCA 3’

Fn1-F 5'CCGAATCACAGTAGTTGCGG 3’ New designed
Fn1-R 5’GCATAGTGTCCGGACCGATA 3’

Desmin-f 5" CACCTGCGAGATTGATGCTC &’ New designed
Desmin-r 5’ AATCTCCACATCCAAGGCCA 3

Plin2-f 5'TGCCTATTCTGAACCAGCCA 3 New designed
Plin2-r 5'TCCACTCCACTGCTCATGAG 3’

CD133-f 5’CCAAGGAGGTCGCCATCTAT 3’ New designed
CD133-r 5'TGCCAAGACTCATGAGCAGA 3’

Smad6-f 5’ATGTCTCCAGATGCCACCAA 3’ New designed
Smad6-r 5'TGCCAAAACCGATCTTGCTC 3’

Smad7-f 5’GGCTTCACCGTGCAGATTAG 3’ New designed
Smad7-r 5’ACCGACCGAAAGAGTTTTGC 3’

GFAP-f 5" GATGTAGGAGTGGGTAGGGC 3’ New designed
GFAP-r 5’ CCCTCTCCGCATCCATACTT 3’

Col3-f 5" ATTGCTGGAGTTGGAGGTGA 3’ New designed
Col3-r 5’ TGAGTTCAGGGTGGCAGAAT 3’
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Figure S1 SB431542 suppressed freshly isolated PSCs activation. Relative mRNA expression level of a-SMA (A), Coll (B), Col3 (C), Fnl (D)
was measured after 12, 24 36 and/or 48 hours in the condition of 1 or 5 pM SB431542 stimulation during freshly isolated PSCs activation.
DMSO was a negative control. B-Actin acted as internal reference. The two-tailed Student’s t-test was performed to assess significance. ns,
not significant; *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001.

References

29. Yu HX, Yao Y, Bu FT, et al. Blockade of YAP alleviates
hepatic fibrosis through accelerating apoptosis and
reversion of activated hepatic stellate cells. Mol Immunol

2019;107:29-40.

© Annals of Translational Medicine. All rights reserved. http://dx.doi.org/10.21037/atm-20-4282



	384-ATM-20-4282
	384-ATM-20-4282 -Supplementary

