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Summary

The acidic tumor microenvironment (TME) of pancreatic cancer
affects the physiological function of pancreatic stellate cells
(PSCs), which in turn promotes cancer progression. Acid-sensing
ion channel la (ASICla) is responsible for acidosis-related
physiopathological processes. In this study, we investigated the
effect of acid exposure on the activation and autophagy of PSCs,
and the role of ASICla in these events. The results showed that
acidic medium upregulated the expression of ASICla, induced
PSCs activation and autophagy, which can be suppressed by
inhibiting ASIC1a using PcTx1 or ASIC1la knockdown, suggesting
that ASIC1a involves these two processes. In addition, the acid-
induced activation of PSCs was impaired after the application of
autophagy inhibitor alone or in combination with ASICla siRNA,
meaning a connection between autophagy and activation.
Collectively, our study provides evidence for the involvement of
ASICla in the acid-caused PSCs activation, which may be
associated with autophagy induction.
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Introduction

PSCs are in the quiescent state in normal
pancreas, and play a significant role in maintaining
pancreatic tissue architecture and extracellular matrix
(ECM) production. However, a remarkable transition of
PSCs into
phenotype will appear in pancreatic cancer, and the

quiescent activated myofibroblast-like
activated PSCs can interact closely with cancer cells as
well as other stromal cells to create a favorable
microenvironment for tumor growth and metastasis [1].
Increasing researches focus on the potential role of
targeting PSCs in pancreatic cancer therapy, and in fact,
in the preclinical study, inhibition of PSCs activation or
“re-programming” PSCs to an inactive state has been
proven to be effective in cutting off the cancer-stroma
interaction or decreasing ECM deposition and

desmoplasia, which is conducive to improve the
outcomes of pancreatic cancer treatment [2,3]. Therefore,
exploring the stimulating factors and mechanisms of
activating PSCs helps in the search for new interfering
strategy for pancreatic cancer treatment.

In general, solid tumors including pancreatic
cancer have an acidic TME, which is formed owing to the
acidic metabolic

accumulation of products  and

insufficient blood perfusion [4]. A physiological pH
(about 7.4) is required for normal cell growth, and too
acid or alkaline condition both may affect cell state. It is

reasonable to speculate that the biological behavior of
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PSCs changes in the acidic TME. Acid-sensing ion
channels (ASICs), which can be activated by extracellular
acidification, are responsible for the acidosis-related
pathophysiological processes. As one most-watched
member of ASICs, ASICla is mainly expressed in
mammalian central and peripheral nervous system, and
participates in physiological function (e.g. learning and
memory) and some neurological disorders including
neurodegenerative diseases, stroke, epilepsy, pain and
migraine [5]. However, recent studies suggest that,
besides neuronal cells, ASICla is also expressed in
cancer cells, hepatic stellate cells (HSCs), rat articular
chondrocytes and synovial fibroblasts [6-8]. In some
cancers including pancreatic cancer, glioblastoma, lung
cancer, gastric cancer and liver cancer, it is reported that
ASICla mediates the acidosis-induced cell proliferation,
migration and invasion, meaning that ASIC1la might serve
as a novel therapeutic target for these cancers [9-14].
Pancreatic cancer cells and their stroma cells (e.g. PSCs)
share the same acidic environment. Whether the acidic
TME in pancreatic cancer imposes influence on PSCs via
ASICla pathway remains unclear.

In this study, acidic medium (pH 6.5) was used
to mimic the acidic TME of pancreatic cancer in vitro,
and the expression of ASICla was detected when PSCs
were maintained in culture medium with different
pH values. In view the report that autophagy is required
for activation of PSCs [15], the activation and autophagy-
related markers both were measured after PSCs treatment
with acid exposure, and the role of ASICla in these two
processes was further investigated. Lastly, the association
between activation and autophagy of PSCs induced by
acidic medium was assessed.

Methods

Reagents

Dulbecco’s modified Eagle’s medium (DMEM)
containing high glucose, fetal bovine serum (FBS) and
Opti-MEM  were purchased from Gibco Company.
ASICla specific inhibitor Psalmotoxin-1 (PcTx1) was
provided by ApexBio Technology. Lipofectamine 2000
reagent was purchased from Invitrogen. Anti-ASICla and
anti-Collagen I rabbit polyclonal antibody (pAb) were
provided by Beijing Bioss Antibodies. Anti-Beclin 1,
anti-p62 rabbit pAb, the secondary antibody (HRP-
conjugated goat anti-rabbit IgG (H+L)) and RIPA lysis
buffer were provided by Beyotime Biotechnology.
Cy3-conjugated donkey anti-rabbit IgG and primary

antibodies of anti-a-SMA and anti-LC3B rabbit pAb
were provided by Servicebio. Anti-GAPDH was obtained
from Cell Signaling Technology (CST) Company. Two
commonly used autophagy inhibitors chloroquine (CQ)
and 3-Methyladenine (3-MA) were purchased from
Shanghai Aladdin and MCE Company respectively.
Other commonly used agents all were commercially
available.

Cell culture and treatment

The immortalized human PSCs were purchased
from Tongpai (Shanghai) Biotechnology CO., LTD and
were cultured in DMEM containing 10 % FBS in
a humidified air atmosphere with 5% CO, at 37 °C.
Acidic DMEM with pH 6.5 was prepared firstly using
HCI adjustion to simulate an acid microenvironment.
PSCs were cultured in normal DMEM (pH 7.4) or acidic
DMEM for 4 h, and then ASICla expression in two
groups was detected. To investigate the role of ASICla in
the acid-induced cell physiological function changes,
PSCs were divided into five groups: (I) control (pH 7.4),
(II) pH 6.5, (IIT) pH 6.5 + PcTx1 (PSCs were pretreated
with 50 nM PcTx1 for 30 min), (IV) pH 6.5 + ASICla
siRNA and (V) pH 6.5 + NC-siRNA. After maintaining
in the corresponding condition for 4 h, the markers of
activation and autophagy of PSCs were measured by
RT-PCR and Western blotting. Lastly, the acid-induced
activation degree of PSCs was further assessed when
autophagy was inhibited by the autophagy inhibitor
(CQ and 3-MA) alone or in combination with ASICla
siRNA, which help to explore the association between
ASICla-mediated activation and autophagy induction
under acid condition.

Cell immunofluorescence staining

After culturing in normal DMEM or acidic
DMEM, PSCs were washed with PBS three times and
then fixed with 4 % paraformaldehyde for 30 min,
blocked with 3 % BSA for 1 h at room temperature (RT).
PSCs were washed with PBS twice again and then
incubated with anti-ASICla (1:500) antibody overnight at
4°C. Subsequently, PSCs were incubated with
Cy3-conjugated donkey anti-rabbit IgG in the dark at RT
for 50 min. Cell nuclear was stained with DAPI. Lastly,
PSCs were washed with PBS twice and cell images were
acquired using an inverted fluorescence microscope.

ASICla knockdown using siRNA
Gene silencing using siRNA technique was
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employed to knockdown ASICla expression. ASICla
siRNA (the sequence: 5'-CGGAGCGUGUGCAG
UACUACUTT-3' (forward); 5-UAGUACUGCACACG
CUCCGUGTT-3' (reverse)) and its negative control (NC)
siRNA (the 5-UUCUCCGAACGUGUC
ACGUTT-3' (forward); 5-ACGUGACACGUUCGG
AGAATT-3' (reverse)) were designed and synthesized by
JRDUN Biotechnology. PSCs were cultured in
Opti-MEM and then ASICla siRNA or NC-siRNA were
transfected into PSCs using Lipofectamine 2000 reagent

sequence:

following the manufactures' instructions. Six hours later,
PSCs were cultured in DMEM containing 10 % FBS for
the following experiments. To verify the efficiency of
ASICla knockdown in acid condition, PSCs were
cultured in acidic medium for 4h, and then ASICla
expression was detected by RT-PCR and Western
blotting. The results showed that, compared with PSCs,
the expression of ASICla in PSCs/ASICla siRNA, but
not in PSCs/NC-siRNA, was inhibited significantly,
suggesting that ASICla knockdown in PSCs was
effective (Fig. S1).

Western blotting

After different treatments, PSCs were washed
twice with ice-cold PBS, and then were lysed using
RIPA lysis buffer according to the manufacturer’s
instructions. The total protein was collected and further
quantified with a BCA protein assay kit. Equal amounts
of protein in each group were
10% SDS-PAGE and then transferred onto
a PVDF membrane. After blocking with 5 % non-fat milk
in TBST for 1 h at RT, the membrane was subjected to
the primary antibody dilution (ASICla, 1:1000; a-SMA,
1:2000; collagenI, 1:500; Beclinl, 1:100; LC3B,
1:1000; p62, 1:1000; GAPDH, 1:2000) overnight at 4 °C.
After this, the PVDF membranes were washed with
TBST for three times, and then incubated in HRP-
conjugated second antibody for 1 h at RT. Lastly, the

separated by

protein bands of membranes were visualized using
Tanon-5200 ECL detection system.

Quantitative RT-PCR assay

After the corresponding treatment, total RNA in
PSCs was extracted using Trizol reagent, and then was
performed reverse transcription using Thermo Scientific
Fermentas RevertAidTM First Strand ¢cDNA Synthesis
Kit according to the manufacturer’ protocol. qRT-PCR
assay (SYBR green) was performed on the ABI-7300
Real-Time PCR System. The specific primers were as
follows: ASICla, 5-CACATCCCAATATCCGTAAG-3'

(F) and 5-CAAATGAAGTCAGGGAAGAG-3' (R);
a-SMA, 5'-CCGGGACATCAAGGAGAAAC-3' (F) and
5'-CGATGAAGGATGGCTGGAAC-3' (R); Collagen I,
S-TCTTTGACCAACCGAACATGAC-3' (F) and
S-TTGATTGCTGGGCAGACAATAC-3' (R); Beclin 1,
5'-AGGGATGGAAGGGTCTAAG-3' (F) and 5-GGG
CTGTGGTAAGTAATGG-3' (R); LC3B II, 5-AACG
GCCCTGACTGTAAAC-3' (F) and 5-TGGTACA
CTGCTGCTTTCC-3' (R); p62, S5-TTACCCACAA
CAGACAAG-3' (F) and 5-ATACAGAAGCCAG
AATGC-3' (R); GAPDH, 5-AATCCCATCACCATC
TTC-3' (F) and 5'-AGGCTGTTGTCATACTTC-3' (R).
The relative expression amounts of mRNA of the target
genes were normalized to GAPDH (the internal reference
gene) and calculated using the 27225T method.

Statistical analysis

The data were expressed as mean + SD, and the
differences between two groups were compared by
ANOVA or non-paired #-test. The value of P<0.05 was
considered statistically significant.

Results and Discussion

Acid exposure promotes ASICla expression in PSCs

The expression of ASICla in PSCs cultured in
medium with different pH values was investigated firstly.
As shown in Fig. 1A, when PSCs were exposed to the
acidic medium, the red fluorescence of cells became
stronger, indicating an increased ASICla expression. The
phenomenon was further confirmed by the results from
RT-PCR and Western blotting, which suggested that the
expression of ASICla at mRNA level and protein level in
pH 6.5 group both was higher than that in control group
(pH 7.4) (Fig. 1B-C).

Previous studies focus on the promoting effect of
acidic TME on the malignant phenotype of pancreatic
cancer cells, but to some extent, ignore the fact that the
stromal cells (e.g. PSCs) also can be affected by the acid
exposure. It has been reported that higher ASICla
expression in pancreatic cancer tissues means Wworse
tumor prognosis, and in vitro, ASICla involves the
acidity-induced EMT process of pancreatic cancer cells,
which facilitates tumor invasion and metastasis [9]. PSCs
are among the most important stromal cells of pancreatic
cancer. Our present results showed that, like pancreatic
cancer cells, PSCs also had a function expression
of ASICla, and its
in the acidic TME.

expression was enhanced
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Fig. 1. Exposure to an acidic medium made the expression of ASICla in PSCs increase obviously. Immunofluorescence staining of
ASICla (red) and cell nuclei (blue) (A). RT-PCR (B) and Western blotting result (C) of ASIC1a expression in control group (pH 7.4) and

acidic medium group (pH 6.5). * P<0.05 (n=3).

ASICla involves PSCs activation induced by acidosis
The activated PSCs are transformed to a-SMA-
positive myofibroblast-like cells, and can secrete
a variety of cytokines, chemokines and ECM components
fibronectin and MMPs [16].

Therefore, a-SMA and collagen I are often chosen as the

such as collagenl,
marker of PSCs activation. Our results showed that the
expression of a-SMA mRNA and collagen I mRNA in
pH 6.5 group was higher than that in control group, but
the application of PcTx1 or ASICla knockdown using
siRNA made the acid-induced elevated expression of
activation marker decrease significantly (Fig. 2A-B).
Furthermore, NC-siRNA could not produce a similar
effect, suggesting that it was ASICla inhibition that
suppressed the acid-induced activation of PSCs. The
results of Western blotting showed that the expression
tendency of a-SMA and collagenI at protein level in
different groups was in line with that at mRNA level,
supporting the opinion that acid exposure can induce
PSCs activation, in which ASICla was
(Fig. 20).

involved

PSCs activation is of great value in maintaining
the malignant biological behavior of pancreatic cancer
cells, and the stimulating factors of PSCs activation
include cytokines, transcription factors, non-coding RNA,
oxidative stress and calcium signalling [17]. Different
from these reported factors, our present study suggested
that the acidic TME itself also worked in the activation of
PSCs via ASICla pathway. Much like PSCs, acid
exposure also causes the activation of HSCs, which is
associated with liver fibrosis, and ASICla inhibition can
relieve acid-induced activation of HSCs [6]. These results
suggested that the activated PSCs and HSCs shared some
common characteristics of fibrosis development. It can be
inferred that inhibition of ASICla is expected to suppress
the acidic TME-induced activation of PSCs and further
reduce fibrotic responses, producing a positive impact on
the therapy of pancreatic cancer.

ASICla contributes to the acid-induced autophagy of PSCs
Autophagy is a tightly regulated cellular process
in which various biological molecules and dysfunctional
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Fig. 2. ASIC1a involved the acid-induced activation of PSCs. The expression of a-SMA and collagen I in PSCs at different conditions was
measured at mRNA level by RT-PCR (A-B) or at protein level by Western blotting (C). * P<0.05 (n=3). Repeated Western blotting
experiments showed similar results. I (Control), IT (pH 6.5), III (pH 6.5 + PcTx1), IV (pH 6.5 + ASIC1a siRNA), V (pH 6.5 + NC-siRNA).

organelles are delivered into lysosome for degradation
and recycling [18]. Autophagy-related molecules work in
the different stages. Beclin | can initiate autophagy and
LC3BI is converted to LC3B II during autophagy
activation, while p62, also called sequestosome |
(SQSTM1), is degraded in autolysosome. Therefore,
Beclin 1, LC3B 1I and p62 are considered as the most
representative and reliable markers of autophagy. These
three molecules also were used to assess the autophagy of
PSCs treated under different treatment conditions. As
shown in Figure 3, compared with control group, an
upregulated expression of Beclin1 and LC3BII, and
a decreased expression of p62 at mRNA and protein level
were observed in pH 6.5 group, suggesting that
autophagy occurred due to acid exposure. However, when
ASICla was inhibited in PcTx1 or ASICla knockdown
group, the acid-induced up-regulation of Beclin 1 and
LC3B II was impaired, and p62 expression was restored

partly owing to the blockment of autophagic degradation.

These results demonstrated that ASICla played
an important role in the acid-induced autophagy of PSCs.
Similar with our results, the mediating role of ASICla in
acid-induced autophagy of liver cancer cells and rat
articular chondrocytes has been confirmed [19,20]. In
pancreatic cancer, the autophagy of PSCs has a special
meaning for the nutritional metabolism of cancer cells.
A highly hypoxic and malnutrition environment can’t
meet the metabolic needs of pancreatic cancer cells, but
the alanine secreted by PSCs in an autophagy-dependent
manner provides an alternative carbon source for cancer
cells, which reduces their dependence on glucose and
serum-derived nutrients [21]. In this sense, inhibition of
PSCs autophagy contributes to exacerbate the starvation
of cancer cells. Whether acidic TME-induced autophagy
of PSCs can provide nutrients for cancer cells deserves
exploration. This study confirmed that ASICla took part
in the process of autophagy of PSCs, but the underlying

molecular mechanism awaited further study.
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Fig. 3. ASICla mediated the acid-induced autophagy of PSCs. After the corresponding treatment, autophagy-associated important
molecules, Beclin 1, LC3B and p62 expression in PSCs were detected by RT-PCR (A-C) and Western blotting (D). * P<0.05 (n=3).
Repeated Western blotting experiments showed similar results. I (Control), II (pH 6.5), III (pH 6.5 + PcTx1), IV (pH 6.5 + ASICla

SiRNA), V (pH 6.5 + NC-SiRNA).

Inhibition of autophagy ASICla-involved
PSCs activation under acidic environment

impairs

Numerous studies show that the autophagy of
PSCs is closely related with the activation, and high
autophagic activity is capable of facilitating PSCs
activation via different signalling pathways such as
JAK2/STAT3 and PI3K/Akt/mTOR [15,22-25]. Based on
the previous reports,

we tried to investigate the

association between acid-induced autophagy and
activation of PSCs. As shown in Figure 4, the expression
of a-SMA and collagen I at mRNA and protein level in
pH 6.5 group both was higher than that in pH 7.4 group,
suggesting acid-induced PSCs activation. 3-MA and
CQ as two conventional autophagy inhibitors work by
blocking the formation of autophagosome and decreasing
the fusion of autophagosome-lysosome respectively. The
elevated expression of o-SMA and collagen] was
suppressed after the application of 3-MA or CQ,

suggesting that autophagy inhibition can restrain the

of PSCs
Interestingly, the combination of ASIC1a knockdown and

activation induced by acid medium.
autophagy inhibitor (3-MA or CQ) can further suppress
the acid-induced PSCs activation, but NC-siRNA can’t
produce this effect. These results support the inference
that, under the condition of this experiment, autophagy
and activation of PSCs are not two independent
processes, and ASICla may participate in the process of
acid-induced activation through the induction of
autophagy at least partially.

It has been reported that autophagic PSCs can
secrete IL-6, which has a regulatory role on the activation
of PSCs, and inhibition of autophagy can promote the
transformation of PSCs from an activated phenotype to
a quiescent state [15]. Our present study also suggested
that the autophagy may be indispensable for PSCs
activation, and the suppression of the former impaired the
latter, but the pathway by which autophagy affects

activation is still unknown. The acidic TME of pancreatic
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Fig 4. Involvement of autophagy in ASICla mediated acid-induced PSCs activation. After treatment with autophagy inhibitor alone or
together with ASIC1a knockdown, the expression of a-SMA and collagen I in PSCs was detected by RT-PCR (A-B) and Western blotting
(C). *P<0.05 (n=3). Repeated Western blotting experiments showed similar results.

cancer can induce PSCs activation and autophagy, which
in turn, accelerate pancreatic cancer progression. It is
imagined that, inhibition of ASICla in PSCs will lead to
kill two birds with one stone: it alleviates the acid-
of PSCs

simultaneously. Our present results not only help to better

mediated autophagy and activation
understand the role of ASICla in the acidosis-related
biological processes of PSCs, but also provide support for
the opinion that ASICla is a potential target for

pancreatic cancer therapy.

Conclusions

In conclusion, we used acidic medium to
simulate the acidic TME of pancreatic cancer, and our
results suggested that ASICla involved the acid-caused
activation of PSCs, which may be associated with
autophagy induction. In view of the fact that the
activation and autophagy of PSCs has an important
pathophysiologic significance in pancreatic cancer,
blockade of ASICla in PSCs may become a novel anti-

tumor therapeutic strategy.



56 Wang et al. Vol. 72

Conflict of Interest Acknowledgements
There is no conflict of interest. This study was supported by grants from the Staring

Foundation for Young Researcher of Changhai Hospital
(No. CH201714).

References

10.

11.

12.

13.

14.

15.

16.

17.

Pothula SP, Pirola RC, Wilson JS, Apte MV. Pancreatic stellate cells: Aiding and abetting pancreatic cancer
progression. Pancreatology 2020;20:409-418. https://doi.org/10.1016/].pan.2020.01.003

Geleta B, Park KC, Jansson PJ, Sahni S, Maleki S, Xu Z, Murakami T, Pajic M, Apte MV, Richardson DR,
Kovacevic Z. Breaking the cycle: Targeting of NDRGI to inhibit bi-directional oncogenic cross-talk between
pancreatic cancer and stroma. FASEB J 2021;35:e21347. https://doi.org/10.1096/1].202002279R

Schnittert J, Bansal R, Prakash J. Targeting pancreatic stellate cells in cancer. Trends Cancer 2019;5:128-142.
https://doi.org/10.1016/j.trecan.2019.01.001

Boedtkjer E, Pedersen SF. The acidic tumor microenvironment as a driver of cancer. Ann Rev Physiol
2020;82:103-126. https://doi.org/10.1146/annurev-physiol-021119-034627

Radu BM, Banciu A, Banciu DD, Radu M. Acid-sensing ion channels as potential pharmacological targets in

peripheral and central nervous system diseases. Adv Protein Chem Str 2016;103:137-167.
https://doi.org/10.1016/bs.apcsb.2015.10.002

LiJ, Kong L, Huang H, Luan S, Jin R, Wu F. ASICla inhibits cell pyroptosis induced by acid-induced activation
of rat hepatic stellate cells. FEBS Open Bio 2020;10:1044-1055. https://doi.org/10.1002/2211-5463.12850

Xu'Y, Chen F. Acid-sensing ion channel-1a in articular chondrocytes and synovial fibroblasts: a novel therapeutic
target for rheumatoid arthritis. Front Immunol 2020;11:580936. https://doi.org/10.3389/fimmu.2020.580936
Yinghong W, Hong Z, Yancai S, Yan H. Acid-sensing ion channel 1: potential therapeutic target for tumor.
Biomed Pharmacother 2022;15:113835. https://doi.org/10.1016/j.biopha.2022.113835

Zhu S, Zhou HY, Deng SC, Deng SJ, He C, Li X, Chen JY, Jin Y, Hu ZL, Wang F, Wang CY, Zhao G. ASICI
and ASIC3 contribute to acidity-induced EMT of pancreatic cancer through activating Ca2+/RhoA pathway.
Cell Death Dis 2017;8:€2806. https://doi.org/10.1038/cddis.2017.189

Sheng Y, Wu B, Leng T, Zhu L, Xiong Z. Acid-sensing ion channel 1 (ASIC1) mediates weak acid-induced
migration of human malignant glioma cells. Am J Cancer Res 2021;11:997-1008.

Wu Y, Gao B, Xiong QJ, Wang YC, Huang DK, Wu WN. Acid-sensing ion channels contribute to the effect of
extracellular acidosis on proliferation and migration of AS549 cells. Tumour Biol 2017;39:1-8.
https://doi.org/10.1177/1010428317705750

Chen X, Sun X, Wang Z, Zhou X, Xu L, Li F, Zhang X, Pan J, Qi L, Qian H, Mao Z. Involvement of acid-sensing
ion channel la in gastric carcinoma cell migration and invasion. Acta Biochim Biophys Sin 2018;50:440-446.
https://doi.org/10.1093/abbs/gmy026

Jin C, Ye QH, Yuan FL, Gu YL, Li JP, Shi YH, Shen XM, Bo L, Lin ZH. Involvement of acid-sensing ion
channel la in hepatic carcinoma cell migration and invasion. Tumour Biol 2015;36:4309-4317.
https://doi.org/10.1007/s13277-015-3070-6

Zhul,YinJ, Zheng F, JiL, Yu'Y, Liu H. ASIC1 inhibition impairs the proliferation and migration of pancreatic stellate
cells induced by pancreatic cancer cells. Neoplasma 2021;68:174-179. https://doi.org/10.4149/neo_2020 200803N811
Endo S, Nakata K, Ohuchida K, Takesue S, Nakayama H, Abe T, Koikawa K, ET AL. Autophagy is required for
activation of pancreatic stellate cells, associated with pancreatic cancer progression and promotes growth of pancreatic
tumors in mice. Gastroenterology 2017;152:1492-1506.¢24. https://doi.org/10.1053/j.gastro.2017.01.010

Thomas D, Radhakrishnan P. Pancreatic stellate cells: the key orchestrator of the pancreatic tumor
microenvironment. Adv Exp Med Biol 2020;1234:57-70. https://doi.org/10.1007/978-3-030-37184-5_5

Jin G, Hong W, Guo Y, Bai Y, Chen B. Molecular mechanism of pancreatic stellate cells activation in chronic
pancreatitis and pancreatic cancer. J Cancer 2020;11:1505-1515. https://doi.org/10.7150/jca.38616




2023 ASIClain PSCs 57

18. Yang Y, Klionsky DJ. Autophagy and disease: unanswered questions. Cell Death Differ 2020;27:858-871.
https://doi.org/10.1038/s41418-019-0480-9

19. Dai B, Zhu F, Chen Y, Zhou R, Wang Z, Xie Y, Wu X, Zu S, Li G, Ge J, Chen F. ASICla promotes acid-induced
autophagy in rat articular chondrocytes through the AMPK/FoxO3a pathway. Int J Mol Sci 2017;18:2125.
https://doi.org/10.3390/ijms18102125

20. Wang Y, Zhang J, Jiang P, Li K, Sun Y, Huang Y. ASICla promotes acidic microenvironment-induced HCC cells

migration and  invasion by  inducing autophagy. Eur J  Pharmacol  2021;907:174252.
https://doi.org/10.1016/j.ejphar.2021.174252

21. Sousa CM, Biancur DE, Wang X, Halbrook CJ, Sherman MH, Zhang L, Kremer D, Hwang RF, Witkiewicz AK,
Ying H. Pancreatic stellate cells support tumour metabolism through autophagic alanine secretion.
Nature 2016;536:479-483. https://doi.org/10.1038/nature 19084

22. Li L, Wang G, Hu JS, Zhang GQ, Chen HZ, Yuan Y, Li YL, Lv XJ, Tian FY, Pan SH, Bai XW, Sun B.
RB1CCl-enhanced autophagy facilitates PSCs activation and pancreatic fibrogenesis in chronic pancreatitis.
Cell Death Dis 2018;9:952. https://doi.org/10.1038/s41419-018-0980-4

23. Li CX, Cui LH, Zhuo YZ, Hu JG, Cui NQ, Zhang SK. Inhibiting autophagy promotes collagen degradation by
regulating matrix metalloproteinases in pancreatic stellate cells. Life Sci 2018;208:276-283.
https://doi.org/10.1016/1.1f5.2018.07.049

24, CuiL,LiC, Zhuo Y, Yang L, Cui N, Li Y, Zhang S. Saikosaponin A inhibits the activation of pancreatic stellate
cells by suppressing autophagy and the NLRP3 inflammasome via the AMPK/mTOR pathway.
Biomed Pharmacother 2020;128:110216. https://doi.org/10.1016/i.biopha.2020.110216

25. Li Z, Zhang X, Jin T, Hao J. Nicotine promotes activation of human pancreatic stellate cells through inducing
autophagy via alpha7nAChR-mediated JAK2/STAT3 signaling pathway. Life Sci 2020;243:117301.
https://doi.org/10.1016/1.1£5.2020.117301





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



