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Stromal interaction molecule 1 in digestive diseases: research progress
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[ Abstract] Stromal interaction molecule 1 (STIM1) is a recently discovered Ca”" receptor located on the membrane

of endoplasmic reticulum, and it is a transmembrane protein related to cellular Ca>" influx. As an important regulatory protein

in the process of store-operated Ca’" entry, STIMI plays an essential role in Ca>" homeostasis of non-excited cell. To date,

domestic and foreign studies have confirmed that STIM1 plays an important role in the development and progression of

various diseases such as tumor, inflammation and immunity. This article summarizes the latest research progress of STIM1 in

digestive diseases, and briefly describes its potential basic research and clinical value.
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DAYSR 55 T 225 v 20 B (039 5, 145 SR 4R STIMIL AT
AR R 24 ER B TR TR A TR E R A

4.4 BFF AT STIMI 7ER B & |
KEHARBATEEREMY . %P LB STIMI 1
TR E N B BRR AR A LS 1R UL Y
LRGSR S & L
A STIMI Y3k 5 & B 4N fa] () 22 5+ T 4e i
SR, RS S STIMI 76 Al b 2R G g
HHE 25 SR, M E s

5 STIM1 58 5iE3h

B is sh a8 Bk kU . R8s, s ivissh
R, XeE S ny AR 58 R AL A G, 12
P LA B 78 Cajal 40 [ & 1EFLTE 3015 5™
A8 BHRTE A RFSEIESS STIMI AT LUt S 17iE
Cajal 20175 | 2 (4 5 I3l Ll b 3% 3 ) 7E/VR
J38 Cajal 40 iS5 STIMT KK 33 23K 7] LU fin
A R AR 5 o STIM A3 350 1
T Cajal 4 ffs A~ X fiE % BH Wr Cajal 40 M 1Y) SOCE it
T, BEAR T Cajal 4HHEAY F & PEBERS PN 1] HL 90 A



oMW, A LU 1 TR AL RSB T AT T

* 1035 -

Pk E Az 4 L AT UL, STIMI R —N B i i o5 7
B Wiz sh ey i B R L,

Zi L priR, STIMI ANAUAENE . AR . B
B 2 B R S IR e TR LA R g A e 3
B, R . RZERIAE, TR AR SR, /
Pgs . WORSTERT . BRBR S . BREESW. B
iz 2 M GIST B Ty B Je i 24 5 1l . & ¥ s 22 VE A .
A UL STIMIL ZEAR Z I R GBI kA . R ET
HA R AR g BERE SORIG RN A, R
STIM1 FEANRIBEI BB AN IR B BT e VR FAS
Sta—3, WEEZMFEIE—L 75 STIMI N
FHEERN, AT AT I AL RSB P AT U

(& % x #f]

[1]  SALIDO G M, SAGE S O, ROSADO J A. Biochemical
and functional properties of the store-operated Ca*"
channels[J]. Cell Signal, 2009, 21: 457-461.

[2] CHEN Y F, CHEN L H, SHEN M R. The distinct role of
STIM1 and STIM2 in the regulation of store-operated
Ca’" entry and cellular function[J]. J Cell Physiol,
2019, 234: 8727-8739.

[3] NOVELLO M J, ZHU J, FENG Q, IKURA M,
STATHOPULOS P B. Structural elements of stromal
interaction molecule function[J]. Cell Calcium, 2018,
73: 88-94.

[4]  ROOS J, DIGREGORIO P J, YEROMIN A V, OHLSEN K,
LIOUDYNO M, ZHANG SY, et al. STIM1, an essential
and conserved component of store-operated Ca>" channel
function[J]. J Cell Biol, 2005, 169: 435-445.

[5] LACRUZR S, FESKE S. Diseases caused by mutations
in ORAII and STIMI[J]. Ann N'Y Acad Sci, 2015,
1356: 45-79.

[6] STATHOPULOS P B, ZHENG L, LI G Y, PLEVIN M
J, IKURA M. Structural and mechanistic insights into
STIM1-mediated initiation of store-operated calcium
entry[J]. Cell, 2008, 135: 110-122.

[7]  ZHENG L, STATHOPULOS P B, SCHINDL R, LI G
Y, ROMANIN C, IKURA M. Auto-inhibitory role of
the EF-SAM domain of STIM proteins in store-operated
calcium entry[J]. Proc Natl Acad Sci USA, 2011, 108:
1337-1342.

[8]  STATHOPULOS P B, ZHENG L, IKURA M. Stromal
interaction molecule (STIM) 1 and STIM2 calcium sensing
regions exhibit distinct unfolding and oligomerization
kinetics[J]. J Biol Chem, 2009, 284: 728-732.

[9] LUIK R M, WANG B, PRAKRIYA M, WU M M,
LEWIS R S. Oligomerization of STIM1 couples ER
calcium depletion to CRAC channel activation[J].
Nature, 2008, 454: 538-542.

[10] FAHRNER M, MUIK M, SCHINDL R, BUTORAC

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

C, STATHOPULOS P, ZHENG L, et al. A coiled-
coil clamp controls both conformation and clustering
of stromal interaction molecule 1 (STIMI)[J]. J Biol
Chem, 2014, 289: 33231-33244.

HIRVE N, RAJANIKANTH V, HOGAN P G, GUDLUR
A. Coiled-coil formation conveys a STIMI signal from
ER lumen to cytoplasm[J]. Cell Rep, 2018, 22: 72-83.
YUAN J P, ZENG W Z, DORWART M R, CHOI Y J,
WORLEY P F, MUALLEM S. SOAR and the polybasic
STIM1 domains gate and regulate Orai channels[J]. Nat
Cell Biol, 2009, 11: 337-343.

PARK CY, HOOVER P J, MULLINS F M, BACHHAWAT
P, COVINGTON E D, RAUNSER S, et al. STIMI clusters
and activates CRAC channels via direct binding of a
cytosolic domain to Orail[J]. Cell, 2009, 136: 876-890.
LICX,NGK T, SHAOY, LIU X B, LING C C, MA
Y Y, et al. The inhibition of aldose reductase attenuates
hepatic ischemia-reperfusion injury through reducing
inflammatory response[J]. Ann Surg, 2014, 260: 317-328.
LIYY, LOU CY, WANG W Y. STIM1 deficiency
protects the liver from ischemia/reperfusion injury in
mice[J]. Biochem Biophys Res Commun, 2018, 496:
422-428.

RONG S, ZHAO Y, BAO W, XTIAO X, WANG D,
NUSSLER A K, et al. Curcumin prevents chronic
alcohol-induced liver disease involving decreasing ROS
generation and enhancing antioxidative capacity[J].
Phytomedicine, 2012, 19: 545-550.

CUIR, YAN L, LUO Z, GUO X, YAN M. Blockade of
store-operated calcium entry alleviates ethanol-induced
hepatotoxicity via inhibiting apoptosis[J]. Toxicol Appl
Pharmacol, 2015, 287: 52-66.

CUI R B, LI R, GUO X L, JIA X Q, YAN M. RNA
interference against stromal interacting molecule-1
(STIM1) ameliorates ethanol-induced hepatotoxicity[J].
Chem Biol Interact, 2018, 289: 47-56.

WU Z, QING J, XIA Y, WANG K, ZHANG F.
Suppression of stromal interaction molecule 1 inhibits
SMMC7721 hepatocellular carcinoma cell proliferation by
inducing cell cycle arrest[J]. Biotechnol Appl Biochem,
2015, 62: 107-111.

L1Y, GUO B, XIE Q, YE D, ZHANG D, ZHU Y, et al.
STIM1 mediates hypoxia-driven hepatocarcinogenesis via
interaction with HIF-1[J]. Cell Rep, 2015, 12: 388-395.
ZEKEL T, JA R . PR T EE 1T 900 T 4o 1 iR 15 2
ERVEVETS B T N RIS PEfE HERT R A IR % (0] . S H]
PE2 27,2018, 34:3859-3864.

YEN T T, YANG A, CHIUW T, LI T N, WANG L H,
WU Y H, et al. Hepatitis B virus PreS2-mutant large
surface antigen activates store-operated calcium entry
and promotes chromosome instability[J]. Oncotarget,
2016, 7: 23346-23360.

YAOJH,LIUZJ,YIJH, WANG J, LIU Y N. Hepatitis
B virus X protein upregulates intracellular calcium



1036

W TEE R 20214E9 H LA 42 3%

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

signaling by binding C-terminal of orail protein[J]. Curr
Med Sci, 2018, 38: 26-34.

HEGYI P, PANDOL S, VENGLOVECZ V, RAKONCZAY
Z Jr. The acinar-ductal tango in the pathogenesis of acute
pancreatitis[J]. Gut, 2011, 60: 544-552.

ZHU Z D, YU T, LIU H J, JIN J, HE J. SOCE induced
calcium overload regulates autophagy in acute pancreatitis
via calcineurin activation[ J/OL]. Cell Death Dis, 2018, 9:
50. DOI: 10.1038/s41419-017-0073-9.

WANG G Y, ZHANG J W, XU C M, HAN X, GAO
Y Y, CHEN H L. Inhibition of SOCs attenuates acute
lung injury induced by severe acute pancreatitis in rats
and PMVECs injury induced by lipopolysaccharide[J].
Inflammation, 2016, 39: 1049-1058.

ERKAN M, REISER-ERKAN C, MICHALSKI C
W, KONG B, ESPOSITO I, FRIESS H, et al. The
impact of the activated stroma on pancreatic ductal
adenocarcinoma biology and therapy resistance[J]. Curr
Mol Med, 2012, 12: 288-303.

KONDRATSKA K, KONDRATSKYT A, YASSINE M,
LEMONNIER L, LEPAGE G, MORABITO A, et al.
Orail and STIM1 mediate SOCE and contribute to
apoptotic resistance of pancreatic adenocarcinomalJ].
Biochim Biophys Acta, 2014, 1843: 2263-2269.
OKEKE E, PARKER T, DINGSDALE H,
CONCANNON M, AWAIS M, VORONINA 8§, et al.
Epithelial-mesenchymal transition, IP; receptors and
ER-PM junctions: translocation of Ca*" signalling
complexes and regulation of migration[J]. Biochem J,
2016, 473: 757-767.

CHANG H Y, CHEN S L, SHEN M R, KUNG M
L, CHUANG L M, CHEN Y W. Selective serotonin
reuptake inhibitor, fluoxetine, impairs E-cadherin-
mediated cell adhesion and alters calcium homeostasis
in pancreatic beta cells[J/OL]. Sci Rep, 2017, 7: 3515.
DOI: 10.1038/s41598-017-03747-0.

KONO T, TONG X, TALEB S, BONE R N, IIDA H,
LEE C C, et al. Impaired store-operated calcium entry
and STIMI loss lead to reduced insulin secretion and
increased endoplasmic reticulum stress in the diabetic
B-cell[T]. Diabetes, 2018, 67: 2293-2304.

XUJM, ZHOU Y, GAO L, ZHOU S X, LIU WH, LI X
A. Stromal interaction molecule 1 plays an important role
in gastric cancer progression[J]. Oncol Rep, 2016, 35:
3496-3504.

XIA J L, WANG H Q, HUANG H X, SUN L, DONG
S T, HUANG N, et al. Elevated Orail and STIM1
expressions upregulate MACC1 expression to promote
tumor cell proliferation, metabolism, migration, and
invasion in human gastric cancer[J]. Cancer Lett, 2016,
381:31-40.

WU G B, L1Y, TAN BB, FAN L Q, ZHAO Q, LIU Y,
et al. Overexpression of stromal interaction molecule 1

may promote epithelial-mesenchymal transition and

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

indicate poor prognosis in gastric cancer[J]. Mol Med
Rep, 2017, 16: 151-158.

ZHANG Z, LIU X, FENG B, LIU N, WU Q, HAN Y, et al.
STIMI1, a direct target of microRNA-185, promotes
tumor metastasis and is associated with poor prognosis
in colorectal cancer[J]. Oncogene, 2015, 34: 4808-4820.
WONG H S, CHANG W C. Correlation of clinical
features and genetic profiles of stromal interaction
molecule 1 (STIM1) in colorectal cancers[J]. Oncotarget,
2015, 6: 42169-42182.

YANG D, DAI X, LIK, XIEY, ZHAO J, DONG M, et al.
Knockdown of stromal interaction molecule 1 inhibits
proliferation of colorectal cancer cells by inducing
apoptosis[]]. Oncol Lett, 2018, 15: 8231-8236.
ZUCCOLO E, LAFORENZA U, FERULLI F, PELLAVIO
G, SCARPELLINO G, TANZI M, et al. Stim and Orai
mediate constitutive Ca>" entry and control endoplasmic
reticulum Ca”" refilling in primary cultures of colorectal
carcinoma cells[J]. Oncotarget, 2018, 9: 31098-31119.
GUI L, WANG Z J, HAN J G, MA H C, LI Z L. High
expression of Orail enhances cell proliferation and is
associated with poor prognosis in human colorectal
cancer[J]. Clin Lab, 2016, 62: 1689-1698.

PIERRO C, ZHANG X, KANKEU C, TREBAK M,
BOOTMAN M D, RODERICK H L. Oncogenic KRAS
suppresses store-operated Ca’ " entry and ICRAC
through ERK pathway-dependent remodelling of
STIM expression in colorectal cancer cell lines[J]. Cell
Calcium, 2018, 72: 70-80.

YANG ZY,PANLJ,LIUS L, LI FN, LV W, SHU
Y J, et al. Inhibition of stromal-interacting molecule
1-mediated store-operated Ca’' entry as a novel
strategy for the treatment of acquired imatinib-resistant
gastrointestinal stromal tumors[J]. Cancer Sci, 2018,
109: 2792-2800.

ZHU H, ZHANG H, JIN F, FANG M Z, HUANG M,
YANG C S, et al. Elevated Orail expression mediates
tumor-promoting intracellular Ca>™ oscillations in human
esophageal squamous cell carcinomal J]. Oncotarget, 2014,
5:3455-3471.

SANDERS K M, WARD S M, KOH S D. Interstitial
cells: regulators of smooth muscle function[J]. Physiol
Rev, 2014, 94: 859-907.

ZHENG H F, DRUMM B T, EARLEY S, SUNG T S,
KOH S D, SANDERS K M. SOCE mediated by STIM and
Orai is essential for pacemaker activity in the interstitial
cells of Cajal in the gastrointestinal tract[J/OL]. Sci Signal,
2018, 11: eaaq0918. DOI: 10.1126/scisignal.aaq0918.
PARK C G, WU M J, HONG C,JOJ Y, JIAOHY,
PARK H, et al. Regulation of intracellular calcium
by endoplasmic reticulum proteins in small intestinal
interstitial cells of Cajal[J 1.7 Neurogastroenterol Motil,
2018, 24: 128-137.

(AX#mig] RFETy



