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[ABSTRACT] Calcium release-activated calcium (CRAC) channels are non-selective calcium channels that are
widely expressed in non-excitable cells. The opening of CRAC channels serves as a primary mechanism for calcium entry
in various pancreatic and immune cells. Consequently, CRAC channels are crucial for maintaining Ca2+ homeostasis and
supporting numerous physiological functions of the exocrine pancreas. Numerous studies have identified CRAC channels
as playing a pivotal role in many pathophysiological events that ultimately contribute to both acute and chronic pancreati-
tis. In this review, we aim to highlight recent discoveries regarding the involvement of CRAC channels in the pathogenesis
of acute and chronic pancreatitis, while also discussing current applications and future directions for CRAC channel-based
drug development.
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The gating mechanism of CRAC channels. Reduced endoplasmic Ca™ level is sensed by STIM1 molecules, which oligomerize

and activate Orail proteins on the plasma membrane to enable Ca™ entry. Ca® ions enter cytoplasm and replenish endoplas-

mic Ca™ level through SERCA pumps, dissociating and closing the Ca® entry with assistance of SARATF molecules.
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Tt 53 WA A, JF TR S I A7 K o il L AOR , 37 2]
IR AE (acetylcholine, ACh) ol IH % K 45 2% (chole-
cystokinin, CCK) Hll 4 B, B 761 41 b 8 1o 548 53 WA TN
el /NG . Ca (551 P AEX — AL B F e
AN, A CHLH C B e 4r BB, ACh
55 RV 20 R RE 1 ) B AR 3 B (M3) 32 AR S A O
W5 IR B C, 4 B VLB = % R (inositol triphosphate,
1P,) . IP,3d &k 55 P4 5t B 1 1) TP, 32 AR 255 DA TRl
P I HY Ca™ o CCK 55 41 IS | 11 CCK1 32 4 45
A, W05 ADP B BR 4k i (ADP ribose cyclase,
ARC) , 4= i3 ADP #i## (cyclic ADP ribose, ¢cADPR)
FIAR iR i D2 W8 — 4% H° R 1% 12 (nicotinic acid adenine
dinucleotide phosphate, NAADP) ., cADPR 1 NAADP
T S AR N BT M Y Ca o [E]E
NAADP 3 1% N 5T L i X AL 38 38 (two-pore chan-
nels, TPCs) , #E—25175 5 Ca™ B, e i J 60 441 i
i1 CRAC il i 4 5 19 SOCE % #b P J5t I+ 3 25 #
Ca™ , e 28t WL /N 5T X 85 ATP fif§ (sarco/endoplas-
mic reticulum calcium ATPase, SERCA ) ¥ il Jit H Ca™
Wiz BT . DA PN JBE IR R BRI A Ca™ 5O
CRAC 3 18 PN It 1Y Ca™ 75 4H A 51 HJE e 22 19 85 Bk
Vi, It Bl T D ORE (0 B ek R b e A R
Tsvilovskyy 2617/ % B, g JFLAURL N Y Ca> B THCUK ) il
JAURL AR | AR T WA R ASORE T Y 2 B 4 Ca™
VT M 1 (organelle Ca™ regulator 1, OCaR1) ., A
5 OcaR 1 YHE Ca™ B 35 BILTR] , A7 368 3 feff P A
1 o Ca™ B T IR 7 GCaMP6m 5 TPC2 fill & .
I A% S 00 B R, OCaR 1 AT R ER i J5 A A 1
TPC2 Y1 1 , DT 5 Ca™ el LA 18 42 il [ 0L
AR, Orail 1 STIM 1 £ A% A9 CRAC 38 T8 2 [ it
JUR 760 41 BfL Y 3222 SOCE 3@ 1B . HHTC A 2% CRAC
i B A (% 1), Hrh CM4620 ., GSK7975A %5 EL i
FHAET G PR A28 F0 i R WF 52 b Lopez 552" &
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Table 1. List of known Orail inhibitors

Effective concen-

Name . Target cells
tration
CM4620 120 nmol/L™ Pancreatic acinar cells"';
pancreatic stellate cells,
immune cells™!
CM5480 10 }.Lmol/L:m Pancreatic acinar cells,
pancreatic ductal cells,
pancreatic stellate cells™”
GSK-7975A ICsy: 4 pmol/L Pancreatic acinar cells'™
Synta66 IC,: 1.4 pmol/L T cells, mast cells'™
SKF-96365  IC,: 12 pmol/L T cells™
R02959 IC,,: 400 nmol/L T cells™’

2T BB R A AN A B A AL . IBSS A
B P JIEL Y 20 e JOEL PR A 5 A8 ) T 2 e it
PR AR, 5 A B b ) G AR R AR R A2 44 1
G AR R 3945 5 3l i 1P, 32 K5 T Ca™
K BEHOIFIF S CRACHEIE ™, [FE, JH 2 fig
il SERCA, BH 1k ffa % Ca™ 52 [0 4 S5 99, 3 1 5 30
CRAC B AR EE TR A . A LAk Ca™ i KB N
T A B A, BRIBT IR AN, IS, £ BH 28 3L
v 368 166 {0l [ 6 AT ol v T ), o T L
P B 3 18 Piezol , T BRI AN AN Ca /K-, i
K 0 AR AR VEAC S P IR i B2 2.1 (fatty acid ethyl es-
ters, FAEEs) H A 7R 58 (% 85 B i OCR | BB 08 51 &
CRAC 3838 i B2 T e S B85 M 2077 0 BRI 11 BA 2
SRR AL | e T A5 ik K L 6- Wi 1R SR
W -2- U TR M -2, 6- U PR 1§ 3 (6-phosphofructo-2-
kinase/fructose-2, 6-biphosphatase 3, PFKFB3 ) B] 38 o
5 IP ARG | A TR B0 A L 1Y) Ca™ BRI At
IR & B, pflfb3 FE DR bR AT 55 FAEE 5 5 /MR AP
AR . AN, A BT R A AP Kt AR
25 B[ I A2 4 37 38 18 (transient receptor potential
channel, TRPC)#l CRAC i if £ £ 11 2L b HL 1 [
T HIFRIKKPHERAT B E AR T, JF4E X n] fE 2 Ca™
HE S IZBTFEIE R L, JS4E Orail \SARAF 45 2
FIBACE RS THR % s o 3 2019, {(H TRPC 2 H
FIRIKCF Y HR TH R A e s Jm LRG0 f ) RNA-
26a 7] &} 5 40 il TRPC3 Fl TRPC6 (1 2 11 %3k , I LA
LR AP (R A R

5 R 2R X I 7 40 L P L2 M 455 1 AL
IS SE RO (ZORLA 5  ATP A3 AN S
RIS N S AR b= LA I Rk LR (o (A
U0, [F)I Ca™ (55 ORI P T 3% AL, P A 2ok ik
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Figure 2. The mechanism of Ca® overload in pancreatic acinar cell.
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ductal epithelial cell, PDEC) #5842 45 A PDEC /)~
2oy AR i, AR B ] 2 MR, LAis
Hi 55 R DA SR 00 R I TR P A
T A I R TR B R TR AR M Z R R T,
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A FECAMAE T o R A RIFFEIE S A Bl R
TR B0 CRAC I TE JFH AT 5 i PDEC N A5 2,

I FEA ML T X — KR T PDEC iy
CRACIHIETE AP & Sm AL b Y 2R o [l B
Y Orai 1 101577 CM5480 AT i 2 il W9oKS 5l 0 71 2 175
T A G L ) DN L e VR AT A A, OR AP 4 A
A FRTRE , XA AE T A PR EH
2.1.3 CRAC:#i# 2y PSC #9iR 424 M PSCHM i 78
JER /NI JE L, TE R 00 B A T RS . YR A2
Bl JAE sl AU S 5 5 B, PSC R | L A i
i e BUEE AR SR TS A . H T PSC A AR B i A 1
SE4x B, — B ki 1k 19 PSC R g iR 2 SR I 25
FSZ R 5 1RAY PSC X R IAK (bradykinin, BK) )
RN P R M IR AR A 2 AR SE SN B, BK MR B
T B PSCPY . B3R T X —ad R 4 T HIL
Gryshchenko SEBOTI0, FH Orail $0146) 59 GSK7975A 8%
CM4620 &b 3 [/ N 23 BH 1E PSC X BK A BRI o 3X i3t
B CRACHIES S5 T PSC TG LIt fE . Ak, 2K
A LI AN R PSC AR 2 20 20 27 4 Ak RN Jin i) 9 R B2 1
Z: 518 P R 4 (chronic pancreatitis, CP) A1 Jif &
AYHERES" . Gryshchenko 55 75 /IN BUPRE 14 AP 1A A
S B, 55X BRZH AR L, PSC7E R AE RSN X 2%
TR B2 32 i 5 BE USRS . XU PSC 2 58] T AP
B &R P . Jakubowska 25 % i BK RE /55 PSC
e —SF AL A (nitric oxide, NO) , 3X 0] 82X I JE
PRI ) 90 B i e B DGRV E H o Kusaik 55
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Figure 3. Effects of pathological dysregulation of CRAC channel opening on different pancreatic cells in the pathogenesis of acute pan-

creatitis and chronic pancreatitis.
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Ak, CPAEE KMt AP JEfl LB ¥ K &2 22 0 &
Yt B2, CRAC 3 18 A6 b 1) EARAE AT o itk — 204
EL

A SOk A e A A AT A% 285 R 4 A R] 1
AHE AR FHPLE R - 3RS TE Y CPIRYTHE A, Szabs
SR I Oraii 195 B 19 20 B2 38005 1T 175 7 Jg iR
J% 6 40 B e SARAF 2% 3K F [ | iR AR AR 76 40 it AN
PDEC DIRBAS AL T e 40 i i i e iR 2H 21 . PSC
AL I 4, e & 3 3 CP Y R Ak i . [F]
B, AT TR BIF 98 465 5 8, B 28 Oreai 1 91031 351 CM5480
FIYRIE SARAF 7KV, 52 fifh 45 24 i i 40 e v 14 i 2 B
G, U8 R RS B4 s, DR IR AR AT AL, JF B 4 fH
1E CP ARG HEJ . AL, CM5480 43 7T fig & JE LN
IGYT CP TS TERE ) 259 . (H U, H 07 i A i 2
CM5480 X 45 i Ji fie 40 JfL AH B4 H 9 52 DL &
CM5480 X} CP AR /NI FE MR o RS m] 150 3%
WA J7 TR R o
2.3 CRACBE ML AR X Paymf ST
R ARAE 2R IR & ALy AR, 28
P2 A] 3 BH A Ca™ 38 1E R A kAP 1Y R ) 24
P, BT Orail 20 A AE A0 MR -, AHAS T A AR
FHEE SURT DUANTR 25 I 25 W) 5 I A i, TR Ot o 4 ok
CRAC i 18 BH w5 55 W A 5 1o 3 25y 30 ) 4100 461
Orail™® . Bl A GSK-7975A. CM4620, CM5480 %5
Orai ] #1461 700 "7 ] 368 sk 400 10 405 PR 9 1 Xl 3
RS2 I T B v A M P R B, B /DN B AP B AR v i 3
RAFAEIT AR o [, 53X 28 Orai | #1451 34 7] 9 4
AP &5 1 B v At 20 i A 182405, 2E — 25 BHL I AP 58
JERUR I KA . Hor, CM4620 BIE FH#E /I, i AR
B E R K AR, T CM4620 B2 R 5L © it
A R 56 By BE , I 8% 18 W RS FR A Auxora™ ', TE
a Wi AR50 H L 21 24 JBA AP R4 B JRE SO 25
A 1iF (systematic inflammatory response syndrome , SIRS)
FR98 AW BERL 73 BE 220 Auxora™ 697 . WFST 45
IR, Auxora™ i 2 PR LEE AP A S RREE , $E 51X

] A B 0 A it A2 1 WD RS SRS, 4 J6 A4 B B
[B] . [F]E, Auxora™ 78 22 4 PR 7 T 22 B0 K 4F, R 38
JEE AN R IR R AR, (B Auxora™ I ERIVER]
1 CM4620 R 37 ] G2 28 41 M 119 Orai 1, B AR F2 928 4N
L CRAC 338 A1 5 I 45 P, I S 25 0 o) b ks
Y A AR K X AT RE S B AP BRE
Ji HE . Petersen 55T AR SR, 0T 3 A 40
Orail 1A 40 PN BE 4 h 78 1 7 sUER THXT AP IR Y7
B . T, Gerasimenko 25 & BH Orail $ 41] 51 i
e UM A 25 97 1k AR 8 CM4620 i 704 A 1
U, B D AP AR v fR v 20 R SR AL
HEA R B AT U2 CM4620/Auxora™ X S8 40 it ) 5%
M o Ak, SCAL AT BABFF 5 & 3R, fd FH Orail $104i 551
GSK-7975A REI ] P4 51 e Ak 75 3 1) v 1 e 4 i
B DAY T BT R U 2 0 10 T 75 S ) v P 4 A v
I CXCL2 \ROS B Hh Mt 4 A it 40 5 B i) 7 A=
BB, 48 Hh A AP (4 25 0k & I DG T % 22 Fil
AU = A R SR B 1) 24

QT SCT A, Pallagi 55 & B, CM5480 1] A5 %4
A AP (P AR o R, Szabo %6 & B, Orail #1
il 35 CM5480 7] 3 4 BH i CRAC 18 18 > 2% fiff 45 25 g
U 2L o B 2, DA JRE AL 40 R R AR £ AL
FEBHIE CP R & R . BRI, CMS480 i HL % 1,
YA % g 0] [R] G 7 AP R CP A 16 25 9 , (555 B2 ilfs
PRI (I — 2560 UE . R4, Rk T X HoAth Orail #7
il 351 (40 CM4620/Auxora™ ) HEA T 5T , FR2 HJE 5 1]
1RYT CP,

Son 201 & B SARAF 78 AP H X JB# Ji Ji 764 200 fifg
A ARY R, 5 RT3 A R sk A2 R R 76 4
Hir SARAF ZKF- 1977 3697 AP, (HEEERE,
Son ZE§i F T Saraf PR IG /N B, SARAF 1) fift 25 R
ATRE ST/ N A B &AL . Ak CM5480 AT 3 i
0% Orail B9 7 K & SARAF ik K, X 1360
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