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Effect of store-operated calcium blocker SKF96365 on airway remodeling and airway hyperresponsiveness in mice
with chronic asthma CAO Huan, WANG Yi-min, XIE Bao-juan, ZHU Fang-fang, LI Rui-ting, YANG Jiong, GAO Ya-
dong ™. Zhongnan Hospital of Wuhan University, Wuhan 430071 , China

Abstract Objective: To investigate the effects of store operated calcium channel blocker SKF96365 on airway remode-
ling and airway hyperresponsiveness in mice model of chronic asthma. Methods: Thirty-three female BALB/¢ mice were ran-
domly divided into three groups (11 mice in each group) : control group, asthma group and SKF96365 group. The animals in
asthma group and SKF96365 group were sensitized and challenged with ovalbumin (OVA) to establish asthma model, and
those in control group were given normal saline. The mice in the SKF96365 group were intraperitoneally injected with
SKF96365 (10 mg/kg) 30 min before OVA challenge. The asthma group and SKF96365 group were intraperitoneally injected
with 20 g OVA emulsified in 2 mg alum in a total volume of 200 on days 0, 7 and 14. These mice were then challenged by in-
tranasal administration with OVA (40) for 6 weeks, 3 times per week after anesthesia. The control group received normal sa-
line at the same time. After last challenge periodic acid-Schiff (PAS) staining was performed to evaluate goblet cell hyper-
plasia, and Masson-trichrome staining to evaluate the deposition of collagen matrix. In addition, immunohistochemistry on
the a-smooth muscle actin (a-SMA) was applied to examine airway smooth muscle cell hyperplasia and hypertrophy. The
positive staining with PAS, Masson, a-SMA areas vs homologous bronchial basement membrane perimeter (um’/um) was
used to indicate the degree of airway remodeling. Airway resistance index (RI) of expiratory phase with different doses of ac-
etyl-B-methylcholine chloride (Mch) was measured. Results: In the asthma group and the SKF96365 group, the degree of
the goblet cell hyperplasia was significantly higher than that in the control group (7.29 +2.04, 4.49 +1.70 »s 0. 00 £0. 00,
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P <0.01), and the level of goblet cell hyperplasia in the SKF96365 group was lower than that in the asthma group (P <
0.05). The Masson staining showed that the deposition of collagen in the asthma group and the SKF96365 group was signifi-
cantly higher than that in the control group (9.23 +1.41, 7.30 £1.33 vs 1.60 +£0.77, P <0.01), and the collagen depo-
sition in the SKF96365 group was further lower than that in the asthma group (P <0.05). The a-SMA immunohistochemis-
try demonstrated that the expression of a-SMA in the asthma group and the SKF96365 group was significantly higher than that
in the control group (4.54 £1.05, 3.15 £0.57 vs 1.97 £0.69, P <0.05), and the level of a-SMA in the SKF96365
group was also lower than that in the asthma group (P <0.05). The RI of the three groups showed no significant difference
(P>0.05) when Mch dose was below or equal to 6. 25 mg/mL. Compared with the control group, the RI in the asthma
group increased (P <0.001) when Mch dose was more than or equal to 12.25 mg/ml. Compared with the asthma group,
the RI in the SKF96365 group decreased (P <0.05) when Mch dose was more than or equal to 25 mg/mL. Conclusion: Our find-
ings suggest that SKF96365 has an inhibitory effect on airway remodeling and airway hyperresponsiveness in mice with allergic asth-
ma, indicating a possible role of store operated calcium channel in airway remodeling and airway responsiveness of asthma.

Key words Asthma; Airway remodeling; Airway hyperresponsiveness; Store operated calcium channel; SKF96365

SCRE W N S — i E UL Y e MR ATE AR T R
R ,\ngﬁﬁﬁﬁmﬁ%f E R RO M
AOEE RN, BN S E I S5 R AR S i
ST o R A = I = [ ¥ oy NI R A 2
AT Y A0 M AN LT 4 20 M A5 2 I AR 4 s g
FOBERT MG Bk A £ 22 A IS
RELAS AT MO A2 BRI 88 ) A v B v, v
ERIGIT ANBURR, & B AT P X R o

45 T P AP 45 38 18 ( store operated calcium chan-
nel ,SOCC) JEAEXAT4NMI Ca® N AY T2 B8 , 43
AT T LA M L L B 36 PN R 20 BT 9k L2 20 e
&, SOCC S SRR N LIk, A RN, s
AU W4 S A | i VR RE IR 40 TR K
FildRg B DI RE AT B S R SOCC
AJ Ak B 2 I R GE R OE FLVRCE B N M, I R R
SOCC MRS Huems Gl H I o B ARSIk
S SOCC AT LAy 42 % Ak Ak K K B (transfor
ming growth factor-B1, TGF-B1) I H 4% 13 (Inter-
leukin-13 ,TL-13 ) 4 5 A% < - 78 L 240 i) 34 5
Jairaman 25" JESE SOCC i S ae SUsURIECE
Y f A SIE RAE . SOCC i A] 38 32 22 T ik 428 52 ]
AGE L R A0 2 5 0 S A G
Xiaoyi %5 *IESZ L SOCC #1417 SKF96365 i /)
BB AR AR, R R L A e R B, ASHIESR
WLEZ SOCC I3 SKFO6365 Rof /) Bl A8 1 12 i 455 76

WHHE, B o
M 5TTIE

A AGERIE H I (OVA) #5351 (£ [E Sigma-
Aldrich 23y #]) ;SKF96365 (1 3¢ [H Selleck 2y 7] ) 5 {}_Eﬂ‘
FHEE AL 48 58 5 ( 35 [E Thermo Fisher Scientific 2y
) ;a-SMA RAT A\ Z i BEdiif (F14 Dako A7) o

shah o B AL SPF 2% 6 ~ 8 i i M 1k
BALB/c /INRRU[ W [ b 5 438 A 4B 52 56 sh i R A
FRZSF] A ES : SCXK( 57)2016-0011) ], A& (20
+1) g, fAFETRIUAS: A3 LK. 7 did
PR SR 2 5 AT L0 . 33 /N ER R BE ML R 7 %
Bk 3 A, BT RE L 2 SKF96365 41, 441
11 H o 7 B W B R 7 3k 2 BB EY s i 2 A
SKF96365 21 F45 0.7 .14 K 54 (i. p) 200 plL
K (F OVA K357 20 g S AL IR BERL 2 mg)
FA5 21 R, IS 1% 1% 2 L 240 (70 mg/kg
AN ) BRI/ UG, OVA (40pg) i 8 (i.n) , 3
26 J8, B 3 Uk, 318 YRk, X B 41 ) AH ] B[]
25T A IO R 1 1 A PR ARV R T R B . RN
07 30 min, SKF96365 41 Ji§ I 71 B % T PBS 1
SKF96365 (10 mg/ke) . B4 FI SKF96365 2H /Il
26 OVA BOR S5, /N R BRI 0% | i L IF W RT3, 35
437N R TR R 12 0 ) 2 Wy S M R R P B
AR R 7 S T R, WL 1

) IS EIIEIE

212325 283032 353739 424446 4 5153 ﬁS

OO0 007 0 o0 01

HEE AT 30miniE 44
A1l Eagm/ R BERR LR THTE



250

A FH R RN Z R Buxco /NPy iti 1)
AEASCAT I 25 24 /)N BROAY 3 e O M. LRy i dn
T 1% BT 285 (70 mg R EL LE 24/ ke /N BUIAR
) MR SRR, 2 R AT E A, B
TR PR AE O T 8 S A8 1 2 2 RN L
WP A % 6 2 140 ~ 150 YK/ min, Y £ 98 5 DL/
BRI S AEiAE 0. 13 ~0. 15 mL S ifE, Ffif5 457 PBS
FIAS 6] ¥k BE (3. 125 mg/mL, 6. 25 mg/mL,
12.5 mg/mL .25 mg/mL 50 mg/mL) [¥) Z Fik B AH B,
R 18 IRBE 25 4k, 30 s, S by i S [E] 24 3 min,
PRI 28 BEERIN TA] O 4 min, SR HACE B 6 0 (RI)
PR R SN

AR S BJE UMK 24 h 5 SUHER AR
He/INBR, B ECH it 2 21, 4% v FE T ] 5 it 2 21
24 h, A EEEE, U1 R ALY U A A Bl B, 4T PAS
ety Masson Je(f [z a-SMA Fg 2l ki

MR e PAS F & D) B K,
0. 5% f= LR /K 5 W LA 10 min, 7K phye 80005,
FEIRKIRYE 2 R VIR A KX FI MG b= YL 15 ~
30 min, FEK ML 10 min, FRARZRZ Y% 1 ~2 min,
H oK B, 1% DY RRITTRE 73 AL ECRD , A SR K ihide , i
KRBT PR W . WK E e W AUBE ( Olympus,
DP80) T WLEE B 5K YT -, BEMLEE 5 3 A~ H AR 150 ~
300pm H. 320 450 B0 58 B ) R (18 AR BB
200 x ), fifi Ff] Tmage-Pro Plus 6. 0 #4115 PAS [H
Y B S SRR KL (pom®/ pum)

A& JR Masson & U] il 2K, Weigert
BRI AR R YL 5 min, FRIKVE, 1% 9 ER RIS 231k
BAD, H R, K MR RO R EE . I ARLLIR
PESRZLWEGY 10 min, ZEIRK RS VE . B 4H ROK i
WALFRZ) S min, FRREIERE Y S min, 1% JKEGIR
REFE 1 ming BKE AL L EJIESEN L
Image-Pro Plus 6.0 {41145 Masson BHYL I/ 2,
B RLRME K H (um®/pum)

XAFFHEMN a-SMA LR BB FRE A

‘-{‘f“:“f d‘- ”r!»"h‘\..- " P ' ,-I
1 .:c F ¥ £ s .

LFEA Tl 1 -5
L L t‘i ."-‘.‘ L,

b d . NEa o
: . 1 4 "_-fu ‘-.‘-“
Y. 4 L > TRud
b “ip b o "
vl - W £ w A
r (s % 173 1
o 4 iy AL | r
* BN - LT 3 t
- o " e & ' ,
¥ r », " 2 d
S . A
i L A ) 4 I
ek T e
2 B4R

WRGSEEAEAGE 2018 4F 5524 % 553 1M

Y R T 65 CHEA TP Mt i 2 b &S 20K, ] PBS
PE3 WK, BR S ming PIRET EDTA 22 vh b s
B4, ok WS W, [ FG 10 min IR KW, H
SRR ZNJE PBS Pk 3 IR, K 5 min, YJ 7 # T 3% it
AR B W R, BT EOEMREF 10 min, PBS ¥
3 YK, B S5 min, i TJ5 5% BSA £] 20 min, F:[&
BSA W, kI R A2 50 wL #i ke BT a-SMA $i¢
RE R, 4CR . PBS PE3 K, BIK S min, £
b PBS W&, &5k U1 e hn 100 wL 5 %8046 9 i s 12 1)
IgE —%¢,37°CH#E 50 min, PBS ¥k 3 ¥k, £ ¥KS min,
% PBS W, B9k Y) i 50-100 L Fr e DAB %5
W, iR S, ROEeE, 2EEKEH K
Ve, BARRE YL, 1% NG 71k (21 s ), B Rk i
Ve, ZUKR W, K e WK 2 BRI PR [ 3 o
{8 Image-Pro Plus 6.0 #4118 «-SMA FHA:TRIFY 32
SRR (um®/ pm) .

it a3 SR SPSS 20. 0 Ge it e it it
PR (x +5) Fon, 2 A 5500 H AR F i S A
AR ¢ g, 22 20 A ER) LB R LR R 253 T .
PLP<0.05 H2ERAGIT¥E L, KA GraphPad
Prism 5 B FH1ESEHHE

& R

XAE R AR MRSk MR AN PAS
{6 )5 548 0, X BR LR L PAS BH M X 48, 122 g 4]
(7.29 £2.04) Fi1 SKF96365 £ (4.49 +1.70) %}
ZH0.(0. 00 +0. 00 ) # Atk 240 L 384 A= 4 B B (3% P <
0.01), H. SKF96365 ZH B IR 2 14 A= 75 5t 4 1 Wi 21
W (P <0.05) , WL 2,

¥ AE LR TRE A Masson 4L {f 28 (0 [X
BRD KT IR . Masson G A58 8 X IR | f2
Jie S, Masson G¥ {8 i /n B M 2H (9. 23 = 1. 41) Fil
SKF96365 #H(7.30 +1.33) 5 | J B IR 80
ZH(1.60 £0.77) YLAUIHH i (¥ P <0.01) , H
SKF96365 4 A4 BH i Ja s (P <0.05) , WLIA] 3,

B2 34/ RAEBBEAR 40 & £ (PAS x200)



2018 4F 55244 3

WAL SE HAE A4S

251

s

SKF9636541

B33 4R RE BT RE TR (Masson x200)

FRETRIIEE R o-SMA FEPEXIESE
PRl o-SMA 35 20 4k 73 B i 7 27 g 21 (4. 54 +
1.05) fil SKF96365 £H(3.15 £0.57) 32555 - 1 L 14
B AL (1. 97 +0.69) #WI B AN (1 P <0.05) ,
L SKF96365 4417 i 4 B i 9 /b (P < 0.05) , WLIA]

RIZER IR,

B Mch #5238 38 , RTAEZ Wi i, HLIE Wi 2H /) Bl
HNEE A . Mch<<6. 25 mg/mL B, 45 4H /N RI
H¥Y LB FEZR (P >0 05), 2§ Mch =
12. 25 mg/mLI B2 6L/ B0 L) ) K T
MAH/NB (P <0.001), 24 Mch=25 mg/mL I}, B
Wit 2H /N BRSHE BH 7 K F SKF96365 4H (P <0.05) , U,
Kls,

S i .,

SKF963654H

E TSR VB 3 AT RIS A SKF96365 41 ¥ A TR LK A ) Fekep
B4 34/ R EA%FHE oa-SMA %3 (DAB x200)

154

=+ Control

% - ] Asthma
2 10| -+ SKF-96365
o #
7
E
S s
74

ﬂ L L L] 1

PBS 3125 62 125 25 50

Methacholine { mg/ml)
EAGEM AV R AT, R A Mch % 2 485 B4 B 34T
LHatmards, P <0.001 ;5 g0 k45 ¥ P <0.05
BS 34ANRAERNE
i
AU R My ) B R AE 2 — R BN
] PR A2 BR AN s R PP 2 — . ROl
P LS GE LR I RS SR I U T e 1

Mk Z — , X ARFAE A X I 1 027 Wit 1 054 122 g v 3
BB R S G O W L A S B A R
R P SOB AR T3S . SIEMRIR A
B, A RSN 2 R S T I 5 — R
SIEFB R 53U R R BRI B, 2 BB P %E
REZE, 5IHEEISEIIEE . <l B PR
JRUURR AL T BRI RS )R BARGEeE RE
RH 738 I A BEALH 2 — o BT AR ) sl 3 i 4 <l
I R N 7 (R FE 2 H AR

FE AL A5 7 20 B2 T IE S SOCC ] 3 3o 52 M) <,
T W LA A S T R 20 A 2R A R A S 21
YEAN IS 5 G S E, S Gl B A
v i Z BRSO TE B . ARBIFSE B, AT IE X
WA, e mi 2 /N B B T B SRR 22, ARt 2 i b
B, -8 WURE A3 B, /<38 BH D 35 T, 156 B 1 2 122 i
BERVEIVE BT, 10 SKF96365 T il 21 /<3l & Y8 48 br:
FVTE g B I A 02 Wi 281, S 00 ) 465 b 45 A 1
605 300 T T R T O, K T 0 T B 4 i)
1SS S A 4% R A I S E e 1



252

AT R I S v S R e R < E
S UIE IG5 A8 b e A R A e S P R
W) SR B A o P 3 LA K3 78 AN T BB e
I X S R 38 i O 7 A R U T X KR
T P RO 1 R DN i SKF96365
AR S P LIS R B, 3 T e A1 A= T v S
Peo AUE R BLIR A S BUUE RO, SE Y
S bR VA SRR A B IEBRAL , (R 52k 48 e T8
e il B BT TE A, DT Sk e HLiF5 A Y Th2 #Y
PPE SN , A ) BN AR Ay R A 5 S
TR BT 322 5 02 A ol S5 s s A P P R Al -5 286 2 1
SE G ORI i 422 00 32 22 3, B 2 2R 1 AT 4 v
GEIRMMITE AL o W G R 307, E-AS
RN XA AR (AR SR A M 1, 3
Jife) B 5 T3 UK 2 A i 2% (thymic stromal lymphopoietin,
TSLP) #3517, i 25 S8 iz 4 K K 7 (epidermal
growth factor, EGF) i i 52 0t ity | p¢ Jif ps i A\ <0l
55 LR A0 MO TS BB L () EGF Z AR &1 <
T ARAE, T B & RN M. BRI 5 IE S A
SOCC, A] ik TGF-B1 B L 2 4 i E-¥5%h
B FEREAC™ o FRA D SKF96365 Bt
SRR AT GEHR A B A ] SOCC jdi T<E I 7 E-
PLREE E R R R T AOE E

25 LRI, SOCC i id £ Fh ik 42 2 5 W i il
HIAFSIE N, $ ] SOCC ] Yl 4% W Wiy < 18
FIARVSIE & N PE, X 878 SOCC 7] G Wi iR YT
WM TR S (IR R WA AR : OFE AR REHR
/IN; @ SKF96365 f& SOCC 1) JE 5§ 5 1 3 il 51,
SKF96365 v m] 41 il 52 44 | 1445 1) £% 8 1# ( receptor-op-
erated calcium channels, ROC) , N —EFRANTE % H
SOCC H A #1, 40 BTP-2, LA & % SOCC £ 4y
PR A PR e o/ N B — 2D Bk o

2 & X o

1 Gauthier M,Ray A, Wenzel SE. Evolving Concepts of Asthmal J].
Am ] Respir Crit Care Med,2015,192(6) :660-668.

2 Girodet PO, Ozier A, Bara I, et al. Airway remodeling in asthma:
new mechanisms and potential for pharmacological intervention[ J].
Pharmacol Ther,2011,130(3) :325-337.

3 Durrani SR, Viswanathan RK, Busse WW. What effect does asthma
treatment have on airway remodeling? Current perspectives[ J]. J Al-
lergy Clin Tmmunol ,2011,128(3) :439-448,449-450.

4 Saglani S, Lloyd CM. Novel concepts in airway inflammation and re-
modelling in asthma[ J]. Eur Respir J,2015,46(6) :1796.

5  Prakriya M, Lewis RS. Store-operated calcium channels[ J]. Physiol
Rev,2015,95(4) :1383-1436.

6 Parekh AB. Store-operated CRAC channels: function in health and
disease[ J]. Nat Rev Drug Discov,2010,9(5) :399410.

7  Ohga K, Takezawa R, Yoshino T, et al. The suppressive effects of
YM-58483/BTP-2, a store-operated Ca’* entry blocker, on inflam-

10

11

13

15

16

17

18

19

20

21

22

23

24

25

26

27

28

WRISEHAEAGE 2018 4F 5524 % 553 4]

matory mediator release in vitro and airway responses in vivo[ J].
Pulm Pharmacol Ther,2008,21(2) :360-369.

Gao YD, Zheng JW,Li P, et al. Store-operated Ca?* entry is involved
in transfor ming growth factor-betal facilitated proliferation of rat air-
way smooth muscle cells[ J].J Asthma,2013,50(5) :439-448.

Gao YD,Zou JJ,Zheng JW, et al. Promoting effects of 1L-13 on Ca*
release and store-operated Ca2 + entry in airway smooth muscle cells
[J]. Pulm Pharmacol Ther,2010,23(3) ;182-189.

Zou JJ,Gao YD,Geng S, et al. Role of STIM1/Orail-mediated store-
operated Ca®>* entry in airway smooth muscle cell proliferation[J]. J
Appl Physiol ,2011,110(5) :1256-1263.

Jairaman A, Maguire CH, Schleimer RP, et al. Allergens stimulate
store-operated calcium entry and cytokine production in airway epi-
thelial cells[ J]. Sci Rep,2016,6:32311.

Zhong J-n,Lan L, Chen Y-f, et al. IL4 and Serum Amyloid P re-
versely regulate fibrocyte differentiation by targeting store-operated
Ca’* channels[ J]. Pharmacol Rep,2017.22-28
Mai X, Shang J, Liang S, et al. Blockade of orail store-operated calci-
um entry protects against renal fibrosis [ J]. J Am Soc Nephrol,
2016,27(10) :3063.

JasonTemelkovski S, DarrenPShepherd ,Paul SFoster,et al. An improved
murine model of asthma selective airway inflammation, epithelial lesions
and increased methacholine responsiveness following chronic exposure to
aerosolised allergen[ J]. Thorax,1998,53 :849-866.
T, 3 R E,F. QPR R F 8 A
R [T PESRE £ E By E,2017,16(3) :223-227.

Ren Y,Su X, Kong L, et al. Therapeutic effects of histone deacety-
lase inhibitors in a murine asthma model[ J ]. Inflamm Res,2016,65
(12) :995-1008.

Williamr , Henderson, Li-Outang, Shi-Jechu, et al. A role for cystei-
nyl leukotrienes in airway remodeling in a mouse asthma model [ J].
Am ] Respir Crit Care Med,2002,165:108-116.

James A. Remodelling of airway smooth muscle in asthma: what sort
do you have? [J]. Clin Exp Allergy,2005,35(6) :703-707.
Benayoun L, Druilhe A ,Dombret MC, et al. Airway structural altera-
tions selectively associated with severe asthma[ J]. J Allergy Clin
Immunol ,2003,167(10) :1360-1368.

Tanabe T, Kanoh S, Tsushima K, et al. Clarithromycin inhibits inter-
leukin-13-induced goblet cell hyperplasia in human airway cells[ J].
Am ] Respir Cell Mol Biol,2011,45(5) :1075-1083.
BRAE I CERRRAESBRSSRETE AL L LIRS &
WAE S ERARBAERR G S LEE PR SR LRI F
4 gk A5 Fevf R Je E2015,38(10) :723-729.

Geng S,Gao YD, Yang J, et al. Potential role of store-operated Ca®* en-
try in Th2 response induced by hista mine in human monocyte-derived
dendritic cells[J]. Int Tmmunopharmacol ,2012,12(2) :358-367.

Wang KC, Le TC, Larcombe AN, et al. Independent and combined
effects of airway remodelling and allergy on airway responsiveness
[J]. Clin Sci,2017:CS20171386.

Lambrecht BN, Hammad H. The airway epithelium in asthmal[ J].
Nat Med,2012,18(5) :684-692.

Hackett TL, Warner SM, Stefanowicz D, et al. Induction of epithelial-
mesenchymal transition in primary airway epithelial cells from pa-
tients with asthma by transfor ming growth factor-g1[J]. Am J Re-
spir Crit Care Med,2009,180(2) :122-133.

Heijink TH, Kies PM, Kauffman HF, et al. Down-regulation of E-cad-
herin in human bronchial epithelial cells leads to epidermal growth
factor receptor-dependent Th2 cell-promoting activity[ J]. J Immunol,
2007,178(12) :7678.

Heijink IH, Oosterhout AV, Kapus A. Epidermal growth factor recep-
tor signalling contributes to house dust mite-induced epithelial barrier
dysfunction[ J]. Eur Respir J,2010,36(5) :1016-1026.
H5 &, %%, k4, F.TRPCL £ TCF-Bl 5 L A% L)k
RE LR AEAGP AR R [T]. P E B AR & E,2015,31(3)
492-498. (2018-03-01 A5 2018-05-09 151 )



