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Janus kinase 3 facilitates the migration of breast cancer cells by store-operated
calcium channel
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Abstract: The present study was aimed to investigate the effect of Janus kinase 3 (JAK3) on the migration of breast cancer cells and
the underlying mechanism. The expression of JAK3 in breast cancer MCF-7 cells was silenced by siRNA (siJAK3). The migration
ability of MCF-7 cells was detected by scratch test. The activity of store-operated calcium channel (SOCC) was detected by fluorescence
calcium imaging. The expression levels of Orail and STIM1, key molecules in the process of store-operated calcium entry (SOCE)
were detected by Western blot and RT-PCR. The results showed that 2-APB, an inhibitor of SOCC, could inhibit the migration ability
of MCEF-7 cells. siJAK3 transfection significantly inhibited the migration ability of MCF-7 cells, decreased the activity of SOCC, and
down-regulated mRNA and protein expression levels of Orail and STIM1. Over-expression of Orail or STIM1 in JAK3-silenced cells
restored their migration ability. These results suggest that JAK3 facilitates the migration of breast cancer cells by SOCC.
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FIEE— 0, BT XA R, X R
JAK1. JAK2. JAK3 Al TYK2. JAK/signal transducers
and activators of transcription (STAT) J& — 2k k% &
EHESEK, FE2ARE T [ FmTPER (inter-
feron, IFN) Fl1 41 ffi /)2 -2 (interleukin-2, IL-2) %5 ]
AR KR 7 [ 0 a0 3% 52 AR Rl (epidermal growth
factor, EGF) FIEE 7% I [ F (colony stimulating factor,
CSF) & | #Fid i %15 5 4% T 10 B 5 5 40 I (0 G 5
AR T B JAKS FE R R ik, HRIBK
V5 R g Y. SRR Sk HE R O R B
B R AEBDIMIG, H4h, JAK-STAT {5 5@ % 5+
WIE AT SR R R gk U B ©. FLAR g P
K. Cotrala 25 " W58 Bor, STATS 78 K2 %A i
T 191 v Sk JEEAT B BR B RR AL AR A+ T AE
B8 e g o, STATS ik /KB & ke Y,
Kurosawa %5 " #f 5t &7, STAT1 ML L 5
FL R AL A B 2 2 IEAH G . Yan A 5% R,
JAK3 Bk v S AL AN Y Ca® WP ([Ca’' ) B
16, {H I AR E— 25 W 88 TAK3 St il 72 41 g 344 5 1)
fEH

APy Ca¥ S5 ZRAIRThEE, IR
BGE. TR, M. M AsETs U, R [Ca’;
FIFLEELHE Ca® NI, Ca™ A, Ca™ FE RGBT
BB IXECHLEI R AR, IR NSRS, 4k
RO IR H DIRE . 78 D 75 14 200 b 40 47 g 24 i
Hr, Ca™ P 3 BRI T 5 Tt 4 O\ 1 45 38 38 (store-
operated calcium channel, SOCC). 44 )i I P Ca™
W TSR — e R, AT Wi PR i STIM
(stromal interaction molecule) #% ) 2 5 41|}y & & (1
Orai $£1T A7 B, W4k Orai iBIE 548 Ca*™ Wi, B
B 55 vt 5 90 M 45 N VAL (store-operated calcium entry,
SOCE), Mithsess/E. ENFEHESIPIARA, STIM
F7/E STIM1 A1 STIM2 Pi# [A] 534, Orai /74E Orail |
Orai2 Fil Orai3 =Fi 5 # 44 ", H, Orail Fl STIMI
S A SOCC 1y FZJE A . Orail (IR ILKT
55 45 iy AL R (0 TG DDA 9% 1 PP, Huang
S PSR, N STIMI 3%y 411 ik S 2Rk 5
B A A o A NI BEAH s 40 i &R U251 A
FUJEE 2 P e, R o STIMI Jk IR my 36 ik 40 o) 4 A 84
B J S #0520 DNA S IR0 B 5 55 B, AT 4
41 bR A P A i 22, TR STIMIL 283K AT 4
) e A A 27 e 4 R R e 40 A g A= T2,
I T2 4 B 1Y R 1R 2% 0 RN A g R A4 P SR A A

M, WRAMBH AL —, ZAREFRE
AR B2 . Orail A1 STIMI £ 5 SOCC fig
W [Ca®' ], AT HELIART 4 B R0 4 e
A P TR . AT RART TR ER, JAKS
(i d5k 2k 5 50T IR g 40 i P SOCC 3 p B A Y, AR
JAK3 &5t Orail 201 SOCC LA K& JAK3 i FL AR
TR AR H A A G . AR B RV
JAK3 o) 7L Jit e 200 B 384 B 10 52 i LA B A R AL Al
DL FLIR I 40 2 (MCF-7) i J1 At dehs, W
%% JAK3 # U8R J5 SOCC 3% 11 & 41 73 % 14 Orail
A1 STIM1 £ I RIEHIAEL .

1 MR 575%

L1 ZApasE s AR A SRS 40 Itk MCF-7
(0B E R B ), RIS AT MEM
B 955 (Gibco A A, & 10% 4-1f1i% ), 37 °C. 5%
CO, % fF T K5 #8. SOCC #jil 71] 2-APB Ity H 5%
Tocris A ) o

1.2 EREnE FH%r 25 nmol/L siRNA [ff) Dharma-
FECT® #4471 (Thermo Scientific Dharmacon RNA
Technology A ], 5[ ) i E 41 24 h. siRNAs 4
M siJAK3 (siRNAs targeting JAK3). siOrail (siRNAs
targeting Orail). siSTIMI1 (siRNAs targeting STIM1)
FIEH P4 %6 siRNA (siNEG, non-targeting), 3% H
Z¢[E Dharmacon RNA B H R A A . f#H % siRNA
A TR 40 L 23 590 N SITAKS ZH. siOrail ZH. siSTIMI
AT SINEG Ao B2 445 5 — R ITRAE.

1.3 EEERIX I E A B AR - R E
i 1) clontech-Orail/STIM1 Jifi % (Clontech, 3% & )
M) 5, Bt v vk o B A s U & A B Y
FERR A B, AR T4 &M BN T8 B i
SR EREA (Clontech AF], EH), ¥y, X
A R POE R R B . REmE . iR POk
M U) %08 . MR Bk 2 ) &t fs, A8
F Lipofectamine 2000 #% 447 & (ThermoFisher 2y
A], [ ) # YL HEK293A 4iifit) (Clontech A ], 3£ [H )
ke, PIALIFIRBUR TR AR ) 5 0E . 1R
Clontech 2 w] i 2 4l A4 077 & (Clontech A H], 3%
) IR L 3%, {E sUTAK3 440 i 1 43 510 N\ &
ZH 9% 2 Ad-Orail/STIM1 L) 2% #E Ad-GFP ( 42 1(5,
RICE (TN ), 17 F 4 h G R FR A,
PRERIERL 40 ho I EE G ROR L 80% Ja HI TS5
HIX L SITAK3 #e L1 40 g 73 79 Orail i & ik (OE-
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Orail) 41, STIM1 i 3R 1% (OE-STIMI) 41 Al B 14 X
I# (NC) 4.

1.4 XPYR3EE  MERAMEM, RELIIKER
3% 10° 4~ /mL, TEXRIJRAEME (ibidi, FEE ) FaEfLn
N\ 70 uL 4H B, 81 B BB Rtk % 4141 0.
24 h P RIIREE 25 22 DA RAR 22 .

15 EREBEHEAR % H Fura-2/AM (1 umol/L,
Invitrogen /A & ) Ny Ca™ K48 /=7, MCF-7 41 iy
5 Fura-2/AM 7E 37 °C ¥ & 15 min J5 758 & 5% 6 8
8% T (Axiovert 100, #£7] ) 47 Ca®" ¥R BE M52 o
RGN 340 5 380 nm, 7E 505 nm AbHEAT S
JERAREE 5 FH A A 381 Metafluor (MD A ],
FEEH ) #4701 [Ca’']; LA 340/380 nm %G 38 L
{37~ . SOCE HIlE : 81T Metafluor U AF 31T 5K
A, E2EPAE Ca¥ W (mmol/L: NaCl 125, KCI3,
MgSO, 1.2, HEPES 32.2, Na,HPO,2, CaCl,0, EGTA
0.5, % MES, pH74) R MM, fEfEmA
thapsigargin (1 wmol/L) A&l 45 yth B¢ Ji Ca™", 4R J5
i 4 FfL #  (mmol/L : NaCl 125, KC15, MgSO, 1.2,
HEPES 322, Na,HPO, 2, CaCl,2, #i%j¥5, pH74),
RS 2 EAfag Ca™ FIFN, R0 10 min,
1.6 Western blot DL 25 0 208 A A 2 I % £ 400 i i
®A, BCAMEEAKE. LL50 g &AL, H
10% SDS-PAGE [ 3 B K 7 B HE K . HUKEE R
Y (155 % PVDF B, FH & 5% MG 8 =5 4 P
1hJs, A &P Orail LAk (1:1 000, Abcam) 7 44 |
Pt STIMI $i4A (1:1 000, Abcam). #i JAK3 Fifk (1:
1 000, Abcam) H1 4t GAPDH #i 44 (1:1 000, Abcam)
i E I, TBSIEPE3 K, BEIK 5 min, MABR
ALY BE PR IC I PUAR (1:2 000, 357K ) =R
H 2h, FH TBS i&E¥E 3 X, ECL KHH (BB K)
i E 1 min, fERESBECANER. THAZSA
GAPDH, %7 K& 53 #T8 F Quantity One 3 fF R4t
1.7 SERTZEYEERE PCR (real-time quantitative PCR,
RT-PCR)  siRNA # %24 h 5, #|H TRIzol %
RV (28K ) 2 ELAN ML RNA, 38 i £ i1l OD260
A1 OD280 15 RNA WK EEFIZEIE, B i ik e e v,
PR e RV . R R SRR (B K) L
o6 50 R 4F PCR ¥ 14 X (LightCycle 48011, Roche) |-
AT RIS OB, RN+ 50 °C, 10 min ;
95 °C, 10 min. B MNIRHEAT SEI 220 7€ & PCR,
¢ 8 SYBR"Premix Ex TaqTM IT i 7 & (TAKARA
AF], HA) SRR P BT % E & PCR #:4E. 5l

Y B A TS . 5T SN - thp b
W5l ¥ 5°-ACTCCTGCCACACCAGCC-3" ; Kt
54 . 5°-GGTCAAGTTTACAGCCAAGATTCA-3’,
FEWIKE 218 bp 5 jak3 LF5I4 : 5°-GTGTGTGC-
TGCTATGCCTAC-3" ;5 Fii# 5% : 5-TGCTCAGA-
CCAGTCCTCAAG-3’, =¥ % 156 bp 5 Orail I
W5 W . 5°-CGTCCACAACCTCAACTCC-3’ ; R
59 . 5°-AACTGTCGGTCCGTCTTAT-3", =4 &
[ 241 bp ; stiml & 3 51 ¥« 5°-CTTGGCCTGG-
GATCTCAGAG-3’ ; Nl 514 : 5°-TCAGCCATTG-
CCTTCTTGCC-3’, =4 JiE 286 bp. PCR Jx M &
%N 20 uL, f5% 10 pL SYBR Premix. cDNA f&AR
2 uL, RS54 0.6 uL 2 DEPC /K 6.8 uL. <
N &4 2 95 °C i AE ¥4 2 min, 95 °C A&k 15 s,
58°C 15s, 68 °C iEf 20's, 340 NPEIL, Ul
Orail. stiml. jak3 1 thp mRNA F£ik/KF. thp mRNA
KIEIKTFAEANS.

1.8 ZMBAIEFASIIE  AERAIEGRE N 1 % 107
AN /mL, M T 96 FLAkH, Sl 100 uL, FF4H AL
AR Z 80% e 5, BFLIIA 5 mg/mL MTT 7]
(EHxRK)10puL, 37°CH#E 4 h, 5% LI, PBS
EWEJE N\ DMSO 100 puL, #%KZE% 10 min, T
B AR A 492 nm b AT I R Y FE OD . 4w id 14 =
(OD g0 = OD ipi51.) / OD g0

1.9 Zitoth ¥4 F mean + SD £, it
MR SPSS 17.0 B PIAEA S 348 L 3%
KA Student’s ¢ #6556, % 4118 LR 7 22 504
P LLECR I LSD 3, P <0.05 RN NZEREH
EME

2 R

2.1 siRNABYEERERHR

RT-PCR %5 % B 75, 5 siNEG 4H (0.35 + 0.03)
FILL, siJAK3 4 jak3 mRNA #ik/KF (0.11 = 0.02)
BENE, EZERAEFREMEP<001); 5sINEG
2H (0.42 = 0.13) #HEL, siOrail 41 Orail mRNA ik
AKF(0.14 +£0.12) W35 TR, ZRAAREN @<
0.01) ; 5 siNEG 41 (0.52 + 0.06) 40 AH tt, siSTIM1 41
stiml mRNA Fik/KF (0.16+0.23) BE N, E7
HAREMEP<0.01), LL 25 R RHITTRICRBAT,
LB fE S EK
2.2 SOCCIEIEHNIFIFIFMCF-7:E B HER

N TR R E R, FRATT AN R FE (1)
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Fig. 1. Effect of 2-APB on the proliferation and migration capacity of MCF-7 cells. A: Results of MTT assay. B: Scratch test results.
Scale bar, 100 ym. Means = SEM, n=5. "P < 0.05, "P<0.01, P < 0.001 vs control (0 umol/L 2-APB).
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Fig. 2. JAK3 deficiency decreased the migration of MCE-7 cells. Scale bar, 100 yum. Means = SEM, n=35." P <0.001 vs siNEG.
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2-APB (10, 25, 50, 75 1 100 umol/L) AL ¥ £ J1 24 h.
MTT 25 R EoR, 55X (0 pmol/L 2-APB) A L,
100 umol/L 2-APB Kb B 40 f G 1 3% T F%, %R
BABENE (P<0.01, & 14),

KR sLI0 45 W E IR, S5XPRA ML, 25 150
umol/L 2-APB AbFE 4T FE PR B R E I K, =R
HAERBZEM (P<0.05, P<0.001, & 1B); 25 umol/L
2-APB 4t P 1) 20 i 1T 7% 1 AR VA 2 AR AL, T 50
umol/L 2-APB AbHE 4N AT R AR B E K, ER
AAHEENE P<0.001, K 1B). Z45RR, HIH]
SOCC ji5 AL HN#1 MCF-7 40 f 3L F2 B

2.3 JAK3HBRKEMCF-73% J1F4%(%
RIRSEg 4 R EIR, 5 sINEG 4AHLL, siJAK3
HAMERIT R B2 TR, TR mMA RN,
ZRBEAREEW (P <0.001) B 2). %4 EEH
JAK3 G4 7 MCF-7 4l ¥ % 77
2.4 JAK3EREHNHEISOCCHEM
Thapsigargin SE I LK M £5%% i ATP i (sarcop-
lasmic reticulum calcium-transporting ATPases, SERCA)
WEPE, BEARZUA Py Ca®t iEN BRI, AT (2T PR 5
A5 Y Ca™ [ HE2s, #4504l i i socc
JFHG Ca™" NI, B RE A R R, 5

Thapsigargin
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Fig. 3. JAK3 deficiency inhibited store-operated calcium channel (SOCC) activity. 4: Representative traces of fura-2 fluorescence
ratio before and after extracellular Ca®" removal and addition of thapsigargin (1 umol/L), as well as re-addition of extracellular Ca*" in
siNEG and siJAK3 MCF-7 cells. B: Slope and peak increase of fura-2 fluorescence ratio following addition of thapsigargin (1 pmol/L).
C: Slope and peak increase of fura-2 fluorescence ratio following re-addition of extracellular Ca™ reflecting store-operated calcium
entry. Means = SEM, n=5. P < 0.001 vs siNEG.



K BAE: Janus 3 I8 1L B 0BG 15 S\ 14 B 2 22 L R A R 879

A SiNEG siOrai1 B SINEG siSTIM1
GAPDH | (DD GAPDH | e e

siNEG siOrai1 siNEG

Oh
0h

24 h
24 h

100 4007 1001 400-
g 80 — =gl g 801 |
s g 300 > . g 300
S 60 = =] 1 sk =
38 ok 8 2001 3 —I—. & 2007
© 40 = 3%k G 40 2 Kk
'g 2 —— '8 % e —
3 20 2 100+ 3 201 =
= <
0 o 0- 0~ 0
SINEG siOrai1 SINEG siOrai1 SINEG siSTIM1 SINEG siSTIM1

4. Orai L HISTIM 1 8K AEMCE-740 g iL 7% 77 B4
Fig. 4. Orail (4) and STIM1 (B) deficiency decreased the migration of MCF-7 cells. Scale bar, 100 pm. Means + SEM, n=5. ""P <
0.001 vs siNEG.
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g e " g _ e
= : - —— t :  —
s e E e
O .54 e » 0.5 -
- SINEG SIUAK3 ‘ SINEG SIJAK3

Kl 5. JAK3E 1] Orail f1ISTIM 1K 1A
Fig. 5. JAK3 deficiency repressed the expression of Orail and STIM1 in MCF-7 cells.. 4: Western blot results. B: RT-PCR results.
Means + SEM. n=5. P <0.05, "P <0.05, ""P<0.001 vs siNEG.
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Wound closure (%)
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AR | IRy PRy e
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Fig. 6. Over-expression of Orail or STIMI1 reversed the inhibitory effect of JAK3 deficiency on the migration capacity in MCF-7
cells. A4: Identification of Orail or STIM1 over-expression with Western blot. B: Scratch test results. Scale bar, 100 pm. Means + SEM,

n=5.""P<0.001 vs siJAK3.

SINEG #41LAH Lb, siJAK3 41 i 485 i 10 HE 25 1 5 2
(¥) [Ca™ ], FHinlR (AR FE#E I . N e, ZRHA R
FHME (B34, B) 5 H T 4% i A 2 1 0 ) Orai i
I, K& Ca™ Wi, 5 siNEG 4L, siJAK3
20 Ca’ PN I B AR BE R B B R B (11 34, ©)s
ZAERERW, JAK3 SR E PRI T SOCC yhtk.
2.5 OrailFASTIM1%k4<BB B HIHIMCF-73T%
KRS BoR, 5 siNEG M, siOrail 4HiT
MR RS T %, TR, ZRBEEREE (B
P <0.001)( & 44). 5 siNEG 414 tt, siSTIMI1 41
TR N, TRmARRDN, ZrAARENE
(P <0.05)( & 4B). 1Z45 KK Orail 5 STIMI
2 W B A0 MCF-7 40 it A2 i )y .
2.6 JAK3ER&FEOrail, STIMIFARE T
Western blot 45 % &7x, 5 sINEG HAHEL, siJAK3
20 Orail (P < 0.001). STIMI (P < 0.05) EAFE
KEWE T (K 54). RDPCR 45 R ER, 5
SINEG 2 ] tb, siJAK3 4H 40 iu 4 Orail £ STIM1

mRNA REKFPFHE T, ZREAEEE (B
P <0.01)( ¥ 5B). %45 KK, JAK3 Gk 7
Orail I STIM1 [k
2.7 JAK3E B H TR H THESO0rail FiISTIM1
Hx

YR sSzig 4 R B R, 5 siJAK3 414/ Lk, OE-
Orail ZH4N T R PR B B B34 0, TR A B
R, ErHAAEENE (K P<0.001, E6B). 5
SIJAK3 41AH ., OE-STIMI 2H 2 3T #% #E 25 B & 4
TR R, EREAREME (B P<
0.001, K 6B). iz 4 R KW, i ik Orail 5
STIMI1 ¥ n]igi%% JAK3 SR FEURTH ) .

3 g
AL R x, SOCC Hil5] 2-APB fE i &
) N L R JE 40 B & MCF-7 (3T /. 25 3%

WY [Ca®]; BRGS0 e A ey 2 12 21 222027
ifi [Ca™"]; Tk b, Ca®/ 45 & (1 & A i 5 5 545
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i & A 45 & & A (light-chain caldesmon, 1-CaD) 4%
& B0 1-CaD MLBh & A B Tk, B RITF L
MEAMYIREAL S, (R E 2R, F
FITampeiLss B a2, 2-APB @it SoCC
S5 MCF-7 [Ca™ ], PR, IR f1. A1
— 5y B UTER T MCF-7 40 Jfd Orail £1 STIM1, &
I Orail B¢ STIMI Fk 25 B 5 4565 T MCF-7 )it
&, MIMHfIL T SOCC 41435 [ AL i 4 B iE 7%
(R EPS Co

AT SR BN, R S R TR R U ER
JAK3 J5, @] 7R riErae J1. JAK3 1)
Bk S ECALIRRE [Ca™ ] PR B2, H JAKS {354
55 i R AE B DIAR DG B, $OR JAKS AT g il 4R
B [Ca™ ) e BT 2B K. BhAh, JAKS R A
T STAT & AMEL G, VF2RHFRESR B,
1] 4 K 55 8 70 A% K] T «B (nuclear factor kB,
NF-«B) % P, {Hf3ERII /&, NF-«B e Orail/
STIM {21k B, [RIifG BATTHEN STAT B35 J i it
il NF-xB 5% Orail/STIM i 1. JAK3 [k
Je 52 K8 T Orail/STIM1 mRNA & 13614 KF,
FHSOCC JEHEFFAK, HMLHIR AT fE /2 JAK3 JiEk
S8 STAT JE LA, 520 7 STAT A%, J@id#)
1l NF-xB M1~ SOCC il i 40 7 5 (1 i £k .

N B JAKS & 753858 Orail AT STIM1
S LR A L RS, AT T Orail B STIM1
o FIE M RE, &I Orail B STIM1 i %% ik 7] {#
SUAK 41 fiT# 71k &, KRB JAK3 sk S EUIE
% 1A AT B e 3% Orail B8Y STIM1 i i .

g BRTIR, AW T 45 3R 9 JAKS i ik 5
SOCC M+ MCF-7 it #, 257 LI
MR . AHIEFi 45 Rk A 5 T 15 LI s A 2L 5l
I R AT ALEG o
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