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Expression of SK4 in Papillary Thyroid Carcinoma (PTC) and
Its Roles in PTC Development

Chen Guanhua'?, Li Yibo*?, Wu Huihui*?, Yu Shengjian'?, Ma Huailu®*, Liang Yong'?*
(‘The First Clinical College of Wenzhou Medical University, Wenzhou 325000, China; *School of Medicine,
Taizhou University, Taizhou 318000, China; *Hebei North University, Zhangjiakou 075000, China)

Abstract We detected the mRNA and protein levels of SK4 with Real-time PCR, Western blot
and immunohistochemistry in PTC tissues and cell line, and explore the relationship between SK4 and the
clinicopathological characteristics of PTC. Simultaneously, after down-regulation of SK4 by its specific inhibitor
(TRAM-34), we use CCK-8, plate cloning assay and Transwell assay to research the effects of SK4 on proliferation,
colony formation and migration of PTC cell line CGTHW-3 respectively and the possible molecular mechanisms.
The results showed that the mRNA and protein expression of SK4 in PTC tissues were significantly higher than
that those in paracancerous tissue (P<0.01). The immunohistochemistry results indicated that the positive rate of
SK4 was obviously higher than that of normal thyroid tissues (P<0.01). Nevertheless, there was no significant
relationship between the positive rate of SK4 protein expression and clinicopathological features such as gender,
age, tumor size, and lymph node metastasis in PTC patients (P>0.05). TRAM-34 can inhibit the proliferation,
colony formation and migration of PTC cells by blocking SK4. The above results suggest that SK4 channels are
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highly expressed in PTC tissues and cells and participate in regulating the proliferation and migration of PTC cells,

which may be related to the molecular mechanism of PTC. SK4 may become a new therapeutic target for PTC.
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PR /A . PrimeScript™ RTiRX 77 £ & SYBR® Premix
Ex Taq™ 1Lk 71 & % ) T-TaKaRaA &), PVDFJE
I F-Millipore 2y 7. T-PERZE [ #2 B M % 8 1K
H Marker$?) ) F ThermoFisher A &) . SK4%Hi N £
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HRPAR L ) = Bt HlgGhii4 ) T Bioword A 7l . WB
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1.2.1 Real-time PCR  Z#7= it B3, SR F Trizol
U ZH 2K AR B RNA L TaKaRa PrimeScript™ RT
A7 & A icDNA. i fiTaKaRa SYBR® Premix Ex
Taq™ THA 5 &2 156 B P EC 120 LR AR R o B-actin
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1.2.2  Western blot B AEAR A AT
SR B (AE MU AR TR AL JE, B O R, PBS
VR 1IR) . TR LU0 AR S4H BT oI NS AR AR
(I T-PERYA (1% PMSF), UK £ & 30 min. 4 °C
12 000 r/minf5.0»5 min, B & . BCAEA &
W IniE s BRI, 98 °CAZ 10 min. 12%
Y BIRE, 5%k i I VK 4y B EE H J, IR IR AR
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Table 1 Sequences for primers

B SR Gkl 7

Gene name Primer sequence Product

KCNN4 Forward: 5'-AGT AGC CTG GTT CCT CCT CGT-3' 142 bp

Reverse: 5'-CCC TGG AGA AAC AGATTG ACA-3'
f-actin Forward: 5'-CTA CCT CAT GAA GAT CCT CAC CGA-3’ 84 bp

Reverse: 5'-TTC TCC TTA ATG TCA CGC ACG ATT-3'

F P15 h, I %Pt AKCNN4Z 57 B 7144 (1:500),
4 CHHILR. [FEU—Ht, TBSTHMEE10 min/iX, 3£3
o —Pi(1:10 000)5% & 1.5 h, ECLZ 4, ImageQuant
LAS 4000minift % & Jt A A B 2 B, 25 R H
Imagel R AFBEAT 73 BT K W 6 56 B 1) 22 B2 TN
—P B ERB T, KPREIRTEL0 min. PRk

Ja ET R A2 SRR, LA B FEIRE RN S A

GAPDH(1:1 000)f) 21k o
W UK S G AT R R4 um
JEREE Y], Z WK, B6E L0 & ZHOR,

PBSYL ¥ . 3% HoO,F# A I S8 A0 S i i Al 1 AR s 7

Rt ft, PBSTLE, MIMAERENZE MR (pH6.0)H &
WEEE PR . 10%!11 7 M5 & 120 minja, 0105
PUASKAPUAK(1:1 000) 4 °CHE B L7, LLPBSTERAME:

. 37 °CH iH40 min, PBS¥ER. T IIHRPHRIC

(=E 5T RIgGPUAREI I AY), =R 7 530 min, PBS¥E
B JEDABYL {0, WAL T H KT G (1 0L, 2K TR /K s
10 min, 7R AR ZRE 4, BiKE R fE, BEER 5 &
S 25 B A K bR AE AR F5 Carcangiu 55U ) 2

1.2.4 CCK-84& | 4m it 3 74 4%, B BURAEK
ICGTHW-341 it LA4 000/FLEEF T-96FLH 1, N

37 °C. 5% COB5F=FH 1557, [R5 a7 2 4 R

W BRI, AR, AL 25 hhFE) K [ 4 %F
WEAH (B RS IR, HEPPam i, ANLA 25408, R4
NG EE 5, T T 4H 25 T TRAM-34, W E 4 N5, 10,

20, 30 40 umol/L. FHZH B 4~61E L. 4HfuEs

FERA TP RE 7748 him, FEESFRI, TIN100 pLgrfERs 77
W, FEFLIIN10 pL CCK-8ik 7, B4R IR 4] J5 N5

FRAG P F2 ho TEBRIEC S 2 I A 132 %490 nm
PACI 3E #-ALIIDIE
1.2.5

40 JoL T AR T S B W £ b T A K AR
CGTHW-341 it % A T-6FL b 7, 4 £L 410 g 50 21400
o AR CH MG EE S IR ZH AN AL SO 4H hnzh ab

T A H 2 EE 910 pmol/L, FFALE3 M E L. &
25 2, 3T/ IR o 25 HA B PRI HIR ] AL ) o B BRE (50
ANGH ), FEIF 5% 3570, PBSYE %G FH10% H 8% [ 52,
PP JE0.1%45 5t 55 G4 525 min, PBSYE A
T HASLEAAE mm bl B 4075
1.2.6 Tanswell @ &L it 4% 2 56 WEHRES R 1
CGRHW-341fd, LLTE Il iERPMI 164015 77 ¥ # B I
TH4L, LA8x10*~2x10/fLEERM T L. T =P
N TG I TRAM-34, E&ARFN200 pL. B
245U I N500 uL%10% FBSHIRPMI16405¢ 4=
BRI FEARR/NES T HREFRB AN,
B FR24 hfa U /b2, 35 R /NE R FR M, PBSIE 2
R, INEE T [ e th 5 H N = 5 BT R
BN, B ATLIZE H A R) R A B B 2 A SN AL A 8%
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HEHE3W
1.3 Geitoh

M. H SPSS 22.0 Al GarphPad Prism 7.0% ff
X EHE AT A M. Th = B SR 3 B An ik =
(mean+S.D.)ER IR, PIFEARLE LBCR s 5%, %
FE AR 35 250 2 [8) B R FH 5 R 3 7 22 23 BT (One-
Way ANOVA). A~ [F] HUIR R 2H 2R 6 9% 4 A0 465 SR 1)
RN F IR N AL SN C Y S S0
5511 PR s B AR AIE 22 8] B 9% 2R SR FH s 56 B Fisher
LR IE. P<0.05ERBEHS %R L.

2 %
2.1 Real-time PCR#NPTCZEZE 1 SK4 mRNA
HRILIER

AT K HReal-time PCREZ A 4 120451 1 K T)
B IIPTCHL LA K g 55 4 2 SK4 mRNA IR IA B .
459 R, PTCZHZASK4 mRNAAH G ik 5 0 5
T 55 4, LINJE & 1.8840%, Z 57 LA G2
= (P<0.01, 1),
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Relative SK4 mRNA level
T

Para-ca
#P<0.001, 55 AL
***P<0.001 vs Para-ca group.

PTC

Bl SK47EFEFNIE R BR4E 42 BOmRNAAEST Rk B (n=20)
Fig.1 The relative mRNA levels of SK4 in different thyroid tissues (#=20)
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E2 PTCHLAK MKk SKINEBFTIAFR
Fig.2 The protein levels of SK4 in PTC tissues and cell lines detected by Western blot

2.2 HIZENTE A (Western blot)#& MPTCZH 2
MPERR P SKARIFTRIXIF R

K F Western blotiZ £ MIIPTCZH 23 K 41 iy #k
SKARIEE M. 48R ER, AL w55 A4k
SK4/] & 1 AH XT & & & 7 7l 90 0.732 0+0.118 5.
0.415 3+0.060 4. PTCHHMRCGRHW-3 2 1E 7 HUIR
JiR &1 Bt #k Nthy-ori 3-1SK4 71 SK41 8 [ AH X R 1k &
3N 0.574 4+£0.048 3. 0.156 2+0.025 4. L5645
RARIR, SKAFEPTCH R gt B m ik, £ R H
BG4 E (P<0.01, F2).

2.3 GEBAHENPTCHALRIEEHIRARELD
FSK4RIFRIEIF R
G35 AR MIPTC AN TE 5 HIR I 2H 23 ) SK 42
HRIEE DL ENL. 45 R IR, SKATEPTCLLZR 14
M FI A L |35 20k (¥3) . PTCALZAH SK4RH 14
HRONT12%, 1EH HR R 2H 234 SKARH 4 28 S433.3%.
Zoetats, W £ R BA SR L(P<0.01, K2).
2.4 SK4ERRIESPTCIRKRBIBIFERN X R
T G AL S R HTSKAR 4 R IA FRIPTC &
Z e R BRI L R, 4R BoR, SKAM £ S
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A, B: HURIRAICIRIEA S C. D IEH HURIRA S

A,B: papillary thyroid carcinoma tissues; C,D: normal thyroid tissues.

El3 SK4ZEMMAEIRRIRERA D REEUER

Fig.3 The protein levels of SK4 expression in normal and PTC tissues detected by immunohistochemistry assay

=2 GREEANEMISKATE KRR A SRR E B R BRBA L P FRILTER
Table 2 The protein levels of SK4 expression in normal and PTC tissues detected by immunohistochemistry assay
WAl % B 4 [RE3 BH 4 2.(%) 5 PlE
Groups n Positive Negative Positive rate (%) g P value
PTC 52 37 15 71.2
8.936 0.004
Normal 21 7 14 333

AR RS MR /N OSSR K&
JiRE TNM 73 #1325 76 B A G (P>0.05, £3).
2.5 CCK-8% # M TRAM-34%fPTC4H il £k
CGRHW-3187E 8¢ 1892

NS 6] 9 A TRIM-343% V7 BHL W SK 438 1
WA JE, A& XSHPTCAN iy PkCGRHW-33 7 At
FISEI . 25 3 R, B PE ST IR ZLD{H 40.43+0.05, 5.
10~ 20+ 30. 40 pmol/LSE 5% HDAH 43 1) 240.40+0.02.
0.36£0.02. 0.32+0.01. 0.28+0.01£10.22+0.01. %tit %
M 46 3 7R, TRAM-34577) & 4 i 4 Hi 410 1| CGRHW-3
YU EAE, 2 5 BA ST EE U(P<0.01, E4).
2.6 PR 5e & SLI0 AN TRAM-343F PTCZR B #%
CGRHW-35 & 2 pk g€ 1 B9S2

5 [F I, FRATTR A P e o S 56 A I TRAM-

343 PTCYH Lk CGRHW-34E V% T il BE 1 (KI5, T
P R 2 ) B 7% 1 N62.0£1.7, TRAM-34 10 pmol/L
SEUG A (A TR HN43.041.1. 5 CCK-845 5 —3%, ~F
R e B S 06 v, SKAKE 5 1 01 1) 771 TRAM-34.35 2 411
i CGRHW-3 4 Jfd v F T i (P<0.01, K15).
2.7 TranswellSZ 35 4 I TRAM-343F PTC 28 B #%
CGRHW-3iT 8 1520

FRATLE 40 f 35 723 N 10 pmol/LI¥J TRAM-
34TAWR, WL BH NI SKAIEIE f5, diMERRE S &S 52
B . Transwell 525645 B R R, BRI IR A /N = Hp,
2 0 28 5K 9 5 0 B 23248, TRAM-34 10 pmol/LSE
U5 2H /N 3 A0 B 27 B T L P 98+6. L5 B 14 Xt R 4H.
FHEG, 9258 2H CGRHW-340 fl it # fig 77 i i 55, %
5 BA G R U(P<0.01, E6).
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Table 3 Clinicopathologic variables and the expression status of SK4 in papillary thyroid carcinoma

Ak Bil% FHE I 7 g P&
Variables n Positive Negative P value
Sex
Male 17 14 3
0.839 0.360
Female 35 23 12
Age
<45 21 15 7
1.641 0.200
=45 31 25 5
Tumor size
<2cm 44 36 9
1.773 0.183
>2cm 8 4 3

Lymphatic metastasis

No 26 17 5
0.105 0.746
Yes 29 22 8
TNM stage
I+ 40 29 11
0.144 0.704
HI+v 12 10 2
0.6 7
0.4 4 "4 *k

D490
*
*

0.2 -

0 10 20 30 40 50
TRAM-34 concentration (umol/L)
#%P<0.01, 50 pmol/LAL L 4L .

**P<0.01 vs 0 pmol/L group.
El4 TRAM-34%CGRHW-340E145E #0500
Fig.4 Effect of TRAM-34 on the proliferation of CGRHW-3 cells

80+
2 60
Q skk
Na)
g
a 404 ey Y
>
a
o
S 20

0 ;
0 pmol/L 10 umol/L 0 pmol/L 10 pmol/L

#xP<0.001, 5 FIHXF R0 pmol/L)FHLEL
*#%P<0.001 vs control (0 umol/L) group.
E5 TRAM-343fCGRHW-34AEEE% 7 Ak s F1HI 5200
Fig.5 Effect of TRAM-34 on the colony formation of CGRHW-3 cells
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El6 TRAM-34%CGRHW-34RAiT#2 8E 1A0S200

Fig.6  TRAM-34 inhibits CGRHW-3 cells migration

3 g
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Ca it N R 40 45 it 7 0K 30 Jy . Ak, dl i e
FECELAE, YRS B BN, B T I T A B 1)
FL, AR 68 1 P R/ PR 5 R P A T R A A U
T Ca” FFEdE N, X0 T T4 W4 i A AE
TR L 46 1 e A DR AN A R ) 7 A O R LS
1 AR V22 A S B Y S R AR

75 L 5 4H i i Real-time PCR. Western blot &
G55 AL 5 VE X LU T 5t SKAZEPTCLH 23 b 4 i o i)
sk MBS L. Real-time PCR%ZS 5.7k, PTCZH
LI SKARL /K T o5 4141, [FI SK4 8 ik
FAEPTCHL KA R mRkik, ZR BA S0t
S o A HTSKARE [ 3RIA 5 B3 I PRI BRARRE 5K
R, R EIR, SKAPHME R 5 BHEE . R Mg
Koy B To bk B2 5 8% T TNM 43 3 55 1 R R
fEZ [RITESE T 5, L HERT, SK45PTCH) % Ff
HEWNEFAT R A E B R R, B2 R AR S5
R BIECBR ), BRATEXE LS RS, 54
WHiRIE — B2, OF 2 M REE. L.
IR e AN 1 B A R 5 2 2 e ARG Y H SK A 7% T

BH R KT 2R IE, (R IN 7R AR 71 85 37 1) 22 i i 8g 4
i Z H siIRNAPTER B 2 21 2% BH W SK4R A I, K B
6 4 L 1 B K 43 A R T B R 2 B e

TRAM-3472& A HL T 455 8075 B 25 ¥ 8 18 SK4 11
RS PRSI, 2P BRI BEIE I =05
7 3 HGETRAMI 2R . A 448 20 {f FH TRAM-
34[H WrSK4id i f5, & MISK4XCGTHW-341 il 3
Wit B 3T RS RE 1B A . CCK-852 56 45 B R, ff
B B Wk BE I TRAM-34F FilCGRHW-341 248 h/s,
CGRHW-3 2 Jfu 384 5 36 77t BIAR B35 A3 12k 1 1 %, 1%
g5 1R, TRAM-34 1] 3@ i #) 1 SK4 1 ik, 1 1
CGRHW-3ZH fifd 1 384 5, I 25 B AT 3 B A0t 12k o
5HCCK-845 i — 3, vk ISk i 45 K W], TRAM-
34 N IHSK4E X J5, CGRHW-34 it 77 B JE il B & 1
WD . Transwell L4625 JL T 7R, BH P X I 2H 19 7N
= IE BN M B B 2 T S0 2H /) = o A i
F] % % WISK4Z 5 CGRHW-341 g (1) 3T #2 i 72, H.
Z I FE T B TRAM-34FT B W . _F 38 45 5 78 40 1iE WA,
SKATEPTC K A= Jk J& Ik A2 o AT e 49y v s 225 DR 1) 1 £,
308 3o A S R A 7 TRAM-34 T 1 SK 4 2632 7T DL
) iR 2 B P 38 5 ST RS e 0, H BEAED, SK4
BV RE N PTCHT VAT HE

Steudel 1iE i 44 & 4 HFMMTV-PyMT®" [1]
SK4 WTHIKO/NER, & 575 B B A4 B /N B E %
P FU IR IS KA H, MMTV-PyMT® /) B 3L I Ji 98 24
ZISK4 mRNAF & W 3 T m, $em AR MR 1 3 &
TV R A3k i T RE T ESK4EIE I ThREME R IA. H
R, BFFEN G238 I B, 38 1 TRAM-3440) i) SK 438 1
J&, MMTV-PyMT®* /> £, Ji7 A 7L % i 988 48 e Go/SBH
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i, SWTHH L AH Lk, SK4 KOAH g HKi-67FH 4 41
M AZ B 2 MY A A OC AR e P c-fos Al c-junty
B ek /b, 3E — 5 IR SE T SKAFE 455 il 40 i A= K
(IVEF o RIS, BIF 90 R, 1 55 7% M 0 e 20 i 3%
MDA-MB-231H, i TRAM-345}siRNA ]I i| SK4 i
TE 00 1) 40 B B A 2 IR S S A TS A,
FEMDA-MB-23 1 41 Jft) o SK4# 3 B ik 1 I 17 i
R R A KR B A0 Lins5RPOE e R B, @
SIRNAJTER K BH 7 71 40 1| SK 438 18 =8 e, e 4t g
A ST R B Rz B0, s 1 75 28 B A ROS
() 7K, A& HEpS3EE 1 B 3 A4 A JH i 4 1 O 1
D'Alessandro %52 s A P SI2G & T, 5 9 14 6k RE 2.
A EE, S ZH(TRAM-3440 P i) /)N B3 88 4 it 1
L2 Y AP 2 TP IR I 4 L 10 164 A &8 2 i o [ O 7
N DUIE BN, SKAMH T8 [ K A7 76 T 7E /N B 5t 48 i
TRAM-34, 2% 5 M /N JBE 5t 40 i PR 3 14, 9 R BRI/
2 5 24 L %) 7 Wk e 0 AN AR TR, ek i 2 IR D R
iR .

KT SKAE AN 3G 5E AL, B ATHE S AE A
FAMBRUL, A5 F NN, SKARSZ e M iy 45 & 7 A8
b, Gk GBI S, T VR ROR IR 3h 77, (R &5 55
TR, A A B T S 2 56 (E TR, A
AR E4E G FEM . WA 7N, 8 id SK41i iE
) #4522 738 AT ST MAPKAR 5 38 B 77 AF 38 7 2%
R A SRR TE, EF A0 AR K R F--B(transforming
growth factor-B, TGF-B)iil 4% 4il ffy A= K i #2 v, JH i
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