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W E BB ST A B T A (SK4) (R MENT A (HCC) B2k il % & X
Fik: WLE 46 4l HCC B ¥ T ARFRAM HCC 48159 554140, 1 0 8 4 Ak i 46 T ﬁléﬂf/\ﬂlﬂ SK4 5
M3 N A A K (VEGE ) fEMI £ IR, 20 HCC #H41 SK4 5 VEGF Fak iy &t; H real-
time PCR LA W A 4121 h SK4 mRNA (3835, I 431 SK4 mRNA ik 5 HCC I IRR B R X &R .
H Western blot Kl 9 Fp 41 21 SK4 25 F 193835 .
LR, A R B, A S SK4 M VEGF B M PE KA R B & TRsas (B
P<0.05) , H7E HCC A% SK4 Al VEGF FHMEFR X2 IEFHE (r=0.364, P<0.05) ; real-time PCR
iR IR, HCC 48U SK4 mRNA RikKFHmZFHL R I (P<0.05) , H SK4 mRNA 1%
5 5 AR A BT B KO R 56 (39 P<0.05) ; Western blot 4559 7%, SK4 % 175 HCC 40 i i
B 2R U B TR S AN, (E 35 SR SK4 /K- TG B 22 5%
5. SK4 7E HCC 4 kv, Honl e d [ VEGF iy #5212 e 0k HCC MY =2 28546 7% .
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ABSTRACT Objective: To investigate the expression and significance of intermediate-conductance calcium-activated

potassium channel protein 4 (SK4) in hepatocellular carcinoma (HCC).
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Methods: The surgical specimens of HCC and adjacent tissues from 46 HCC patients were collected. The
expressions of SK4 and vascular endothelial growth factor (VEGF) in the two types of tissues were measured
by immunohistochemical staining, and the correlation between SK4 and VEGF expression was analyzed. The
SK4 mRNA expressions in the two types of tissues were determined by real-time PCR, and the relations of SK4
mRNA expression with the clinicopathologic factors were analyzed. The SK4 protein expressions in the two types
of tissues were detected by Western blot analysis.

Results: The results of immunohistochemical staining showed that the positive expression rates of both SK4
and VEGF in HCC tissue were significantly higher than those in adjacent tissue (both P<0.05), and there was
a positive correlation between SK4 and VEGF expression in HCC tissue (r=0.364, P<0.05). The results of real-
time PCR showed that SK4 mRNA expression in HCC tissue was significantly up-regulated compared with
adjacent tissue (P<0.05), and the high SK4 mRNA expression was associated with poor differentiation and portal
vein tumor thrombus (both P<0.05). The results of Western blot showed that the SK4 protein expression level
in the cell membrane of cells from HCC tissue was significantly higher than that of cells from adjacent tissue, but the
expression levels in the cytoplasm of both tissues had no obvious difference between them.

Conclusion: The SK4 expression is increased in HCC, which may promote the invasion and metastasis of HCC

through up-regulating VEGF expression or others.
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HRRELEMIEN ., HCZ LA 2 M 18
SRS S ok IS S S R @ R e R B
#HH (intermediate-conductance calcium-activated
potassium channel protein, SK4 ) C#{iESZTEARZ
i JeE 40 L v v ARk, O T RE S e S R 4 A 1Y i A R
RIS ERME (HCC) BHERES, B
RIPRCR N AR, WF5E SK4 7 HCC H 3R iB IR K
FAE X R T HCC 1Y & A Kk SR AL A H 2 &
S, IR RS A — R OB B HCC IR YT SR MG . AL
K AL G 1k | real-time PCR 1 Western
blot J5 ¥, L # HCC 4 UM 55 241 2P i SK4
MR8, VLS B B AE R A (VEGE)
fE HCC HA M H HR P RIKESR, BAERK
W HCC 4141h SK4 5 VEGF RIKM KR, I
SK4 RIS HCC B I RAFIE Z 18] 1) 5 2 o

1 #MR5FEZE
1.1 iRARE—EHER
Rl AL E B 2009—2011 4F T4 h BHE K22 8

[ 5 = e PR Dt 5 P A M PR AR (HC.C) A7 DD BR
M 46 ] Hrb 34, Zo12 6] PR
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(43.4£8.6) %, i BHEARF AL HANA
TBIT S HARIR T T B o T AR UIBR AR A HUHE  JH-s 20
GURNHXE R 55 1S (>1 em ) HAF, HAWA
R B A AL B, TR 5] 35 2 BIE S HCC
1.2 REHKEKRN SK4 f1 VEGF

AT B 5 2H AL 1 B5 A 28 10% i 7K AR
W 2 G, WRUK, ARSI, fE 4 pm ELEY)
', 17 SK4 I VEGF g b e o ; P yikh
SABC ¥, VABEMRELZE v (PBS) B —HilEM]
PEXT IR, A PR AT SABC 37 & [ i -
B TRARAF . PG, fFEANF BT
W5 o SK4 BH 1 2 €0 Sy 240 i 55 R0 B 3 e Ry A4l €5
VEGF BH M % 0 Ry 3% 0% Sy b v €5, 235 L 40 Wy R
MEGEVFr s BRI A H805 et (x400)
B, WEE. () PERE, REEO S, EiEa
14y, BB AR e 2 5, FE O 6 3 4.
(2) PHM: 20 M %k, JCUifflE 0 40 G i Mg
LY 25% LA R R 143 259%~50% H 2 435 50% L b
355 WIRPEA A IN: O~1 3 A BHE (=), 2~3 43
Jpogs PH M (), 45 S BH M (++) , 5~6 41
FamBHME (+++) o
1.3 LHRAXEE PCR Kl SK4 mRNA

100 mg =70 °C Ay A 2H 218 T 3l B8 0F %
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W, SEin A 200 pL (4 Trizol iR 7 I8 W, 3¢ 23 WF B
HA, FFHLWIE, A 15 mL i EPE (3
AEELOE ) T, FEFEE S IA 800 ul Y
Trizol ¥ W Uk, SR )5 & ¥ A EP 4 . Hi {3
RA 10, FEEE S mine & 1 mL Trizol /i
A 200 pL S Py, @ B R, R SR A
15 s, fiHFEMREE ., FHEE 3 min, 12 000 r/min
4 C &L 10 min, W H E 2K B =T 5 m
BHoET, mASKRBERERE, RAYE SRk
B 20 mino 12 000 r/min 4 °C & > 10 min, FH [
W A1 mL 75% £ B Pk % DL 3E. 12 000 r/min
4 CEL3min, 7 LR =il T4 5~10 min,
A 30~50 pL JC RNA i 7K ( RNase-free H,0) , 7
Iy VR R RNA, I 5E BT 49 RNA 3 WRE 5 vk B8, il
FH 22 [ BE S AR 28 vl 33 % SRl & ( RevertAid First
Strand ¢DNA Synthesis Kit, Thermo Scientific, S
), U A BOR W Sk 5 8 cDNA . HU cDNA
FEh 0.5 pg, Al 56 [ #€ 5 IE 28 W] 2¢O & & PCR
ik 7 & (Maxima SYBR Green/ROX qPCR Master
Mix (2x ), Thermo Scientific, 3£ [E ), % Uit
B 5 3 17 real time PCR. JZ N fif F 5] ¥ SK4:
1E X%/ 5'-GGC CAA GCT TTA CAT GAA CAC
G-3', XN 5'-GTC TGA AAG GTG CCC AGT
GG-3', =¥ K 133 bp. 2 GAPDH 5| ¥):
iE S #E B 5'-CCT GCC AAG TAT GAT GAC-3',
. X BE R 5'-GGA GTT GCT GTT GAA GTC-3',
WK 117 bpe Bl W BlA T AEY TR
ARAR AR, W &MA: 95 C 5 min— 95
30 s, 56 C 30s, 72 C 30 s— 72 C 5 min;
40 MNMIEFR . 1H ] Rotor— K& K 52t 23 #r#k 4F 6.0
Mrgcdis, IR 2722 8 mRNA ARk
1.4 Western blot #& AR E SK4 &R
fifi P40 Mo S Fn A B R P R B A & (B =
K, HED) RO AR $E IO 43 25 4 i 5 AR A
Mg . DL WEBR AR ( BCA ) ka0 & I A
oA IR, FESL 100 CHNH S min A8, R)E
UK ERHE, %30 pg AR, T 12% RN
e ¥ B vk ( SDS-PAGE ) 90 min, >R FH 5% 3 5%
BEE R I L (PVDF ) B b BBESE s, LU
5%BSA EWR EIREA 3 h, PEAE 3. L 1:1 000
MRt N SK4 Bk, 4 CWHE L, VEBE 3 K.
1:8 000 SFEHL R B AW EE (HRP) Frid 1gG

P HF S
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ZPiEE 1 h, VEME 3K, DiHfbAE &6 (ECL)
RAl&E (EaR, TE) BN, AR K
%A (UVP) WEETFHA IR .
1.5 Giit=#4abiE

I SPSS 16.0 3K AT Se 12740 b, B3R
KR R xR R 414U SK4 R
VEGF ik 1A M 4381 R H Spearman A 0#r o
HoAl 82 808 LA = triEZE (=) Ron, 4
] T s MR R t R 5. DL o =0.05 K
R g 7K, P<0.05 Woh 25 R A Giit2e i L,

2 # =

2.1 HCC HA 5EFHAH SK4 MRk
SK4 #ik EZA T UL I, o] WS 3%
Ko PR A0 BT T AT DA A Rk e A A £ B
FEE (L, 46 fi] HCC 4121 SK4 FH M & 18 R & T
4

M, BRAGIFEEL (P<0.05) (£1) .

F 1 SK4 7 HCC ALRFEZHRAHRIFRIE
Table 1 SK4 expressions in HCC and adjacent tissue

gapen —— SR BRRER L
() (o) (%)

HCC 34 12 73.9

WA 10 2 S 25001 0.0000

2.2 HCC HA5mEHAH VEGF HFRiX
VEGF K357 T 20 Mo Ja o A i B -, 7 i 48 N
KB b s aT UL g5 FHME SR ik . HCC A 41 VEGE
PHPE F 0k R 3 o T s 414, P bR &KL
SAEGIFENX (P<0.05) (£2) .

# 2 VEGF 7 HCC AAfEmS AR R RIA
Table 2 VEGF expressions in HCC and adjacent tissue

guopm — YECE MR L
(+) () (%)

Hee 33 13 717

JEEFF L 14 3 304 15.035 0.0001

2.3 HCC A4 SK4 5 VEGF FixHItHX 4
Spearman FH 5¢ 43 /T it 7k HCC 4141 SK4 5

VEGF f#7EIEAH X (r=0.364, P=0.014) .

2.4 HCC LR 5EZFHLA + SK4 mRNA HRi%
real-time PCR M99 3% fili 28 W /8 PCR & &R [

N IE R, et B 4R Ay 1 ) SK4 JE A
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Vi M 2RV E A T 87 C DRWEBUR], W] RS
TRE LA ST IR (1) o PCR

0.6 1
0.4 1

0.2 1

Threshold

0 5 10 15 20 25 30 35
(EE R A

El1 SK4 EMA real-time PCR # 1 & Rz [
Figure 1 Amplification signal of real-time PCR of SK4 gene

M P1 ClI P2 C2 P3 C3

1 000 bp

500 bp

250 bp
200 bp
150 bp
100 bp

B2 IRAEPERIKEE PCR 7 1E~H

C1-3: HCC; P1-3: 574141
Figure 2 Identification of the PCR products through agarose
M: Molecular weight marker; C1-3:
HCC tissue; P1-3: Adjacent tissue

M: 3 F-ibnife;

electrophoresis

HCC 4419 SK4 mRNA 50 W& T o5 4H

4, FikE FIEHAY 21715, 2714 (61.36% ) HCC

2 ) SK4 mRNA Ribwm T ZAL, 27 A

@iﬁr”iﬁx (P<0.05) (#3) . Hrp i 450

& 301(6.82% ), E 3L EE64I(13.64% ),

250 B E 18 ] (40.91% ) 5 H 4 17
(38.64% ) LW FELEZES (P>0.05) ,

R3 SKEMRNAZEHCC AR MEZAHA P RIE

(n=46)
Table 3 SK4 mRNA expressions in HCC and adjacent tissue
(n=46)
2410 SK4 GAPDH  27%%¢ p

HFEEZHZE 20.346 +3.752 17.833 +2.199

217  0.042
FETEHAT 18.129 £4.056 16.785 + 1.762

O MR i E H B FAEIH

PR 2 2% SHUIR B LUK > A, AT JC TR AR A S
e (K 2) .

A: PG B R

A: Amplification curves; B: Melting curves

2.5 HCC HZth SK4 mRNA Rix 5k K4 1E

SK4 mRNA 0y ik 7EPE R, MR e K 4%
MyE PG E A CAFP) LA K IR 43 3 43 4 [6) 22 57
TGt EE X (¥ P>0.05) , 1 1E A JGT] Bk E
B R Ak dl B 22 R A Gt E X (1
P<0.05) (% 4) .

&4 HCC AL H SK4 mRNA MR % 5l FREFE 2 8
Table 4 Relations of SK4 mRNA expression in HCC tissue with

clinicopathologic features

Iif KI5 H n SK4 mRNA P
P

B 32 21.343 + 3.6768 0.501

4 12 20.376 + 5.4353
JibeE e K EAR (em )

<5 23 19.387 £ 4.153

=5 21 21.476 + 3.988 0.097
L3 AFP

[YELES 9 22.766 + 3.765

[{ELES 35 20.291 + 6.381 0.274
I PR -1

I, I 19 19.911 £ 7.210

I, 1v 25 23.101 = 3.485 0.059
IRk

H 11 24.357 £ 1.569

" 33 19.681 + 4.576 0020

AUk

[ 15 15.281 +0.910

h 17 18.971 = 3.488 0.000

1% 12 24.765 + 1.826
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2.6 HCC HLAFESHLAH SK4 EAMKIE

I3 B EL HCC 2 2R 9o 55 20 28 40 0 155 g i
EH, 1F Western blot & . 285 5 I 7s W5 41 40 Jifd o
o SK4 HE I CW i 25 5, {H HCC 40 | SK4 3K
FFRA & TRsdsl (K3) .

s C 7’?‘

@
\/\0( K%‘\ %@%x/‘ %@%x/‘

K4 e —— w-—

[ -actin

Bl 3 SK4 ER7 HCC H 4R 5755 48 41 B = 0 f BT Y
Rik
Figure 3 SK4 protein expressions in the cell membrane and

cytoplasm of HCC and adjacent tissue

SK4, WFN IKCal B{ KCa3.1, J&H KCNN4
FEH Gt ) — S B R I, A T A
B Z B0 AR 24y M 40 L 0 4 RS - o SK4 X 21 it 9 A
TR P 5 S vk R T v AR AR L BURR R
6 IEAR S 5 i M R i 5 FR S A RT3 B E it 5
A J S 240 i RS R AN ) R AR Ak T — 20 B o M PN 1Y
S YR B

H AT O A S5 90 Uk S 7E w8 B i . R AR . FL
i s R B DA g A 2H 2 SR S I e R A Y
SK4 mRNA il SK4 i, [5] F7E 7K 4h 55 35 i £ Fh
ik 968 20 i v 25 7 SK4 BT 7 3 siRN A 34 0] 410 4l i
Jo A0 M ) 156 B R A A U AR S R i 4 fk 4 R
R, HCC 441 $$mLLm% YRS RS
H 40 [E] W) real-time PCR % I /~, SK4 mRNA
Tﬂmc%m¢m%LL%ﬁm%E%ﬁ\o%%
SK4 FEF s L 2Uh iy Rk e 4t iy, Hom Rk 53t
K56 K SEHIEA 5o Western blot 45 1A BN,
HCC 41 i i 2% 19 SK4 2 11 /K FiE: 55 41 41 AR 4
oL, (EAERRR b i ek B s A1 2V i . Ui
SK4 75 il 5 rf 7 55 B35 J5 0 AT B 38 o S R AL i Al
LR 1 2 TR 1G9, I A LR 1 Y SK4 3 3E 11
LI he T G X -6 2 2L A = Eﬁﬁ*mﬁﬁ
FIT 510 M 9 400t S 1 K i SK 4 38 58 AY IS T S Bl

O MR i E H B FAEIH

B L AL, 51 & CRAC S Al / 5 TRPC JF
IO B0 5 - PN A BRI, PR A S vk R
1o X PR A e R R, AR B
7N, TR A0 R GG A G /S W B TR B RS
20 e A R R AR A, FEREZE RN G, ORT S I I 1Y
200 M B L A7 R A Ak R v R 0 R Y SK4 3l G
L, BHLIT SK4 T m] S 350 25 4 Ak AT BEL i 40 i T
G, Ff1S Ml s GG, M. 45 E A MR s
EHINH, 75 HCC 40 SK4 1 =5 2% 3K 0T 38 1
7 240 i B EEL AT K ST/ 8 L P A v R T R
M 19 425 HC.C 200 fif 35 5 R0 40 1 &) 100 i s 2
HWEEE O W, SK4 By I AT LA s R U
p3SMAPK {55 53l %, SK4 ik 31 & i P 45
BT E T & T 5 — MAPK {§ 5 i i Ras/Raf/
MEK/ERK 15 5 & 4t (9 16 1k th 2 %5 & 21 4E U,
1M MAPK {55 5 38 B (0 8005 X T Mg Jo HO2 HCC 1Y
KR AR AN T A 0 A I P
o0 52 — 86 A= K R 3fi 3805 AT G S Ras/Raf/
MEK/ERK 15 538 1 14 SK4 Ay ik, M52k

0 M 38 g 4y Ak U e HEI, HCC B SK4 %
JRAY 1R AT BE A o R v 4 A PN S R I A
MAPK 55 RS B0IE , %45 58 8% 3805 I8 A

AR RAE 08 SK4 1 3Rk, TTE B — Fh 42 i
HCC 41 i 3% 58 () 3% Pk 1F B i, (H H BAR Y 4 7 HL
il T IRAMFSY

VEGF J2 /i Jeg 20 M ™ A5 19 5 d B0 A0 412 1 457 A il
K-, FE5 S A B A . R AR K 258
FIEG B v e B AR T AR S0 A 0 3] T R 2 21
VEGF FikK i ss 4 &I e, X 5EEM
g4 AR Y, UI HCC 4 i B4 S .
RN, L8B4 HCC A4 h SK4 5 VEGF
MFRIBXR, R HHMERIEZ A 2H
Em%ﬁ VL HCC A 4irh SK4 5 VEGF %
KA — M NTEEE R . 76 [ B 58 PGB 8 R
Sl AR A B 5T R & B, SK4 X T Ik L 40 A Ao
1) — S0 21 if DR 7 1) R EE BEAE T A BH T SK4
DU XoF 3¢ 46 448 6 D] 1) 6 8 A b 7 A AR B I 7 41 1)
PER M, 7 i T A T HERG 80 3 738 18 19 &
FE IR T LAAE I i A0 B 43 0 VEGF!™ ok el
HCC 4l v SK4 1Y /55 2 3K AT gt 2338 1 25 iy B
SR AR HE HCC 4 [ 43 i — 28 A K B -7 70 40 g
K, W VEGF f1& A K K+ (EGF) %, M
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A E HCC A 338 5 A= K R0 b g i Az il %5 A 0, 34
AFT HCC B ARZE. 5o, CAMR RN
I P B2 40 M 7E 2 3 VEGF 28 [H 1 5 7T 5 5%
SK4 Fik [l U DA $ i 20 e 0 BE K O o T AE
HCC 4 g %5519 VEGF & 75 0] L[] K¢ D) 3 F
LRI 51 & SK4 Z ik [ 1M 5 B0 HCC 4 M 1 78 0]
T E I — B ITUESE .

ARSI 4 B & B, SK4 mRNA 7647 17 # ik
R HCC B b 1y 3835 W 35 v T 0 1) i ik i
#, HHCCHZIh SK4 5 VEGF 93k 2 IEH X,
Ui B SK4 11 22 3K = I 7T R85 T 4 201 1= 28 1% 0
BERSPEAN G, S A R SK4 FE AN [ 434 72 (1)
HCC AU RBEFEA R ENE; HAEMKS L
) HCC AZh RB W & T m i . Bl SK4
IR AT REN S HCC bk A 6. kg R
PE7R, SK4 IR KPR I AT A Sk — i B T Bt A
H B FIWT HCC 20 KRR 2844 .

M ARSI LW, SK4 & HCC B — N H
S P AR OC o -, HAE HCC Hh Y /& R 35 ] e il
I TR PN S B VR R S HC.COAH iR ) 1 E RN
Yf A Y, JERTREE 5 VEGE M AH BAE H &5 £
FhgfE e 9 HCC 40 M3 8 Az 22 e %% . fle ik, 28
FHIN N SK4 nJBESE HCC — N AP 5 . B
H BRI LS 0 7 i w7 2 SR AT

£ % 3Lk
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