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ABSTRACT Objective: The Gap Junction alpha-1 (GJA1) protein is the most extensive protein in the Gap Junction, and it has been
found to promote cancer in a variety of tumors, but its effect on colorectal cancer has not been explored. Therefore, This study aims to ex-
plore the expression of GJA1 in colorectal cancer tissues and its influence on the invasion and metastasis ability of colorectal cancer cell
lines, so as to find new biomarkers for the diagnosis and prognosis of colorectal cancer. Methods: 92 pairs of colorectal cancer and its ad-
jacent tissues were collected from 2013 to 2014, and tissue RNA was extracted. The relative expression level of GJA1 was detected by
qRT-PCR, and the correlation between GJA1 expression and clinicopathology and prognosis was analyzed. GJA1 overexpression vector
and GJA1-SI were constructed in HCT116 and HCT8 colorectal cancer cell lines, respectively. qRT-PCR and WB were used to detect the
expression changes of invasion and metastasis related proteins E-cadherin, N-cadherin, Vimentin and Snail. Transwell and Wound Heal-
ing experiments were used to observe the changes of migration and metastasis ability. Results: GJA1 expression was low in colorectal
cancer tissues. Low expression of GJA1 in colorectal cancer is associated with tumor staging, differentiation, invasion and metastasis.
Low expression of GJA1 in colorectal cancer is associated with worse overall survival and disease-free survival. After the overexpression
of GJA1, the expression of E-cadherin in colorectal cancer cells increased, the expression of N-cadherin, Vimentin and Snail decreased,
the Transwell metastasis cells decreased, and the Wound Healing slowed down. After GJA1 knockdown, the expression of E-cadherin in
colorectal cancer cells decreased, the expression of N-cadherin, Vimentin and Snail increased, the number of Transwell metastases in-
creased, and the Wound Healing was accelerated. Conclusions: GJA1 expression is low in colorectal cancer, and its decreased expression
can promote the invasion and metastasis of colorectal cancer by EMT and affect the prognosis of patients.
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4% M )95 (colorectal cancer, CRC) 24> BR 31 [l Py 30t %
5 AL IR AR SR B A IS W BIRT T K B4R T, 4
[ B E W BUS AR T I s, (HR R AR I A R R N T
AFAELER A 11.7% ®, 1 F2 8] 38 B % 4k (epithelial-mesenchy-
mal transition, EMT) JZZHMIM | B3 8] 55 AL AL i i A2
B FEUUM L ARZE R E R EY, EMT i, ik
M5 FFRIBWAE, bR FRAVE H 53Rk, [ R E
O3 F-FEIRIEIN , I AL RATR 28 RS RE M,

(BRI AR T ARG A RDZE 422 f I B e e 2
PR FS AR, 10 200 L s, £ 5 40 L &7 58 ) ) 3 o ] o
BB T, X A A BT R B AR S e A AR Y, i
AR IR B R Y, ] BRI R T B Rk e S IR ARG,
GJA1(Gap Junction Alpha-1)EHF58 5y )12 1Y ] B HE
HoGwE 0 28 PR Connexin-43(Cx43), {HH 2 5H80E & 4 |
KB BN A 90 A F5E R, GIAL TEIEA 20 &
ik, MR EA . RRPREIER ) AR AR
GIAL fEIm AP IRERIL , FLERIATHREM I HF9 1 & A2 &
JEICE GIAT FIAHSEISY O 4 0L F B 96 FLIRIE (H05 i B
o g ARt s w27 (A 285 i 9 v A R 19 R DA DG
B, AWFSCE T PCR 89T GIAL 7245 B i vh i 3Rk A8
Ak, 40 M T BESZ U BT 5T GIAL Xt 45 H e A0 M0 AR 2% 7%
BT REA, IE RIS H A AL, B 16 b4 B i 2
KU WA B A bR

1 ORI i3

1.1 &l
1.1.1 LIG4MAm A 45 E s aiig HCT116 A1 HCT8 #4104 F
g e R B A

112 BEAMER  SEBRALEEA (BEXT Y% FE R 44
92 I RANLTE T 2013-2014 4EAE LT 85— N REEBEATHR
VR TETF AR AFRA PR, b D5k 48 f41], Lotk 43 4], 4% 35
% -84 % WLAERE 65 & o AERRIE: 1 TR R ARFTEEA
2T SRR BIAYT 5 2 RS SE A L S B W o 3
LRIWONEE EIE . HERRARE: 1 BE RN T 25 2 2 K
B2 ST BORT R BINGYT 5 3 A H B 21 SRR i sl B 1
A I L 5 4 A RIS B RS e DGER . A
WEST I S — N R B B ZE 53 S A AT, s A
BN,
113 FERXFIRME 357 DMEM Sflig et it 4 s
(Gibeo) KR H - $ER R - WTE&E R B, WG & X R R
7R G VR (B 9E3E ) \RIPA 24 R (3) loading buffer  10% 1k
WAL & 1 marker . PVDF f(Millipore), ECL ¥4 .
TRIzol RNA 3¥fif# 587 & . PCR SYBR Green(§f Il A F]).

Hifk . —P1 : E-cadherin(3195) N-cadherin(13116) , Vimentin
(5741).Snail 3879) ¥ I3 T- CST 4% 7] ;GIAL (A2163) Ity T Ab-
colonal 7\ &) ; GAPDH(Proteintech,10494-1-AP)

b A ACYIBERR I B PR 1eG (HAL)Z sepehia ot
AR EB TS 1gG (HHL)Z sekEhiik

Jioki . 25 2 {4 (Vector): pSLenti-EF1a-mCherry-P2A-Puro-
CMV-MCS-3Flag

it % ik # 1k (OE):pSLenti-EFl1a-mCherry-P2A-Puro-
CMV-GJA1-3Flag

BN BB F 511 (NC) : UUCUCCGAACGUGUCACGU

BT F1(Si) : CAGUCUGCCUUUCGUUGUA

{45 : B [T PCR {X, Bio-Rad 2\ &] H Ik A FG A5AE , Thermo
Fisher 2\ F] 40155 5247 , Leica 24 )3 B W45
1.2 RXWHE
121 WMEEFRER. SRIEMEEKNEE ¥ HCT8 &
HCT116 4 a5 37 5% F 10% M9 MG +1% =P 55 353E 5%
CO, 37TCIWMMIIE T . FrAMRE RAF, 4% 6 om MLAY
60-80%F}, FEYe GIAL 3 33k Jiki I siRNA, % 8 Lipofec-
tamine2000 % Y 7 A ERVE T WHEA TR B X Rz () BT Ay (siRNA |
Lipofectamine2000 1 DMEM 4241 4 o5, AR S 40 A v 1%
I, 8 /NIT G bt R A B 8 A NS SR AR S R, 24 /IR
T RNA, 48 /INEHRIER 1, I [F] B 58 SAH DG T RE S 50
122 IRNEEHA B ASE RN (Real-time Quantitative Poly-
AN R RNA ()42
Hufdi ] TRIzol(Invitrogen,CA,USA) , AR5 12075 By 45 £ #5245 -0k
BRI E . cDNA By & i % s ialml & OB LA |
GAPDH NS, i LR = EE

5 # & %| .Human-GAPDH-F:
GACTTCAACAGCG

Human-GAPDH-R: ACCACCCTGTTGCTGTAGCCAA

Human-GJAI-F: GGAGATGAGCAGTCTGCCTTTC

Human-GJA1-R: TGAGCCAGGTACAAGAGTGTGG
1.2.3 EEEEENITF(Western Blot, WB)  Ji] BCA & 1k i)
KGRI R, L 20 pg /E 0 PR A BT S A E A
REEFR, T 5% loading buffer J5 100°C 8 34, HLIK(90V
20 Z35P +120V 40 53480, B (300 mA 90 434 ) 3t A (HERG R
WA W 30 2340 ) , — B & (E-Cadherin 1:1000, E-Cadherin
1:1000, Vimentin 1:1000, Snail 1:1000, GJA1 1:500, GAPDH 1:
1000, )4°C 1% ; 3l E (S =Ht 1:10000, L% 1:10000)=
ik 2 /B ECL W2 IR 5% , Image) JRAEAT IR BE 4307
1.2.4 XIJRSLI8(Wound Healing assay)  7~FLH 4 B #0240 i
(RRZHAM 3 AL ), MERESS FITCIA 200 L AHE LY B R
HXJE,PBS I UEMA A0, MUH% DMEM RiR Bk sl iz,
43 HIFE O h Al 48 h [Rl— (7 B3I, L 0 h LAtk UL ER 45 41 4N At
HIEFERE ST
1.2.5 EMLLE (Transwell assay)  FEEGHE L H #9400 0 504
YA, B0 F B, IAZS 11 DMEM $537 5 | il 1E 34 57 10 40 i
B, TR By 5000 A~ in A /NE 7, 53 inzs 1 DMEM
FEFRHEAN 2 200 L, N R 5 GG f (B /NE R ) e A b
FEIE A SE SRR ARSI 3R 24-48 h R U /NG RBR/INE O
EFRHE PBS T UE, HBEREIE 15 4080, 0.1% 45 fh 5 4% 30 43
BRI E PRI RBR/NE [ R AIA, 518 WA
AL R IR /NG T R T AIE, BFEHLEIUINE T 3R TH 5 S EHA
FEIFXF LT P P 20 B 48

merase Chain Reaction,PCR )
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JE R UR B R L I AS R AR B A O (P<0.05), 1 5 AR A AT
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M & BLAE T 2R IR Rk GIAL R o 22 1 Ak
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Fig.l The expression level of GJA1 in 92 pairs of colorectal cancer tissues and prognosis of corresponding patients
(A.PCR ZEES T RAGEMEAAT GIAl WRIABEZRTEXEEZEHSA;B.C. Kiplan-Mere SR REEBERE GIAL RFASMEE
EEMLTREFERABRBRTEREE, )

(A. PCR quantitative analysis show that the expression level of GJA1 in colorectal cancer tissues is significantly lower than that in corresponding

paracancerous tissues; B,C. Kiplan-Mere analysis indicate that the overall survival and disease-free survival of patients with low GJA1 expression are

significantly lower than those with high GJA1 expression.)

22 % HCT116 TR iE GIAl 4tk Fi 49 HCTS AR
GJIAl AR &

TEAR KA GIAL W% B 4 i 2 HCT116 H%E AA
GIA1 B[ 5 5 0 BRL S, 4 3 48 Tt B 2 2 1 R 400 i R
RNA, K HF R0, & GIAL 25 235 Fl mRNA kY
TR (P<0.001)(NE 2 A.C), [FIFE, MRS GIALRY
HCT8 h7Ef% A Si J751)5 , GIAL £ A A mRNA Kk
BREAR(P<0.01) (& 2 B.C),

2.3 WRIAFARUE GIAL XF EMT RS FHIR M

Western blot 46; ] 4 Fi 21 Jifd 1= 28 5% ¥ A G 19 B P E-Cad-
herin N-Cadherin . Vimentin  Snail 7 [ #3450, HCT116 33
iK(OE)GJAL 5754 (Vector) H #% : E-cadherin & [ %35 B B
&1, N-cadherin , Vimentin , Snail & /4 ¢35 00 B &A% (W 3 AL

B). HCTS ik (Si)GIA1 5%} HR(NC) tb 4 : E-Cadherin 8 H 3%
A F R, N-Cadherin , Vimentin . Snail 7& [ 348 1 F 7}
E(NE 3 AC). IERMA TSR R GIAL el 4 B
TR AP ) e BT R AR 3R A, W1 APUE R GIAL AT figil A 1
VAL AN EMT R4S R 28 .
2.4 WFRIEFRCE GIA] IHHRIE R R BE TR
Transwell FIRIIR FE0 25 R 7R . 76 HCT116 diffirr, i 3
FKGIAT W {fi Transwell /N ER B SIREAR(UNE 4 A), QIR TE
FFREF1855 (N 4 C); 78 HCTS 40, Mk GIAL W] 5k
Transwell /NZ=FRE (UN[E 4 B) RAIRICTTREI (AN 4 D). ™
Pl N R T e 52 06 5 20 GIAL Ged I 45 T % s 4a i 4 22
.
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% 1 GIAl BRIE S BE R RBREREXE(n=92)

Table 1 Patient and tumor information statistics(n=92)

Low expression of High expression of

Groups x P-value
GJA1 (62) GJA1 (30)
<65(45) 29 16 0.348 0.555
Age(years)
> 65(47) 33 14
Male(48) 32 16 0.1 0.751
Gender
Female(43) 30 13
Right hemicolon(35) 23 12 0.072 0.788
Tumor location
Left hemicolon and retum(57) 39 18
<5cm(51) 37 14 1.385 0.239
Tumor sizes
2 5cm(41) 25 16
[+11(44) 23 19 5.609 0.018*
Stage of TNM
1I+1v(48) 39 11
Low and moderate (74) 56 18 11.812 0.01*
Differentiation
High (18) 6 12
To mucosa and submucosa layer (26) 10 16 13.803 0.00071 ***
Invasion
To Muscle and serous layer (66) 52 14
Lymphatic vascular No (64) 36 28 11.878 0.001%*
metastasis Yes (28) 26 2

Bold represent significance: *P<0.05 **pP<0.01 ***p<0.001.

HCT116

134 i HCT116 HCT8
) s
;3532- i 31 o Vecor OE NC S
b 1. o
ol ; | .1 [ T
Z% =+ 3 z | |
= o £ 8 ———
£J 5 Ko S GAPDH [ .
o_
Vector OE 0.0-

NC Si
B 2 GJAL T RIA RO 20 A0 7 1 9 RNA FE B RIZER
Fig.2 The expression of protein and RNA of GJA1 after overexpression and knockdown of GJAL1 in cell lines
Note: Data A were expressed as xt SD, n=3. P<0.05, compared with Vector group; So as data B, P<0.05, compared with NC group.
(A,C. PCR #1 WB #&ill%E X\ GIA1 33Kk £k HCT116,GIAL ) RNA 1 A7k FEHF5;B.C. PCR 1 WB #&lE N\ GIA1 B HCTS,
GJAL B RNA FIZEBKFH TR, )
(A,C.The results of PCR and WB show that both RNA and protein levels of GJA1 increase when HCT116 is transferred into the overexpression of GJA1;
B,C.The results of PCR and WB show that both RNA and protein levels of GJA1 decrease when HCTS is transferred into the knockdown of GJA1.)

A HCT116 HCT8 B 3 HCT116 C 3+ HCT8
Vector  OE Si I Vector Em NC
. B (=13 Si
E-Cadheri = =
. 3 2 o
N-Cadherin SR s :
=y [
Viment = E
1] ]
Sna
0= 0=
E-Cadherin N-Cadherin Viment  Snail E-Cadherin N-Cadherin Viment  Snail

B 3 GJAl dFRFFEUEE EMT HHXEBRFRIE
Fig.3 Expression of EMT relative proteins after GJA1 OE or Si
(A,B. WB #&il HCT116 ji33i% GJA1 jg,E-cadherin #75 , N-cadherin, Vimentin, Snail [5{f; A,C. WB #ill] HCTS #iJi GJA1 Ji5 , E-cadherin [&1f%,
N-cadherin , Vimentin . Snail 775, )
(A,B. WB results show that E-cadherin is increased and N-cadherin, Vimentin and Snail are decreased in HCT116 overexpressed with GJA1; A,C. WB

results show that E-cadherin is decreased and N-cadherin, Vimentin and Snail are increased in HCT8 with GJA1 knockdown.)
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B 4 GJA1 BEFniE RiAF Transwell 1 Wound Healing SE36 45 R
Fig.4 Changes of Transwell and Wound Healing after GJA1 OE or Si
(A,B. Transwell 32367 : HCT116 33 3% GJA1 f5, Transwell /N TS 4R AE0RE 2, HCTS 3R GIA1 f5, Transwell /NZE TS 4RAR &8 0 ; C,D.
Wound Healing 2375 : HCT116 i3 %% GIAL f7, T B EEE R, HCTS Bm GIAL /7, T EEEEM, )
(A,B. Transwell assay show that HCT116 overexpressed with GJA1 reduce the number of migrating cells comparing with Vector, while HCT8 with the

knockdown of GJA1 increase the number of migrating cells comparing with Si; C,D. Wound Healing assay show that the migration distance decrease after

HCT116 overexpressed with GJA1, while the migration distance increase after HCT8 knockdown with GJAL.)

3 9fig
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B, SR T AR A 1) B A B 5 A A b R 2 ) B A i
PO ARG AR R FE RS | A0 RN S 3T R AN R 4 4L 0E
WA AT REA EEAE AN, WA, A& T EMT AMUZRH
LENVE R B —FhEE 2 )y 2, i Ht T 5 B 20 8% B ke
AFIFRNEE , BAMEE T M AR —Fr, SRmiE
Jio gz i, EMIT i 200 i G 2505 I R et 900 4 L AR P 3t
O MBI s D , Pt R v B - 7 3 A e 4 B R A% 1
() SR, Fie A2 3 Re Sy a5 , By 1n) J) [ 2 4R 28 R ik
TR,

ELEAE VR RIFTE N R s i) 4= 28 R0 2% e R e g 240 i Fr
EMT Z )36 2, EMT [5G0 8 4 b 57 Ak 2 1 E-Cad-
herin A1 [&] i 43 4iF 2 14 N-Cadherin , Viment , Snail \ Twist 45, |-
FEREE B (2R 0/ ] SURRAE 2R S IR EMT SERE iR
APEHEP, Jalal M Kazan 55 ATEFLIUE RIS &K B GIAL
Bat Rk hN T b J2 B54E 2 14 E-cadherin 1 zonula occludens

1 (238K, TS5 B-catenin 7E4A MR |42, Meiling Yu
S AR/ INA B i 988 A9 7 24 W 58 & £A ( Cis-dichlorodiammine-plat-
inum, CDDP ) (¥ 251 55 H & B Cx43 )3 Z2ik 13654 T it CD-
DP filif 20 i ik 2 i) EMT 1 CDDP i 2542, [RlEE , A 5%
W HE GIAL o A R A4 ik , £ ) E-Cadherin \N-Cad-
herin ., Vimentin £ Snail f{)Z35 , 1IE S 5 T EE GIAT fiji]
S HpEA G EMT 32, D) eI M SUn gt 1145
¥R GIAl 585 mNEER B, BRI T
GIAL JA¥EE5 H)se EMT 9 BARPLE] # At — DR 50 (B A
MR FE T, RRl Cx43 25330 Wnt /B-catenin {5518 B Y75 14
145, [FIRT Wit /B-catenin {5538 B% (19 T i R SR A i35, 1N
E-cadherin K ) F A/ ¥, Wnt /B-catenin i} #l TGF-B {5
5l SR R EMT JER2 [ 4 25 2558 2, TGF-B {5 518 fi%
FE MR R R AN RIS 6T ek (94 FHASTR] . {H Shuhei Fukuda
7E U208 41tk % 3, GIAT ikt iRt A8 R0 TGF-B {5
S

GIAL fE AR R F N, B E R
AT, B R WS MRS — R Z 1) GIAT B
817 J5# . Renzhen Chen 45 & ST filifs AS49 4l v i % ik
GJA1 J5 Rt K cyclin D1 F1 E1 (&M IT B A HI© 41093
ik, [H N Cx43 AJ LA AKAPYS se 4145 4 cyclin E1/E2, AT
2 Cdk2 3514 Rb B {6 DNA S5 4EF G1/S #45, {H
AT T HBT L Cx43(GIAL-20K) B LT B T GIAL
TEARF AR PRI EA R — BT, GIAl MURRHHH
HAEF I Cx43, & RIBHE TN GIAI20K, # N
GJA1-20K & 75 HY mTOR Fl1 MAPK-Mnk1 / 2 i B4 76 500
JFH GIA1-20k F] F%#40% N-Cadherin [ 5 IfifiE EMTOY,

AR E A, GIAT 45 E w412 h bR AIK, vl
25 s A EMT, S dil AR 22 RS o I R ERARAE
SrPTRUIZE B GIAT ARSRIA 5 IR nY =28 555 b
HEWEEAT ARG, B ZE5A GIAL W4 B B B a H 250 5
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