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B BAUF AR Cre /MR 22T, 3545 Tie2-Cre/Cx43™ /N, FIFH B PCR IR & iE 173 AU 458 |, Western Blot ¥
RIS HE G AG I /N U 2R 55 _E Bl K (superior mesenteric artery, SMA) H7 Cx43 ik, | B AR TR 10 & 47 A A )
SMA I &F K/ W 4E T RE , A0 25 P 1 R 38075 S AL 4e B 1 A 2 BB RA 3 (0 &F sk S ik . 8558 PCR HLIK
TRV 2, P 2 TR R 25 SR UE S Tie2-Crre/ Cxd3™ /NS DR L , W 2 IR Bl bk Cx43 B a5 5 0 2R AL E
W REMR(P < 0.01) , 5 WT /NG LY, F8 43R5k M55 PN K M Cxd3 5 1 LBk RO 5 %) P B2 A58 1) I /7 467 e
Rk (P < 0.01) . &8 R Cxd3™ ™ /NS 1L P Bz 40 A 57 VE 3 3K Tie2-Cre BE41 /N UK DO by 2
I P R A0 A% R B Cxd3 2 F/NRRL, /N R i 22 168 L Bhiflikrf Cxd3 Fah R MG, FLAT 7k S 1k I Bl BRI, 790
AT MBIFSY Cx43 B HAH S S5 7E 1A D AE TR b i/ R R Ak sh s |
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[ Abstract)

it to examine vascular relaxation/constriction. Methods

Objective To establish an endothelial conditional connexin 43 ( Cx43) -knockout mouse model and use

Eight Cx43"™ mice were crossed with C57BL/6 wild type

(WT) mice and the offspring were backcrossed with C57BL/6 mice. This backcross process was repeated nine times, after
pring p p

which the Cx43™" mice were crossed with vascular endothelial-cell-specific Tie2-Cre recombinase mice to obtain Tie2-Cre/

Cx43"* mice. The genotype was confirmed by mouse tail direct polymerase chain reaction (PCR). Expression of Cx43 in

the superior mesenteric artery (SMA) was measured by Western Blot and immunofluorescence. SMA rings were used to

Tie2-Cre/
Cx43"* offspring were obtained and identified by PCR, Western Blot and immunofluorescence. Cx43 expression and ACh-

measure vascular relaxation and the contractile response to acetylcholine (ACh) and norepinephrine. Results

induced endothelium-dependent relaxation reactivity of the SMA were significantly decreased in Tie2-Cre/Cx43™" mice

compared with WT mice (P < 0.01). Conclusions A mouse model with endothelium-specific Cx43-knockout was

successfully established by intercrossing Tie2-Cre mice with Cx43™™

mice. Cx43 expression in vascular tissues and the
relaxation reactivity of SMA were decreased by conditional Cx43 knockout. These mice may thus provide an animal model
for studying the link between Cx43 and vascular function.

[ Keywords] vascular endothelial cell; connexin 43; genotyping; vascular reactivity

Conflicts of Interest: The authors declare no conflict of interest.

P H (connexin, Cx) J& T—F S EEH,
RETE AN AR b S 3R I W~ 3 3, 12 3 3 2 40 B[R] 3%
FERAS I ) FE A5 A, O B Y AR AR AT
5 88 DL S = R WL S /N1 1E 1 40 L Y T e
HR AR XS 43 B it K/, i 3 i 44 0 Cx26 ~
Cx56!"7 BRI oN, EHE AR OIS REH A
KEFRBIFH L EEENER, LS5 mAE sk
7 A A L SO IR B R R S O IS RS
KEMEEEHA ETEH 37, Cx40, Cx43 LI
Cx45, Horp, Cx43 7E.0 M REH EHZ 32
Kk N T AN Cx43 TEMiFLsh By b i 1
FH , Reaume %5 15 501 FH 3 IR 4 B0 B R (Sl ik B AR
JET A Cxd3, SR G TEST & C57 /NI EH )
FHET Cx43 (2% A F bR/, B S Heet 257
Z/NRAIESE T Cx43 7 Jili 1 A8 7 5K 52 0y 4 8 3 op &
VEEZAEH, HRRXF kR e Ee Gt 2
MR Cxd3 BY/NRBRL, T Cx43 7EZ 1A% B 441
HA )2 oA B R EARTR AR, X 12 R
AU TR 8 B ko b B — 2 19 5 R
P T H A DG FE S Cx43 @B/ UL 7 4
K H D RE 5T B B 1 >, Rk, AR BESECR A
Cx43™V™ /NG LS P Rz 20 I R 5 Pk e 3k Tie2-Crre
AN K CSTBL/6 i 2R HF A AL/, A
BN A S PE R BR Cxd3 8B F /N R (AR5
AHE IS P B A0 2% P R B Cx43 2l T/ R
PERAETAA T /R A EZE B AR A ARG
T2, WATET SRS vHe R AT TAGR) |, IfiE it
PCR %7 5L [ 4 DNA  Western Blot F190 5 92 ' e
RN M S Cx43 FRIBSF I IEIEATIAIE , S8 )5 o I

A BRAFIILAE PN B A0 P 2% A P R R Cxd3 225 1/ B
i Z 5 I Bl ik ( superior mesenteric artery, SMA) fi¥)
1048 S PR (LA W 4 R 5K S W ) o A BRI TR
AWFFE Cx43 12118 DI RE b B4 F 32 A1 B850 14 3l
L

1 #R57E%

1.1 ##l
1.1.1 SEEshy)

8 N (MEREA K ) SPF K Cx43™ ™ /R H 3
Jackson L By E (3 WK E B UE 5.
1611A14822) ,2 HIfEE SPF 2% Tie2-Cre 41 i/ il
W F VLIRS AR 2 R E R IR 003 A PR W) (S Bt K
- AW E 5 BE) [ SCXK (75) 2020-0004] ,
C57BL/6 /NS R B 2 0 I 2 0 SE 36 sh i v 2
HE SRR TR R A e O SR B ot SPE 2
YA FRIREE [ SYXK () 2017-0026 ), [ SYXK (%)
2017-0058] , 4Rl FE M 1E] A HAROKIRE . TSR .
A EEA IR MR TH A2 (40% ~T70% ) |, i FE 3 il 7
22 ~ 24°C , FTABMENRT G IR SR sh )
FEAE B A 2% 1 2R (AMUWEC2020034 ) .
AR Cxd3 RRZR AT/ 10 H 8~ 12 JAllE K
20 ~25 ¢, LI AT 0.03% 19 % B EL Z A
(30 mg/kg) PRI, A FE I BUIM A5 EA T Je 22 5000
112 EZH SR

FUEAS IR & (L35 DNA 2 EGAF A PCR
K F)) W B 3¢ E Bimake 2% 7 ; 75-F K ( Krebs-
Henseleit , K-H) ¥ F BC , Be il orids 25 53390 [ 4 T
Y TR L) M ABRAR, L E L REY
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HKEL (hE) A RAR, ZBEARGEE A A4 T
AW TR (W) B A A E R AR
(RIPA) Iy H 3 [ MCE A ], Cx43 —$i 4 H 3£ [
Sigma 23 A, IEHLRAPL/N BRPEOE P B =
Jackson Immuno Research 723 &), B BR 3k 2% np W
(PBS) ¥y 3fI A A th A2 G A A B R B IR A A %
PEDE YU H 3 CST 2 W], DAPL Wy [ ¥ [{
abcam A\ H)

PCR ¥ ( Bio-Rad, 3£ [H ) , SUEALL AN KA HOL R
St (LI-COR, M) , AW YI FL(Leica, f2H) , HOk
R R W FUBE ( Leica, 8 1)), fof 1L 45 5k 7790 52 41X
(AD Instrument, #RKF)
1.2 Ak
12,1 @ PR/ FRURE AR Ay gt

Cxd3"™1 /N B AE 5 5 it . 6 2 M
Cx43"™™ N 1 HBEME C57BL/6 /)N BB 1
F5 495 F1 AR/ SR G X T FAR /N RS [ A
PHATYE VR EEI ALK Cx43™ 1Y F1 /NRAE Ky 35
AR R S R < = 2 1A E 4k 2 S B Y
C57BL/6 /NRGZEHATINZE 15 8] F2 PR/, i
LR T Cxd3™ () FARAE S SR AR R AT 0l 32, 4K
WIIZE 9 YK, EFEFEH AL, Cx43™ 1Y F10 AN [A]H:
BN IEAT B3, ik £ 5L AN Cxd3™ ol
Cx43™1 5 Cre /N Bl 22 it 7] 3K 15 Tie2-Cre/
Cxd3™ /N
1.2.2  JERAI%E

INEUR ARG 2~3 JEHE TS5, JFE 2 mm KB
FUEY%E, ¥RV 1.5 mL EP % i IRk &
VLB 42 L1 A DNA 2 B0, A 55°C 7K 14
H1 30 min, &5 95°C T8 10 min £, Flox 54
51 8 % 5 5 -CTTTGACTCTGATTACAGAGC
TTAA-3", T U5 ¥ ¥ %51 5° -GTCTCACTGTTACTT
AACAGCTTGA-3’ ; Tie2-Cre 519 5141751 5 -
GCCTGCATTACCGGTCGATGC-3" , T i 51 ¥ ¥ %)
5’ -CAGGGTGTTATAAGCAATCCC-3" ., WK Z& 1
J5 20 pL: 2 x M-PCR Mix 10 pL, b #7519
(10 pmol/L) 1 pL, TG4 (10 pmol/L) 1 pL,JC
fiti7K 6 WL A DNA 2 WL, J2 0 2k (4 Fi BRI S5 51
e PR T B Flox:94°C 2 min; (94°C 20 s,
65°C 15 s, FMEHFE 0. 5°C ,68°C 10 s) x10 JEFF;
(94°C 15 5,60°C 15 s,72°C 10 s) x28 fg¥,72°C 2
min, Cre:95C 5 min; (95°C 30 s,60°C 30 s,72°C
45 5) %30 fEFF;72°C 5 min, §HELEHREH 1. 5%/

S HHEE I EA T FL UK (B RE A 10 pl) |, AR HL Tk
SERR Y E /N RIE R A
1.2.3  Western Blot IEK: I Cx43 25 7 SMA
Rik

BN SMA A SRR AT 19 5 26 1
B RIPA , BB 5 7E 7K L 246#% 30 min J5 250
(12 000 r/min, 15 min,4°C) , B ¥ G0 FAESE vp
W ,100°C T3 5 min i 25 (1221 S8 )5 il 45 10%
SDS-PAGE 43 B¢, AR RRALR 30 pg, Cx43(1 ¢
5000) F B-actin( 1 = 7000) i FH — Bt H B W 54T Hi
B, ZHONILEEST R ST/ (1 10000) , FWLEE
AN R G, IR AT Cx43 IR Rk E
1%, H Quantity One 43H7 8 1F 32 B4 2H 96 61, IF
Pl B-actin fE NS M FA R, XORET
ANTRIAN A () B 2 00 /0 BRI A8 2 2R AR T AT 4G
SRR 3 Uk, X 45 AR R Rk T e i 2
G307 .
1.2.4 DA Cx43 25 F7E SMA Hh ik

Bk BN B SMA TCA VK 1) 49% 22 58 F I [ 58
24 h, SRJ5 AR B W O RERE K, 40 B AL 3 S 1)
R 2 s KA bt s B = 0.3% TritonX-
100 W 3 min, A1 0. 1% 4 1L 3% & = 6 3 A
2 h SRIGIFE Cx43 —Pi(1 = 500) 337 ; ¥k H In — 9t
(Alexa Fluor 488 ,1 : 200)37°CH% 5 2 h,DAPI 4444
JE PRI I R B R d e 3 R AR R
Mg
1.2.5 /B SMA Il A&7 5K/ W46 D g kil

HUNE SMA il 25 1048 58, 6 Ho: T8 K-H
R TE TR B A L AF 30 min BEA% 1 UK K-H W,
TR 4 YRS A B A RO T 0 TR , R IR AR
IREF- 5 15 P K-H AR E 30 min, 285 )16 R
RO A L B LR (NE, 293 EN 107,
107,107 .107° 107 mol/L) , Ff Wk 4ii i5 ) F & W 5
fia) 9 K RO A 2 B REBR ( ACh, 2R R
107,107 107,107 107 mol/L) ., &I = FAVA
HTA Rl K 1 EA T, = BN 1 A8 PR 46 18
-SRI IIE R T, , 0 NE 157 9 3Ll 5% 1 {E N
T,” N NE J& L% S0 45 358 B)°F & 30 i 5k (i
T,” I ACh J IfiL 38 38 &7 7K 38 2°F- & W R 5k J1{E
T, , 53 3R FH B R WS4 5K 07 FN&T 7t ok 2 Bl 4 i
EP IR SORE WA S = (T, = T, )/ (T, -
T, ) x100% ; Il % &F 5K K b Pk = (T, = T,)/(T,” -
T,” )x100%" """
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1.3 SitESH

FH SPSS 18. 0 Geit B #EAT S 143 Hr , 92 56 4L
o LE I AR MEZE (% + 5) Fon, R « KT HL B
HZIEMZES, LLP <0.05 £nEFAABEN,

2 #ZR

2.1 MNRERBEE

FEPR A1 Flox 4l LTRSS A 580 bp 4% , 24
A 024 580 bp F1490 bp AUEAF | BT A BN A 490 bp
257 3 Tie2-Cre PHMEHLKES S0 481 bp, BAM: N G 4%
M EA RS 1~6 RN, 1.2.3.4 5
J& Tie2-Cre PHPE/NEL;2.3.5.6 5 4& Cxd3™™ J)\
Mo ZE A4 R EW, 2 5/ 3 5 & Tie2-Cre/
Cx43™™ /N, B 1B S 7~ 12 2[R B/ R
11 f1 12 5 J& Tie2-Cre FHYE/NE; 8 1 11 5 &
Cx43™ /N, HEESEREW, 11 5 & Tie2-Cre/
Cx43™*/INERL ., J5 22 52 36 L[ 119 68 A i ik 7 X
M T Tie2-Cre/Cx43™"™ i & F/NEUk B 218
A TEARAENBET 18 B 55 b i B A A8 R 2 6

Cre

FR AN AT IR L5550
2.2 MEARK Cx43 BB/NREBRIZEIE

[ 2A "' Western Blot £5 5 g7, Cx43 @RS
TF/INEL SMA i Cx43 28 1 &35 K7 B B FRAIC, 5 187
A AN LR A B EME(P < 0.01) . K12B,2C
HRAR T A R R B A AL/ N B SMA 45 Ik PN B2 T
Cx43 FELLFRIR 1M Cx43 @RI G T/ R SMA 4 1
PR THT Cx43 FRIRFEAG, 2 Sk AR 22 1t BT 24 Ak
I, S EPAE RN R A U I A
2.3 REEBR Cx43 FXT/ANR SMA I & &F 3/ I 45 Th
A

& 3A NEF A RUFD Cx43 BEBR 224 T/ Bl SMA
AR/ STk th £, &1 3B A 045U 4 1) RE A
M SETTE5 A W | 5 P B 40 M 25 PR R Cx43
Z25 T/ SMA X NE 755 19 Wi 4 Js g 4 5 85 4=
RN TCH 25 5 IRl 3C 1 am A5 &7 5K T g
KIS0 1145 5 7, Cx43 BB 24 & 7/ Bl SMA
X ACh 755 19 Y B2 AR P 10 67 5 B iy M B 35 PRI
(P <0.01) fCHEAERUNR 10% 2257,

Flox

A M 1 2 3 4

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

481 bp 481 bp

2000 bp
1500 bp

1 000 bp
750 bp

500 bp
250 bp

100 bp

481 bp

6 1 2 3 4 S 6

580 bp 580 bp

580/490 bp

TE : M Marker( biomed , BM2000 5}, BM2000" ) ; A ; Tie2-Cre/Cx43"/ M /N % 2 8] (1~ 6 s /N R4 5, Hoh, 2 51 3 52 Tie2-Cre/
Cxd3"1% /B 3 B Tie2-Cre/ Cxd3™* /NS E B (7~ 12 TR /NSRS, b 11 52 Tie2-Cre/Cx43™* /NR)

1 /NERIE R ) S e 2
Note. M. Marker ( biomed, BM2000 or BM2000" ). A. Identification of the genotype of Tie2-Cre/Cx43""™ mice (1~6. The number of mice

littermates, 2 and 3 are Tie2-Cre/Cx43™™ mice). B. Identification of the genotype of Tie2-Cre/Cx43"* mice (7 ~ 12. The number of mice

littermates, 11 is a Tie2-Cre/Cx43™* mouse).

Figure 1 Identification of the genotype of offspring mice
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WL HE

Ratio of fluorescence

43 < 10°
40 x 10° 0.6 -
Cx43
35 x 10° K 0.4 7
42 10° o
40 x 10° 0.2 7
B-actin
00 -

35 x 10 7 A 20 Cx4%r&F’% 3a
WwT

Merge

7 : M ; Marker( Thermo scientific,26616) ; WT ; 274 %, KO . Cx43 ir&lz/%%ﬁ%;A;Westem Blot &1l SMA H Cx43 AYFRIK ;B ¥ tt{EE’J?}iﬁ[&],
HEpARIM L, P < 0.01;CIF % SMA ' Cx43 33k,
B2 KiE Cx43 BlRZ S T/ SMA 1 Cx43 [RIATEN (n=3)

Note. M. Marker (Thermo scientific, 26616). WT. Wild type mice. KO. Heterozygous Cx43 knockout mice. A. Expression of Cx43 in SMA detected

Cx43

lingapeiv}
WT

Cx43miBR A&
KO

o

by Western Blot. B. Statistical plot of fluorescent ratio. Compared with WT group, ™ P < 0.01. C. Expression of Cx43 in SMA detected by IF.
Figure 2 Verification of Cx43 in SMA in heterozygous Cx43 knockout mice(n=3)

B 150 ¢ 80

ATV
01 YOV

W | 60

WT 100 -

~f---=—- 01 aN

40 -

W 2 R (%)

Contractile response(%)

50 -
20

(e EEECEE F DEE SEEETEE N0 §: [\
EF K B E(%)
Relaxation response(%)

e R »01 AN
P===={=====re--7-y--—1+01 AN

fetetetdt e o1 oy
A B o7 yov

\

PR
WT

L e C\ﬂmb At
WT

T WT BF AR KO Cx43 MR 7 5 A AR M A W/ &7 5K I B« 08 Wi SORE R BTt 8T C o 1L A8 8T 3K SO P i e 18] 5 5 7 A= Y
HEL, ™ P < 0.01,

B3 RBR Cx43 JE X/l SMA A 5K/ AR DI RER IR (n = 8)
Note. WT. Wild type mice. KO. Heterozygous Cx43 knockout mice. A. Representative curve of vascular relaxation/ constriction. B. Statistical plot of
contractile response. C. Statistical plot of relaxation reactivity. Compared with WT group, ™ P < 0. 01.

Figure 3 Effect of Cx43 knockout on the vascular relaxation/constriction of SMA(n = 8)
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3 e

VAR [E AN R B, 4 e HE R 43
(Cx43) FRIR AR S HAY W 2 B He il 5 2
ol (AN i | Bl Dk ok R R AL A5 ) 1Y R A K
JRAIASC S (R ELRE FBLES A 5 i
FE L MAE Y- LA R P B A e R A B i 4 Y 32
FEYNM, e AT] =2 1) P R E R T O I A e B A B A AR
MR ZLNES . DRI, A8 A I 47 o UL 4 R 5 P Bz 4
LS SRR Cx43 BRI IR AW ST Cx43 T
1A Py Rg o A VR LT A 2 S, I
PECELFE W45 FET 5K S ) J2 48 7 A B0 B 4%
T 48 B BN AE 3 b /N3l kG i 1 e BT sk
AR E ML, DAAERE S B L AR E S N A E )
REZS AL RE ), A S W I T 4 2 g LA R Il 484 4%
IHRERYE EHE AR A S LA A sk Y R 4
Jii 2 (B %) % W % 452 36 18 BT A% 3 A A5 5 R I A 1 4
s Farak "

R M (connexin, Cx) J& T iy FE IR SF ) 2R
1, AT 3E P 4% Bt 1% 4238 18 2 5 20 i P9 A1 S 4 i
() 40 A JE A Tk (B9 B 422 9 F R Ak 238 i 5 )
T 317 A L 9 18 L A B 08 1 55 22 o 30 2 3
BB AT s TEEEL B i R B i R
HA 21 f s R b KRR iERED 284
Cx43 .Cx40 ,Cx37 DA Cx45, Hip , Cx43 PRIHAE O L
ARG Ry E AR A A2 B O0CH: , B A A& -1 AL
255 05 P9 R A R AT e AR BREEXT T
PERER Cx43 246 F/NRIOBFR R | S BEAALIF
S I A4S A 5k S PR S AR RN BREE BRI
REALY

Cre-loxP HE41 F 48 H AT J2: mi R B8CR AR R 8 5
LA B — B AL AU S PR B R R 1 R R AT HE &R
Bt ARG R WSS BROR AR AT S5 A TR i
R/ IR, — 28 R R A 1Y flox /INERL (25 H 1Y
FEA AR EHGIA loxP A5, 75—/ Cre A
it 5 L DR /0N B (45 ol 2H 280 400 i A 5 T i 5
P33R Cre EHAHE) 2 OARHRIER Cxd3™ ™ N
55158 N B AR LS S 1 K Tie2-Crre H2H il /) FLE
7ACHD, Seidad FE PR 4 DNA Y852 | 0ok S i % P B2
M Cx43 RBR B 28 & T/, SRR i — 2 e ik
Cx43 TEIMAE H R E R IR R TR v R i
R Cx43 X L &P 4a D RERREMA . BFFE 4 2R o | I
N A A R R Cx43 22 AT/ R L

Bk Cx43 A FRIBAKT 55 A RN R LR
REAG, FLAT 5K O 1 5 9 A 780 /)N B L 3 d 2 BRI
AHIFFEAE L S 0 rp 0L ST IS Y R R S AR
Cx43 M aliA /N R (B AR SC g ot f v 2 9E, B
IRAENS B I 3R 1S Tie2-Cre/Cx43™™ 441 /N,
AR08 ARA 5 (A E 1 I A 4 fm] B B At
FERBUNEL, I BI7E 4~5 RINSET:, FRATHEN H
AlREIR AE T Cx43 7 Z P IE A% (0 H& K 50
M4 RS0 M AT SRy Pl EEER -
BIRATRH T IMEFFFPEMN Cre /NRIE TSRS, H
T AR Cre /DL BRI RE B Cx43 41
HBF/NREA AR LT WA T BIE D655 1
O, X B G /D REEM I I 808 AR /A
NEIET . BATF — R 5 R Tie2-Cre
IINERHEA T A, AR I R S P B Cxd3 sl
F/INERBER e A, 5 DR 2H I A AUF 5 v ek B A7
FIAATHY ST, BA & o B 45 FORE 00 S50 R
FATIAE T — 20 5% v i — 25 56 3% Xt Tie2-Cre/
Cx43™* A3 /1N BURM JH: At 366 PR 78 /N B A ) P A
SEYS, AR AR R /N BUBT R AE S TE R M
L BITIR AW 5T 56 B T LAE PN Rz A0 A
R Cx43 26 F /DRI T AT 45, X Cx43
SR B A A /I BRI A DI RE A A S8 IR SE T Cxd3
FE IS D RETA Y v ) AR, U HJE X 48 N e
WP R EF SR DI RE AR MR T, PR A SY Cx43
FE LA DI REE 19 vh 19 7 F 5 AL ] 2 AL B 10 B 1
B
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