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Role of inhibition of phosphorylated Cx43 by PKA pathway in treatment for traumatic brain injury
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[Abstract] Objective To investigate the effect of inhibition of phosphorylated connexin (Cx)43 by protein kinase A (PKA) on the
treatment of traumatic brain injury (TBI). Methods One hundred and twenty rats were randomly divided into 6 groups of 20 animal each,
i.e. sham operation group, treatment groups, 1, 2 and 3 in which the rats received peritoneal injection of 20, 40 and 60 mg/kg 8—Bromo—
c¢AMP respectively 1 hour after TBI, vehicle group in which the rats received peritoneal injection of dimethyl sulphoxide 1 hour after TBI
and TBI group in which the rats underwent TBI only and did not receive any treatment. TBI models were established with fluid
percussion device in the rats. Ten rates were sacrificed 48 hours after TBI and their brain water content was determined after the
behavioral disordes were determined by Neurological Severity score (NSS) in all the groups. Another 10 rates were sacrificed 48 hours
after TBI and their hippocampal astorcytes were obtained in order to determine the expressions of extracellular regulated protein kinase
(ERK)1/2, nonphorylated (NP)-Cx43, glutamic transducin (GLT)-1 and Na-~K—-ATP determined by western blot and glutamic acid (Glu)
by high pressure liquid chromatography. Result The levels of NP-Cx43, GLT-1 and Na—K-ATP expressions were significantly higher in
all the treatment groups and sham operation group than those in other two groups (P<0.05). The levels of ERK1/2 and Glu expressions,
brain water content and the scores of NSS were significantly lower in all the treatment groups and sham operation operation group than
those in the TBI and vehicle groups (P<0.05). These changes were 8—Bromo—cAMP dose—dependent. Conclusions Activation of PKA
pathway can inhibit ERK1/2 pathway, and up—regulate the levels of NP-Cx43, GLT-1 and Na— K- ATP protein expressions in the
hippocampal astrocytes, which can reduce the contents of brain water and Glu on the brain in the rate with TBI.

[Key words] Traumatic brain injury; Cx43; GLT-1; Na—K—ATP; Glutamate; Expression; Roles

Fii i 452 475 (traumatic brain injury, TBI) 2 PE 3]
IR B 7K i 2 3 B N R M T BB R 2

doi:10.13798/.issn.1009—153X.2019.04.012
BAWUH  FHRK A AR 4 (81701231) 5 LilETT A AR 4

(16ZR1431500) ; |1 T 48 X BFE R AT H (PKJ2016—-Y31) ; |
T A P2 2 Bt b - L4 (SFP—18—21-13—007 ; SEP—18—21-13—005)
VEFHA : 330008 R &, BB KA — M m BE B 2 508 )
201299 1, 1At R S 22 e B L IRRIRT 48T XN B R B il 241 Bk
(B - ARk 2 2FA ) 5210009 B 5T, T 57 BERR R 2 55— I 12
Berhes ekl B )

WIRAER B %, E—mail : zI_nirvana@126.com

— o TBLJE i ZK i) % A Bk S AL e S 2%
BANARERI . BEAERFERM, I 45 5 240 i
AME 5 R 1T B 1/2 (extracellular signal— regulated
kinase, ERK1/2) i 12 (1) 0% 7 B0 00 2 B B2 1
(connexin, Cx )43 BERR Tb /K V-4 i 25 DIAH G, 7 3L
1% % 4 A (protein kinase A, PKA ) A 38 i “ 7] T4



oG R P2 A MR 4R 201947 4 A 5524 85548 Chin J Clin Neurosurg, April 2019, Vol. 24, No. 4

=227~

OV ERK 172, I Cx43 BEfR L™, ASHiF
eI AT A7 KB TBIAR A, #8155 PKA #7549 cAMP X%if
KL TBI G A2 THRE A7 B 52 i S AL

1 RS

1.1 E%ahan Aoom 120 23 7% R HE 350~450 ¢
(Y IEVE SD KRB A Eig SRSt i s YA IR TR
F] (P ICP 45 05033115) [FHLA A 6 41, RE41 20 H o i
TR/ AR CAMP 4 IR 4] A4
R BRU AT FH 25 1 i i B 1 2 e o I YA A7 XN IR
B 5 M o BE R R 22 50— P i 5 e S 9 sh W (e 2
R,
12 A s AT RS TEH R TBL
B, KRR R b AR |, 8158 T AR S50
B o KA IE 43 2 U IT B IR A B, 2% 688 A ) T
o FAREESSTIT 3 mm EIRAE)S 3.5 mm &b, R AT
P B B FL— A, TR R M, TR AR o — 5B fL
KONARTRI /NI 6 W48 5 i T 3 S KRR
(A TBUFRME) W 74T o

B AR cAMP 21 7€ TBI S 1 h I8 s i 4
60.40.20 mg/kg 1) PKA 3 {i% %) 8- Bromo-cAMP i}
J7 o VRIRAIAE TBIG 1 h S 1 5 c AMP 5 6 — FFY 3
AR 10 plo BT A A A2 55 A il 2 1T AS 25 7 W
FIilio BBV EFT IR UG AN TAR L,
1.3 KEAAP LI EIF4E TBIF 48 h, 410 H
SRR FH #2245 405 7 R B 9743 (neurological severity
score, NSS) WAL M2 TN fE . SR HXUE 15, IFHR Hi LA
RN HEA T REAR - P2 FUR B T 24 30 em, WA A
TR, 1E IR BRI AR AR b e e b T, 2R 22 ) Y
JE AEHT UL, TR 4 43, 45 00 0 43 K B0 T
M b, o3 AE (B )R RS 2, f A fkditis
SBE T, TEH K B A BE T BB X B, AR AT A 0]
ZEMAL S, J BBH 7 R BER AR B8 T R AR L A
[F], PF 2R 1~3 43 5 $4 3l P i A — 4 J I L, e
VAR AR 5K T, 1 R BRI R 1 e 0 BH S XA, 4
R BAE T LK T B AR HE T B R L T
0~3 743, HR4ELL EPEAT 43 10 43, 40 BBk &, Ui ]
SR P 25 D) R AR o
14 K mw B8 NSS PEAG 1 s b st , i
SR , IR BP0 KR 8, PR R A
ZEFAT, 110 CHEZE 24 b, DA KM T8 . SKHE=
(R T — R ) /R HEx 100%
1.5 %9 P i ik k) & ERK1/2. AE 8 B2 AL Cx43 (NP-
Cx43) . & # B % 12 & @ (glutamate transporter,

GLT)-1 & 4h%7 ATP B89 AL TBIJ5 48 h, BR4HHL 10
FUR R B S 41 20, FHUKYS PBS PRI ; InA
RIPA 246 2% apiik (2 |5 Santa Cruze 2N 7)) , & 1% 1)
BRI, VK EAIH 2# 10 min, 12 000 4%/
min IR0 15 min, W FIEW .. BCAEIEHEH
WP B30 wg MR 1, 22 12% SDS-PAGE BE i Hi Ik
T HE T EEREENENC I b, BB A 2 he FE
JIMA—#$t: ERK1/2(1:1 000) ,NP-Cx43(1:500) , GLT—
1(1:1 000) , 5140 ATP it (1:1 000) Kz N2 H il -3
ik 12 1 & B (glyceraldehyde—3—phosphate dehydroge-
nase, GAPDH ; 1:2 500) (2 [#] Santa Cruze 23 7) )4 °C#%
LI R, TBST IR PERE NC B, FEI A BUR B bR ic
W EHT % =9t (1:2 000; Hr il A AE IR A 7))
37 CIFAE 1 he RAMEEGEH & (P ILEH Ay
BHE AT AT B8 . Image J BAF 04 K BE(H, A
X} 2 i =( H 5 & H/GAPDH )/(Sham 41 H #5 & 1/
GAPDH)X100%

1.6 &R (glutamate, Glu) 2= M) 2 Jf e EI vk
A3 A4 1 T SH 4045 135 A 0.01 mol/L HCI, 7E
VKIS A0, 10 000 g IRIR 250 15 min, B
W 100 pl, A 10 pl ¥ 52 1 /LB S22 R R N bk
W, R S R AR R AT 2B R FH LC—10Avp (R 30 AH
TS AR E Glu 1 7 &

1.7 %it 547 {811 SPSS17.0 F k- k474347, 11
TR vas 78, ORI, P<0.05 A G275 X,

2 & R

2.1 cAMP 3+ kK £ TBI /& NSS #9 % #f X T R4 NSS
F 045y, KR ZIRESE IR H . A R
T B cAMP 41K BUNSS 4341 8 (8.7+1.3)
3. (8.92+04) 4 . (7.2+£1.2) 4 . (5.4£0.9) 4% . (3.2+
0.2) 3o HERILH FNiA 2 R FRNSS BB - AR 2 B
TH(P<0.05) , (HAR A 2 R 41 K BRUNSS TE4e 1T
2225 (P>0.05) . cAMP Tl , K BUNSS P43 B i
F#AR (P<0.05) 5 1 H. , B c AMP FIH 3611, NSS i %
K (P<0.05) ,{HJEI I & T IRFARLL(P<0.05) .

2.2 cAMP 3 kX £ TBL & im0 42 5 K % 04 %70 (BT
AR BRI R DL AR S A cAMP 4
ki 20 20 55 oK 1 43 3 8 (68.23 £2.16)% | (90.35 +
3.22)% . (91.52+5.13)% . (84.08£3.48)% . (79.20 +
2.48)% . (73.20+3.05) % 5AIZH R 120 K B 2
ZUE KRR F AR B T (P<0.05) , {HARERIZH
B AR RS T KRG %2R (P>
0.05) . cAMP T , K FRUIG A1 4155 7K 12 B f B AR



—228—

P I R AP 22 MR 4 R 2019 4F 4 55 24 555 4] Chin J Clin Neurosurg, April 2019, Vol. 24, No. 4

(P<0.05) ;111 H., i c AMP S 53810, B2 20 5% /K 3
AR (P<0.05) , (H & BT & TR F R4 (P<
0.05).

2.3 ¢AMP # kX £ TBI & # & ERK1/2. NP- Cx43.
GLT-1 R 4A%7 ATP B & A #9%h SR T RAMIL,
VIR ZH AN R 28 K B TBI S 7 5 ERK1/2 635 7K F
I 3875 (P<0.05) , 11 NP-Cx43 . GLT-1 K440 ATP
Tt 2 35 7K - BH 1[G (P<0.05) 3 35 1 20 FIVR 750 26
L TBI J5 ¥ & ERK1/2 \NP-Cx43 .GLT-1 K 4l ATP
fig iRk g it27 22 5% (P>0.05) . cAMP i
J& , ERK1/2 3 35 7K °F- Bl & [% ik (P<0.05) , Ifii NP-
Cx43 . GLT-1 S 4N A0 ATP fiff 22 15 7K F BH (2 38 55 (P<
0.05). WLIE 1,

2.4 cAMP 3 K R TBI & 3 Glu &= 8% n BRFR
2 BRI WS IRAL  DL G P LR A cAMP 4 Bk
HL G KRS H (13.77+1.24) pg/ml , (30.35+4.12)
pg/ml, (31.33 + 6.08) pg/ml, (23.08 + 3.08) pg/ml.
(22.25+1.78) wg/ml . (16.24+2.05) pg/ml., H5 5 25 il
AR B Glu & BT AR W E T (P<
0.05) , {HABE Y A1 RS IR 20 K Ui 5 Glu & i 581
22225 (P>0.05) . cAMP Til)5 , KL Glu & &
A 5 B AR (P<0.05) 5 1M1 L, Bifi cAMP 751 5 384 Tt , Vi 5
Glu & W E AR (P<0.05) , {H 234 I i 5 TR A
#H(P<0.05),

3 3t it

KAEWFE SR , TBL G AR #l 28 2R 48 N %A ik
AR KA ZEEL 5405 )5 WK i s DI AR 2, A
ot s, KETBLE , ¥ 5 GLT-1 4145 ATP il 3%
TRIKSFIA S FEAEG , Glu 75 I 4 v

AR WFFT 7, Cx43 2635 53 1 BE 5 M4
PR REY], Cx MBS B 1, AT R4 4 M 1 5 T
BRI, Cx43 T RM ARG T RERENFE
N R SR RGP I K T R R A
PINSEZR . T2 AT R, 2z in ,
Cx43 FIR A B A2 £k, 17 NP-Cx43 1B g 3 &
Mo SCERES, 9 E — . AR AL, KR
TBIJ , NP-Cx43 7KV B FEAIG 5 457 cAMP Tl
NP-Cx43 7K At . A Foeds i, Cx43 5 GLT-
1 BB ATP il B KGR EE 1, Cx43 BERR AL I3 22 7]
FEGLT-1 AR50 ATP BT REA AR, ARWF &
PR TBL , 45T cAMP #4036 PKA , 38 /il NP-Cx43,
A5 GLT-1 S 460 ATP B 353 2, T B AR
Glu & & \ZE A i /K b o 3 7] BB 2 14 i NP-Cxd3 7=
A APV R BIL]

W75 W7, K R 2 3 B R b Cx43 5, X
Cx43 g BIE S HE AR, DL H BB .C &
ERK Jy 3 45 558 1 1T 7% Cxd3 BEIRAL , 7= A NS Ar

& & ¢ 300+ 150-
g R e X
& E L& FE 2 5
aRans = @ 1
ERK12 s a * g oA
NP-Cx43 -— - @ £
< 1004 & 50
GLT-1 S S s £ g
w
Na-K-ATP _—— R i ] 04 o
I FFESES
R —— & & & &
& @ﬁ & @' & &S
150- 150- B 1 cAMP % kX & TBI 5 i % ERK1/2.
~ [ NP-Cx43 ,GLT-1 B AA47 ATP B & A 64
2 100 ﬂ 100 AL
1=
& o g sap ok 5 1BF KAV, * P<0.05; 5 AR 404,
x a
g i g 50, i # P<0.05; 5 1% /] & cAMP 40 1 48, & P<
) 1 3]
5 ¥ T 0055 % Al F cAMP Lk 4, A P<0.05;
P-4
TBI. fREAR 45 ; ERK1/2. %0 Jo 5% 58 ¥ i

04
B B B P P P
@gﬁ‘ ‘fw ng ’a*‘w &F &
& &

B 1/2; NP-Cx43. E s L e IR & G
43;GLT-1. 5 RER i E G



oG R P2 A MR 4R 201947 4 A 5524 85548 Chin J Clin Neurosurg, April 2019, Vol. 24, No. 4

-229-

5Ok 6 AR S, T PKA U AT 38 5 A 2 R A
Erzin K AR08, R E DI REME Cx43 AY=E, FRAI1=Z
H3E o 25 5 1% 508 B s i F R 2 & UE S,
ERK1/2 38 -5 k451405 J5 Cx43 1 R AL AR 56 fi hy WA
ETANS i) & A ERex - iz |21 {0 W MER VA S22 2
P21 P8 2 55 T AL Tl T Hop A 3
(1) A% 30 % T A ) L A S IR R I
1t PKA iR Ak Cx43-CT-S365, Al 1| H e 4 &
BT EU Cx43 TIREM T H™ ", Rk, FoAT 4=
TBLJE , ERK1/2 3844 o5 4 B 2 3= S A7, 76 204 Al
0 FEA b 8 T PKA 3878 M 8/ NP-Cx43.,
A, FRAT A T 45 T PKA #0054 8- Bromo—
cAMP, W< H B2 PKA % ERK1/2 A2 B4, NP-
Cx43 7K 5 PKA 6 P77 1 2 1 [ M G 3=

BRI, FATIA N K BLTBL G , 45T cAMP 11, i
1% PKA, AT3E 3 1] A il ERK1/2, fff NP-Cx43 .
GLT-1 AR5 ATP K-V B 38 i, i — 2P B Glu
SERGREEAS = R K I, DT A R R
g,

(&% k]

[1] Chen W, Feng JG, Tong WS. Phosphorylation of astrocytic
connexin43 by ERK1/2 impairs blood—brain barrier in acute
cerebral ischemia [J]. Cell Biosci, 2017, 7: 43.

[2] Dukic AR, Gerbaud P, Pidoux G, et al. Ezrin-anchored PKA
phophorylates serine 369 and 373 on Cx43to enhance gap
junction assembly, commuication and cell fusion [J].
Biochem J, 2018, 475(2): 455-476.

[3] Pidoux G, Tasken K. Anchored PKA as a gatekeeper for gap
junctions [J]. Commun Inter Biol, 2015, 8(4): e1057361.

[4] Glenn TC, Hirt D, Martin NA, et al. Metabolomic analysis of
CSF from patients with severe TBI [J]. Acta Neurochir
Suppl, 2013, 118: 115-119.

[5] Seitelberger F, Lassmann H, Hornykiewicz D. Some mecha—
nism of brain edema studied in a kainic acid model [J].

Acta Neurobiol Exp, 1990, 50(4-5): 263-267.

[6] Elfgang C, Eckert R, Willecke K, et al. Specific permeabi—
lity and selective formation of gap junction channels in
connexin—tranfected Hela cells [J]. J. Cell Biol, 129, 805-
817.

[7] De Bock M, C plot M, Simon AM, et al. Connexins channels
provide a target to manip plate brain endothelial calcium
dynamic and blood— brain barrier permeability [J]. J Cere
Blood Flow Metab, 2011, 31(9): 1942-1957.

8] Avila MA, Boone DR, DeWitt DS, et al. Cerebrovascular
connexin expression: effects of traumatic brain injury [J]. J
Neurotrauma, 2011, 28(9): 1803-1811.

[9] Chen B, Sun L, Ma J, et al. Correlation between connexin
and traumatic brain injury in patients [J]. Brain Behav,
2017, 7: e00770.

[10] Langer J, Theis M, Rose CR, et al. Gap junction mediate
intercell plar spread of sodium between hippocampal
astrocytes in situ [J]. Glia, 2012, 60(2): 239-252.

[11] Figiel M, Allritz C, Engele J, et al. Gap junction control of
glial glumate transport expression [J]. Mol Cell Neurosci,
2007, 35(1): 130-137.

[12] Viczenzova C, Szeiffova Bacova B, Tribulova N, et al. Myo—
cardial Cx43 and PKC singalling are involved in adapation
of the heart to irradiation induced injury: Implication of
miR—1 and miR-21 [J]. Gen Physiol Biophys, 2016, 35(2):
215-222.

[13] Guillaume P, Pascale G, Jim D, et al. A PKA-erzin—Cx43
signaling complex controls gap junction communcation and
thereby trophoblast cell fusion [J]. J Cell Sci, 2014, 127:
4172-4185.

[14] Pidoux G, Tasken K. Anchored PKA as gatekeeper for gap
junction [J]. Commun Integr Biol, 2015, 8(4): e1057361.

[15] Solan JL, Marquez L, Lamper PD, et al. Phosphorylation at
S365 is gatekeeper event that changes structure of Connexin
43 and prevents down reg plation by PKC [J]. J Cell Biol,
2007, 179(6): 1301-1309.

(2019-01-15 itk , 2019-02-18 &1l



