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The role of Akt/mTOR signaling pathway in neurogenesis induced by carbamylated erythropoietin within subven-
tricular zone after ischemic stroke LI Yang,YAN Baojun. ( Department of Interventional Neuroradiology ,The First Affili-
ated Hospital of Zhengzhou University , Zhengzhou 450000 , China )

Abstract: Objective To explore the effect of Akt/mTOR signaling pathway in neurogenesis motivated by carbamy-
lated erythropoietin (CEPO) in the subventricular zone (SVZ) after cerebral ischemia. Methods Mice were divided into
four groups at random ; sham-operated mice treated with vehicle (Sham) ,middle cerebral artery occlusion (MCAO) -opera-
ted mice treated with vehicle (MCAQO) ,MCAO mice treated with CEPO ( CEPO) ,and MCAO mice treated with CEPO and
Akt inhibitor GSK2141795 ( GSK2141795). Mice were subjected to the MCAO model of ischemic stroke by thread-occlu-
sion method. The neurological functional outcome of the mice was measured by modified neurological severity score
(mNSS) . Proliferative cells were labeled with 5-bromo-2-deoxyuridine (BrdU) ,and neural stem cells (NSCs) were labeled
with Nestin. The number of BrdU*/Nestin* in the SVZ was measured using immunofluorescence. The expression of p-Akt
and p-mTOR in the SVZ was quantified by Western blot. Results GSK2141795 group showed markedly worse performance
in the mNSS test than CEPO group (P <0.05). GSK2141795 significantly reduced the number of BrdU */Nestin ™ cells and
the expression of p-Akt and p-mTOR in mice than those in the CEPO group (P <0.05). Conclusion CEPO may regulate
neurogenesis in SVZ via Akt/mTOR signaling pathway after cerebral infarction.
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1.1 ZZEE# B CEPO ( Warren Pharmaceuti-
cals, 2 6 ) ; GSK2141795 ( Akix B I %], MCE, &
) 3 S-TR-2-JIk 48 R W8 E % H (5-bromo-2-deoxyuri-
dine , BrdU , Sigma-Aldrich, £ [H ) ; /N R P17/ B nestin
Pk (abcam, &) ; i/ BrdU 44 (abeam,
L) s bt/ p-Akt L& (abeam, £ [H) ; Hii/h
i p-mTOR #i {4 (abcam, 25 [H ) ; Alexa Fluor® 488
FRIC LS/ B 4T (abeam, 2 ) 5 Alexa Fluor®
555 PRICHY Y HL A BT (abeam, e [H) ; AR T AL
PylpRic 1Y 1 =BT 5 — 30 ( proteintech , 3¢ [5]) ; SDS-
PAGE B il #1078 & ( proteintech, & [F] ) .

1.2 5250 shy AR HEME CSTBL/6 /N R 85
HOMRHE 25 ~30 g, 12 ~ 14 w iy AR5 2 FEYLEL
FRIEII N 4 Sham 4 (18 H ) Rk rh 3l ik P41 €
(middle cerebral artery occlusion, MCAO)ZH (23 H) .
CEPO 41(20 ) il GSK £ (24 H) . [ R AL Th
J& ,CEPO Al GSK /) AR K453 CEPO i ji i
8 — W, &y 8000 TUrkg, & 28 7 d; f%
GSK2141795 ¥ DMSO, F 1] A 2L 4k /K 7 ¢, 77
N 10 wg/g, GSK ZH /N B A5 B R 2 5 B K 4 52
B, %L 7 d . 45T Sham 4 Fl MCAO 4%
AFRERIK o FEREG AR B BrdU BRI TAEBER
IKGHRIE R S mg/ml, HITSRPEDOER/ N T ARG 1 d
THUG, %227 d SRR 50 mg/ (kg - d) (Y Br-
dU i

1.3 MCAO BERYF il & N7 i R Zofde 12
YE/NEA ] MCAO #i8Y, ARFTASE2EK 12 h, H]
5% K5 HE (7. 0 ml/kg) 8 SBF JRR S, HCAMD b
PrRTE o /N ETRA B H B, BUETh YT, 23
AU A S TN Bk . e RS Bl bk o> L2y
2 mm AbBT—/N T il A SRR = R T 3 GRS iR i
RIS ~ 10 mm, 45485, %1 h 5, %18
WL AEZ 10 mm, B KRS, MCAO 4 | CE-
PO 4 A1 GSK 21/ Bl ¥ 4% |3 J7 3 il MCAO #¢
B, Sham ZH /)N BURF 2 A 4 A 22 I v 3l JikGES 46 i
JR AR, HARIRAE R DL | 3 4,

L4 MEIBEFE ZHRBRMEIRE 7
% (modified Neurological Severity Scores, mNSS)'®' |
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SO I T E o ARG 23 01 BT 10% 30% Ji
WEVS WK 2 I UK o VKRS VIR 20 pum J2
(iR A, PBS FRESE IS il A 0. 25% Triton X-100 7
W FTFL 30 min, 1% BSA £ 30 min f5,4 C ¥
B —Prad % A/ BrdU ik (1: 600) ,/NEdT
/INER nestin TR (1: 200), PBS ¥R IN A 3 x
10 minf5 , £ = T E 555 frid I Hi e —hi (1
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FEH] PBS Y, 7 400 4% 52 50 W il e T W %2 40
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41, I AGE 7 RIPA PMSF FIBERR BN 677 o Kf2H 2
BETKERSSKEE L 15 mn (4 C,
14000 r/min) , H_F 5000 2 G AR 1 5 o, S B IR AT
T80 C. 1 % 3 B R 43R 14 I Ik e ( SDS-
PAGE) B g HL Uk, ¥ 35 % B 2 B — W &
(PVDF) i I, %R T H 5% BSA @B 1 h )5,
InA GBI p-Akt —FHr (12 600) ,7E 4 CTiEE
. FH TBST 0% 3 x 5 min, JILABUAR o 46
bR i et e — b, EIEIFE 1 he YE¥ S min,
1 PVDF BER A, R A ECL &8, %€ A
W, Tmage J 43477 B AR BUSR 5 K B H ik 7R -3 -
1% )15 &% ( GAPDH ) 1 p-mTOR —#77(1: 800) & i
S JCiH SR

L7 Geit2eirik SRA SPSS 22.0 #ff4tit4r

BE A B AR + bRk 2 (v +5) 305, i1 6
T R R 22 7 22 4907 He 4% 41 1] mNSS 2 5 7778
P2 SR R 20 2 40T He 445 4 ) S s e 2
T Western blot 25 162 B (1 , 1 FF LSD Kt
FEMIEE ) P <0.05 h2E R HA G X
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2.1 MLIREEsr  HE MR 22T A5 R
7R, CEPO 41/NEl mNSS A-{E #& AT F175 5 BH 541K
F MCAO #1H1 GSK £ (P <0.05) ; MCAO 411 GSK
/N mNSS AR RGN, 22 7RG E - (P
>0.05) . FLPHE Ty 200 LB 44 st ] 4 2%
S,

2.2 CEPO ZEAE i/ NE SVZ P NSCs 145
MIESNEE R TR, ARG 7 d,MCAO 4/ SVZ
BrdU * /Nestin * 2 ffi §t %% Sham 2 5 31 £ | H CE-
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PO 2l BrdU " /Nestin ™ Zfi Jfi §it%¢ MCAO 21 Fil GSK 41
i, 25 HA 5= 3 L (P <0.05) (WA
1.%2),

2.3 CEPO i 3 #47% Akt/mTOR {353 B {2
HF SVZ o NSCs #8758  ARJ5 7 d,MCAO 41 p-Akt I
p-mTOR 235548 Sham 41 B B34, CEPO 4H i3
IS MCAO 4B S48, GSK 4 iy R ik %8¢ CE-
PO 20 /b, 22 5 BHA G125 L (P <0.05)
(WE2.%3),

£1 BHANE mNSS ZE (4, y +5)

s} ] MCAO ZH(n =6) CEPO 41 (n=6) GSK #H(n=6) FAE/ P{H
1d 13.310 +1.375 13.552 +1.903 13.670 +2.045 1.818 0.580
74d 12.742 +2.054 8.742 £2.517 12.223 +2.628 2.81 0.082
14 d 10.742 £1.947 6.466 +2.623 11.017 £3.033 4.452 0.021
28 d 9.134+2.018 " 4.456 £2.097 8.743 £3.202* 5.735 0.040
5 CEPO 4 [1% + P <0.05 ;Sham 20 /N il mNSS #4534 0
%2 KANER SVZth BrdU*/Nestin* BB (4, y +5)
Sham ZH(n =6) MCAO #H(n=6) CEPO #(n =6) GSK 4. (n=6) F1H P{H
5.500 +3.211 27.331 +£8.991 ** 70.714 +10. 066 30.653 +12. 148" 47.782 0.000
55 Sham 2H [1# * P <0.05; 5 CEPO £H [L4#P <0.05
R3 ZFANMNRSVZHEEARTE (y )
E Sham 4 (n =6) MCAO 4 (n =6) CEPO 4 (n=6) GSK 4 (n=6) F i P i
p-Akt 0.414 +0.113 0.893 +0.120 ** 1.324 +£0. 145 0.803 +0. 166" 31.981 0.000
p-mTOR 0.215 +0. 121 0.431 +0. 145 ** 0.746 +0. 166 0.435 +0.171* 15.306 0.000
5 Sham #ZH [t4¢ * P <0.05 ;5 CEPO 4 [t.##P <0. 05
p-Akt s SN ase
p-mTOR e A ——
GAPDH . o et
Sham4l  MCAO4l CEPO4l  GSk4l
K2 K4/ SVZ b p-Akt Fil p-mTOR Fik &
3 3% i

1 #4H/NE SVZ o BrdU* /Nestin * 40l ( 555, x400)

[l NAMIFFEIESE , IREAE I SVZ 2 R HE AL T
PR , P EAh 28 e A ] Bl I R AR 17 , N A 410
W2 A S MBI 2 DI RER o AR IFL B
i SVZ N 28 A e 2 M A AR s A B A
15 SRZH SR AL % A BE 2R A, SVZ w22
AR, REAS A FEHT A7 e R A T RE A AR
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NSCs A= AR HE B AR 4Tt , 5 & i I 0 22 7] 1
R BMAEIX 2 2 5 e IRy | a4 2R 943
A B 2 e B B P 24543

EPO i i3 53 1l AH X241 21 H EPO 5214 (EPOR)
G R MR AE oAk R ORI R,
EPOR 7EVFZ 41 i rh 354 23k, G356 i 2870 5 4
JHLRI L A8 PN 2 A0, EPO AT 38 5 A1 9 1 4% 4 2 4l
SRE KL A NO 9 B L BH W 4% 20 2 2% Ay 357
SR A A R e R RS R RE R U
25 A ML 1 B 5 A b A R AR A S 2 A A
P R PR AR VE L, B I AR AT S5 P 2 T e
s, Rk, T EPO PR 41 40 A B, 77
T 5 T BET AN Z20F , 15 /55 0 R e B, T8C72% o 3
Bl 7 2E g &8 B A% A BIE AR T EPO
TE kAR AE A5 05 [A)Ife R32 ] o EPO Hh (1) 8t 2 iR 3k
S A S N B 4t Ay v IR RR T i CEPO, Ji5 #5702
JoA L YIRER EPO i A4E M) , R 548 EPOR 454,
AN B B e I AR G, T T AN A AR R A i A
SEEIAE R, B B AR EPO A T 4 #0285 474 F
CEPO {1 g — Rl 2 47 1), n] A2 2 ik 4 4 5 SVZ
P NSCs 3851 , (HHEARBLS A BT

Akt/mTOR JEA NI N G 552, 2 5
YA EEE oAb PR T Z R DI RR R T . A PR
R GE, Akt/mTOR {5538 F§ -5 #2850 | B ot 4
JH 8 B 43 A 2 ik ) T 9 Ao 8358 TR R AR S AR 0k
FALR A B F W T B PR UIAE G e R
BB AR R AT . Aky/mTOR {551
BEAE 32 B SRR R 2 5 W0 , Akt iE A6 )5, mTOR
B e G, 8 L I Y LR U % p70S6K il 4EBPI
LR g i AR (A A R AR R A
oAb BT BERS I R DL R S Y . AR ST 4
WX, WNAESE S L T SVZ N Akt {5 5 18 15,
mTOR FRik & T, SVZ i 28 & A HIE H A IR S A
frRaag o fdiF CEPO J5 SVZ f Akt fil mTOR ik
E—25 TF iR, NSCs 34 58 34 5% , £ 2 i3 456 58 5 #2451
REVKA o TR Ake e £ 2EBH TR GSK2141795, #if
il 7 Akt ik, IFEREA mTOR FRik i 19 T K, HKIH
T CEPO X FsiAH A1) 2 DI REWK B AE H o UEBH T Fiki
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