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[ Abstract] Objective To observe any effect of retinoic acid (RA) concentration on nerve repair and PI3K/
Akt signaling after hypoxic-ischemic brain damage (HIBD). Methods Primary cultured hippocampal neural stem
cells were randomly divided into a control group, 0.5, 1, 5, 10 and 50pmol/L. RA model groups and Spumol/L. RA+
PI3K inhibitor group. The RA groups and the RA+PI3K inhibitor group were given those treatments at the appropriate
concentrations on the 5th day of culture, and then all except the control group underwent cellular oxygen and glucose
deprivation (OGD) on the following day. The RA+PI3K inhibitor group was given PI3K inhibitor LY294002 2h be-
fore the OGD treatment. The cell viability of each group was detected using the CCK8 method at 12, 24 and 48 hours
after the start of the OGD. Twenty-four hours later, the expression levels of RARa, PI3K, Akt, (B-catenin, cyclin D1
protein and mRNA were detected using a reverse-transcription-polymerase chain reaction and western blotting.
Results The OD value of the Spmol/L RA group was significantly higher than that of the model group 24 and 48h
after the OGD, suggesting significant nerve injury repair. Also, 24h after the OGD the cell viability in the model and
RA+PI3K inhibitor groups was significantly lower than in the Spumol/L RA group. The expressions of RARa, PI3K,
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cyclin D1 protein and mRNA in the Spmol/L RA group were significantly higher than in the model group, and those

of B-catenin protein and mRNA in the 10pmol/L RA group were also significantly higher than in the model group.
RARa, PI3K, Akt, B-catenin, cyclin D1 protein and mRNA in the RA+PI3K inhibitor group were significantly

lower than in the Spmol/L RA group. Conclusions RA of appropriate concentration can up-regulate RARo expres-

sion and activate PI3K/Akt signaling and its downstream cyclin D1, thereby effectively promoting the proliferation

and repair of hippocampal stem cells after OGD.
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AR EAFEHE , 85 A5 1E LB 3-14 ¥ ( phosphati-
dylinositol 3-kinase , PI3K) /2 FH [ B ( protein kinase
B, Akt) {553 #% 5 7 TE1E 5 2 b A Bl 28 R G
) AL 2 DA S ST PI3K/ Ak f5 51 %
Lo RA TEM R4 KB 52 b YT RE , ASWF ST AR S
B IR 009 S 22 T M1 22 (neural stem cells, NSCs) #f
AT 40 A 4 B 31 25 (oxygen and glucose deprivation
OGD) AbFR LI AL Py HIBD 53457 , I 0 58 AN [ ok
RA & PI3K #i5] LY294002 X} HIBD J5 # £ 1 4
N5 Ak % PI3K/ Akt {75 538 [ 1 5% 01, Ay I PR
1BYT HIBD & LS AU Rmg b s 4l

M 57T %

— SEH B J 32

PEHUTC R RE 7 JF AR DY (specific pathogen-free, SPF)
{# ) Sprague-Dawley (SD) Z# (42 16~ 18 d) {E AL
W, B H R ERLR 2= S g sh Wy oG 4R it SEae sh A
PEFATUE 5 SYXK ({7)2018-0003, A 5% 3 B A5
g, &AM E MR (RA) (3£ E Sigma 2 H) .
LY294002( 3 [E Cayman A #]) M ERZAK o retinoic
acid receptor-alpha, RARa ) LA ( 32 [E Abcam A H]) |
PI3K HLiK Akt ik B PR 1 ( B-catenin) HLAA 4
JEWIEH D1( Cyclin D1) HLAAF B-actin Fi Ak (£
Cell Signaling Technology 7\ F] )\ M199 #% 5% % (£ H
Hyclone 22 H] ) \DMEM ( Dulbecco’s modified eagle medi-
um, DMEM ) 15 3% 5 DMEM/F12 85 3% 52 R iG 4= if 75
(fetal bovine serum,FBS) ( 3€[# Gibco 2\ H] ) .RNA %
WG 5 & (55 1 Biotee 24 1)) | cDNA A UK R &
(RR047A) Fil SYBR-Green Real-time PCR(RR820A ) X
& (HA TaKaRa 220 7))  HARGIH (L THEHN) (BCA
B E SN & A B R B & K b S R
B9 5 TN 4 185 1 ( sodium dodecyl sulfate polyacrylamide
gel electrophoresis, SDS-PAGE ) & Jix¢ Fic i i 71 & (7 5L
BB BARAG BR A 7)) | CCK-8 4 i 5 78 A6 ) 32 511
E(HARMR AW S,

= AR S T A M Y oy g S AR

XoF S U0 A AT RR IR AL 3 i 759 T RS T
TETCH A5F T B i BT 8 T ok B R e Bk R 5%
B =W B DMEM/FI12 B3R R 78t fse 40 2 5
B DB, SR 5 R IAIA0 /N i R 1t A8 4% 42
Bt S ZUE T DF12 $557%E (DMEM/F12 1597+
19%XH0+10% FBS) Hr , {f FIHR A 3 KE HE 5T % 32 4T
R AR AE A 318, FaE Ik 200 H 40 M5 i % DA 2 B
BORRURL, 220> (1500 rpm) 5 min J5 W BR 1 IH W, 7
PAGE B HE FR R 5, B A MBI A T 10 em B 57
mHr & T 37 °C 5% CO, 8 TE A2 BE A b dk A7 B
35,55 2 RyEfF DMEM/F12 B35 55 +20 mg/L 3 i A=
KK F (epidermal growth factor, EGF) +20 mg/L fi I
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AT Y 20 il A= K R F (basic fibroblast growth factor,
bFGF) +1% X4 +2% B27 IR A R e S B, 5 3~
4 RFATH I

= O K

TEREFRES 4 KPR LR/ R %t BRA] ARAIZ |
(0.5.1.5.10,50 pmol/L) RA #H }2 RA (5 pmol/L) +
PI3K 5L, 4 45 2405 T b 22T A 82 70 T 6 FLAR
W BRIERRLAY S 1.0x10° N4, fERFFR4E 5 KA
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TR M199 852 31T 3% IR A & T 95%N, +
5%0, AT h 3SR 2 h, FEE 3T 2R A
RO BIEE ek 2 iR TR A 15 55 3 ( DMEM/F12 5555
F#+20 mg/L EGF+20 mg/L bFGF+1% XHi+2% B27) ,
JHET 37 C 5%CO, fEREMRIEAE P TH %, RA
+PI3K I FI4H T OGD AZLFHRT 2 h 45T PI3K 415
L.Y294002 il ( &% & 9 20 wmol/L) " X HE4H 4
MIA 4T RA | PI3K 1)1 il 7] LY294002 + il Je Ji5 &
OGD &b,

VY CCK-8 72 Al 241 i 77716 %

T OGD #4555 12 h .24 h & 48 h W40 5%
CCK-8 0 45 2 4 B A7 0 AR A TR I, B A S 30 21 1
BEE 5 AR AL, IR i 7 %k BEFL (5 1E 8 85 3% 41
T Rygap) Fzs LS REFR L) | LA 10 pl
CCK-8 7,37 CHFHE 4 h, R BEFRUAE D K 450 nm
AR 7 £ FLI W G BE{H (optical density, OD) ., #fi /7
TR AR AR T AR (%)= [ (LK
fLOD f-% H 4L OD fi) /(X B 4L OD i -= H AL
OD fH) ]x100% , FiRSee 4 & #E 4T 3 I, 45 SR HL
I,

T Western blot H4: H AR F & =

K H Western blot 1545 Il 45 2H 41 ffy. RAR« , PI3K |
Akt B-catenin } Cyclin D1 ik, 788 B2 A Ab#
24 h JE XA AL S T AN R T A B R, JT R
FHl BCA (bicinchoninic acid ) S0 H AR 8 A & &, ¥
AR AR R B R AR R — B, 43 0 B S A Y 2R
HFEShIETT SDS-PAGE B I8 H 3k | 5% B K ) A Ak B
5 A —$T RARa, PI3K | Akt B-catenin , Cyclin
D1 & B-actin, T 4 CHAIE FNIEE LK, & =R
Fe e £8 2% w9 ( tris-buffered saline with tween-20,
TBST) W ¥k 4 WK, B UK 5 min, —PifE iR E FINT
1 h, % TBST ¥k 4 WK, B S min, 5 Jq #1702 &0
VAL B SR AR A% FR G R A% 4 A G R A 7 B
36 AR A RS I LL B-actin /E SR EIRSIE
YBT3 R, SR BCE I,

75 \RT-PCR AN B A5 H 15 &

FEE W SAAL B 24 h 5 BRI 4 T b 2 T4
LA RNA ARSI RNA VB, SR P A 7508 mRNA
WSRO cDNA, 39 % S LB S5 PRI 2 37 °C R
15 min,85 C LI 5 s,4 CH-AF, WFiiFE %519 cDNA
#4T RT-PCR J2 i, i 57K SYBR® Premix Ex Taq™
I, SRR R A 25 wl, BT #AE A vKE AT,
PCR RN F .95 °C WiZE ¥ 10 min, 95 °C A8 1k
15 s, 345 MER 60 CiB & 60 5,72 CHEMI 30 s, R
FH 278 A AL 2T 4 H ARFE ] mRNA AT
Feik it DUH il R -3-0% IR i &0 ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH ) 1 5 & | H. 4k 5]
YRR ST SLPE LR 1, RS ae ¥ & 5 AT
3R, G R BCE A,

F1 K BERER L RS I9)TF

HAR I b FWER RS

GAPDH F9##:5'-CTGGAGAAACCTGCCAAGTATG-3'
% :5'-GGTGGAAGAATGGGAGTTGCT-3

RARa 37 :5'-GACTCCGCTTTGGAATGG-3
TFi##:5'-ACTGCTGCTCTGGGTCTCG-3

PI3K [ 9% :5'-CTGGAAGCCATTGAGAAG-3’
T¥#:5'-CAGGATTTGGTAAGTCGG-3’

Akt 37 :5'-TGAGACCGACACCAGGTATTTTG-3'
Ti##:5'-GCTGAGTAGGAGAACTGGGGAAA-3'

B-catenin [ 9% :5'-GTTCTACGCCATCACGACAC-3’
T¥#:5'-GAGCAGACAAGCACTTTC-3’

Cyclin D1 % :5'-TTCATCGAACACTTCCTCTCCA-3'
Ti##:5'-GAGGGTGGGTTGGAAATGAA-3'

L Gtk

K H SPSS 20.0 FRGE 24 8 A #4758 7 Bt
ffiFH GraphPad Prism 9.5 WuHE X4 E 1722 &, B
Fait s BRI R G R By 22551, IR DL (2 s)
Fow , Z AL 8] LR B R 2543 Hr , 4L 18] 5 L
BORH 1 K56, P<0.05 R 25 BA G H4E L,

# R

— BT AT R A

At CCK-8 Ak A& B, BERIZH OD {H7E OGD i
Y5 12 h.24 h J 48 h B34 & 35 1% F Xt R 41K
5 wmol/L RA ZH OD {H7E OGD #if/iJ5 24 h 48 h Hif 3
i T AR K 8 2 R B SR X
(P<0.05), 1 pmol/L RA £ OD {l7F OGD $ifjiJ5 24 h .
48 h BRI AC IR A 1wk B B4 R 25 ¥ e gt
R (P>0.05), T, RTINS pmol/L &
RA WS BT WO, 73 SMARBIGE R B IAE OGD $if)
J5 24 h BPRERIZH K RA+PI3K 1 1) 25 40 Mo 135 2638
HBEMT 5 pmol/L RA 417K, 416 22 7 ¥ HA 481t
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FR X (P<0.05), BIRIERILE 1, WEE TR AR EA5IT¥E L (P<
T HM A T4 RARa, PI3K Akt B-catenin ~ 0.05) , £ 20 pwmol/L PI3K #PH15] LY294002 435 ,
)5 Cyclin D1 FEHFE L I RA+PI3K #1455 40 RARa . PI3K | Akt B-catenin

i#1f Western blot ¥l & 1,5 wmol/L RA ZH Cyclin D1 25 3R A K EH% 5 wmol/L RA 4H 1 & %
RARa PI3K Akt Cyclin D1 FiHERRKEH BEHT K, HAREEFHEAGEITFE X (P<0.05) , Bk
FREAIZH 10 pmol/L RA ZH B-catenin £ [ £ 15 7K IR WE 2 F£2~3,

07 - A 150
- 081 p W mma -
S 06 - 1 pmol/L RA%H % 100 _tl)_
§ a ~ 5 pumol/L RA#A W
%1 0.4 ~ 50 pmol/L RAA g 50 2
© 0.2 g e
Siatel abc
04 rrrrrrrrr T T 1 T T
0 20 20 60 Y & B S
N % D
B EICh) & & @e&*
&
5‘? Y’XQ
® ¥

1 SRR [ #, 2 P<0.05 s SR ZH L5, " P<0.05; 5 5 wmol/L RA ZH IL4E, ©P<0.05; [ 1B 2 OGD #i455)5 24 h 4T LL#%
B 1 OGD 455 AN [ HF 1] 45,45 41 1 28 T 20 M 7700 3R Lk

RARa |-———-- - | RARg |7 = —— ——|
PSK [ ——— | o [T S — -]
[ e e O — — | Akt
B-catenin |;ﬁ." - — ” A - . B-catenin |.,.._'___‘_  — |
Cyclin D1 |;“:=-T3 R e | Cyclin D1 | g d— — —
actin |- —— ——— — Pactin [ T e e
‘&“%* @)ﬁv U G Kig g &L& W ,&\%’ @‘&
AR AR AN P 4 0 F ¥ Q
NN SN SO N A R
& &S o d J & ,{5‘17
¥ ¥ E© N 3
Qb S D 4)Q ) o
®

B2 AWML T RARa PI3K Akt B-catenin & Cyclin D1 25 [1 334K V- He

F2 AR RA THS &4 MZ T 40M RARa PI3K Akt B-catenin % Cyclin D1 2 [ 3R3E KT LLEK (F4s)

205 RARa PI3K Akt B-catenin Cyelin D1
Xf R ZH 1.1420.08 1.10+0.08 1.07+0.09 1.03+0.09 1.10+0.08
IR 0.85+0.02 1.16+0.15 0.88+0.01 0.90+0.07 1.04+0.05
0.5 wmol/L RA £H 0.89+0.03 1.3420.08 1.00+0.13 0.75+0.08 1.33+0.09
1 wmol/L RA 41 0.99+0.15 1.49+0.12° 1.21+0.08" 0.99+0.15 1.75+0.34%
5 wmol/L RA 41 1.24x0.21" 1.66+0.20 1.34x0.12" 1.08+0.14 2.44+0.34
10 wmol/L RA # 0.66+0.10° 1.30+0.14 1.28+0.18" 1.34x0.12" 2.36+0.32%
50 wmol/L RA £H 0.16+£0.01* 0.23+0.01% 0.42+0.06% 0.75£0.25 1.18+0.06

I SRR L, P<0.05 ; SR HE RS, P P<0.05
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£R3 2 PBK MIHIFTHUG 4402 141 RARa PI3K Akt . B-catenin } Cyclin D1 8 H #i57K AL (54s)

21 5 RAR« PI3K Akt B-catenin Cyclin DI
Xf IR ZH 1.05+0.09 1.100.07 1.05+0.08 1.06+0.04 1.02+0.07
5 wmol/L RA #H 1.43£0.11% 1.46+0.17 1.37+0.09 1.34+0.23" 1.35+0.17%
TR ZH 1.12+0.07 0.96+0.15 0.81+0.07* 1.03+0.18 0.87+0.10
RA+PI3K 157 40 0.99+0.07° 1.02+0.10° 0.7320.12% 0.96+0.22° 0.88+0.11°

T S5 IR AL, 2 P<0.05  SHRAH HAE " P<0.05; 5 5 wmol/L RA #H %, € P<0.05

= K HME T 40 RARa ., PI3K | Akt . B-catenin
% Cyclin D1 mRNA ik A

i RT-PCR &l & B, 5 ~ 10 wmol/L. RA 41
RARa PI3K , Cyclin D1 ) mRNA 335 7K - ¥4 45 55 7l
HEE I, 10 pmol/L RA 41 B-catenin ) mRNA #£
IRAKCP IR 2 b 25 T4 iy, 2 ) 22 R B Gt
B X (P<0.05), 1~10 pmol/L RA 4 Akt i mRNA %
IRV S AR 20 A 3 v a3 B2 [R) 22 R 3 e 5 3
SR (P>0.05) , Zd 1 PI3K 145 1.Y294002 &b
HE, % RA+PI3K #1157 21 RARa, PI3K | Akt B-
catenin 2 Cyclin D1 # mRNA 33k K4 8 KT
5 wmol/L RA 4, W 2 ¥ B A H I+ 5#E L (P<
0.05) ., HIRZER LA 3,

5] it
FEHIFE R B, KD X RA &K T 5200
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NSCs 437 A 52, & 1 ~5 wmol/L RA #J[4g
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FRE AN B3 5 b s & &2, i R R Y RA
D] 91 <61 20 it D R AR BE T R L IR BL AR T HIBD R Y7

I 5.0 1 2.5

& X

#® 40 ® 20

%30 215

z

% 20 éa 10

£ T T A

E, 1.0 = l:'i E 0.5

i 0 | [ 3 0 N M 33

BB B e BB B e

R ST

NI
S g

PP W
g ST S g S
LN

MMM

S
I
ST B

B-catenin

Cyclin D1

NN
&
&

o
o

S 3

e o s NN
5 b

e
o
[

o

B-catenin mRNAMIX Rk R
Cyclin DI mRNAX&RE R
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SR | e BV B 1 RA T 9 % T 25 -2 Ko 40
Pifs i 2 T B, 75 B R B — > BE BB 7240 G NSCs
TR SRR A I M AT 1, SO TR R R
SEREEA R

PEARIA , RA BB I 3G PI3K/ Akt 5 5 5 5
PPN A AL R BRI ST Bai 25U BFSY
K3 PI3K/Aky/GSK-3B 551 %= 5 T HIBD it
Jar e Z it fE, AW AR R, 8 NSCs i
OGD #ifh )5, 45 738 Bk 1 RA T 9l m & 35 48
RARa PI3K , Akt B-catenin , Cyclin DI & 4 &2 mRNA
FIEIK, SAS IR S HT £ X PC12 40 M 1) LR &5
FIPIIAR — 3 $E% RA fiE U NSCs 1 58 4 1 FH LI
Al RE 5 45 PI3K/ Akt {5 5 i i S 40 s J 30 2
Cyclin D1 FA 5%, Ak —LHRFI%ME 58 % ok
KEEAE H AR 5 2 7, AW 5 PIBK #1 4il 5)
LY294002 #4711, &5 R /R 48 RA . OGD 4B J5 1Y
NSCs ZEMIA PI3K 17 570 J5 I A48 i 354 5 7K - S 25410
il , $27R BH W PI3K/ Akt {553 %GB 5 2 NSCs Toik A7
WOEEE , [F R BE ] RA XF RAR«, PI3K , Akt B-
catenin ,Cyclin D1 #5£H & RNA FRiEF#ERFAEH, #F—
EUE T RA XT NSCs 3 %8 (%) 1F 1) 8 45 7E FH 5 300
PI3K/ Akt {553} A O,

25 LTk AW 45 R R WIS B B RA 1
At - JH RARa Rk, #0% PI3K/ Akt 15 53 % [
% Cyclin D1 {5553 F, WA R #F OGD it J5
NSCs 1 20 Jiftd 384 5 Je 48 &2 i, Wil R SC b 45 7
HIBD LG & VA #ME IS Kk oh ek &= I i 4
HETENE IR, ARRMFFT AT 3 — 25 B UEAS RV RA
XK RER I A R2 ), 3% B — A~ BE BB 78 /3 0% NSCs 1
P SCRERE G AN i B A BRAR AT 7, R IR T i — 4
i RA 5 PI3K/ Akt {551 i 0] 19 ¢ 28 D S 128 A
53 RA T4 NSCs 2 g v i BB

Z % x #t
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