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The mechanism and research progress of the Shh signaling pathway in post-stroke
cognitive impairment

FENG Yachen?, ZHANG Ming>?~, SU Kaigi?, LI Qil2, ZHANG Xu'?, PAN Rui'?, WANG Chunxiao®?, REN Qiongdi'?

( 1.Department of Rehabilitation Center, the First Affiliated Hospital of Henan University of Traditional Chinese Medicine, Zhengzhou, Henan
450000, China;2.Rehabilitation Medicine College, Henan University of Chinese Medicine, Zhengzhou, Henan 450046 )

Abstract  Post stroke cognitive impairment (PSCI) is one of the common complications after stroke, mainly manifested as
damage to multiple cognitive domains such as attention, memory, and executive function, which seriously affects the quality
of life of patients. At present, the pathogenesis of PSCI has not been fully elucidated, and there is a lack of effective tre atment
strategies in clinical practice. In recent years, studies have shown that the Sonic hedgehog (Shh) signaling pathway can
regulate pathological processes such as neuroinflammation and cell apoptosis, while also participating in neural repair
processes such as blood-brain barrier repair and angiogenesis, and regulating neural plasticity, playing an important regulatory
role in the pathological evolution and functional recovery of PSCI. This article systematically summarizes the mechanism of
the Shh signaling pathway in PSCI, with a focus on its regulatory role in nerve injury and repair, in order to provide
theoretical reference for the basic research and clinical intervention of PSCI.
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F M7 (Sonic hedgehog, Shh) A #IfE (hedgehog, Hh) {5 @Bk B ik, TEHER
IR A M 5r i . Shh (E5 I8 & — XA MM S ERTFWESHFEE, | 225MER29KE. 4l
BB o A R I AR R Y R R, IS 2 RS RGO R AR B E DI BT, JEERFR K
L, Shh 55 18 i o] i 4% 9RE S B K 40 B T S5 4 A i 72, [FIR, ok T2 5 i ik bf s 2. i
EHEREMEBENG, Fr A, MIMTE PSCI ¥ B AR 5\ k10 &2 R 4% 8 2 4E
Mo 2Tk, ASCHIZE Shh {5 S AE PSCI H (IAE FHALH] B B 72 T N (B3 AT 4Rk, DUIHIE— 28
] B3 PSCI 1 A ALl H 9 R 28 B VR T M H2 BL B A 4

1shh ESEEHIARKESESILE

1.1 Hh KRR B R E A Y4514

Hh @G5 E 8l 3 I REIEM, %1y Shhy ENFEERIFE AT (Indian hedgehog, 1hh)
FY>EHRISE A T (Desert hedgehog, Dhh) B, JR[E A 727 IR IR & B S 2 2R3 Fa 25 4k 45 b R AEAS[E) 10 4R
Y Thae®. Hr, Shh 2 E AT ZHER, EMERARE SD6ederrh BA EEZHEEN.
FERIE R X KRG R E W, Shh AR IEM L T40H0 (neural stem cells, NSCs) KM% 5501k, &
S 5 ETOAENE PR A K R SR Al B S D AR A 2 e R 101,
1.2 Shh E 5@ BB OB 7 F

Shh {5 5@ % 3= ZH /A& Shh. 84N &E 3 (patched, Ptch) . “FH§ I (smoothened, Smo) F#%
sk N 7 IR R A e JE KL (glioma-associated oncogene, Gli) S REE S 7 THI L. Ptch iR
| £ [X Patched gmfid, N—FF 12 REBFEE A, B35 Ptchl f1 Ptch2 pAp WA, o Ptchl /& Shh j& i#%
M) E B2 k02, Smo 207 T Ptch NI 7 IRESIREEH G R IR H, EESHEFEET R
FERBAE RS, Gli RKiGFEFIE T2 Shh {5 F e E BN T, B3 Glil. Gli2 f1 Gli3 3 Fhik
A, b Gli2 #1 GH3 S B 4% sk s A Dy RE, 11 Gl 38 B R 1 Sk s A A 4
1.3 Shh E S @M Z MR TR

E4 L Shh {F 5@, Shh Bk B 2t SRR 1 Pteh 24k 45 & . fEB = Shh FLf&RT, Ptch
FEEN TNV BB L, JFFREHH] Smo iGtE, fif Shh (5 5@ ERYEFERIGIRE. X Shh 5
Ptch &5 & /5, Ptch MAIREF ERBRIF R A NILIEME, BRI Smo FIHEIER . BE/E, Smo ¥i%
WIG A I E, H— DR Gl B K7 iE M SAZ S Ar, M0 G R R 3Rk, AT 2
MG . b, TR AKHABEEZ AR (KD .
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Figure 1 Typical schematic diagram of mammalian Shh pathway

1.4 Shh {5 S1@ R AE VL

Shh 15 5 18 2% B 1 52 2 2 Fh 4y 1 S A5 5 WM RS gR %, Hd Gl H sk s SSRGS
TR DR K B EEA/EH . Gli & A & A [ T 5845 B s o 2 sl i) 44,
MRS TR R R IA . HeAh, BREHE 5 @A, Shh @ EE (G S BAEN FEYF
RN, EFEAKHT Smo IS 53S0, BUk#t Smo EAL Gli N FHESH SR, Xk
SR E S 5HMIERE . A0 425 W L A AR U A T S AR08, i IR 2 E JOAE L], Shh {F
SHEEHS RS ISR R RERTER . BEAEF AR, A H 5 Shh {55 8 B nl i i 4 m
LR RHEMEKE R EMAETBHEEZHILE S 5mAakEd g, Nk —PIRRHAAE
PSCI H I1E 2 4L 7 BRI JE il 71,

2 Shh {5 S18 I 1E PSCI Y 1E AL &I

2.1 BEBRGHEXRELRE
2.1.1 HPHIHR R R IE R N

FE RN P22 22 458 JORE S L, A1 48 - 2 A ELAE FH 2 i 26 v 5 BE o R Y o LR s SRR A of i R
f% (blood-brain barrier, BBB) fliif )5, 4MAE G REMAL, I5 05040 il @ sh S E-5
PRI 2%, W T DX B 98 RE S I8 B i 8 453475 3 e 118290, /) e o 200 i R0 22 T Ji I A A A AR [ A e 92
i, HIjaeRES2ELEZELN, WRIARREGIREAFRELY, WHAMM A= Cinterleukin,
IL) -6+ IL-1p« FiJEIARSEE T-0 (tumor necrosis factor-a, TNF-o) Z5{E &K1, LA IL-10 241K K
T, FEN A S 280 A 45 rh R 5 B AR 1820210

—OUANH TR, SRR 0 Shh i 2 0A8 w5 2 kb i 2= P H I 40 S s 1 23 b o A 7% 118
FHAPE /N R BT 40 A s, IR TNF-a. IL-1B Z84& & K 5 I 335, AT ek 58 48 0 B I 72 32 o\ 0 1k
g, FH—nifksb ot ig s, UIBE R IR 1 Csilent information regulator 1, Sirtl) w] 4%
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Shh/Gli-1 155 %l, Fid TNF-a. IL-1p £ L IL-10 /K°F, Bkl ErERIT . B85 S H /N gl
MId VG AL, HR7R Sirtl/Shh {5 5 4l 7E JORE T 2 i SR BERK AL/ FH 12300 B /NI BT 4 e 4k, B TR B 4
J [F) 4 22 55 T 26 vh JS R 28 JORE I T PR SR A AR R 4R o A KR MR K b B ik P ZE - (transient middle
cerebral artery occlusion, tMCAO) KEBLAIAF, 45 T H K Shh @307 (Smoothened agonist,
SAG) VRYT G, IR P> AT X /N s ot 4 B R s R R T O A L ) TR A, B AR AR 2 98 E K
MR BN A Th R R R 24, 52, Shh {5 538 I G5 8 i 3 IR B A0 VS R3S K RER TR IE, 5
L5 A6 o JE A 2R A0 I AR I AR, AT AR I A S A D REVK 2 R PR AR, (R LR A A S g%
T FR 9 A R AT A R gk — 2B B AT

2.1.2 MHIMETIET

P 9 T R M 453 4% 11 B R B R . —, b DL R AR A T 1 P YR R TR AR L i AR S T
P FHAL . ZE R Z A B IR = RE A S BOSER BT) , 5 ER RR R H A
(mitochondrial membrane potential, MMP) R [% K& Bcl-2 ZiJfi, HEmmEG R K& 2R E A
fiff (cysteinyl aspartate-specific proteinase, Caspase) 2%k o S is 40 fl SE T2 7 125281, i 75 R 1,
Vg SO HUAH O D0 453475 T R IR, IX e XA A e TG IR PSCI kAR R Rt fi 1) EE B
fﬁ%ﬁ& [27-29] .

Jiang %5 BOVYE {4 py MR I FE#EVE Cischemia reperfusion, IR) BEAIh & B, Shh {5 5 % vl i 4%
ADP-1#% iR AL K T #E 5 1 13B (ADP-ribosylation factor-like protein 13B, ARL13B) i fiir £ i i %
i), ©ERAWS CAL ) CA3 XM LT, F@id i Bel-2/Bax ~F- i & #ifi| Caspase-3 ik Kk
PR T AER . tbAh, FE B RS IIZIN v E0E Shh J8 B B A0 i T th ), ek A sk = B, ik
— SRS, Shh 15518 K& v fe il T 4E R e bk Dy eefe e RIEDUR TAER . RO BT BT B
Shh/Ptchl JEEEAHCH FISRIA, [FIBT 2038 MMP. R LRI 45 F B4 H A 5 SRR o 2 B3 1, AT ik
BT pR 2 U R G SR A AR BB, g5 |, Shh {55 8B T 5@ I 4% Bel-2/Bax P K 4k F5E 28 ki
I ReRRE S S ni TS, ARG A E N R T Re Tk R R FEE AR .

22 2E5MEZBESRER
221 H#FMKRERERS

BBB J& i fa IfiL &% N Hz 40 9 Cbrain microvascularendothilial cells, BMECs) . J& 4 it J% Jie J5i 48 o
L2 AR B S AR R B S i . JE I B IERE O T N R AN R R, TEYERE
R4 R GRS E KA A eI TR RAE EEAE B, WF7ER W, BBB IhHE AT A2 M 157 4 1) 25 200 B
Wz —, WA eiR BBB 4t 5 PR IF 38 i HmiE vk, (2 41 G2 20 MR i K 98 ik 2 B e 8
JROR, AT o 250 22 453 473 9 5 Wi A 6 ) g 129340,

WAERATFLE W], Shh {5 Tl EX/E BBB ity 5ThaeifEh RAEEMEH . R, BIRKRMR
N SR IR Shh AT 0% BMECs () Ptch1/Smo/Glil {5 5%, ik Glil # 7 S i 7 &%
EEARL, dEmEER e BBB RN, 1] %00 i 2 PR R I 1 KPR N E BBB
i, $#&7~ Shh {5 5@ ELERF BBB 5% 1t (¥ e B A I BS) . 76 T0URAF 70 75 T, 93 3% 4 IE S vl
HGE Shh 558, LIS IEEERRIA, N ScEgk ™R T s TS0y BBB MREREMS, I
B KBRS as ) D Re el iehh, — TR A ARIF FE R W7, T 2REK (dI-3-n-butylphthalide, dlI-
NBP) F¥irl b 2R AN Shh ik, HEdt BMECs B%iEEEARIA, Mk BBB e
P, [FIE B0 WA B AT N ThAE S . (B H T 56 = 41Xt Shh {5 538 B 1 BH I s34 53 14 7,
PLIRAEHAE dI-NBP /5 BBB R4 5\ A i i S BEE -

222 Ri#EMEERR

I8 Az AR 7 BEAT (I B Ak b, S8 R AR . TR R T R S A R A OB 1 L, I
B DR SCAE PR AL . BN R R A fe i X 38 AT R RO A Y B A2 KR F- (vascular endothelial
growth factor, VEGF) . M4F4E40fA4: KK 1-1 (fibroblast growth factor-1, FGF-1) M Ifi % 4E K&
(angiopoietin, Ang) 552 i M4 A2 Bl PR, (i 2 i ofi /8 5 28 R M0 SO A S, o503 T 4 R E v 9 F



THEERSE  Shh {5 530 B AR A P 5 DRI RS v (0 £ AL S BT e itk Fé 5

NP E A E SR HERE SR, S 5NN DR Rk 2 it R 8301,

Niu 25 [4007E [f 5 PR\ 0 B A RY b R B, 35 Shh {5 538 ] Fif VEGF. FGF-1. Ang Z5:{¢ 1
RN FRIE, (R3S XM AR B SGE AR DL, o AR B 5 i S SCEEE R . Uk
Ah, BN IIREZ M SCRE 7 Shh G B fO 0 I AE N o Jin SRR 5T R B, 48 T K HR 3 ik
[1]%€ (middle cerebral artery occlusion, MCAO) /N SAG TTijE, AJa 1N HINMThEE R & oG,
(7] BN 1 S 9% AR A s b JE 320 X B % X T B FRAR S M 3G 0, B0 o I 58 A B S VR
M, EIRWEFEN G TS KRG R P O TR B, Shh 5 5 38 % ] G id i i f i 3 AR i 2 5 i 4
FUEE KNI R = .

2.2.3 HET M

AT IR AE RG] 1L AN RS RIS R R AE R R A4 5 D Re E
IR, R AR S AR R T e R (0 A . A B R AL S nT B DA
T R i 5 5 412431,

(D R kA

P kA NSCs 7EJi % R [X (subventricular zone, SVZ) J i &R a1 Bk FE (subgranular
zone, SGZ) WIMHH. Mk IF AT A& eIt e, S W4115 J5 i 48 B I B Bl (4448, o,
Y0 JH B A D1 (Cyclin D1) . $8H (Nestin) XXz F 2 (doublecortin, DCX) &% 1 Jy ¥4
PR A R BT A TOR S I B B P4 bR le47), BESCR I, M4 5 NSCs AJ 75 # ] tH 3R A2 1
WOk, (HFRSR ) S AT RS B0 NSCs Vb FEE, AT B K B 8 Rk A g IR R A R T g 148,

Wang 25149058 11 fi NSCs H' Smo ZZ24& KT, SVZ M1 SGZ [X I8, Ki67 FH 4 i [ X R 5t 2 [H 11k 2
MR 25 kb, BRI Shh A5 5l 2% 52 3 o] B R PR AR AR 22 R A /KT, IR R2 IR /) BR 132 B D R A 26 1R
o HZEECIZIIRER W B A . 5 —WF 50 R B0, 0 BH I i ] b i i i o R A 48 kAR KT I
Mo A R IZ RS, H R BN AT A B BOE Shh {5 5@, E£IA Shh. Smo & Glil Fik/KF
if, Ptch Fik/KF B, FEBEEE Cyclin D1. Nestin ik Mg - R oh g E R R, MLk
MR g5 E, Shh {558 B R4 20  AE TR 2 b IR 1 FH 500 00 o503 ) FT RE A7 AE 26 AR A, L BLpRAL
47 5 3 — AT .

(2) AT ] PP

R T B SRFR TR BE A RARGE ) b, AR e &0 3 5| RS I 2R e 2 0 B 5 AR B BCR MBS R
R4 IHLRIE, AT NG PERI DI REME AR T 801, AT R BRIV RAMEE . B E A S
SER G PR O s 5 o T 3R I A S A A 2 2R ) s B K R R 9 i AR G B A ) 1 152520 g AR e
Ja FACRLE . SIE RN M T A IR T KT S SR AR AL, 3 TR IR S A 45 S T R,
T ) 55 2% fukwT 38 M2 PSCI R AR R R BRI,

Wu ZEB46 58 & B Shh ik Gk B A B I 45T MCAO /N R TR A& R 1 (mammalian
target of rapamycin, mTOR) {5 5 i@, &EAHL X FEE I ZR AN 2, et B 5T i o 2l 2 [ fa
s 26 28, B SR Il AR R A BE . 53— DB S B I8 0 S B R IS, R . MRS,
MR R KRR T, AL nes, HRMpEeHENL, RE3EwEE, 2
TN HLEN AT B R AGE I AE I, WERAE A R T . AL, BEA N Shh {5 508 0 0 7R S
RN Rk TS, #E—PUESE Shh S @A T T AR R A A M E B R . R
RF (561, % fih o 7 R ANV R 1 EE A R AR 2R il . (H B = AEXE PSCI I BELEEWF 7T, MUK SRAD 5 45
GINEAT RPN S R b T S VEAR DG HR AR, 3 — P BHf Shh {5 5@ BRAE PSCI K AR K & i) B AR 1
H .

(3) fRFmEmIEE

BEY Rt /b R BT A0 Coligodendrocyte progenitor cells, OPCs) 4 A¥ 1 3k f) Bl 24 /b 58 % i
45 Coligodendrocyte, OL) Firf¥ itk 414, LRGBS S8l R T 4 20 8 =, T fr B
AR HLAL ) T UL S T R 2 2 (1 ThRE R e 7). F R R B, BRSNS 4t T2 20012 is
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FIINRE AL AT N E BB A TG B OCE B, T HE R BT o O RS K R ThREIRES, AR
RIS Y PSCl R4 RE. WLk 8881 &R A i E 32 3% PSCI MEEMEBENH 2
2[58—60]0

Zhang Z5EUEHL, BN A KA AT A Shh. Ptch. Smo. Glil ik, 34 hnAspE & k4 22 & 5%
FHPERNZS [ CNPase PHPE/> SR A ST I 2 5, (3t A B85 S i o 1T i = PN o A8 3y A B2 fie T ol
FRN, s Shh fF 5B S 5N GRS EBMARBELRE. i, THRIEIT N Shh(E5
WA FRESE R R T TR . Xu SEBATE Ry AR ST R R I, AR T E TR BLE R
Shh 3 1 315 5 /0 58 I o 48 ik 2 %% 5% A7 2 Coligodendrocyte lineage transcription factor 2, Olig2)
ik, AR ANIE S LA T 4000 Chuman induced pluripotent stem cells, hiPSCs) %% E H 701k N
NG2 BHYE OPCs, ¥ A58 22 i e M ASE 7Y K B0 F5, T S0 3 369 0 608 O Ak ke 2 1 SO0 o 12k 20 5 8 Jt 4 Jif
B, M ZERE R R BE B 2 B IR G N R ThRE, B2 Shh (5 5 B 6t /> S8 B i 2R R AR I A 45 0T
AN K B B BRI A FE T R
2.3 Shh {5 5@ & 7E PSCI i M & 4L = 1EH

PSCI R A R e ih Je 2 A B A2 . BUAWFFER B, Shh {5 5 18 6 HF AUV A T 5 — g BEEA 1Y,
MBS A2 A TR T REEEE R, FE S5 REME . ARAE S BE5d®E, 7
PSCI i BLEFE b ok FE 2 B AR AE . Hodh, M 9O SR T 2 (M A7 5 B 8 i X ) i 3% 2k &R o
FREEM 2 E N @ TNF-o IL-1B 502 28 I F I R bR T8 %%, /'S Bax RI& K Caspase %
T5C IS 5 T 4% T 4 PR R 4D 453475 A 9 1A S ORT HE — S5 U0 e o 4 R FBOR A 48 90E S B, T s
1@%[63’64]0

FEWAS B FUETF (total saponins of trillium tschonoskii maxim, TST) 1F A ZE &S B ) 3 BE M Bl 2y
BABRMPE TS AN . — 5 EoR0S, TST F1in #% Shh i@ FNiH TNF-a Z5{2 £ T
Tk It L IL-10 K, (R B ) R  fi SO 2 ek B A IRk D AR 2 TP T, $EoR Shh AT REAE A& B
9 ORE W 55 A A NS 0 EE OB N W N . dhAh . R] &R R 7R M sk o B vE B 5 ( cerebral
ischemia/reperfusion injury, CIRI) #% b o] #% Shh/Ptchl 155 %, P& AR 20 B I T 3 5 ek 528 40
N, 3253 Shh {5 518 4 7F 2 99 B A2 P [R) A 4 4 A IS8L, & |, Shh {5 5 3@ B nT f i@ i [F) 1
VA3 JRE S S RN 4T I T A EL S IBE s BERL AR, BEL IR 2 B %5 FF 8 HOK (R) 1E S B i, T AR 32 i <
HEINEI DI REVK S . {H Shh {5 5@ B2 15 BB 5 ROE 5 I 12 2 18] 1915 B A% 138 S FL OGB4 715 s ATl
ZHEBUE, KK FE— DI ARELINEH L)

ZEGBIAIEYE, Shh {5 S @EKAE PSCI Hh E 3 i i 2 4 22 280 K 40 i 0 12 25 i R ok A i 463405, S
T 2R I B R AR A . (R AR R AP AT S 5 UGB, ERREIE S INVRTRER R R
HEHEREPEH (B2 .
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Figure 2 Schematic diagram of the mechanism of Shh signaling pathway mediated nerve injury repair and cognitive improvement
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Table 1 Intervention measures and mechanisms targeting the Shh signaling pathway to improve PSCI
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