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Rk ME TR I E# TGF- B /Smads (52 SE RS
INAIHEERERS R X B

OBV, mK@RY, £ BY, % mY
() FAETARERAZIN 2)F RREAL 3DELE, J® £4£  532200)

(HZE] HOY 5T sh bR v ik X AE T B2 1Ml (aneurysmal subarachnoid hemorrhage, aSAH) g8 35 #1& Il N %
b KA F B (transforming growth factor B, TGF-B ) /75 % B i i 57 & (aerine—threonine kinase receptors, Smads)
5o Sl B AOC IR T SIA T R AR O R . ik B LEEL 2018 4 10 A % 2022 42 3 ASE AT ARE
B Y76 B9 100 1) aSAH B E WG PR B R, MR8 4 2 52 45 R ZR IA A B 2% (montreal cognitive assessment scale,
MoCA) PP o320, Hh A AE NI D RERR A 54 1], JCINAIZNRERERT 46 ] LA 2 HImIRBORE . AME M TGF-B |
Smadl. Smad3 & Smad7 mRNA ik /K5 ZH RSPl A OCH T 5 aSAH B FH VA DI RERAF IR ; R
ZARH TAERHE HH £k (receiver operating characteristic, ROC) PFA i 6 AH 5C F X5 aSAH 35 TA 1) 58 R 5 i) 13000
il &% INTIRERE AT H SN A M TCF-B . Smadl, Smad3. Smad7 mRNA k7K V-8 TN EITI g%
AR (P<0.05); ZINRER, EHAKH TS aSAH B NI RERIG B E M (P<0.05); ROC B,
FHOGIH T 1045 T aSAH £ DA HI D RE R 6% A il 28 T 11 A (area under the curve, AUC) I T B Fi (P < 0.05).
258 aSAH BESNH LA TCF- B /Smads {55 5 Sl AT OGN TR 1A, 78 i%08 T e -5 B A M S gk
(X EP

(Rsim] hbim ik AR st IfiL; TGF-B/Smads {5554 S AT BB A%

[(RESES] R651.19 [XEIREB] A [XEHS] 2095 -610X(2024)03 - 0127 - 06

Relationship between TGF- 3 /Smads Signaling Pathway and
Cognitive Dysfunction in Patients with Aneurysmal
Subarachnoid Hemorrhage

HUANG Yi ", HUANG Yongjian D MAI Ling 2 LUO Ting 3
(1) Dept. of Neurosurgery; 2) Dept. of Surgical Anesthesiology; 3) Supply Room, Chongzuo
Guangyxi 532200, China)

[ Abstract] Objective To investigate the relationship between factors related to the transforming growth
factor B ( TGF- ) /Aerine—threonine kinase receptors( Smads) signaling pathway and cognitive dysfunction in
peripheral blood of patients with aneurysmal subarachnoid hemorrhage(aSAH). Methods The clinical data of 100
patients with aSAH admitted to Chongzuo City People's Hospital from October 2018 to March 2022 were
retrospectively selected and grouped according to the patients' Montreal Cognitive Assessment Scale(MoCA) scores,
including 54 cases with cognitive dysfunction and 46 cases without cognitive dysfunction. The clinical data,
peripheral blood TGF- 3, Smadl, Smad3, and Smad7 mRNA expression levels of the two groups were compared.

The relationship between pathway-related factors and cognitive dysfunction in patients with aSAH was analyzed in a

(s BHHEI] 2023 -12-05
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multifactorial manner. The predictive value of pathway—related factors for cognitive dysfunction in aSAH patients was
assessed using the receiver operating characteristic( ROC) curve. Results Peripheral blood TGF-f , Smadl,

Smad3, and Smad7 mRNA expression levels were higher in the cognitively impaired group than in the group without
cognitive impairment( P < 0.05). Multifactorial showed that pathway-related factors were significantly associated with
cognitive impairment in patients with aSAH( P < 0.05). The ROC showed that the area under the curve( AUC) of
pathway—related factors jointly predicted cognitive dysfunction in patients with aSAH was superior to that predicted
alone( P < 0.05). Conclusion The high expression of factors related to the TGF— B /Smads signaling pathway in the
peripheral blood of aSAH patients suggests that this pathway may be associated with cognitive dysfunction in patients.

[Key words] Aneurysmal subarachnoid hemorrhage;

dysfunction

) ik Je PR ek IR S 1 L (aneurysmal suba—
rachnoid hemorrhage, aSAH) J2 i Ifil 45 %< 95 H UL FF-
RAE, BABESEERE . WALR, JEAHKTR
7N, aSAH LR R L 45%, 249 30% EAF B H
PR RIRRRE A I T RE MRS, ™ HE S A A A
AR, AR B ERKIEF B (transforming
growth factor B, TGF-B )/FNE BRI 24K (aerine—
threonine kinase receptors, Smads) {5 5% 518 % 1]
P Z A A K T ISR At
e, XEFRURIER ZF . i P A HEE
WS, BT R, TGF-B 15 aSAH &4 %
JEEOIAOC, I 5 A8 M Ik AUKE i & A
S0 RS T TGF- B /Smads {55 % T3l [# % &
AN BE R RS AW 58 i R4 o AW ST i
WS e AR EEBE 100 i aSAH B3, Al i
AN JE LY TGF- B /Smads 15 5/ 53 5% A0 ¢ A+
Fik, JETHSINVAIBRRESOCR, BIEN
I RBFFE aSAH #2415 %

1 #ZBEFE

1.1 IGRE

WABRET . 2 CT. MRI K& 12 aSAH;
B R BN s B0 B R R AR R RS M
I R BB e B . HEBRPRE: aSAH [T EDAA7E
INHDIRERE AT A IFMN AR MIRRS
Y s TCE P EAEDIRE R JE 1 a NIRRT
HITHREREAT 250 . AWFR &5 0T N R R B B
1O 23 Dy 2 AZ AL HE (201802012).

HRAE g A L HE B A o [ 28 B 2018
F 10 H 2 2022 4 3 A S 4T N R BE B oin 1Y
100 4] aSAH £ & I IR Rk AT 5E, Hb 55
576, 443 f; 4EE 21 ~83(53.99 + 13.80) % ;
FINKIE RN 2.5 ~9.3(6.48 £ 1.43) mm; FERELNG

Cognitive

TGF-B /Smads signaling pathway;

10 IR G, 26 Bl i s 19 BN L 5 Hunt-
Hess ZF4 ™. 1 ~290 861, 3 ~4%% 144]; &
K FISHER Z3%: 1~2 %0711, 3 ~4 %29 fi;
BIPKIEALE . BTG 87 1, JSTEIS 13 i,
1.2 IAHNTHRERR RS MG AR

Wi a3 H, & Lk Bl s 2R e
Uil >R FH 52 45 A1) 2R A R PEA 2 3K (montreal cognitive
assessment acale, MoCA) PF il £ 2 1A F1 1 g [0
FEAFFPATIIEE . e, EE . IhaeRE .
g BYE . FES . HHERAE N ) 8 N, A
53304y, =264 MIEHR, RIJCINFITIRERERS (n =
46); <26 SPAFTENHITIREREDG (n = 54),
1.3 ERR}EEE PCRERN TGF-B .Smadi.

Smad3.Smad7 mRNA 7K

AR, B2 HBFE#EIKIL, 5 1 mL TRIzol
A (FEBRCHRIR G, I THIEEE RNA, il
o BE . 4BE, R Prime Script RT R H) & (FE%k
KR ) A AL ¢DNA, I LA cDNA AR,
Premix Ex Taq il & (FEER € /) T ABI 7500
PCR X (FEBR QR LHEATP 5 B g, AR &
9 5.0 pL.SYBR Green Mix, 1.0 pLcDNA, |, Fif
19145 0.8 L, ddH,0 AMEZ 20.0 pL, SR 2-44¢T
%318 TGF-B . Smadl, Smad3, Smad7 mRNA
RIEA. 1M SR, PP 1.
1.4 IR

(DGeit 2 Aim RGOk, R Fl . 2
HEFER ., BERA . S E . M S . Hunt-
Hess 474% . 2R FISHER 732% . shikisg K/ NS00
BRI ARJE AR S I R It &
iE KA (2) HAr 2 4 R E AR I TGF-8
Smadl. Smad3. Smad7 mRNA ik /KF; (3)4
1 TGF- B . Smadl, Smad3. Smad7 mRNA 5
aSAH B F N D REBEAS 1 C R 5 (4) R ZIAH
T E 5 1F i1 2 ( receiver operating characteristic,
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x1 5|55
Tab.1 Primer sequences

] 514

TGF-p mRNA k. 5-GACACCAACTACTGCTTCA-3'
. 5-ATCCAGGCTCCAGATGTAA-3'

Smadl mRNA F%: 5-ATGAATGTGACCAGCTTGTTT-3'
Tifi: 5-CTGCTTGGAACCAAATGGGAA-3'

Smad3 mRNA ¥i%: 5-GGGCCTACTGTCCAATGTCA-3'
Fif: 5'-CCCAATGTGTCGCCTTGTA-3'

Smad7 mRNA . 5-GGCCGGATCTCAGGCATTC-3'
TiE: 5-TTGGGTATCTGGAGTAAGGAGG-3'

GAPDH %: 5-CCTGCCAAGTATGATGAGAT-3'
. 5'-AGTGTCGCTGTTGAAGTC -3’

ROC)43#H7 TGF=B . Smadl. Smad3. Smad7 mRNA
X aSAH F8 U\ HI ) B F A5 114 5000 4 {1
1.5 St

BB B4R K A Excel 2016 U FFHS:
P12 SPSS 24.0 AL EE, TSR n(%) =R,
XK A RS RTHRE TR (£ 5) FR,
2 ] LU BRI FEAS ¢ K555 5 Logistic #4172
HWZE oM KA ROC £ PEAS TGF-B . Smadl .
Smad3. Smad7 mRNA X} aSAH & A GE B it
TG . P<0.05 HESHGITH#E X,

2 &R

21 2 AIRKERILE

QMG AR ZHEEMR . HRE . &
M . M 8 . Hunt—Hess 437 2% . 2 KB FISHER
S BRI S 6E | IRIT TR RJE

o 5 | 7 XSO R R A R A, SRS
HEE X (P>0.05), k2.
22 2% TGF-B/Smads 5 S Si@EHE X
FRIELE
INHITIREREAS LB M I TGF- B . Smadl |
Smad3., Smad7 mRNA & ik 7K % JC A H1 ) B Fie
s, 2ZRA 50X (P<0.05), W3,
23 TGF-B/Smads 55 SEERHEXEFS
aSAH BEZINMIIEERERIX R
PL aSAH F8 735 A JC A H D) BE B 6 O PR AR
TGF-B . Smadl, Smad3. Smad7 mRNA & "¢,
WRAE T L WL 4, Logistic FIHHT B8, TGF-B |
Smadl, Smad3., Smad7 mRNA 5 aSAH & &\l
DiekEns a7 AH X (P<0.05), W& S,
2.4 TGF-B/Smads & S # 518 i 18 < E F
Tl aSAH B E AT BEFERSHY ROC i £
221 TGF— B /Smads {5 55 T 18 f AH Y 1

F2 2ABKFABILE [(X£5)/m(%)]1(1)
Tab.2 Comparison of clinical data between the two groups[ (X +s)/n(%)](1)

2059 no MR AFERCS)  ZEEFFER(2) EA M mm) B &R s IR
INFITIRERETS 54 30(55.56) 54.59 +£10.62 6.59 +4.51 6.39 +1.25 7(12.96) 16(29.63) 12(22.22) 6(11.11)
TONHIIRERERS 46 27(58.70) 53.29+12.83 7.04+4.68  6.58+1.39 3(6.52)  10(21.74) 7(15.22)  2(4.35)
1 0.100 0.554 0.489 0.719 0.541 0.804 0.392 0.762
P 0.752 0.581 0.626 0.474 0.462 0.370 0.374 0.383
F2 2HGKRERIELE [(Xx5)/n(%)]1(2)
Tab.2 Comparison of clinical data between the two groups[(x+s)/n(%)]1(2)

w3 ) Hunt-Hess/>2% i R FISHER /%% kI E BT A

1~2%% 3~ 44 1~2%% 3~ 44 HIES EPEER Je A Fe g€
INHIT) RS 54 44(81.48) 10(18.52)  36(66.67) 18(33.33)  47(87.04) 7(12.96)  23(42.59) 31(57.41)
ToNHIIRERERT 46 42(91.30)  4(8.70) 35(76.09) 11(23.91)  40(86.96) 6(13.04)  20(43.48) 26(56.52)
1 1.991 1.071 0.000 0.008
P 0.158 0.301 0.991 0.929
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%2 2 AKRERE [(F£5)/m(%)](3) T aSAH B N HIZIRERERT 1) ROC <k, TGF-
Tab.2 Comparison of clinical data between the two B. Smadl. Smad3, Smad7 mRNA 5. it i il
groups[(X+5)/n(%)1(3) aSAH B E NI RERERS (1) 1t 26 T FX (Area under
i AR AR AR 35 2k the curve, AUC){H 73 %!}y 0.704, 0.817, 0.738,
ZH 5 n . : o N
BRI AN 0.706, BEA UM AUC S 0.918, P#J <0.001, UL
IR R 54 24(44.44) 30(55.56) 6. K15 HE—20 X5 Ty S F A 8 L4
TONHMIIREER 46 29(43.04) 17(36.96) 7R, TGF- B /Smads {525 S5 B A5 T TGF-
iy’ 3.450 B . Smadl. Smad3. Smad7 mRNA B & i Ml
P 0.063 AUC B B AR TFHMERR, PH <0.05, W&,

%3 24 TGF-B/Smads FSHESERBRXEFRIAELLK (X +5)

Tab.3 Comparison of expression of factors related to TGF-B/Smads signaling pathway between the two groups (X+s)

20531 n TGF-B mRNA Smadl mRNA Smad3 mRNA Smad7 mRNA
INHIZ RERE S 54 0.58 +0.12 0.47 +0.08 0.50+0.14 0.60 +0.17
TONFI I Re R 46 0.40 + 0.09 0.32+0.07 0.36 = 0.09 0.45+0.11
t 8.363 9.982 5.831 5.136
P <0.001 <0.001" <0.001" <0.001"
*P<0.05,
%4 RESE 3 wie
Tab.4 Assignment Scale . _ . N

R pey— - ﬁﬁﬁik‘ﬂl, aSAHjSEETIEJﬁEE’Jﬁ\%DIJJjE
TGF-B mRNA LR, ARSI BE; . ﬁ’% ol —FE'J ﬂ\ﬁgf Hm' A ﬁﬁf\] Eﬂ "
ol RN B — Hw%ﬁf}%m?&%\ . HmJIE‘/ﬁY%E‘{fEF%fE& + i ot 9
Smad3 mRNA LG, R RITIE E%Tﬁ%ﬁ%; fﬁ%ﬂiﬁféﬂﬁ%ﬁzgﬁ%ﬂ@%{}!ﬁﬂ%l
. e B ﬁ‘/ﬁ%%ﬂéﬂf\fﬁﬁﬁﬁﬁﬁﬁ? , %ﬁﬁ%%ﬁﬂ%mé&iﬂ@%

: BE. BT, HEms R AR A

& 5 TGF-pB/Smads FSHSBEHEMEXE TS aSAH BEINMINERFHX R
Tab.S5 Relationship between factors related to TGF-f/Smads signaling pathway and cognitive dysfunction in patients with

aSAH
(SES B S.E. Waldy? OR 95%CI P
TGF-p mRNA 2.726 0.512 28.351 15.274 5.142 ~ 45372 <0.001"
Smadl mRNA 2.682 0.422 40.391 14.614 3.874 ~ 55.129 <0.001"
Smad3 mRNA 2.691 0.389 47.868 14.752 4.115 ~52.884 <0.001°
Smad7 mRNA 2.736 0.401 46.551 15.425 3.967 ~ 59.974 <0.001°
"P<0.05,

% 6 TGF-B/Smads 5 S& SE MM X E FHN aSAH BEHINAMINEERERR ROC 44
Tab. 6 ROC analysis of TGF-p/Smad ssignaling pathway-related factors to predict cognitive dysfunction in patients with

aSAH
it AUC 95%CI 7453t HE WU /(%) FERE((%) P

TGF-p mRNA 0.704 0.604 ~ 0.791 3.905 >0.51 59.26 78.26 <0.001"
Smadl mRNA 0.817 0.727 ~ 0.887 7.483 >0.47 62.96 89.13 <0.001"
Smad3 mRNA 0.738 0.641 ~ 0.821 4711 >0.44 64.81 78.26 <0.001"
Smad7 mRNA 0.706 0.607 ~ 0.793 3.972 >0.51 61.11 73.91 <0.001"
A 0.918 0.846 ~ 0.964 16.150 75.93 91.30 <0.001"

‘P <0.05,
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100

=
T—"
o

AT

B (%)

= Smad3
. == Smad7

2 [N

&

it
£

6 lb 2.0 3b 4.0 Sb 6.0 7.0 8.0 9.0 160
100-F¢ 5 (%)
B 1 TGF-pB/Smads {5 S & 5@ i 18 x B F il aSAH
BEINANINEEFREFHY ROC #iZk
Fig.1 ROC curves of TGF-p/Smads signaling pathway-
related factors predicting cognitive dysfunction in
patients with aSAH

R, 100 ] aSAH 5 A HI T RE B it & AR
54.0%, X THRERGED FREER, MRS RE
W . FEARHE . Hunt-Hess 73 %% . 2 B FISHER
TTHREFA K

W], TGF-B /Smads {55 SE K] =
it R G . 0G4 e LAY, TGR-
B AN TR RGO, T Z A e FLsh ik
W, B AIA 6 WA, 45 TCF-B 1.
TGF-B2. TGF-B3. TGF-B1B2, TGF-B4 K&
TGF-B 5, Mi#F R HA & B [ UM, DIRefE
HIERL, W25 2R gl ia s fk . 1.
FWE . 2FAE AL AR AE S i 48 1Y, TGF- B 2R
S S ) S, RTIOTE TR 2R TSI
B . AN AME S T O . BEIR BEALEE
fiti . 22 LR WG & Smad ZEH T, #ES 540
Ak 2 ok FR D790 Smad & TGF-B FHEE M,
IEFEOLT TGF-B ARG X AEAE AN M it
FE—SE R R HPCT CANE 208 ), A 2 40 i v] BT
TGF-B RETLMFIURIAK, TCF-B AR,
5L Smad JE U 2209 & A Wik A AR A% I,

%7 TGF-B/Smads 152

MNP s s H LR, S 5890 KRR,
W s, A sh A i, Rl i S ph
LM, NI AR, AR E R SR A A
TGF-B 1 FikE, MEHAEPLIIRER G, T
HHAIN D BE AT 2V . S kB, @i
AR IO BT ol KBRS, R IR K R 4 21
TGF-B 1 AP LI, IR R A2 ag s |
S8 ot i B B M, R AR MR b 2 A0 R T
AW RIL, INFID)RE R B SR I TGF-
B mRNA Fk/AKFm TN DI ReRERS, H TGF-
B mRNA 5 aSAH f8 & W\ 1 2 g J fig 25 U0 A OC
T A HEN TGF- B AR T BB aSAH B H N A
DIfebets A ¢, 25 EIHAE AALE AT 68 205 iy
TGF-B mRNA Eik/KFFaE, FEOEH AN
Jrh R M e AR, R R R 2 AN A A SN,
HAZ ALY, HSE aSAH kKR, (HiZ4
TACHHEN, A6 TR G RS — L5 UE L

Smad B ARG A NZE , MG RGN .
kG I 45 55 5 384 1% TGF- B /Smads 5 5 5% G #%
AR T AR s, TR S AR R . BT
PHT-VER 2, W58 & B0, Smad3 P Bl FE A 4
FRAERLALPY, RIS T R AR AR /N R 40T
Y. BRIERB AN, IR N B ) AR R
0, ARHFSE 2B, AT RE A A A1 E iy
Smadl. Smad3. Smad7 mRNA EMEH 5 TGF-
B mRNAF Ml — %, £ B Smadl., Smad3.
Smad7 "] 25 aSAH B E NI e Ut 2, Al
e AR LN TGF- B mRNA kKT,
% R Smadl. Smad3. Smad7 mRNA FEik/KFE,
PETINE i R A 45, 5 1 R P A D) R R A
[ 25 aSAH &R, (H RS A B,
ARFHAT T — 45

AHFgE i it 46 ROC #h £k, & B TGF-B/
Smads 15 5 % 530 B AH 3¢ 7 B4 00 aSAH i
FINMIREREF Y AUC fE Tk, HAa —
ZWIRLEE, R &M OCH T A T aSAH B E
AN BE A5 A AL AR O T B0 J30

SHEREXEFERA S RMBN T ZRNNERR

Tab.7 Comparison of predictive value of TGF-B/Smads signaling pathway-related factors in combination with separate

prediction schemes

IES Mz 2% FRifEIR 2 V28 95%CI P
B4 VS TGF-B 0.215 0.059 3.716 0.101 ~0.328 <0.001"
4 VS Smadl mRNA 0.101 0.049 2.076 0.006 ~ 0.197 0.038"
B VS Smad3 mRNA 0.180 0.055 3.298 0.073 ~0.287 0.001"
.4 VS Smad7 mRNA 0.212 0.058 3.631 0.098 ~ 0.326 <0.001"

‘P <0.05,
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