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7 R T AR N BOE  BOsk 0 A Y AT R R
o BORER G ST R R R R AR A B A
(cerebral ischemic stroke, CIS) M FR figi #5 3 ( cerebral infarction,
CI) , J2 FRUR 31 Dk P 2 9T 5 | 74 B 26 23 e, 53 46 1) ot 224545 , S
BE AR R H SEUA ) BT EW R AL
FhORERRERG . I A WAT I 2 U A s A b AR A
Bt 69.6% i il it 23.8% R IGBE I i i ot 4.49% "% Horp
50~70% 53 35 B A AN [F PR BE I R, ™ EBUR AT 3K 40% 1
CIS B— M Z2RESH ZHTE  Z B A0 1Y BRI JUHK
Pt AR, FRGH BEAILE 2202 A b AR A s | RAE B
DA PR RR TR | (- VR 5 A 5 2 M Ca™ 2 % o 22
AT

T 4RSI (repetitive transcranial magnetic stimulation
‘TMS) & — MR AR TR 2 BB, BAT T AR AR
22 4 T HEAGAR A, 2005 4F LASE v TMS #5386 v FH 3 il 4
T2 SO RERE AT T v TMS A — 2 3 4 B 2
Fy oA Tedra HTE RN B 57 A JEONE H 3, AT S Wil A G 1) v,
SR e 24 e, BEFEIN T, A TS A T S
AR R 1Y) 3 Bl B J5, T T )R 0 T 2 A Ak, 48 R 8 T 110 2%
AP S EA 'TMS A5 A0 K i Bk 1 32 3h B 5, ) 31 5 |
B 24 e R A A, 0 S ot 26 0 A A T T 38T A R A K i 2
BRINBETG SN AIFE ] . A SO AR K vTMS 397 CIS AL A AH
WEFT AT T 253, B 76 I rTMS i f4 20 20 it 8 T TN foh 2 v
SRR VR HIBLA

rTMS Hi4# 22 40 i A = B #LE

CIS AR Ff5 e i 5kt S B8 2 DAy L.+ DX RN I 2 W57
L F o DX 4 2 240 6 R, 3 7 P B 2 S S50 e A4 38 1S T
PRI BT R 3 b 7 A DTS | A2 AN RT3 ) SR BE (g B 1 5

BET) 5 e o 2 Wy o A7 MRS ot 457 P 8 13 0 4 455 A R Y 45 4, 1HL
THREAZ A, 1 1M B8 B P A A2 T T 656 s 490 o, (LB e . 1 ) 1)
FEA | P 2 0 2 L T A D 1 400 T 28 R 40 L A 1 2 4 45
A FEAMA T R ERT) . MAABMH TG T
711V (2 AN N e o R 1 o P 1 2 R e
P2 B IR 40 iR -2 ( B-cell lymphoma-2, Bel-2) F % Fll 2 it
FRRE M ( Caspase) KRS 5, MMM 55 LW 2 5P
ARG R AR PR T R, WA G AL T A0 LA T R SRR A A O
g,

— A AMET RS

CIS M PR R — 3N S A 2, B il B4
YA Ca™ L  D4ATPE S SEMR B (excitatory amino acid ,EAA) |
SN IV | I B e B B R S 4T Ok 0 A L ) O T, v
EAA 0005 5 Bl 0 & TS I 115 5

(— ) ¥TMS Hif XAy e SERR Y A7 T AL

HRRR (glutamate, Glu) &AL RGN & 1w A
B NEFHSRR Y — il 26 fy M S BRI I, TR R A A
R i T AT B 1000 A%, BRI 5 min J5 , 4[] B Glu 2271
5~20 i ; B 20 min, Glu W 274553k 20~200 5%, Glu fIK
W2 T g 2 P AU B A8 SRR S AR [ B N-FP E-D- K 24 2R (N-
methyl-D-aspartic acid, NMDA) Z K], S B A Ca™ 48 2/i%
T Ca” (RS 26 A 1 , 0 1T RS e gl v R
AR A R 2 12 T A A S e e S 0 PR, 495 2R A B
AT (1 Hz) yTMS 7T 58 25 (AR A M SR Glu 9 3 B2 R 2% Ay M
FERR I REVE , Tl 2 AR A A

( ) ¢TMS 47 i oG ¢ I )V F ML

JKIBIEHE H (aquaporins, AQPs) FEE R IK TR TN . =
AL KON R L A B R AR A TR A LK
ERARBRNS 7 P08 b R AR, AQP-9 243 M
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T i A Bl #8 B ( circumventricular organs, CVOs ) A% 28 ¢ 5t )5
YRR 1 ( glial fibrillary acidic protein, GFAP) FHM: %) B IE I
UM (astrocyte, Ast) 11, 25 B WRAGER AT, GFAP /& Ast
FAMERER, HRBEHZ DT DR Ast #9375 /IR
AN, WK I, I £ 530 AQP-4 Fl GFAP K3k 1, Ast
JEZE K 23t BRI 5 B2 ( blood-brain barrier, BBB) 5 41 , ¥
WIERE R Y B, S8 2 i gAY L R A R
J3(20 Hz) yTMS 657 kA A6 K SR, 45 2R A& B, vTMS Al ik T~ 3
AQP-4/9 FIl GFAP 5 11K/ b 22 201 MO A9 081 T, DTG e 8 o 22
AR, DEHE " BB E B, S0 (20 Hz) TMS W] il
I RV SE A R GFAP Syl 20 3 28 4 M A 98 T 400 i 5%
NN, E A ' TMS B 33 BBB B9 AR A, wl LA ) e 22 40 i
P,

) I e R

Bel-2 Fll Caspase B R 5k 32 22 8 o 2R R AR A T3 42 D
VA JB I 7 35403 I A S A 2 A B A T, b AR Bl 22 AR 4 i 9
TR SR FHOE G , SR AR AR C TR %5
AN T AR N Ca™ ZEELAN ) Fh 3 1T 9800 P9 5 ) 7 3
R, 5K YTE 8 H IV (unfolded protein response, UPR) ,UPR
Ja AR A T E EE T 5 AR AR T

(—)1TMS 4% Bel-2 F R MIME LK

Bel-2 ZHEA MU T- ARR M T B PR SS TA ST L
BABEWIRYSE Bel-2( BT ) M Bax (R ) , —HRIL
MR L e a8 T H e 4 A R T ANAE G Yoon 2579 1
WFFER I, W% (10 Hz) ¥TMS IR Y7 K B il K B 14 d )5, Bel-2/
Bax [ (S & 35 04, Wi 2 4 i 1o & W R B
SEUOT R SE 2 BR, T (20 Hz) 'TMS AT i 4 i CIS K RLAY
Bel-2 & F/K A Bax & F/K RIS AN T 40, R
A5 CTMS AT 58 53 98 1 Bel-2 30 B Y 2% 25 S 41 il bl 45 40 g
T,

( =) rTMS ] Caspase ZJ5AYAE FHBLH]

2 il R K 2% & R 1 ( Caspase ) HIE =AW, T A
(HT=1R3h#E ) f135 Caspase-2 , Caspase-8 , Caspase-9 , Caspase-10;
DA PHT-3AT 4 ) fL$5 Caspase-3, Caspase-6, Caspase-7; Ill 7l
(T HE) s Caspase-12 ,Caspase-13  Caspase-14 £ [17] JH
Hh Caspase-3 AT A A MITE A, Gao %" MW 5T & BA,
(20 Hz) Y'TMS JRYT CIS KEL 7 d J5 , 7T T i A 5 A Ao f A
AR, Fmad A Caspase-3 Fll Bax FEHKFE . FE Bel-2 THEK
SESRAMHI M IA T, 2R AT ) & B, AR (0.5 Hz)
rTMS A 4 i BEFE B Caspase-3 25 H 91k, I e H: Bel-2
FARIA , T T 98020 Sl o B Y DX A e e S I e T, e 3R AR
£ A F 1(insulin-like growth factors-1,IGF-1) REMZ R G &
HEEEMAMMEE T, @35 IGF-1 3Z{& (IGF-1 receptor,
IGF-1R) Z5 & J5 /- AR A 2250 BT TR FH 20 ok 7o s
BOWFSE & B, rTMS Al i 3] IGF-1R &4t Caspase-3 & F 1Y
FRkBUA AT B S B R — 2.

rTMS {2 #22 °T L 9 1E R HLE

CIS H) F AR AL RN D RE B A R ph 22 ] 9 e
VAR 28 B G O 3 N N P ER R AR AT TR S5 R R D RE L A
AEBUIER) —FRRE ) SR R GBI R B S I AR B R, w2

A ) BT U 2 T A I G A A 28 DT T A R 5 fidh iy AT
SAVERRCAR o A v 5 i S AR T A0 A 28 DRI 1 o 55 8
AL A 28 T 4 I 23 R SR B B R 434, I3 88 28 it DX LA b
FEAPLETC ) 5 AN A HE X I8l 1 52 I ek B T s I 40 e o 5
RRLLEHE B2 g2

— TS {3 e 22 T 20 L %) 18 5 FISE A% 1) £ AL

2T 4 ( neural stem cells, NSCs) 35 PN NSCs Al
HMEE NSCs, HETTARYT 19 B B0E MR NSCs, S 1 (nes-
tin) /& NSCs FHE 5 MR s 2 1, H w2238 W RE TR 4 P
NSCs BB 5 Brdu 2 —Ff i i W6 E A% H BRZE UMD , /T8 A BT &
B DNA ) I BE 40 B 2 243 A T 40 0, DA A 10 B A A
ot g st kg & B, CIS R R (0.5 Hz) fTMS
RYT 24 h J5 , HC Nestin FIPEAN &t 035308 2 i 45 1 R,
rTMS IS A 22 T2, B HHS 5 S Ak GRS AL X, IR 2
AR A ST E A Brdu A Nestin FHPE4H I 4 31,
'TMS A {2 CIS K BRAY 1 4 T 4L 5 i35 0 g iz 3
ST RE L A AZ AT N R AR (1 mH2/11 mHz/
10 Hz) rTMS 67 sk i K B, 25 5 B , 3 FhAs & i v TMS 4 7]
W2 BRI RE, B 10 Hz (9 v TMS AJ i 3 42 2 Brdu/Nestin
PRI AR B4R ORI A IR, (R4 (0.5 Hz) rTMS
AR i 22 M VR TR A% 22 4 L 85 B 43T ( Polysialic acid nerve cells
adhere molecule,PSA-NCAM) 5 PSA-NCAM/5-MLfJ5 S PR BEWE ( 5-
bromodeoxy-uridine , BrdU) fy &35, H. vTMS J& , K BUATFE FRA 1Y
2 g R T )2 (subgranular zone, SGZ) | FE A BT X (sub-
ventricular zone, SVZ) 55 DX 35k 4 #1125 1 40 0 38 B BH &8, I 0T UL
ZT ML E SCGV T 2 AFE B i X3,

MR FE AT A T F 1o (stromal cell-derived factor 1o, SDF-
Tov) 2 R 0L 22 I HT 1% Ak B B2 J6 J5 40 JH 760 1A g 40t L - 0 i
LT ANMAT A I F 3244 ( Cxe chemokin receptor 4, CXCR4) /& G
BB AR IR A Z —, BFFERY], SDF-1a/CXCR4 T
TG 5 IR YE NSCs 1%, IS 5 & AR sl ph 2 i
@ BRSO B T & B, S (10 Hz) v TMS W ki
E I X 3 SDF-1 Rl CXCR4 ) 3k, HF 4 B SVZ 1y
BrdU™/DCX" 03 i, B A I NSCs B9 i 395 1T
% . SDF-la BOBEIAZ /N2 W8 2% R ( microRNA, miRNA) %1%
7, miRNA 25 41 5% 5% S5 P19, (E AL 4 234k T AR
IR B % — R G0 A i B R = AE Y . miR-106b
FIGAEIRNG T 4H MR U5 1 4 26 T 40 il miRNA FRak ik Bl 8 &
Fik, FE G = A miRNA, B miR-25 , miR-93 1 miR-
106b , HC T i 18 45 25 1 02 p21 ., pS7, e R 9 5 4 T 40 i g
P IR STUE R TMS FT5E a3 T miRNA (1 334 7 11 4
TETEAR NSCs HUBEBHATE A NSCs HYHBH AL

i Bl i 53473 e 2 e o 4 i ( astrocyte , AST) %) 5 7 J& 8 XX
TIEN, AT R AT ) Sk BETEAL AST 5 T 1 S 9 1 1
A2 AR B A 2 D REMR A 0 BTG 1Y AST Xt T 241
P HETE A3 A AT T B A AR AR T, A A Y B R
LA TMS 7] 3 i fie AR A i o ) 2548 AST 9 335 1k Ao 22
AR B2 DI BE

TS B HE 240 B A A AR FH AL

i M #2428 3% I F ( brain-derived neurotrophic factor,
BDNF ) JEAE SRR 7 it 20 40 037G 14 0 726 1) s B 2808
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T, HRMZA KT (Nerve growth factor, NGF) Z &I R 52 2
— HTZ A AR ARG, AR S A R E LSRR
R, BDNF 540 i i 2% T 37 1A % 0 R S Bt 32 A B ( tyrosineki-
nase receptor B, TrkB) 254 1l i BONF-TrkB {552 &, &
Y5 b 22T TR (R (I (4% 40 B R 26 A 2 70 Y 0 Ak S Y 1
JT, BEF BDNF/TeKB {5 538 i, 300 391 6F 5 UE 0, R 1 25 40
‘TMS 3% CIS K B T X AEFE AL | 0] {2 E HAESE 32 BDNF |
TeKB 8 (1035, JE i SEBURRE X BRI b 28 i PR 0

H BT B9 . HiE 52, cAMP-PKA/pCREB 13553 J& J&- P 48
HEMEERAEZ — BIRTT R (cyclic adenosine monophosphate ,
cAMP) AT 34 1% cAMP K 481 ¥ 8 H I B§ A ( protein kinase A,
PKA) , 5 PKA FYIR75 W5 PKAr 254, 16 M PKA fib 0 3559 A
¥ G , vl {di CAMP b o456 3 1 (cAMP response element-
binding protein, CREB) B L, 7 5 M1 B ) CREB 4541
P77 BDNF L% P 2 A K K F (vascular endothelial growth fac-
tor, VEGF ) ZFi#I3E [H (1478 S RN 2k | DT A1 o o 28 AR 0
[ AP A IR R (A (0.5 Hz) rTMS Al CIS KR
PKA 2 H R IK, 140 Bl 220 i B A AT BRI A2 ; Tl 55 55
ST BT R B, (20 Hz) fTMS T A2 i i i K B
p-CREB .BDNF | VEGF \Nestin f3&ik, ARUBIHINN , DL LB
SERUESC 56 3% T PKA-pCREB {5 5 38 5 14 #ft 28 F A Wk &
Bl

= ITMS {23 i 22 T0 5 fish T 8 14 1) £ AL )

S fiil( synapse ) VE R 2 DI EBK 5 FME 515388 1Y B 207,
2388 SOOI A 5 Ml i RS 04 5 Mo 58 36 P, L o L 1 D 2K 1 5 fl
] BB 4T, SR (synaptophysin, SYN)/Fy—Fif 5 fish 4 1
B, 5EMAZE I REA B S VB R, SYN J& 5 il 8
R S M MBI T A ST, TR S AR M i 45 4 2 1 S e 22
2RI O A B NG Bz S5 et it it e 4k 5 445 1) A 28 ik 2 T 48
PET S IEHIBEST R B, CIS JF SYN SaE B  (TMS {2
i X 38 SYN 8 FH i 235, L ofil v 28 b 28 19 AT 98 14 K
A KA TR 1 -43 ( growth associated protein-43, GAP-43)
ST PR 5 A M B RN TR AR G R IR RE AE , BEAE
RGE i A= A 1 AR 7R B 5 98 il JR 3% X (postsynaptic density,
PSD) & S fil e 5 5 AR G W 2 A Bk, L R B2/ A A2
PSD-95,PSD-95 AI 3 ik A [A] X 3k 5 NMDA 52 4 S A1 3¢ 2 (1 41
WEAY, 5 NMDA SZ K4 10 52 4 4 55 I 28 fil -4 | 2% finh ]
IAVE, BT A ORI R B, B (20 Hz) ¢ TMS A fi off o 4
FER Y GAP-43 I PSD-95 K3k , #E I i/t ot 28 70 58 fish P2 Al
Al EAPE

Robo J& T 204G Bt 53 F (cell adhesior molecules, CAMs ) .
PERREE FUR MG L I, o 5 RS2 AR B 1, RS R T, R B Jot
Robo2 AJ i #F 57 J A 28 TC R 5 43 32, i %% ¢ Robo 1 40 Bk 7T
{2 Robo PHPEMIZICIR A FIZE . RhoA J2/N3F RhoGTP
BRI DL 2 — , Wt RhoA | G40 R 37 9 Rho 3G 55 1L 5)
S, BT 51 Rl 28 A A HE Y A g, 0 Bl 5% s 2R R AR
KOV s AE S R B AR (1 Hz) ' TMS Al 13
Robo2 F1'F 38 RhoA i /K V- R fie ik pft 28 gk 5 () P2, O 5¢ 3%
PR fl A IE

BEERE
TS A — T JC A -5 | A f il PN 20 1 v oz B8 1 ¢ (T 7

B HG IR B X IE 3 TR UV I A 22 D D) RE B AR T
BRI, R v TMS Y67 I A P APk AL 2 B R ST Y 448
[RJE, SEAESR BT yTMS B AR FIBL I A A 9T S22 4R v T 41
SRR T P 2T A MO A I B RN A 4 S0 O Ml B P AR R
98 AN AT Ry BR T~ 8 — 18 231 7K1, FE0A 4 b 3iE 52 5% 18 BH y TMS
YERALEI 15 T i . B AT, 22 24735 4 8 U ( mito-
gen-acti-vated protein kinase, MAPK) 15 53l [ & 4= W A P 5 5L
WIE S FREZ —  FEFL P an et MAPK % £ 2 a3
M AME S V7T B i ( Extracellular signal regulated kinasel/
2, ERK1/2) . c-Jun & J& K ¥ 38 B ( c-Jun N-terminal kinase,
INK) \p38, 34052 54l Ak F AL A T i gy
R, R AW FE T MAPK {5555 558 I, #or i) 4% 30 i %
B4 T E 1, U M 58 3% rTMS JRYT CIS M4 2 4 e v 1
i 22 A 2 SR AIL ) iR R e 1 R A

s % x #t
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Effects of rTMS on cognition and functional connectivity in subacute stroke patients
[ Kim YW, Sohn MK. IBRO Rep, 2019, 6. S90.]

Objective To determine the mechanisms on cognitive improvement with repetitive transcranial magnetic stimulation (1'TMS) over the left
dorsolateral prefrontal cortex( L-DLPFC) in subacute stroke patients.

Methods Twenty-eight first-ever stroke patients with cognitive impairment were recruited. All subjects were randomly assigned to real or
sham stimulation group and completed 10 sessions of rTMS for 2 weeks. 10 Hz of navigation rTMS were applied (5 s stimulation and 25 s
resting, total 1500 pulses) on the L-DLPFC at 80% of resting motor threshold (rMT). At the time of baseline, 1 month and 3 months after
stroke onset, all subjects received the Korean-mini mental state examination (K-MMSE) , Korean-Montreal Cognitive Assessment (K-MOCA) ,
Upper Fugl-Meyer Assessment ( U-FMA ), Korean-Modified Bathel Index ( K-MBI), European Quality of life 5 Dimension ( EQ-5D),
Korean-Geriatric Depression Scale (K-GDS). In addition, the continuous performance test (CPT) , vascular cognitive impairment harmoniza-
tion standards ( VCIHS) , motor evoked potentials ( MEP ), event-related potentials (ERPs), resting state functional magnetic resonance
imaging (RS fMRI) and diffusion tensor imaging (DTI) were completed at baseline and 3 months after stroke onset.

Results After the intervention period, the real stimulation group improved significantly in the K-MMSE, K-MOCA, K-MBI and K-GDS
compared with sham stimulation group. And these effects lasted after three months in MOCA. There was no significant time X group effect a-
mong the U-FMA | EQ-5D, and CPT. Among the VCIHS parameters, Z-scores of executive and memory function showed higher delta value
between baseline and 3months timepoints in r'TMS group. The MEP showed higher TIME x GROUP interaction in the intracortical inhibition
value on right hand. It suggests that there is beneficial effect on premotor cortical excitability of rTMS. The change of P300 amplitude on F3
and C3 was more increased in real stimulation group significantly only in the auditry Oddball paradigm. The RS fMRI analysis results showed
more increased functional connectivity of Cingulate Gyrus, Supramarginal Gyrus, Cerebelum Crus2, Precentral gyrus, Middle temporal gyrus
and Inferial temporal gyrus after stimulation compared with the sham group. Brain activation in the cingulum showed a tendency that after 3
months, fractional anisotropy (FA) and fiber number (FN) in real group were larger than sham group, however there was no significant
effect. The relationship between the change of K-MOCA and fractional anisotropy of the cingulum was found positive correlation in all
subjects.

Conclusions These results suggest that high frequency rTMS on the L-DLPFC improves cognitive function and functional network activi-

ty in subacute stroke. The rTMS seems to be a recommendable treatment in stroke patients with cognitive impairment.



