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19 2. Adeno-CAG-BDNF-hrGFP uvlo]gl 2o 7% Q72174
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A Aol AAAA-sEA ¥ EA 5 EdolA oldenlo]y A WHE
o] 8 3}o] BDNF(brain derived neurotrophic factor)S 4 & &+
M7 E 71 M L] o] A

Al Aol AAkaA -8 A | £ (neonatal hypoxic-ischemic brain injury)<
b7 7FAL (perinatal asphyxia)oll oA Al Aotel A BHst= x4 T35 A4
ZAgo g nkrtol 1000 EAol T 2WelA Wi, wsolo g o 60%7HA
AT BRusw ols T ATTelA AARD Hojrds BT I A
Ao oubA o 7t 3 A (cerebral cortex), 37}t (hippocampus)s 9 F9olA &
Ay AlAolo]l = 7+3  (diencephalon), caudate nucleus, putamen, globus
pallidus 52 7] A3 (basal ganglia) ¥ Yol = AAAEL £Ao] F=gx] o 734

o AAAA Y Aol Yot EAE FFAAAY AL
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A e A T HE hsAdes AATdH s HEA F OAA 3
A Wste AlEAR REZERE ofy g YA o R AlA = 2
AES ZHE Yedt. oyl AS Fad TS st Aol AAdEFAA
(neurotrophin)o]™ X 3]k A oA 2174

AzbE o v 1 9 AA

ALY #3tE AAste=d AdAoesE FHed  EZolth. Brain-derived
neurotrophic factor (BDNF)X nerve growth factor (NGF)& tl&Eo] oz el 2l
BAFJNARA FANBAELG EEAGAEY AT Fag JTs TRV ofy

, AF o TARAANA axon? dendrited] A, AMEZE AP =9 FA 5 Al
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AAEL oA FEel B d¥FE /A 2 FFRAGA NN AAAE AEI

Eaprwk oty Al YA~ (synaptic  transmission)¥ AW 74 A (synapse
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MA ol Aikad-s18A X &4 T EAAA old enlo]ly s WHE
o] & 3}o] BDNF(brain derived neurotrophic factor)E ¥ d3d}+= <zt

AR Z7IAE o4

NAENAES nAds vEste dEH= Al S48 #A7F B4l (self-renew)
S Hola, Aol AAYAE (neuron) B AA WA E (glia)Z #3}st= w89 th
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T A dojy A7 BE Z3E dedEd oy dh
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= 3 g AT B SIS HFTEY ABA AR T A

AAL AED B3E AAsed Agdoer oy BRI dF B0,

BAANBAEY} FFEANAATL] AEo FTo%% JTE Tl 0}14‘1}, HEFeEe
WA AN axond dendrite®] A, A2 Ao FA = AAALY oy
gxo] W oS 7] H ) PR

BDNF+= NGFell o]o] &d® A FAA=ZA TFAZAANA ABAE A=

Eaperwk oty A YA (synaptic  transmission)¥ AW 7FAA (synapse

plasticity) o] #£xp7]d o] B2l Ao w Holw BDNFO REE 752 1 T84
TrkBe} ZE3lo] tyrosine kinaseE A 3tA|A thgs Mx 3F AlzdAd 429

Wobs ue st Ao el Ytk UBDNFE ajvh, WEA, A%, $2479

FAb gel, As e mebl s, 9T, A, 4T SN wRET AR 2

#1%1 BDNF9] 285 W A7 (neural crest-derived)®] #2274 AAxE, =5}
W AAAE, AREd @i ABAE o W gdd TR AAARE
el AEolu el Fofsts FFEUAY VT E HAA e AeR Husg]
[} 553438
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A% 799 CD-1(ICR) FAA = %% (common carotid artery)E »%

A FTAeR AR sto] HEA HESS oA 247 3 E/ A ko] Fol X
T 2AFA e A FH 7] (MAXTEC, Salt lake city, UT, USA)7} #zr=

chambert el A1 37T, 4F48%¢] 7oA 1A1ZF 30& FF FAeAth o5& B

o= BHI A os] deHw 12A41%F 1A 9 light/dark cycleol A 4] &k 31

A7l B RARAR AW EeEe A7AHNE 2, AEgayd IRB
o s W 5, Al 135 AA fFAE o] AR Blole] F 3 (telencephalon)
ool Abdel REAe] FAME 5T F AN AAFxAS AFHst AB=
Il F3F Atk Dulbecco’s Modified Eagle Medium (DMEM)/Ham's F-12
(1:1)(GIBCO, Invitrogen, Carlsbad, CA, USA; o]3s} Al Xujfol] ALE3 BE A=
= 5o] 714 Atge] gl 3 GIBCO it AlF <)ol 1% N» supplement, 100
units/ml penicillin G sodium¥ 100 pg/ml streptomycin sulfate (1X P/S)2] A A|
= H7FE ax (No ¥jA)E 7] oz vk gl al, mitogenic cytokinesC & 20
ng/ml®] basic fibroblast growth factor (bFGF; R&D, Minneapolis, MN, USA), 8
re/mle] heparin (Sigma, St. Louis, MO, USA), 10 ng/ml®] leukemia inhibitory
factor (LIF; Sigma, St .Louis, MO, USA)S #7}3stth. 3-4d vt} wjx & w33}
. 7-99 Wt} 0.05% Trypsin/0.53mM EDTA(T/E; GIBCO)E 2% 307+ A3}

of Al af sk,
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3. A= ofdl=ubolH 29 Al B AP E VAL 3

7F Az ofdlkenfol ] 9 A2

BDNFE cloning 371 #13ted 13t A A =7 M EoA mRNA FE3 & cDNA
gAsta, pGEM-T easy vector (Promega, Madison, WI,  USA)ql
subcloning(pGEM-T easy-BDNF)3}t}h. oluw]l cDNA2] oF Edto] Bglll 2 Xhol
restriction siteZ tailingdty iz o 7]oA] A& Z+ZEo] plasmidE thA] DHb5a0
transformationd ¥, CsClLH &% mega-prepste] A& As (Bglll, XhoD=E A=
% A719 %5383, bandE +2] A Aol pShuttle-IRES-hrGFP vector(Stratagene,
La Jolla, CA, USA)°l cloningd%tt. Cloning 3 pShuttle-BDNF-IRES-hrGFP
PlasmidE BJ5183 strain E.coli.°l pAd Easy-1 (E1l, E3 deleted Adenovirus type

5)¢ co-transformation*] #1 homologous recombinationg F=3A Tk o]Z A AL
pAd Easy-BDNF-IRES-hrGFP Pacl® # digestiond}%] homologous recombination
< golslar, 293A cellol CaClWyy o &2 transfections} ¢

Adeno-BDNF-IRES-hrGFPE Al %8t HF 4 o2 CsCly gradient™ &= nf
o] 2] 2~ & dialysis membrane (Pierce, Rockford, IL, USA)°o. 2 A A|sto] CsCls <
3] A 7A3sFA . Recombinant adeno-viruses® replication competent virus$l#|
ol 5 -5 A5B49 plaque assayE ©|835Fo] H7Fstal, virus titere 293 cellsS o] &
plaque assayds} % th. 3 Purified viruses © PBS with 30% sucrose°]| % o] Al A}

& A7HA BB

_11_



CMVie  Chicken - Rabbit B globlin .
enhancer actin promoter BDNF terminator IRES  hrGFP Adenovirus

1% 1. BDNFE 233 +E AXF ofdntolg 2~ WE AZE,

CAG promoter= CMV immediate early(ie) enhancer, chicken [B-actin promoter,
rabbit B-globin terminator® TA %ol (=, CAG I ZRE, A,
BDNF, 3=4; IRES, %E%A; hrGFP, WA, adenovirus genome). BDNF+
adenovirus genome°| 93&}o] F A X WHEHE AIEy, CAG TEEEo 9 s
iR

_12_



U A A S 71 Eoll obd| mmbo]E &

371 AZE Adeno-CAG-BDNF-hrGFP vhole] =9 7+ & #sl, AxHAl4E =714

X5 N, viA & 7]¥ o 2 bFGF, heparin, LIFS #7Fsto] vl kst ar 3k Al 7F Zof

Adeno-CAG-BDNF-hrGFP u}o]l2| 2~ & 35 MOIZ Ao 7+ A Z o,

T 24-48 A F AR AR v ST FFAnAdor dFeto] 7 of R
AABAAE Gt 2 FaE AABE7 A x4 S BDNFEE of §-¢}

e AEE FQer] el ELISA WS ol &36to] A4 23 o5 3 4

A FELLE ArAaA-5dA HEA 5 29 (hypoxic—ischemic brain injury)ol
7

17 A AZ7|AEE o] 23 +(HFT13w; n=36), BDNFZ &&= A7 A7 =7]
ANEZE o)A s +(HFT13-Ad-BDNF; n=36)c] 1 W%+ H-H bufferg o] 4 3

(Vehiclew"; n=36)2. 2 -t}

M7 %71 Al £ 5-bromodeoxyuridine(BrdU, 2uM)e] F7F¥  uj #] o
o2& fdtel T/E Adste] ddAER wsi, doldls
BrdUE #1A3%7] 98l H-H buffer (1X Hanks' balanced salt solution, 10mM
HEPES, pH 7.4)% 33 A2 3}3, 0.05% trypan blue® A 3ao] 8x10%cells/ml S %=
Hl sk Atk o] 9f o] FrlEl QIZF AAEFTVIAEE o]AT WA dSol HAsHA
th o] 3d e BDNFE 2dste= AxF ofuliento] 2] 2~ (Ad-CAG-BDNF
hrGFP)E 35MOI= 7t d =7 Al 2o A 712 H-H buffer= 3xF# A% 5}
o HENS A 17Y F TEEES ketamine(50mg/kg) ¥ Rompun(10mg/kg)
o7 mHAZL, WY RS 70% dHER 253 H/N3 3 micropipettS
o] g3kl 1x10°cells/w 9] ME Bf o F 1205 F 744 Bo FAaHg ),

FEETE BT 9d AYste] ASSYn FERAE 20 An A%dn B

ko

_13_



Fet o, wiH7E A wW7kA 37C warm padoll A FASA 7] a1, o] Al HE QIZF AA
Z71 A e AGARTEE T A oA FF HAEH AdPFEol AT
w744 v cyclosporine (10mg/kg/day; <9, A&, Havl=)S FFT 34
gto] 93t FAFaE T

5. ¥74M A7 54 # AAdxH

oty
&
X
o

N
N

MR A7) 27

AR 2 gixa 5552 dsH7 EF 959 AH (HE4 52 & 12F
AlM HE A= F 474 4% paraformaldehyde® 1A F-, 30% sucrose in
1xPBS = cryoprotection, OoCT mounting medium©l| o o} 18m=
Bregma+3.2mmol 4] Bregma-5mm7} A 448 & 14dHA FH3sF™H cryosections 3o}
Ak 2+ AHL 54ume] A S W olt),
7y 222> Hematoxylin Gill.s formular(vecotor, Burlingame, CA, USA)¥}
Eosin-Y (sigma, St. Louis, MO, USA)°o. = o] A5 3 Virtual
microscope(Olympus BX51, ,Tokyo, JAPAN)S & A} S &2 % Image J(Broken
symmetry software, NIH)E o] &3] W& Sttt A & Faof A4 FI
o Fule= zF Ay WA FAAmE wI F AdAY FS ot HAA F
9 &S AN S dE FaoA HAAN S gkt BuE wa A A

< 100 #sko] B4 o = gk Rujof] thEk Y
AA Fue] vle(%)E Fetat. WA R3] (Infarction volume) (%6)=(H4 =
o

gu - 5 e Be)/A8 & g B3] x 100

¢

A\

ABABE7NIAEE olAT T2 HolA AN AZ7A xS Az T2 29
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Jae)
=
SE
=
BN
=
off
i
il
Mo
o
o[-ﬂ 1
o
X
X
td
—r
de.
all
(i
>,
o
f.ﬁ
—
Do
_1
B
=
>
i
il

&3 & 247zt 4% paraformaldehyde® A3 = 30% sucrose in 1xPBSE
cryoprotection, OCT mounting medium®] %3ttt 18m= Bregma+3.2mmel A
Bregma-5mm7}#| 44dH T 14dAX FHstH cryosections skt 2t AW 54um
o] +AS B

< 2lo] = £ blocking solution (3% Bovine Serum Albumin, 10% Normal Donkey
Serum (NDS), 0.2% Tritonx100 in PBS)ol A 204 147k %ot Wk$ 3 carrier
solution (3% NDS, 0.2% Tritonx100 in PBS)ol rabbit anti-GFP (Invitrogen;
1:200), mouse anti-TuJl (Sigma; 1:100), mouse anti-NeuN (Chemicon; 1:40) A
E  FAstel 4TAA a7 Fd wbgEdnh. 1X PBS®E 33 AlHgta
Fluorescein(FITC)-conjugated anti-rabbit IgG  (Vector Laboratories, INC,,
Burlingame, CA, USA; 1:180)3 Texas red(TR)-conjugated anti-mouse IgG
(Vector; 1:180)5 carrier solution®] 3]As}ef 37ColA] 1A17F 102 W83ttt o

Al 1X PBS® 33 A& % mountingste] W dddn g ow B39

A FETS ArMrA-sdA HEA 559 (hypoxic-ischemic brain injury)
MEZS o]23 o (HFT13w; n=36), BDNF& 2dsl= A 4=
ZIAEE o)A 3k ++ (HFT13-Ad-BDNF+; n=36)°] 1 thZa<2 H-H buffers o]2

7 e AgEn dET 2F AQay ARAFE/NAEE oABA 3F F

BE 2F 1A 02 115704 A A 59t

7}. Neurological test:
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TE mygsE #Hu 5o HS W (tail suspension) %th] ] F = (forelimb
T% HE7](torso twisting) ¥, FES HIPGS vy Ty FE5 S

R A 07 Fol Q=R o] F(right reflection), & =2 %t}

A w1 RS Jds] AHAAS wWe] ®ES-(placing reaction), &

Aol Fa AR 94 SRS W LY 9 (toe spreading)s ¥ Esho] A o]

=)
|0, AR Te Fo] 4 T8 Ay v APy ® o dEdelA Ax

1}, Rata-Rod test:

5 ZA 7] 5 (motor  coordination)&  =7A3}7] e  Rota-Rod(Columbus

Instruments, Columbus, OH, USA)+= #|&3cm?! rotation rod¥1ol &S i 4~

40rpme] £HHo® 3 H5t= rodolA FEol Wold wizhA o AE 58 w3 &
okl 3xkdEl Al@sto] Bt A LA ZH(mean latency)s =48R AL, AdL A

fxzaol A Mol 3FFHE 25 A0 2 115714 A A 5F3 T}
t}. Wire maneuver test:

A 9 (forelimb strength)& 4 3}7] ¢35t wire maneuver testE 2 A|3}%
. AE°l 2 mm & wireE A4 60cm =olo 150cm Aol &2 *éﬂﬁ}i’, Hpef 2
A4S 10cm Eol=2 Zol "ojx&= 45 TAaAZ F

HA
Aol Fol wtgd FHo] HES FAT HFHAAAN mygsE FUdH. HAE W &
H =

o

uf
HU
=
5
@
il
]IN

2}. Water maze test :
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ks o] &l FAL THFETHAALE AL AAZTAME o)A F 1250 A
st AE 90 cm ¥o] 30cm A Fzxo 5
Dickinson and Company, Sparks, MD, USA)S &% 3l &% 5=
AN 1.5 cm ot&ol F 3 Plexiglas TR ES S % ALEH A A 359}
s=utth st Fxo v WA HAFEY F9= AFete] I A AP S

Agete 6az Atk @ Agvig A7

Do
Do
@
i
tlo
°
=
w
7.
B
=
;
<]
@
(@)
Q
o
B

WA s

Zb Aoy gzt HAMAY]) A A3 E SPSS 120 for windowsE ©] &3f
of A 48Rt /A 1 TAA Aol FoFE pH 0.06FFoNA HAEA
t}. Neurological test, Wire maneuver test, Rata-Rod test, Water maze test®= &
B9 one way ANOVA test? unpaired T testE A Aldto] AAd AT, Ho
SAA Aole JAl FogE pak 0.05F TN AASAT. 2 BRE AR

meantS.EM (standard error of mean) o % X 7|3} th

a4
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NEAS HU 15D F o WA oRE Fes] A8 $ gy 9 3
o

THE FUow Fste & AR wet AFEA (mild injury; 35 o ¥ 9t
o] 30% wwk £4), F5 % £4 (moderate injury; $= iy w9 30-50% £4),
T o =4 (severe injury; 55 tiduHbG-9] 50% ol &A= BFete 2 U
dao 2 IFAAG

A8 (HFT13%; n=47 ; HFTI13-Ad-BDNF<; n=52)3 thZxx (Vehicled;
n=55)o 4 HFT13w& A 5&4e] 1578, 5% &40 4nte], 5 &4 18
vkg] o, HFT13-Ad-BDNF* 2 74 Z &40 187he], 6% &40 179y, &+
= &40 179819 2L, Vehiclew*& 4 F<&7do] 157k, 5% &40 189te], &5
&2Fo] 22vbE| ATt dlEa 2 A

e zq8H gas A,

-—‘——‘—l—l

M
td
4
=2
>
Ho
o
~
olr
i
o
1
ol}]
1
~
et

EL
N
=

32
=

2. A= ofdlientol ey el ZHE AN Z7IAE 2] BDNF 2 d &

Ll

Adeno-CAG-BDNF-hrGFP nlo]&] 25 QAN AZ7 A Lo 779 A7 BDNFZ
W& A 71Tk, obdmnbol 8] 29 titer:= 1.35x10° PFU/ule]ltl. 7= <z AA=

AME7 BDNFE Qoh} wdshen gobusl e, gk A4 E71 A% 3719
H}O] ai% 35MOI= @'%A]Zﬂ:ﬂ_, 7{:}'%}‘ 48/\]2_]— :,5:9,] Hﬂxlg ]—5—],0;] BDNF u].-(‘?—i

F& ELISA W o=z 4363
=% A3 Adeno-CAG-BDNF-hrGFP7} 24 ® A4 &7 A2 E 1x10° cellsel
A 48413t &t oF 6256nge] LA TS BAT(2™ 2)
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60 A

50 A

40 4

30 A

BDMNF concentration
(ng/48hrs/10° cells

10 o

a = T
hNSC hNSC-BDNF

% 2. Adeno-CAG-BDNF-hrGFP ulo]g o] 7Hds Q1 7HAl 7 & 7] Al ol A
A

BDNF 2& <k ELISA =323 Adeno-CAG-BDNF-hrGFPol| 7 ¥ A2 A=
ANAE 1x10° cellsoll A 4847+ =9t <k 625ng2] BDNF7F 2+& 4.
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3. ARt S EA WEY 90 BDNF 2@ A AE71 A9 o] 23} AA
oA FolAlEe] A, 3 R AFGFE

AP F=9 ol BDNF¢ GFPE 2ddt= BDNF 2d QARG =7AEE
ojAstdE W HAMT FAet FH dHAd BHelM GFP FAR dAEHE F
AME7E BEHAJT(E 3. A, B, E, X" 4 A, C) o213 GFP 2d 2 oA
Es9 54 AAAERY L4 FE FQdety] fsto] Ao ZatE AAARE
Solqor ddH = g de e FAE ol Fe) WAz AN HA ¢
AT GFPE Fdsts ARMAAS7I AL oF 80-90% ol dellA =7 AFAAE
o sAQlAel TUJlE 2dstsla(ad 3. C-F), GFP ¥4 oA s A% 44

AA Fejet =9t FeelM AT #
ZEAdh(ag 5. A-C). =3 BDNF 2@ QA E7IAE7L o)A 8 %5 o=yt
To HEd B9 F9H g Ao A NF(neurofilament) & 2@ 3st= A4 A4 xE2
AA=719 AdAdol e o] Slgo] BHEHAT.(IH 4. D) ofd mnpol el

AR ENAELE ol AT AFe F9ARES] 30% A7t AddAE

lo

i)
>
52
flo
re
N

2 EEetla, I = AT H FaET|otuAxe} 2 AF AR L ste)

gloM, dRE ugSAETe EAA Nestined A% H@AAYG (2 EAGA
)
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T ogoAEe 4% 2 23t
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7] Al

==
=

& (green color) ¢17+Al7
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Sk
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g (HFT13+5n=18 ; HFT13-Ad-BDNF+*, n=15)3 o]z (Vehiclew, n=17)0l A]
974 2% 2%, A4 F gEaT P HAN F g
R3E W oA Y E9 gEuT PR G F100& Fael 44 5 o

t}

oE WA o) 0 &(%)S Tt BDNF 2@ Qa4 %74
Z ool AAZNAEL ol Aol A tlze] ulE HAA Hy] wlgo] i
RYEd, QRAAZ/NAE  olAFelAH  HAM  Fu W&e 4928267
(mean=zS.EM)% o]a thxtolA] ¥H A I v &L 51.20+2.232
EAHOR FET Aol Holx X BDNF 2@ ARAAZ/| AT oA
A= ¥ AA 23 ugo] 4261:3.18%% thzwtol ulal oo A ¥ 2wt
Zastdd (29 5

o
ol
M
o
=2
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{95) PWnjoA uojpJeju|

=

Naive BDMF

Vehicle

—_—

g mel A ¢

g

=
=

5

a9 5. AAAA

7},

3

3

Izl M HAF A 2] v

oj Aol A o 2t

¥ (BDNF)

A7EZE71A

S0
=

(Naive)

3L
i

Al

)

i 2]

9]

(Vehicle)el|] 1]

3 oo Al HAAM A7) W]

ol M el H

Al
2

°]

AL mean+tSEMOZ YE S,

3L
i

=71 A

(+ P<0.05.)
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N
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Zt Hrbe ATy gzl A AAE7IAE 5> H-H bufferg o2 g %
3FHE 25 Ao 11574 AAe A, 7+ SAGS meantSEMO®E U EH

7}. Neurological test

ANZMNAZ7MAE o]+ (HFT13%, n=15), BDNF & Az7tAl G Z7] A% o] 4]
i (HFT13-AdBDNF+*, n=16), Vehicle °]4] tix (n=16)2} ¥HEAS FdshA
¥ age-matched A4 WHZEZT (Intactd, n=21)S Aoz 2AEeH 715 H/HE
#2371 9138 Neurological testE A Al8Fo] neurological score #k= H| a3} T}
A dxe Intactw & A9 AA AA7]eS Ho neurological score’l 07
ZV7b9d o™ HFT13+ ¥ HFT13-AdBDNF#& 2% tix+o] Hl8] Neurological
score7t fracteE AFE BAoY FAALRE BRE FAA FaEF zolE K
A k. 2y MxEolA 55, 75, 97 F 11T U Ao A Aol A

o] vla) 219 UA neurological score’} A4S Ho] Al

Ao 7wel EH9E st (1Y 6).
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1.8

16 —— Intact (n=21)
5 14 - -/.\-—-”' ek n=iel
S 15 T HFT13 (n=15)
I 1 T ——HFT13-AdBDNF(n=16)
2 17 I
a0 1
o 0.8 4 ¥k %
Q

0.6 1
s f
Y 0.4 4
= L

0.2 - M

D L] L] L] L] 1

Iw Sw Tw Ow 11w
Week

6. AN s1EA HEN ZddA JIAAE7IHAE 5 BDNF &d Izt

NAE7|AEE o2 d AT vehicleS T4 iz 2 A4 & (Intact)l

A o] & 7]Zbell wE neurological testE &3 417

HFT13-AdBDNF# 9l A Vehicle* o] #®]3] neurological score’} #Z4ste= 73S

Kolal, o] 5 L5FHE 1157bA] A5 Al FeAM Fa3 AolE vetdl. 72 S4 %
(3

% mean+S.EM¢ P<0.05 : Vehiclexd ¥} H] 1),
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1. Rota—Rod test:

+&5x47]% (motor coordination) FA3t7]  #3 HFTI3+ (n=18),
HFT13-AdBDNFi* (n=16), vehiclew (n=20) % Intact (n=17) =54 587+ 3
24l Rota-rodES A A|ste] Hit A% A7 (mean latency)S #4358} %t} Intact ol
v HFT13w", HFT13-AdBDNF<* % Vehiclew RFellAl Hf A& A gko] Zhok
oz ot kel o9 = Aol & HolA & ¢kth. HFT13w 3 HFT13-AdBDNF+
o Wit A FA|Zo] Vehiclewtol Hla] F71e AadFS B oy A SAGA R
Frad zolE YEWAE FUav (29 7). mepA Aol dixatol BlE frast

A Fex2A 750l FAEA k=S BATH
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7}. HFT13

o]
7] Zkol uw}

3 =
N =
j_L_ =

A7 Z 7] Al

A

-

3

H] 1. =

Rota-Rod testg %

HFT13-AdBDNF ]

kel
T

] 2]

]

(e}
mean+*S.EM %

2% A 2

iy

H] 3] Rota-Rod test? %

Vehiclet ol

AHoz

(* P<0.05 : Vehiclex" 3} ®] L),

=1
=

SRR

ARt 5

o3
s

B

el
;OO
ﬁo
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7
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t}. Wire maneuver test:

M Eold & AAZH (forelimb strength)d W3S =A37] Ydle] HFT13T
(n=23), HFT13-AdBDNF+* (n=30), vehiclex* (n=26) % Intactx* (n=10)°] A
wire maneuver tests AA|sto] AL FolA FI7F oA = AFE 2H9E V=
holtt. olmf A Fol wE dFS wiAlcy] fal 2P EF female TEEES
Falvt ZA st HFT13w, HFT13-AdBDNF+* % Vehiclew* = 5ol A Intact
ol mla] HAafel wiEE e AlFo]l @ otow HFT13-AdBDNF ol 4 Vehiclew
of vla] wigd = Agte]l FUMe AFE HAAR FAACR FET AolE

BRU A etttk (29 8). whEkA Aol thEatel Wl AT Ee A FEEA
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100 A~
90 -
o 80 A H_—i_\i\
]
"L'ﬂ" 70 4 M
£ 907 /!\—"\.
E 50 - .-—-__I': _
> a0 & * 'y
c —#— Intact (n=10)
a 30 7 .
-t == "ehicle (n=26)
m 20 4
— HFT13 (n=23)
10 -
0 —w— HFT13-AdBDNF{n=30)
Iw Sw Tw Qw 11w
Week
a8 AAARAY FEA HEY Bl A JAAAE7IAE 52 BDNF 2@ Izt
NAZ7I|AEE o)A e Ad T vehicles FAS 2 2 AA T E (intact)ol
3 o2 & 7|7to] wWE wire maneuver testE Eaf AR n )

HFT13-AdBDNF<*©¢] Vehiclew*ol B3] HAFo] wigds] = Al7to] F713 AE¢S
HAA BAHOZ FI3A= &S 7 A4S meantSEMY (x+ P<0.05 :

Vehiclex* ¥} H] 1)
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Z}. Water maze test :

Ad el HFT137 (n=27) ¥ HFTI13-AdBDNF+# (n=35)% t]Z%+-2¢ vehicled
(n=34) ¥ Intacta™ (n=21)oll A AlxEo]a F gHFFHe WHMIE R7|HNA 69 &
o probe?] HAE SFAIAEH, 47 o EFANA p

2 Azrel A
FolmE Aow wol AYEn hxE BEAA duol dojum YL % = I

=
)
o
¢)
il
21_14
[
2
N
=
¢

Ak (g 9A). A4 F <A Intactwto]l 7 T
HFT13-AdBDNF<* R oA Vehiclew ol Hl&| 8tF5 o] FA4dS Btk 17
U HFT13w 3% Vehiclex Froll& FAISHA o2 ou] gle Ao]& HolA= ¢ok
HFT13-AdBDNF o] Vihiclew 2.t} ProbeE Zrol7hi A 7to
A A AE AR F U (29 9A). 7T HY FAAEE He]
3l AF 7d A probed A -3 probe 91X AWt WForEEH FoFE AZ
sto] F 7} probe7t A A Go] MFEZ = NS FIA VT EHe SAHINAE
g, 23+ HFT137 3 HFT13-Ad-BDNF+ =% Vehiclest ol 4] 8] ProbeZ} $ %
s Aol wFE Aol FT/MESE #EIFUN 53] HFT13-AdBDNF 0]
Vehiclex Xt} EA 402 3354 Probe’t A8 A Ao HE= A7ro] F7}3)
At (¥ 9B). wEkA BDNF 2@ AMAAEZ7|HE o] Ao Al txtel H] 3

719w 9do] FdHS R Atk (x P<0.05 : Vehiclew 2 1] i)

[} fE

N7
o
>,
o
=2
o
:[o
lo,

2

et
ol
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A 60 - —#— Intact (n=21)
—ll—ehicle (n=34)
‘g 50 HFT13 (n=27)
g 40 —#4— HFT13-AdBDNF(n=35)
®
= 30 1
£
P} 20
g
£ 10 A
o T r
1d 2d 3d Ad 5d 6d
Traning days
B
25 -
T *
—_ 1
2 20 <
z T
E T
= 15 4
-3
E 10
=
m
Ex
B s
L)
o r
Intact Vehicle HFT13 HFT13-Ad-BDNF
a9 9. AAAA P HEY Bl At A =712 52> BDNF g gk
MNAZF7IAEE o)A e AT vehicles FAFS Uz 2 A & (Intact)ol
A ol & 7)zbe] wE water maze testE T Sy % 7|9 T EH umHs}

(A) 558 A4 AP dHxd EFdA gHo He AL FAdd9S.
HFT13x 3 HFT13-AdBDNF<*©] Vehicle*oll 4|8 st5sdo] IF4E. 53
HFT13-AdBDNF*& Vihicle 2.t} ProbeZ Ztol7li= Al 7ko] AR Al Ho| A %7
Ao oA HAsAe. B) 7198 F4& AT Probe testollAl AT
HFT13v 2} HFT13-AdBDNF<* EF ol Al Vehiclew* ol #]3] Probe7} $1x & =] %o

= Aol F718t9 . 53] HFT13-AdBDNF+#©] Vehiclew H.t} T4 4 o=
F 837 Probe’t $1X & = oo T ARl FhE e 4 AR

mean=S.EM (x P<0.05 : Vehiclex* ¥} ®] 2l),
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=
Ky

A Aol A -3 d A & £ (neonatal hypoxic-ischemic brain injury)2 4}
7] 7FAL (perinatal asphyxia)oll &4 Al Aetol A EWet= HEH T35 NGAZ
sto g gukz7]drg], Umbilical cord knot¥ & Holo] & o FF%H= AAa

A

of weo] Ay wo] BAFEY ol @ Aael o AR FFAAA dute] A

ol}]
1
ek
BN
5o
rr
73
@,
—
)

o

5

%)

=

=N
olr
B
tlo
Ho

AstEA gt TR AAAER 23T ¢ e 239 v (multipotency)

= Ad mAds ABAEZE gu . H2 Fdgt B2 Zokoll A E7]A 2o g

=G Aday-SH84 HEY BUe FEE §39 274 % (neurons)9h 417 1
AZ(glia)7t FAG 71%5% FasE Agols] G o]F AEE FA IEA
95 bt Ay s Bysa oA ol
T F AvE AHT £ Y RS WEF

(subventricular zone, SVZ)ol X3 A7 =7 A *E

>,
oY,
N
N
Y
Fel
il
o
i
iy
of\
o
2 =
o
i
e
J

(neural stem cel)Z 5 E 217 Al Z(neurons)®] Aol F7tEa o] AAAEE] &
AR E o]Este] ojn 2 AAMEEN FAFE ¥ A (phenotypes)s d sk
E3tE e Aol FAH 7] wfEo|h

AA HEF EdoA Abgolu AF ] =54 E(bone marrow stromal cells) A}

o] A A E(human cord blood cells), AF#e] Ejo} Ho A FZ3 A A Z7]A
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Abstract

Transplantation of BDNF-expressing human neural stem cells by
adenoviral vector into newborn mice with hypoxic-ischemic

encephalopathy

Taehun Park

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Kook In Park)

Neonatal hypoxic-ischemic (HI) brain injury idet disruption of blood and oxygen
delivery to the brain of a newborn infant. It reggats a major cause of neurological
injury in newborn infants. Neonatal HI brain injurgyccurs in 1-2 of 1,000 live term
births, and -60% of the preterm infants who arelicdfd with this type of injury
sustain permanent brain damage. HI damage usualtyr® in the cerebral cortex and
hippocampus, but during the perinatal period, ituss in the diencephalon, caudate
nucleus, putamen, globus pallidus, and basal ganglihis leads to long-lasting
devastating disorders.

According to a number of recent researches on ghigect, the central nervous system
(CNS) cannot be regenerated. Therefore, most of thezapeutic approaches to CNS
injury focus on neuroprotection and the reductioh neuronal damage. While many
studies have endeavored to develop novel therapewtidalities using animal models of
Parkinson’s disease, stroke, and spinal-cord injuslatively few studies have been
conducted using a neonatal HI brain injury modespite the fact that HI brain injury
in newborn infants results in serious permanent eldgmental and neurological
handicaps as well as socioeconomic problems. Thexefthe development of new
fundamental therapeutic tools for reducing neuroimiry and for neuroregeneration is
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urgently needed.

Neural stem cells (NSCs) are immature and undifféated and are characterized by
the ability to renew themselves through mitotic | calivision. They also show
multipotency-differentiating, specialized cell typesuch as neuron and glia. When NSCs
were implanted into a diseased or injured nervoystem, they showed not only
preferential extensive migration to and engraftmefithin areas with discrete as well as
diffuse abnormalities, but also the capability &place diseased tissue in an appropriate
manner. Therefore, NSCs could be harnessed to ajevesll- and stem-cell-based gene
therapy for intractable neurological disorders.

After sustaining brain injury, there are respongesneuronal apoptosis and a more
potent capacity for endogenous regeneration andropeatection because of the
neurotrophins. Neurotrophins are a family of pnegei that induce the survival,
development, and function of the neurons. Brainveer neurotrophic factor (BDNF) is
known not only to play a role in inducing neuroggeeand neural development but
also as being essential for synaptic transmissimh @asticity.

In this study, to investigate the therapeutic ptisds of human neural stem cells
(hNSCs) in a neonatal HI brain injury model, posahday-7 (P7) CD-1 mice were
subjected to unilateral right-common-carotid-arteligation to induce ischemic brain
injury. They were then exposed to 8% oxygen for @th, which induced HI brain
injury. hNSCs were cultured from the telencephatina fetal cadaver at 13 weeks of
gestational age and were engineered to express BDbiFadenoviral vector before
transplantation. Seven days after the induction Hif brain injury, the hNSCs and
BDNF-expressing hNSCs, as well as a vehicle, wejectied into the HI-brain-injured
lesions, respectively.

As a result, the mice into which BDNF-expressin§lSiEs had been transplanted
showed a significant reduction of the HI-injuredaibr volume compared to the
vehicle-injected control group. The mice with Hlalr injury into which hNSCs and
BDNF-expressing hNSCs had been transplanted obtdiedter neurological scores in the
neurological test that was conducted compared & dbntrol group, and the mice into
which BDNF-expressing hNSCs had been implanted sdowetter learning and memory
functions compared to the control group in the NorWater maze test that was
administered. There was no significant differenbewever, between the cells-injected
experimental group and the control group in thearod and wire maneuver test. The
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mice into which hNSCs and BDNF-expressing hNSCs haen transplanted showed
robust engraftment and foreign-gene expression (@re BDNF) within their Hl-injured
brain lesions. The BDNF-expressing hNSCs were madifferentiated into the neurons
in the HlI-injured lesions and the adjacent cortipeghumbra. In addition, the BDNF that
had been secreted from the donor-derived cells aapdeto develop neurites extension
and arborization in the host cortical neurons ia tortical penumbra.

In conclusion, the results of this study suggdsit tthe transplantation of hNSCs or
BDNF-expressing hNSCs into a neonatal HI brain rinjmodel provides novel cell- and
stem-cell-based gene therapy, which could indugmifgiant neuroprotection and could
significantly improve the neurological and cogratifunctions. Therefore, the therapeutic
potentials of hNSCs or BDNF-expressing hNSCs trimsgtion could be exploited for
the treatment of HI brain injury in newborn infants

KeyWords : Hypoxic-ischemic brain injury, human neural steniscéhNSCs), brain-derived
neurotrophic factor (BDNF), transplantation, chitapy, gene therapy
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