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(57) Abstract: The present invention relates to a use of the EGF-like domain of the Heregulin beta 1 peptide for memory im-
provement or for preventing or treating memory impairment diseases. The EGF-like domain of the Heregulin beta 1 peptide of the
present invention induces the proliferation of neural precursor cells and the differentiation of nerve cells which produce neuro-
transmitters, and thus could improve memory and be used in preventing or treating memory impairment diseases.
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adult mammalian central nervous system(1999), Cell 96, 25-34). Al 7 A A 3 &=
T =4 2 (lateral ventricle)¥} B 5 A (striatum) 2] F-3 2!
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w8k3lo] 75 & 7HY 9 1Y (Functional neurogenesis in the adult
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factor)o] U}, whe}A] 2174743 Q1A o] AAZHFA L TS S35}k
Al grskal ol 59 IL3kE S e A S Sl
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family) S ©]F 2L ¢l om A1 el & 2= v}o] /4 (alternative splicing)®l 2] 3l 30¢]

7l o] v} FH = 2 H th(Glial growth factors are alternatively spliced erbB2
ligands expressed in the nervous system (1993) Nature 362, 312-318; Neuregulins:
functions, forms, and signaling strategies (2003) Exp. Cell Res. 284, 14-30).

el E 2 A EIL BRI R BRI Al ZHA] 52 U, o] 5 BRI
77 &l £ 71> NDF (Neu differentiation factor), HRG (Heregulin), ARIA (Acetylcholin
receptor inducing activity) & &= HAT(0] 3} BFYI w21 sl g o=
A%, B 8 # 712 GGF (glial growth factor) = &2 31 4173 7] W
S-7)e) = 3l sk, BF YT 57 2 = §1 > SMDF (sensory and motor neuron
derived facto), CRD (Cytein rich domain) 77 & & .2 BT},
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AitetE 2o w ) NG A ] NhGS RS E = 8-A| Q] ErbB2+=
3l dl &l o] ErbB3% ErbB4%} A 33l $-of ¥-5-3k)(Expression of neuregulins and
their putative receptors, ErbB2 and ErbB3, is induced during wallerian regeneration
(1997) J. Neurosci. 17, 1642-1659). =& 7 & & &l oll = EGF (epidermal growth
factor)-A] %= 91 (like domain)©| ¢} O™ o] F3F-7F O 2 ErbB Wl 2l 3} A 33} o
A SENEES VR S ) Bl el & 712 EGF-A vl Aol &= a e
el muole o& dlElH#d o R UM a= BIAA AL, pE=
AFA A LA sl &S TFAG A oF HRAE Al A w7 WbA E 9}
AR A F o] AFA T FA NG AMF AE o) F 55, S A T
58Tk (Role of neuregulins in glial cell development (2000)Glia 29, 104-111;
GDNF family ligands activate multiple events during axonal growth in mature sensory
neurons (2004) Mol. Cell. Neurosci. 25, 453-459).
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& 0], GGF(glial growth factor), NDF(Neu differentiation factor), ARIA(Acetylcholin
receptor inducing activity), 525= SMDF(sensory and motor neuron derived factor) <}
e sl AE e ik sl el |l dup/mere] EGF-A =9l

AElo]| =2 ¢35 35 = AS L EE = 9)

—= T 1= o =2 T A
Ul & ol HRGPES ¥ okshs 719) 8 Gab4 miz 7] 0] &4 Aol o
Y= A58 252 Ak

g o] gk A ol ol A, 7] HRGRE= o] ol A% = 21 o} A qt
4e] opn =2k M A2 zh= FElo] = 5 AU o] 9] ol = H%ﬂﬂdi 49]

o] =ik A 90% o] 2] e S THAIM, A M Al o] T4 =
FrEshs &4 & zh= Hol A FEho]| =& 2 ghsh, o & Eo, GGF(ghal growth
factor), NDF(Neu differentiation factor), ARIA(Acetylcholin receptor inducing
activity), "} SMDF(sensory and motor neuron derived factor) 2} 7+ T2 E} 9] 29
9E = Q17 B | # Syl ehe] BGF-A v 9l feho] =& E3haut.
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oY = A RS TS Xﬂ%?fi‘:}.
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Ao R e 5 Ut
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Mol g3 VI EE 7HE Uk B 7 A A 02 ool Al gk = A1
ol A2k A7) HRGRES ¢+ 3.8} = DNA A A} A}7] 0] 2] A] $Efo] =
U 53lat= DNA A do] g3 d 7L AEHE 39 A7 EL =7

9107, HRGBESH 5] 2| 4] Meto] =7k g-3Hel flekol == A QM 5 6]
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& % 31 ) TR(Viral vectors for modulating expression in neurons (1996) Curr. Opin.
Neurobiol. 6, 576-583; Adenovirus vectors for gene delivery (1999) Curr. Opin.
Biotech.. 10, 440-447). o} '] 2=nlo] 2] 22 9] g & F-A &= Al Lol v =9 ¥ =
g Eznlole] 2ok @] Al ol 25 Aol o] HFH o n W-sle e
59 A3l & 23] o] 7153}tk 4 ©] UH(Gene delivery into the brain using
virus vector(1993)Nature genetics 3, 187-189; Gene therapy for cerebral vascular
disease(1997), Stroke 27, 534-539). H=3k Uh-& nfo] ] 2= | 7 A o] W] Al 3554 o]
vhol ebstal 2 w2 AAE = 2o gkbe] MulA Z 8T
AE Wk opu el ks e ek gk b of] ARRE = A 25
oftmufol g 2w gl ERufol e 29k def 319 S 7] A3 100% =) ¥ W
A Aol 7o) Bl 7HA] ko 37]Y Fof gloj A, 4]
= <1 ¥ o] (insertional mutagenesis)” | 2AY & 93 o] vko A= g o]t
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g2l ¢k vl 2l Tt} (Adenovirus-mediated in vivo gene transfer and expression in normal
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rat liver (1992), Nature genetics 1, 372-378 ; Diversity of airway epitherial cell target
for in vivo recombinant adenovirus-mediated gene transfer (1993) J. Clin. Invest. 91,
225-234 ; Intraperioneal in vivo gene transfer in the skin using replication-deficient
receombinant adenovirus vector(1994) J. Invest. Dermatol. 102, 415-421 ;Immunology
of gene therapy with adenoviral vectors in mouse skeletal muscle(1996) Hum.Mol. 5
1703-1712). B3+ 2 8 252 A £ 3 LacZ of vl »=Hlo] 2] 227} HiB5

A AN 2 = EH F o] Al Al 2 =]l ¥ AL 65 o] TRl =
S 1 318} U (Effective gene transfer into regenerating sciatic nerves by
adenoviral vectors: potentials for gene therapy of peripheral nerve injury (2000) Mol.
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o 7HE A E AL D 5 QU

<2 oo 2= FolE A fFa AT ol FtE
FAH O 58 e s FAE 1F o) Zeksto] o of 24 == vigh A st
A A ket 5= 2l

NF &N em A st = 2=l 2] 38 The T A HA 2,
A R AA N A Ao mM, A, dd g, A, & A A, E
FAMG N B AER 2 o) HE dAEY &9 FE| A E, e B o]& A

B M<)

3k Y= A = A A s = v
Lol7) g Fi-oke] 474 $k HH © = Remington's Pharmaceutical Science, Mack
Publishing Company, Easton PAYl 7| A] ¥ o] Q= W& o]-8-3}o] Z} A 3lof| u}e}
B Aol whet nkshA sk A A A 88

B o] ofok 24wl obA) A4l ) A, A, 4

A, A H, 5, EA, FA, A = FAF 7Fs e A B S 8l o
M= AA ol 2 = A

o g el o of 24 w2 A, S, 54, 5, S, 54,
FSW, B, S, 9, ST a, AR, AT Sy e ) 22 S
AR A O B ol = gl

oja}, & ] ola) 2 7] Aslo] HAJeE Eol FAlskA Argstr] w2 gt
Uik alr] o] Aol g o g2 oA sk A g e ML
&F7] A ol g ¥ = AL ofuuh & g o] AA o= F i Al el A o A<l
A2 7HR Al Al S Bok sk A skr] 9l Ale s = Slolvt

<A g o>

gl7]9] Aglo &2 B ko) w2 Zhzhe] AAjod)] FE Ao R AL E =
218 o & A F 38l 9 e
HRGPE-Ad9] Az
kg o] 21 A] o] of] M AF-&- ¥ HRGBE-AdE T §HHl =t 5253
A 10-0765496 2. 2] A A] ol o] 71 A & Wb of] wle} A 2% vk HRGPE &
4 5.3}8+= DNA A B> EH T 19 HE& AFE319 oL, W8] A A]
NEPo]| =2 ¢ 535161 DNA B2 A M3 29 HES AFE-31S)

AIET=

Aol ARS8 = 6 WA7F 5 € (190-240g) Sprague-Dawley
(CrjBgi:CD(SD) IGS, Orient, Korea) &4, A ¢ 55 A} (20-23°C,
F/OF(120/12h) Abo] & W 2])oll A 1 W A] 25 25 A1 7] 5 3 o] 2] 43l
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A5k,
F349 271 A E 9] Kol A A

hMSCE &3S ¥ += 1,1-1] e A -3,3,3,3- Bl Ef-v & ] I 7} 1. A]ojd
H &2 o] E (DI-C18-3) & 21-22] o1l 27 o A 2417 &9k E A3}t
& 3% %) 3 h(MSCZ 37°C, 10% FBS a-MEM Hj| %] o] A 1] 9k &k 5= 24 71 &<k
A7 A 2109 0.5% FBS a-MEMON| A -8} 5] 1= = ] 2] 8} Qi v}, o] 5~ A A=
Z5H0.7% AYA R /AEFEvlo] Al 20mM &) #H 2 (pH=7.2) & 0.5% =F 32
ol A 2Fo}li= A 3E 427} 6x104cells/pl 7} ¥ 5 2w o] 9l A E =
g2 o5 204 W o] 2] 3}l Th

¥ o] 2]

A A A 9 Al < (stereotaxic surgery)=- 13l WA 33 ol 50mg/ml o] F &4
(equithensin)& 57 =ALsEo] HAImEH Al 7w, 7] o) o &4 BLdl2 A 4be)7]
] 3}o] S o] §-7}1 53] A (entorhinal cortex) 9] o] A7 =491 o] HE|Y At
(Img/m)= & 1.540 S+ 35 A, sl v o] s w2 stof] 6x104cells/ 0 2] A =
2010 AbE V] AEAL]E o] &3ko] A9 W 0= hMSCE T4 3k 3t o] $-
3 AAE AR 79 JAE A8 AL, 1057 $-0l] TFske] W E
Azt T2 MEE S S71A1329] o)A I 11U 25 341 Brdu
(5-H2R2-U1E A F-2l ©, Sigma)E 50mg/kg &2 - 7FF=ALslo] ]8T
WEA|RE 7R AL 244 1F F-0)l IFE ESke] WA S g 58kqlt)

I3 Heo A L H=

5+ "H (perfusion method) 578 A, o] 2FS}|HAE oF 5E-7F 5291 8l of =121
3 A2 ) E3lo] -4 Ao pH 7.259] 4% PEA(3 2} &2 8] =, Sigma, USA)
PBSE <F 400m¢ =% 31 %1t} 1638 3 (manhatan company, $+=1)& 14 3k 2 7
lmn @] FAE S AR&3to] S48kl o, FAME S A A o 7 i A e
go] suls 3% g S sl 2e] i A4S HER 971 Y o]y
AG o2 Eo7HA] K3k A gt FA AFE I Sy &

Al A & T

7z} A o] Al H W W& A &3t o] 4°C, 4% PFA & 9ol 4x] 7k & vh, 314
LN (30% A2 22 1X PBS)Oll o] 104 7F 5 9F A d3slo] 22 2] g3
=57 doj U =5 Stk 21 - -40°Coll A 54, OCT # 312 = (Sakura co.
IR
=

=2 0
=
=
h
L
e

o
i
e

)2 5 A Aaket ¢ 9l & 1 A7 F- Cryostat(Microm) & ©] &3} 35um<]
2 oA A st o) o 24wellol] A 9hE-g oS ka1 21 ¢kel] gt e
A| 2] FEE 74 & ot 4°Coll A Bt lvl. el 3 AR
= AR A RO R B eHhbet Y] w el S
Al &k =1 48411 o W of] o] $-9] K& 47 o] o] Fo F T
BrdU & A ¥
W dAste] noE 248 ol A9 24well2 % 7] PBSE 3 A o] & v
0.5% Triton X-100 in PBS & ¢ © & 253-7F a1 uk7] o] A WS- A] FH U}, 0] 5~ 37°C9]
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2N HCI &Y oll 222 &7 th 37°Coll A 307t WH-g- Al Z T}, o] 5~ PBSE
Z 2L 33] A& Sk the- 10% normal serum in 3% Bovine Serum Albumin(BSA)
with 0.1% Triton X-100 in PBS -& 9} o] 5| 0] 5-0] 2] A A nk-g-o g 527
SAE 147 S 7] Aol A Al skaL o] 5- 12k @Al F 4°C ol A 16417
Sot F-AA A, olu] &A= 1% BSA PBSE 8 4 8}o] L4313t} o]
A% 8HA £ BrdU(BD bioscience, 1:500), Nestin(1:1000), Tujl(Sigma, 1:1500),
GFAP(Chemicon, 1:700), ChAT(Chemicon, 1:500), GAD67(Chemicon, 1:2000),
VGIuT1(Chemicon, 1:500), & TH(Chemicon, 1:700) % t}. ©] 3~ 12} &4 of]
FE AL 22F A E A 2ol A 4547 FAAF T o) ul] AR-&H 23F &A=
A ¥ Cy3(Jackson, 1:500), FITC(Chemicon, 1:500), 2 Alexa488(Molecular probe,
1:700)©] }.
BrdU Al 3 == 2 A d A5
HeEde] %45 - :
7Hg AR v Aol 3] Fitol| A vrER L [ 5 o] 2] A E = AlA] ekt vl o]
=

USSR E

o
Hz
2
>
=
o}
<
&
o
>
>,
op
ol
)
32
U

<A Al ¢ 1> HRGBE-Ad ZE € 579 €71 A £ 25| HRGHE ¥ 5 S3

Abste] 2 F4HS] & 7] 4| o] sSHRGPE o} ] imHlo] 8] 225 Qi Al 71 39
sHRGRE o] 0] &5 -4 3817] §8to] = 29 5-ol] wj A1 & A # 8t 555
ELISAYH & o] -&3to] 4kl t}. 7741 4 &=, 35mm v ¢ & 7] o] Absho] =<7
T S71MEE 3x 105 &2 451 85 5 2% FBS7F &4 vl %
5 9F LacZ-Ad %= = HRGBE-AdE = A Z1 3 10% FBS W A 2 . 2k&} a1
124 7ko] At F-of] HF4] 02 A T-MEM ImL 2 & ThA] a8k &3l T,
24A)7bo] Ak 3= M A& o] iR e g A A A E WAl AE-EH
A 7EA] -70°C ol A B33 Th v A] ] sHRGRES] & 543171 91 35°] ELISA
7] E(R&D Systems, Germany)= A}-&3} 3 U},

%210l YERUE, HRGBE of ] imnfo] 8] 2= 7) =91 5l Q17e] 14 Al 32 += 1078
Hlo] 2] 291 21 83.5ng2] HRGPREE A 4H3}S] o™ LacZ-Ad7F 9] | gl &+
218 ol A += HRGP ¥ 2 30-40ng©] #F91 2] o = AJAHE @1t} & HRG ELISA
A] HRGBE (6.5kDa)7} 3x10° A 32 100moi = = S0l o 27~ H] L35 &
w] F 36.6 ng/mLo] A4S v}, Z12] 1} %A HRGP ©¥ 2 (45kDa) ] iAol
H] 3] HRGBE 3 Bl 0] =(6.5kDa)w= vl -§- &2 At gro] B2 A A vz o] 7 -
1.17aM = A4k Zlel] v fEfo] == AAEA] oF 5uf 2] 5.6 nM = A AHE A

.
ek = Qi)

A3} © 2 HRGRE-AdO] 28 &3}4 0 & A3 5} 2 HRGRE 7} ¥-1] gt}

o PN
VARSI R e

<A A4 2> sHRGBE o A4 AFAHE T2 2 &3 (in vitro)
1] " sSHRGPE 7} A1 74 A A 3L o] 52 o o

=
2
)
>,
N

o
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st F=3HS] F7 M2} vjol 14U Ao A D2 A B AT A EE T MY
SFATH A &7 Y VAR AV Seksol Al v E 2% FBS7)
Sk x] ol A 2A] 7t 59t LacZ-Ad %= sHRGBE-AdE =4 A1 71 - 10% FBS
WA 2 L 3ksF QT 12A] 7o) Ak $hof] 1k =7 A 3ol 2F 9
wjo}14Ud #}2] A 3] 2B g 2] ek 3] A 4173 < 7] A 3E(cortical neural stem
cells)E A1 5 FGE7} gH- 8 N2 wj 2] ol A 12417k 5ok vl 319l a1, o] F- N2
A A = 8ekA] 12A] 7F §-of] BrdUE 10uM= A 2] 8} 81t} BrdU7F # 2 94] 1Y
S M X E 49 32 EE S S| =2 a1 A SF $- BrdU A 2F HuNu(human nuclear
protein) & A 2 H S ¢ A5} 9t}

2B AT A= v FA] | EY L
yH e g e Ao vl galag I g
kg o] A = HRGPEE 1] 3l F3] & 714|132 ¢ ol 214
SEMFS vl 71H A A L] 71 v flo] = A A
S7) A 25 A A = ek eko] Abebe S e}
NAAFA L7} 52 8= a3E #2s-5.

9l

o g

O

O

\e!

.

ﬁ%ﬁ?ﬂJbﬂﬂNﬁﬂ?ﬂLASJ%ﬂ%ﬂ}ﬂi%%Qﬂa%W
&9 LacZ5 7+ 7)1 MEE 7)o 2 BH, HRGBE 7% =7 A 39
TEMSE A A FA L F2A o] 8% 57 Tk Aoy, o] =

)

o

AR A ] S 2] ol HRGREZ 4 &2 Pl AT+ A2 9w ¢t} B¢ HRGBE
=3} FAE 71 S/ A A YatE = HﬂtmeMO%wﬂ

N

Aerol o] 54 mabol oA n = A% sl
<81 3> HRGPE o) I & A4 AR AFAE 34 2 AF AT )

S
i?i

HRGE ol 9| WA AFATHE F4

ALt F3H) 27 A 6] LacZ-AdE = AIZ] B2 HRGRE-AdE =Y A7
@@%giquﬂ%%ﬁﬁﬂﬁéﬁE%%ﬁ1MJdem 21 2] o]
wo] 23kl th, W o] 4] 11 -5 397 BrdUE H74ALsko] Ul A4
ﬁﬁﬂ?ﬂgﬂﬁ%bPﬁ+ﬂ”62$ﬂﬂﬂ%-1%ﬂ1H4H o 5

A Z&ste] Mo 24 glshy o 2 BrdU7F A H S AL E 1 E 3 ATHE 4).
5% 5K E71A 29 o] 2] 9ol gk wA e Bl A sho] o] A4

F09] 271 M 2] QHahE 292 ] skl thekuict, o) 4 F1]
S/)AE ] ehatr gl Fel2 2w o R efol o) 4o} 9l g o
ik,

6,7 32). I 6 ol YRS BrdU 54| 54 A 3= S22 gl fe] x| oto] 7
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% <1 2] SGZ (subgranular zone) 2 CA1 & & 2] w23 B9 of] EA)¢lr), &7

ol o] 3t HRGBRE-Ad £ %1 €l 5415 71 E & o] 2] ¢k 214 A
S22 A 2] =7t dfnpe] AJololg W CAL 4 ool A 21 o] F71Ek Ao
LFEFRE T

HRGQE®] o] 3 27474 29 £3}

S o]l F7HE WA AAF AT A 27] AFAE ke A2 9 8)
A A 5 5 o] & vl QI Nestin 2 Tuj-1, o} LA 3 5 A A E o] 4] npA 2l
GFAPE Al&-3fo] o] 5 P FA S Faak gl vh(= 8,9 7).

%= 8ol YERG B9} o] HRGRE-Ad Z155-2] BrdU A9 A 3
a2 F7hE 31 GFATS] HE 2 A AT} & 9% 7] wshA 25
" FE G Tsteto] WE U =], HRGRE-Ad ZL55-oll A 2178 Al 32 324 A<l

Nestin= 23] 8+ A E 2] =X = 2715 9bd, A EE E A 51+ GFAPE
W Bl A2 ] X = vl Bl El] 28] A T}, whelA] HRGRE
o) MNAAFAEE 27] A7 MER ] 87t 3 E = W o} ul A 2 9
Bl o) 73S o 2= 9]},

<A Ao 4> HRGBE 9|3 WA A ATA L AE R AAATA4 X9
Ly

r-{m

BrdUE 574 FAFSE 5 45 F-of] 22 A9 =9 HE AT 5
A Z3lo] BrdU FA | Al EE9] A7)7F A& 04 %— Hrlete A9 S
Z1 8y 3} T
% 1000 YERE BrdU 4] M XEES A L& 254 o] LA 3lo] 453 AES

Al 325 2, HRGPE-Ad T30l A t -0l v &) 22 =] Al 27} A&8ko] dfnt
CA1 g 4 9] so(stratum oriens), py(stratum pyramidale; pyramidal layer), sr(stratum
radiatum) F-¢] GO & o] & 3te] 48} ar 9l o, Zofo]F(DG) A < 9
gcl(granule cell layer)ol| A &= o 20| 1] 3o F2] gk M| 327} v A3} a1
R & ATt

T 1124570 B85 WA AABAFHEE ZF A G A B vpA R 3
A2 A AT ek 7 ERSIE AR A TR BB S NolE

=S5 B o] EE AL 8= S FEH| o] EA] 2l o] npA R VGluTl(vesu:ular
glutamate transporter 1), GABAZ] 7 2] #}+ 2 GAD67(glutamic acid
decarboxylase 67), O E FH & MG AEEA 2 A&t T4 7w 9
v}A 2 ChAT(choline acetyl transferase) = =34 572 o] v} 2 TH(tyrosine
hydroxylase)& A}F-&3}0] &3 2= A& A] ¢l A3} HRGRE-AdA A 21
S 7V EE o] 23 2FellA 7] 2 d B v = A E =
A 3] 422 7} 5 7HaE T

A7H4 0 52 HRGRE ol 2] 8l 521 gk WA A 4178 Al 327} sl mpel] A 2] 7] <]
FdS 28k = A A ES] SFEH o] EA 71, GABAA Wi, 914 7

W wshlg el AR e BEHE FE S o 4 gl

N
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i 0] 2] 105° - HRGPE-AdZF A1 71 F319] = 7] 4| 2] W3t a e 4 817]
9] 3te] 48 o] WA 1 NeuN, ofal Al 3 5 A A 32 9] whA 1 GFAP, %
S| AEm7| A O] vpA Rl 04 o] T Y 24 A E A A3l T o] 4 gl
TS F71M F = Dil= @ £ 8] o] F P 22 ¢l Aol AR&aF it
TAH o, W A she] nyd 242 ol A9 24well2 &7 PBSE 21
Aol & v 0.5% Triton X-100 in PBS &9 © = 2037} 4°C Aol A L 3 9]
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Hefuk-gol gk B2 WA & 2412 St X E7] foll A A]dskaL o] 5~ 12
A & 4X 7 Tk FAAZITBA R 49C, 1A ZF A2, o] u] &A= 1% BSA in
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
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[Fig. 5]
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[Fig. 7]
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[Fig. 11]
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[Fig. 14]
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[Fig. 16]
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