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(57) Abstract: The present invention relates to a novel use of NCKAPI1 gene in neurodegenerative diseases. More specifically, the
present invention relates to a marker composition for predicting the prognosis of a neurodegenerative disease, comprising a NCKAP1
protein or a gene encoding same, a composition and a kit for predicting the prognosis of a neurodegenerative disease, which comprises a
formulation for measuring the mRNA level of the protein or the gene encoding same, and a pharmaceutical composition for preventing
or treating neurodegenerative disease, comprising the protein or the gene encoding same as an active ingredient. The pharmaceutical
composition comprising the NCKAP1 protein or the gene encoding the same, according to the present invention, can selectively control
only specific signal transduction related to the phagocytosis of microglial cells unlike conventional therapeutic agents that induce
immunosuppression, and thus can be usefully used for the development of therapeutic agents with high safety and efficiency, and the
NCKAPI1 protein or the gene encoding the same may be usefully utilized, as a marker for predicting the prognosis of a neurodegenerative
disease, for predicting a disease progression rate and treatment outcome.
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gk A H (radioimmunodiffusion), &4 & #-2 H(ELISA),
H 9 2 73 (immunoprecipitation), A 3341 *H (flow cytometry),
H 3 3 A H (immunofluorescence), 2.--=1 H| Z U (ouchterlony), XA 117
W21 (complement fixation assay), B T8 A F (protein chip) 2. & o] 5o 7l
T O RRE HEE = 1F ol WS Sall S4E 7 o, o] AlgkE A
2=t

7] mRNAS] A FES G Al 42zl 440 o=
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¥l (northern blotting) &. =

& ) 5H-&(RT-PCR), 2 A ZF

2 5F-§-(Real-time PCR), RNase X.% 4] *H(RNase protection assay;

RPA), 7} o] 71 2 0] 2| o] (microarray),
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o
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2]
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[83]

[84]

[85]
[86]

ol A <A A Ao N g Pa sk S osha, B}
A A 0 #i= Ak EEi= H]-1ZE1 F 5, A F (mouse), F (rat), 7, 1%o], T,

ol s}, 2 g o] o] 8% 7] 9 ste] vk T AN o A A T, 1}
st719] WA ez B g g Bk 40 ol aty] Askel AT A W, 3]
A el ]3] ¥ el Wgol B = A ohry

(Aol

ARG 1. AFFE] D A
1-1. 9 3= =23
2 AL g FedE Y S wE
B oabd 252 FA 9 275221 7)1 4 ¥ El Escorial criteria®l] whe) 31 é
A1 ¥l (sporadic ALS) 2.2 kb2 1178 o] FAHH e - e I
59 k2 18y 2 o] 531 A o] AdA]Eh= 27 o] 7173 A ]l
Z

LI
bR AR5 A

LIRS WA =)

d

A A4S
o

T

52
s
PR
o

4] T2
E]M#UJ](ALSFRS R A147:29-41), A" o] 218 AALS 79 #3},

o] Mg}l z7] Hrlel =4 Al B e A SR A 9] 7o) v sk
sFoitt. A o] wh= A %l 633—‘ kb= 1.5 @ EF ALSFRS-R #5774 ©]/49]
S ﬂx};,_%,]o} i, =8 A Ay = Sl g 3] G
0.5 @B} ALSFRS-R A/4 v vke] £ 52 X8 ¥ = 32 A o]l o). T3t
5 ® v A o] nLA| 3 -Cr’r/\}(induced microglia-like; iMG) Al 3£ & ¢ 35}7] ¢4,
M FoME S = Y] SxE R E o AES AAF sl 2 A d el
F7HeE 7] A= AR =6 7] 311 R = 1o YER I

QL
8
_@
o>
o,
N
ol
1o
_{
)
)
o%,
riot
_>|i
r{r
a9
oz
2,
1 o}
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[92] [Table 1]

Patients | Age(201| Sex | Ageof | ALSFRS- |ALSFRS/ Site of onset
6) onset(yr) | R score mon
S1 68 F 63 41 0.18 Lt. U/Ext. distal
S2 63 M 55 37 0.14 Rt. L/Ext.
S3 60 M 56 44 0.2 Axial wk.
S4 49 F 46 39 0.36 Lt. U/Ext. distal
S5 50 M 47 46 0.33 Rt. u/Ext. prox
S6 61 F 56 45 0.11 Rt. u/Ext. distal
R1 57 M 56 42 1.5 both u/Ext. (prox)
R2 49 F 47 39 1.8 Rt. L/Ext.
R3 57 M 55 29 1.73 Dysarthria, Rt. u/Ext.
(distal)
R4 76 M - - -
RS 49 M 47 37 1.57  |Dysarthria, Lt. U/Ext.
[93]
[94] 1-2. PBMCZH-¥ % v Ao} A £ FAH(induced microglia-like; iMG)
Al o] Az
[95] % & N &) A 3 (Peripheral blood mononuclear cell; PBMC)Z 8 7%

n| Ao} nl A 3E AR 3 E A 8] Y8k, A7) DAl 1-19] 7 7kgE 4]l

Al A 114 o FA Y A2 &0l FEE AFSEY] 10cce] W
g 2 F 83l oo 2 2, Histopaque-1077(Sigma Chemical Co., St. Louis,
O) HE 7] YA HE 3l 7] Aoz Rey dxdddd s
e st T, A st EZA A7 10% B o} % (FBS, Endotoxin 5 0.692
EU/ml, Japan Bio Serum, Hiroshima, Japan) 2 1% &Y A|/3}+f Al (Invitrogen,
Carlsbad, CA)7} 3 ¢¥l RPMI-1640(Nacalai Tesque, Kyoto, Japan) Wl %] &

st AT}, o] % vl F ek W NS A £ E 500,000 A E/mle] 52 %
Aol EF8EaL 5 vl £3(37°C, 5% CO)ON A BHAN v F 3t v+, WA &
ZA=GA A AL 1% FAA /ST A, Al 2T A ZF GM-CSF(10 ng/ml; R&D
Systems, Minneapolis, MN), 2 2] 23} 917FIL-34(100 ng/ml; R&D Systems)7}

71 71¥ RPMI-1640 Glutamax(Life Technologies, Carlsbad, CA, USA) W X &

o] &3l F-=A|Z Q1 FEl - (monocytes)E Wl F3lo] F-5 v A o] nLA| 32
FARAEGMG cell)7F ¥ 55 etk vl &F 149 = mlj F Zdl o] EE ¢ 8]

A A sto] i A EE A A SEAL A 2 v A S H 7R U Al 2 E 3]sk v

=
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[96]
[97]
[98]

[99]
[100]

[101]

2097k 7% 24 o)) o] S35,

1-3. A G A| X 3} 3} 4 A} 9 (Immunocytochemistry)

A7 AA e 1-29] M 0 2 A2 3HIMG Al E7F R Aol A 2 9] &
ZE=2 A5317] A8l Pary12 2 Iba-1& v Aol A = A E npA =
sFoith. Bot Al sl iIMG Al 325 PBSE Al A 8t al 4%

35 ¢ H 8] =(formaldehyde) = 3278 Al 71 B, 0.1 % Triton X-100< 53 &<k
Al ate] A Euko] F3hAd 8 $olal B &-P2ryl2 A (#ab86195, 1:100,
abcam) X V}-$-2= 3t-Iba-1 3} A (#ab15690, 1:100, abcam)E ©| 83} 1H4 4
A G g AAElch TAH SR, 5% A A4 S 3 PBSE

3] A1 ¥ 0.1% Triton-X 10008 2} 314 2 3] A 8+ 5 A ol A 2] 8} aL 4°Ce) A
HEAN W BT T 2 2 PBS(-)E ol &3 5 St A X E 33 A v,
SF-E7] Alexa 546 2 8}-1}-5-2 Alexa 488°] % % 1 22} & A (Invitrogen, CA,
USA)E He]3to] WAtk o) F Al zAbe] TR E ol ube}
Zopnl-=Z 2 o] T (Rhodamine-phalloidin) ©] 75 3% %HJr:H st E7| HAEZ2 B
G A (1:400 3] A 9N invitrogen) & ©]-8-3Fo] @l A8 A]Z}3}&l i), ghA,

M| 3EE 4', 6-diamidino-2-phenylindole(DAPI; Sigma, MO, USA)=Z tf 2= 3 A1) &t
t}-&-, Fluoromount-G(Cytomation; Dako)® W8 3} 3t} & 3 o n| x| = & % %
An] Z(TCS SP5, Leica, Wetzlar, Germany) 2. = 2 5} ${ T},

O

p

o

ﬂlol:or

O Ol

1-4. A A 7+ 23 5 2 A 4 92 (Quantitative real time-polymerase chain
reaction; qRT-PCR)

M| 3 ¢l TRIzol(Invitrogen, Carlsbad, CA, USA) A| &F-& A 2] 8}o] % RNAE
F%3}a1, Y ==& (Thermo Scientific, ND-2000)S- ©] &3] RNAS] 559} &5 &
=489} A7) 353 RNAE ©] £319] EcoDryTM ¢cDNA 7] E(Clontech, CA,
USA)E cDNAE A4 8 th, AARF ST a4 A vk-g2 A A8k
CD11b(Qiagen, Germany, PPHOO644F), CD45(Qiagen, Germany, PPHO1510C),
P2ry12(Qiagen, Germany, PPH02545B), Olfml3(Qiagen, Germany, PPHO7681A),
TGF-Pr1(Qiagen, Germany, PPH00237C), CD206(Qiagen, Germany, PPH09939B),
Tmem119(Qiagen, Germany, PPH21875A), chapl(Qiagen Germany, PPH15666A),
mNckap1(Qiagen, Germany, PPM26732A), 2 GAPDH(Qiagen, Germany,
PPHO0150F) mRNA 9] W&+ 545tk B} -4 % .=, cDNA¢] Power
SYBR Green PCR Master Mix &} 2 - A} of] E0] 24 Q1 Zglo| | & = ¢]3}aL
Applied Biosystems Step One PlusTM system(Life Technologies, USA)-S- ©] -8 3]
95°C°ﬂ A 104, 95°C 153 & 60°C 12 2445 40 Abo] & Wk 23 51o] cDNAE
TEA AT FEHEE Al F 3 - (melting curve) S A8t 9] SolA &
5% o, At 4 3155 H A} (relative quantity; RQ)&= IFEA T+
2t

S 24 GAPDHE Abg-38le] 2ma i o 2 Zlqtst it 7] Wi < &3

r_l

713
o
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[102]
[103]
[104]

[105]
[106]
[107]

[108]
[109]
[110]

[111]

21 5]

.

ol

=R
=

U:E

4 fﬁ?)ﬁ‘ﬂ

JE

EE]

fij

s &9

1-5. X 2] Z-& F-24 (Phagocytosis assay)
n| Ao} nl A 32 o] EA A5 A TES)ELY] 918he], 7] A A 1-29] ¥ el

upe} 219 FQF M Fsto] {8 v Ao} WA 3 F-AA| el A A e g ef el A
H] =(2 um, Sigma-Aldrich, St. Louis, Missouri, USA) 4 ulE =] 2] 8}a1 37°C
i 710l A 4A]2E & <F vl ¥t k. tha- & = 2 m1e] &}F7HE PBSE A 2] 5h
¥ B S FAN T A EES 7S PBSE 23] Al FH 3k a1 g A of &
DAPIE 2 A3}, o] & &% el w] 7 (TCS SP5, Leica, Wetzlar,
Germany) 2. &2 A £ & 2 FA el o, M E G A 2ME o & A FH H

Hl = 9] =7} LA 2 S A& Vet &= A 2= (353l

1-6. Fol B# 2] A= L RNA A &4
2wt 2 Al g ol A &8 RNAoY gt Al z=Ae] A Ao w4l 2~ 3
'mRNA-Seq 2}o] B & 2] A% 7] E(Lexogen, Inc. Austria)E ©] &3}
glo] ¥ 2 g] & A 2HahS ). 7FslA, 500 ng2] 3= RNAS 712} 524) 313, RNA 2
5 'ULD}OH [umina &+ 4 Q-2 X §3}= oligo-dT EZ2lo]|HE T A A A S A}
HhE-2 AASHITE RNA 8 o] 3l &, A 27} A4 & 231 9] 5" E o]
Mumina-& 3+ F A A L& E3s51= Wy Zefo|H & o] &3] 355
SE ) o] Tt glol B e g iE E vbs A RS A A A8 v
H| =5 ARgsto] Attt gl Zel 2~ Ao o dA o HE AES
F7vat7] flal grol B 8]l & A 7t 94 H o] B2l 2] = PCRE
A3 2, NextSeq 500(Illumina, Inc., USA)S- o] &3} @t 75
AlEd o2 14t A D ¥4 (High-throughput sequencing)< 2! A] 3} Ul

1-7. &8 23 &4

Al 2= 3' mRNA-A € 2] =& Bowtie2 H A 2.1.0(Langmead and Salzberg, 2012)<
o|-&3to] JE3HA T Bowtie2 A 7= Alv 2 H A9 == Alws 2 AAA
AES A 32242 AAMA A 25 Al 238 A E(alignment) 94>
A B w01, 1 waBES 28, G AFE el ukE 42x e
AEsh=t AHE el 25 A o & B3 = #-%1 A= BIOCONDUCTOR
version 3.0& ©|-83}o] R ¥ & 3.2.2(R Development Core Team (2011), R: 57|
AFEE g Ao Z 34, e ~Egol vk SA HAFE S 9% R A
ISBN: 3-900051-07-0. http'//www R-project.org/ol| 4] 22}¢1 0. 2 o] & 75 ) ol A
EdgeR< o83l L7 2 ths AHY A& 7Ivtoe = AAH ]l

RT(Read Count) A 3} Genowiz™ B %l 4.0.5.6(Ocimum Biosolutions, India)<-
o]-&st= =2 T3 Wi 7[Hkete] A el itt. 44 #-5 = DAVID
(http://david.abce.nciferf.gov/) 2} Medline



15

WO 2019/066263 PCT/KR2018/009725

[112]
[113]
[114]

[115]
[116]
[117]

[118]
[119]
[120]

[121]

t] o] ] ¥ o] Zx(http://www.ncbinlm.nih.gov/)Z AN E A a5 7]HL 0 2 519
E3 MeV 4.9.02 AL-&3510] AE 2 $A2) 2] A B S R =),

Z o] 2~H #42 Buclidean 71 8] 3834 & ALg-8o] W7 A AL
Ael g EAstel AN, 222 2 3 E 7S MeV 49.02 53

Az gk e,

of\ _@

Z= 2
~

é f4t7

1_.
o o
'_;l-u

1-8. 92 4 3 SOD1-G93A v}-$-2 A=

B6SJL-Tg(SOD1-G93A) 1Gur/J 7}-5-223= Jackson Laboratory(Bar Harbor, ME,
USA)Ol A T8t om, A8 A 1247k W ak=27] dlol| A &322
T2 EFo| el AN ST Q13 GI3A AW F f-H ke E A=

=38 A 2 HE-&-(polymerase chain reaction; PCR)< 53 €213} a1 3 A 4 3
A2} 7 =5 sl oh V] AERQLE 2 vpg- 2o A, FA o] 27
D 7] S k77 H 136U Ao e T A e A Jlor s, o AtES
SOD1-G93A A& 3702l 17 22 W0 Z A[H =, 604 (27, 90U (271
T/ B 1204(F71 Sl B7hek et o &(WT) vh9-22 2= B6SILF1/J&
rrLcﬂg}oq PETO R ALESNT e 5 A9 L stokyshu
A3 T HE Y FAE ol skt

1-9. Al 3 U] NCKAP1 -S4 2¢] 33 2 23 A 8 =32
Al E el A QIZENCKAPL 82 I AA 7] 7 v B |2 7] 7] 98,
41 29 A pLenti-C-mGFP-Human NCK-associated protein 1(NCKAPI,
NM_013436) cDNA ORF =& (OriGene Technologies, Rockville, MD, USA) HE+=
pGFP-C-shLenti-NCKAP1 Human shRNA &l E] i}-o] 2] 2= 31} ¥] £ (Gene ID 10787,
OriGene Technologies)= A 3Z o =33t /A A Yrh$ a8 qRT-PCR 2
gl A ukE S =49 By A28

1-10. A1 E.9] T2 2Hg A A 7k o] 1] A
i e IMG Al 2 o] 1|7 A A(FH £ 2}o] = Lab-Tek 1T 4, Fisher)ol A
o F 3t th, Aol oli= Al o] M EEZA S on| X 3) 5}7] 918 iMG Al ol
2] & 207 3 FHrhodamine fluorophore) X} F-actin 2 3} #]#-A}<]
2k 2 o] d(phalloidin)< 7182 & 3] 100 nM 2] SiR-1¥ ¢ & (Cytoskeleton Inc.,
| v @D CAE AFEELe] A QT o] A2 PBSE 23] A Hstar
A 2E | A 2 0w A S UL EA 2FE S A gLy Y El B4 A Aol 3wl
2} 8] 2 ¥) =(1.1 um, Sigma-Aldrich, St. Louis, Missouri, USA)Z ] &] &} t}.
AR 7F GAFL 4R 7 Tk 132 305nbe} & T oM Fodshel o v skokr) 8ty
A4 o] A X ¥ DeltaVision & 23 & 1] 74 A| 28§l (Applied Precision)&
o]-&3sto] Iy skgith.
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[122]
[123]

[124]
[125]

[126]

[127]

[128]

[129]
[130]

[131]

[132]

1-11. S A A

A A= A+ R T
-2 42 Prism Version 7.
way-ANOVAZ 3 7}513 &
H s A=

=4 }(means+SEM) ¢ = Vet it 151t
0 AX E Q| o]E o]-&3] Student's t test 2 one
o

P-value < 0.05%1 49 F-2] o] A= Ao =E

MJ

AA 2 FAHY SAFY BxrPdA o= RE FEF VA olWA X
X33 B2A

271 AAle 1-1 F 1-29] Wi ol whe} 2w o] X8 A = (slow/rapid
progression) 7} TF& FA|H W Sl WP Ao 2 HE f 5% v Aol ul Al E
FAHGMG) Al E7F vl Ao} LA o] T A S 2E=X] Lol R A} 515t} o] &
&, 7] IMG A 3ol thsto] 7] AA e 1-3 2 1-49] ol whe
A A L3}t A D AR SR AA A WG (qRT-PCR)= A A5t

v Mo} nlAH| 3 2] A F-A 21 P2ry12, iba-1, Olfml3, Tgf-prl, Tmem119, CD11b,

.

2 CD452] 3

HA A A 3} AE S A 10}04 Z}7} P2ry12 2 iba-1 W A o]
o s vebd vhel o] A4 th ot F- 2 iIMG
A EMHC) 2 Al =" (slow) 8 2 w2 (rapid) 3 55 2= £/ Y
AR P o 2 HEE f 55 MG A E(ALS(s) 2 ALS(R)) Bl 4] A7
D}H“Z‘F—Ol L= A S 218l B3, QRT-PCRE &3l 7] 74

A A5 2] mRNA S ZAF A3, 5 2b 2 % 2ol YR bl o)

@3l - (monocyte) 2] TO 2 sfo] A4 o2 v | P2ryl2,
iba-1, OlfmI3, Tgf-prl, Tmem119, ¥ CD11b2] mRNA >=°] - 7}5} 31 31 CD452]
mRNA 0] A H 7S 3138}3

A7 AR ERE 7] FA 2
u] Ao} ul A 3 F-ALA E7F ] Hlof Al £ o] 54 S Zhi=t)i= A

&
my
r &
kr
l\)ﬂi
o
2 g

o
x& e

4 o

<
ﬂr
=N
> N
mlo-1
AR-RN
Ot
8
o 8

(o

AN 3 ZAYY A FH HxFAORHE FEF VAl WA T
FAzZe A

A7) A Aol 29] Aol Tl sto], FA W ARl v Aol A 0] 3 A 2Hg-
71sE& WA et LAt skt A B W o] Azl e A o uhet xpo] 7}
e A Dot R 7] s A4 " (slow) X3 R #FE(rapid) W ¥ S8 2=
FAYY SAFH dxH N o2 HE f g v Aol 14(ALS(slow) E
ALS(Rapid))oll A Al o] 1-59] ¥y ol whe} 2 2h-8-5 F-A1 83 T

1 A, & 3a0l] YER vFe} o], g ) A A 3 ALS(Rapid)oll A A g
FE2 75 o) ao] TERE T I & 3bE F8 A 5 ALS(slow) 2] 7 §-of 7

o &

A5 Fol A #E = AL T3l ALS(slow)oll M 7E 2] %180 &ulg]
dojd A& A1t V] AHE So FAYE SAF-2
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[133]

[134]  2A 4. RNA HIEN L B8 SA LY DA vlHolmAT ] G137
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[Fig. 3b]
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[Fig. 4b]
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[Fig. 5a]
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[Fig. 6]

mNCKAP1 mRNA

20~
* %
* *
15-
|
o 104
= A
S A
|
o 5-
= A 4
" i$"‘ Ayl ,a "ﬁ“
"5 3 1 4 t
30 60 90 120

Age (days)



WO 2019/066263

[Fig. 7]

3

©
]
8
9
g
&
4

P

F-actin

ShNCKAP1

DAPI

12/17

PCT/KR2018/009725

i



13/17

WO 2019/066263 PCT/KR2018/009725

[Fig. 8]
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[Fig. 9]
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[Fig. 10a]
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[Fig. 10b]
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