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(57) Abstract: The present invention relates to a pharma-
ceutical composition for preventing or treating osteoporosis
which comprises neuropeptide Y as an active ingredient.
The neuropeptide Y according to the present invention re-
duces the expression of a cell adhesion factor in osteoblasts
in which a Y1 receptor is present, and consequently an effect
of releasing a haematopoietic stem cell from bone marrow
into the blood is excellent. When a haematopoietic stem cell
is released into the blood, the number of osteoclasts which
induce an osteoporotic lesion by differentiation from the
haematopoietic stem cell decreases, and thus progression of
a bone erosion caused by osteoclasts can be prevented. Ac-
cordingly, the neuropeptide Y which is an active ingredient
of the composition of the present invention is useful as a
therapeutic agent for osteoporosis.
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i 2] 7 AY (remodeling, regeneration)<= W]t H] 7] &}, A}o] E7}<1,
Apo} & G A 2FE A ] o) A FR A E = A SR AY7FE o] gl
S T2 215k AL Z A A4S WSkAl S vk
Wb X H A HA WHEkal 9l o H o B o Jrof| A 2R 7] 1ol A

& 21784 IR A E a1 Qo] o] & ARk kL dTh

WA A A=A 2l 5723 E] = Y(neuropeptide Y, NPY) & 2] i o
71 FH-5HA EA S 3671 9] of | Ak S R o] F o X A A A G EH 2 A,
A8k Y2 8 A 2 5-E 0| H AL A 824, 7], Bl dk Ak 2 ookt
Alg] 2] 249 #Holsl= A o7 4 A 2) ) (Balasubramaniam,1997;
Vezzani et al., 1999; Wettstein et al., 1995). 0] 2} # @ d}o] A 9-7] Ho] 2EH 2
ol Al ¥ of A B A ZRE R E = Y v 7 Skl 1
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oFotA o2 5 87heE BA S 1€ o) el A2 4 gl of st o
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A7HAE A7 5= v B8 S A AL kAl A S A A Al R A
& Elo

RrhH 0w A7leke] 44, ATt fEke) S e FALE AW, B A%
] == A2 A A S S Q) o volrp GE-oke] A e HhH o 2 i
Remington's Pharmaceutical Science(# t-¥), Mack Publishing Company, Easton
PA©l 7§ A 5 o] Q1= S o] &-afo] ZF kel whe = Aol whek
nhsk 2 A A A ekt 5= %1

—|—‘

54 Bouge] 2YBE BASE Yol mpek A7 Folsh AL u] AT ol (o] &
o], gul ), 3, B ) s el 4% 5 YoM, FolFe fae

A, A%, AL, A H], A o], FoAAIRE, Fo i, i d & 2 Ak 5%
o o

551 Bowmel 2gEe FrhEF ol AR £ FUEY F71E 98]
UEOR Hmi S BEE AR, R N R PRI B 24 E
ALg3h WS Y 85kl AHE T 4 alu,
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g dAIE f3 F o

(571 oIk B o] ola|E ¥7] 9sho] uhak A A o) E AN Gk, T1efu}
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[59] AAG 1. AT AS D A He

[60] 1-1. v 920 FH| D EAHT T ES

61] ARl AgE wE a6 WA sFAd 922 rEPHE

Y(NPY. neuropeptide Y)E § A& © 2 4 o}-2(knock out)A] 1 NPY KO v}-¢-*

2 NPY WT(wild type) #}-$-Z, Ly5.1 (Boy)"}-$-2 3 Ly5.2 (C57BL/
6)7}-2-2~ o] Jackson Laboratory (Bar Harbor, Maine, USA) 22 H T4} 3}-o]
AL8-31 9 o)

[62] TF=FEZ Y, Y1 28 A (agonist), Y1 2 A (antagonist) T Bache O = 5-F]
T4 ako] A8k Tk 91 Bl E R (in vitro) 2§ 9 3led &= NPY 1, 5 nMS 7}
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7

Hj Aol 8] A ako] F=]1 8kl vh. B, €1 W] K (in vivo) A F& At = 8 15 T
3uke], & 157 9] w925 100 mg/kg A EFY (ketamine) 2 10 mg/kg

AFl 2} A (xylazine) &3+ O & wpH A7) a1, ZH2F FEAE = Y, Y1 224 Y
A 50 pg/kg, PBS (Gibco) 100 05 vF--222] ] Al £ALE 53

9] o]_oﬂ v},

rlj
il
N
2
:Oé
F
K

Te LA w3 3vtke, & evkel o] 12 5% oA
nh-22 8 A E Fag AAIEIL, A=Y 50 50 pe/ke ] TR E = YO}
PBS(Gibco) 100 05 1241 (F 1HA S 2 3} F-of 23] % 35711 5 7F Fof 31§t
= 9] Sham =& = g 2159 3w, F 6vte] 9
A k2= ] d) B gt A AT S SFGLAL, 100 £09] PBSHET 50 g/kg 0l
TEHEEYE

122. &7 TUE E7IAEY Wl F R SoAIERY B3 #F5

45 WA 65 C57BL/6 "H7-2= 5 v 5~ S| AR U, 7 (tibias) ¥}
NEZF (femurs)S A/N8FA . Ao 2 B F2EE F45 543 dL A
& B WS- 40 um cell strainer (Becton-Dickinson LAPware, Franklin Lakes, NJ)=
Ab-ato] AAet. deF 107719 A ZE, A7 7 TR0 =714
Stimulatory Supplements (Stem Cell Technologies, Inc) X MesenCult™ MSC Basal
WA & 8tz 75-anf & ek 2= Aol R8T 7] Al e 150 E <t
Wl 3}, 2ol A 3 (osteoblast) 2. 2] -3}E 9] 3l StemXVivo Osteogenic
supplement (20X)<} ¥ 1 4! - 22 E 3] & v} o] Al (Penicillin-steptomycin, 100X)©]
7} StemXVivo Osteogenic/Adipogenic Base Media (R&D systems) = 351+
W bl an, v F o) w) 28] 4] 391 b o A Sk,

1-3. A A1 7+ A % PCR(Real-time quantitative PCR)

= oA 3 (osteoblast) o] & A 8= ZH E 7] Al 3 7 220 A(Sdf-1a, Kitl, Angptl,
IL7, Vcaml, Spp1)2] LA ZFS& S4317] §13to] AAF AF PCRE S
AH&-3F AT

% RNA £ RNeasy Plus 7|4 7] E (Qiagen, Korea, Ltd)E A& 3}o] A %
£ &N D 4 A EZEE F%31, Clontech (Mountain View, CA)AH<]
T EE ALE-319] 5 ug F RNAZH-E] cDNAE FA 831 t). =3, Corbett
research RG-6000 real-time PCR 7] 7] & AF-8-3}91,95 ¢, 1035 95 ¢, 10%;
58°c,15%;72°¢,20%; 5 1 A0 E 2 8t 40 Alo] E & RS &= A2 A
PCR< 7333t

A7) AA 7 B Z PCRE AHE-§F 2ol v &= X 13 2t}

st 1
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[76]

[77]
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[79]

[Table 1]
SDF-1 a F |5-TTCCTATCAGAGCCCATAGAG-3'
R [5-CCAGACCATCCTGGATAATG-3'
Kit ligand (stem cell factor; F |5-CCAAAAGCAAAGCCAATTACAAG-3'
SCF) R |5-AGACTCGGGCCTACAATGGA-3'
Angiopoietin-1 (Angptl) F |5-ACGGGGGTCAATTCTAAG-3'
R [|5-GCCATTCCTGACTCCACA-3'
Vascular cell adhesion F |5-AAAAGCGGAGACAGGAGACA-3'
molecule-1 (Veaml) R |5-AGCACGAGAAGCTCAGGAGA-3'
IL7 F |5-ATTGAACCTGCAGACCAAGC-3'
R [5-GCAACAGAACAAGGATCAGG-3'
Spp1 (osteopontin) F |5-TGTGGAGTTTTAGAGATATTAGATAG
TGGG-3'
R |5-AACA
CACTCTTAACACCACTAAATCACC-3'
GAPDH F [|5-TTGCTGTTGAAGTCGCAGGAG-3'
R [|5-TGTGTCCGTCGTGGATCTGA-3'

1-4. Colony-forming cell(CFC) assays

¢ dF s A TAEY & 53317 913t CFC £4 &
T3 3T

HA v $2E vl 3 AF AEE 500 p WA 700 ] AL &3
EHo & t}e, 43U 2 E &Y (Stem Cell Technologies, Inc. 1:10)9] @ 3L
1587 &0l Yol 7o AETE AASATE 28 WA 3% t4 o= AP 7}
ZAAHEE E2E0 £ 5 72751000 rpmo A L4 B2 A AT FF AL
A ABI 2% A H o} E (FBS, Gibeo)©] 35 ¥ IMDM(Gibeo) 2 2 A F 3§l T},
A A3 Al ¥ (3 x 10? per mouse)E HEAEZ Q A.7]ut
Bl & < (methylcellulose-based media, Methocult, Stem cell)©] 338 35 mn 7 A|
39 Z+Z+ B3 (1 x 10? per dish)3t o] 7] A EE 25 T2 w43 H
239 A F2Y Y AFE AU

N

1-5. Flow Cytometry Analysis (FACs)

nh-2a o] = Uloll A sk R dE AR ol o w g gt
A=A Loti ] S8, A vh-22oll ZH2E NPY H PBSE 913 F- 605 F
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=75 A FH3lo] SV AR} Lineage, Sca-1, c-kit, CD48,
CD150 U4 7}A) o] A& AF-8-3}o] FACs= =24 313t

[80] aTFRAF7IME BAS H8l, 457 A 657 H C5TBL6 VH-2=9] &
(Tibias)¥ ) % & (femurs) =78 A ¢k 48 A8 25 & 9 (Stem Cell
Technologies, Inc. 1:4) S 2 & S5 A A s 2 10% A Eo} 3 7 (FBS, Gibco) 3}
1% ©}A] = Y- E & (sodium azide, Sigma-Aldrich)©] 3 g PBS(Gibco)& N O =2
Al A gk 5 10451 300 xgoll A A4 A AT &l E5hd A XSS
biotinylated lineage &} 4| (Miltenyi Biotec)& ©]-&3}o] MACs H] = (Miltenyi
Biotec) % A A 8} 91 AL, W M| 35 Sca-1-PECY7, c-kit-APC, CD150-PE,
CD48-FITC(BD science) & S o]-&3}o] 4°Col| A 30%-7F WF-g-A] 71 §~ LSRII (BD

science) Al 3 1&-41 7] (flow cytometry) = 21 3} Sl T},

[81]
[82] 1-6. Competitive transplantation assay
83]  vESzo] o] EASE BREAZ/AL R BREAATA L

o2 5US g2l 5 ¢l A% W © = Competitive transplantation
2388 A3t

[84] 218 10 Gy ZAF (2 x 5 Gy)©ll ‘=& A] %1 =8 (recipient) PF--2=¢]] Ly5.2
(C57BL/6) &1 A (donor) MFF-222] &A1 3 (2 x 10?) 2 Ly5.1 (Boyl) "F$-229]
STFAIZ 2x 10NE £338ke] e WS S8 YT A o] 2] &
8 A o, =& vhg-222] & N-& A F }o] CD45.1-PE (BD science),
CD45.2-FITC (BD science) 3} A & ©]-8-3}] LSRII (BD science) 14| 32 -4 7] 2
W23 3] 91 ). Repopulating units (RU)<- 3}7] 5282 12] Al4HH S o] &8¢

LHER AT

[85] [575F2] 1]

[86] Repopulating unit(RU) = (20 x CD45.2%) / (100-CD45.2%)

[87]

[88] 1-7. u}o] 2 2 A E] (micro CT)

[89] nh- 22 2 O B 25 ke 3ho] 80% ol ' 2ol WY B Sk ¥, micro
CTZ %< 93l micro CT scanner(Inveon preclinical CT, Siemens Healthcare,
Hoffman Estates, IL)= 22 7| 40 um, 600 msec®] =% A1 7k, 70 keV S
P Ao L A], 400 uAL]l AFE F] 5433t & E X (bone volume/total volume)
1 32 2] 57 (trabecular thickness) =542 Y84 153 L3 919 2.5x
0.5 x 0.5 mm? 2] F-3] 552 Siemens Inveon SoftwareZ ©]-&3}o] =4 319 U},

[90]

[91] AAd 2 FEHEE Y UE 1R Yol2o] US| M AR
G D HZIAEY T v X = H 3

[92] FTEHNEZ YE B sE FAAE Yol (knock out) A 71 PF9-22(0] 8 NPY

KO vh--22)9] grob M| 3Eel| EA)8f= 2 d = 7] A 32 7 20 AH(Sdf-1a, Kitl, Angptl,



WO 2014/106967 PCT/KR2013/001102

[93]
[94]
[95]

[96]
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[106]

[107]

[108]

IL7, Veam1, Sppl)e] W@ 2 @5e] Rz A ATPA L ol v] A= G2
Stobn ] 9jsko] k719t e NS sk,

2-1. ZEE7AE F AR EHF &2l

™ 4], Jackson Laboratory (Bar Harbor, Maine, USA)Z4-E NPY KO v}-9-2= 2
WIwid pe) vh- 255 751311 24 o 220] B A Sl A9

Foll A 7] Ao 1-30]] 71 A W O 2 F RNA2] 5% cDNAE 314 8l

= W RSV A E Y frAfol] #ofeke =8 A Q1A= Sdf-1a, Kitl,
Angptl, IL7, Veaml, Sppl o] H&A & A A1 G PCRE #4813l th.

A= & 1o Ve AT

% 10 LhebL Hks) o), 7] 71 9] S1AS o] A o] K5 WT rhs- 2o

S0 4 105 NPY KO vh§-2:9] 2404 1] Z7}ek A8 sfel et
0.05, n=3 per group).

22. 8% SFZEATAHAREY F &%

NPY KO "}--2=9} WT v}-5-2=9] o %*01] = ZFREATALY FE
SA3t7] Yol Aol 140 71 A W o= A3S ki) vhg-29
Aol A & Ae A H skaL CFC 41 g2 Algste] &9
ol EA)3k= S22 AT M 5 AT

A= & 20 YERR ST

L 200 vpER BRef o], WT wl-§-Z=of] B] &l NPY KO "h-5-2=9] & o 1]
ST AT AMES e AT S AT = A ATHp < 0.05, n=3

per group).

A7) A2 HE NPY KO vF9-29] &5 Yol £A]sl+= SFrZd =742
Hzpolxp o] b #ho] Frhelo] I E VAL A2 WEE Y] of§ 7]
wl o] Ao A R A FAMEL U AT E AE Y g Tk

AN 3 2o FEREE YA ZHAET7AYE HHAR Y] R v+

o 3F
JrEAes v B WA SERARIARE R defst

A4 457 WA 657 %€ C57BL/6 V- 2=2H-E —;ujé—g— A H 5o 2+
SE 71 M EBM-MSC)E A &k 5, A3 -8} 1= v A = 357k
o} A X (osteoblast) & -3 A] AT} 21 A o] FREAE=YE0,1,5
nME 347 A g gk 5, ZAEE A 5] A A A ZE PCRE 6714
Al Ape] e S 2 ALE AT
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g A A sho] AL G PORE O 2 Al ae] WS 2Absho e,

st 2 sl sl
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Ul

T = JFI:
ﬁﬁgiﬁ?iﬁﬂ?ﬂ#ﬂ%%ﬂ%Eﬂ%%ﬂ%@iﬂ%ﬂJ@Ym
pelkg S w22 we] S B ALSEAL 154, 604, 12414k {HA 0 2
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[127]

[128]
[129]

[130]

[131]

[132]

[133]

[134
[135
[136
[137

—_— e e

[138]

[139]

[140]

[141]
[142]

12

skl
WA G v E g 3vke] A Sk 0 R o] 2H2E 50 uelkg )
T2 E = Y9} PBS(Gibeo) 100 02 F-0] 8131 601 F-ol F55 A H &} vk

ANF g Y =7 AR EA QARSI Lineage, Sca-1, c-kit, CD48,
CD150 r/w 7hA o] A& AH&-SFo] FACs = -4 6 3t
= &= 70 YER AT

= 701] LR vle} 7o), Lin-, Sca-1+, c-kit+, CD48-, CD150+ % 4] ¥ =
S22 EF7AE7FPBSE TS W Wt wEHEE YE T30S o
=5 ol A 7% AT (p < 0.05, n=3 per group).
4-4. 8% ZF2EEVANE 2 52T AT A E Y & g2 (Competitive
transplantation assay)
2oy o) 2 E = ol Folol o) @ F52AEY) HE 2
[e)

TFERIATA LY dF o= W Rletr] Hsko], A Al 1-69] HH ol
FLPE} Competitive transplantation 2 ¢ & 4~8 & 93\1:}

E
)

41810 Gy ZAF 2 x 5 Gy)oll =& A £ A (recipient) "}-$-2=¢]] Ly5.2
(C57BL/6) & Al (donor) M}-5-2=9] Z5= A 3 (2 ( x 10?) 2 Ly5.1 (BoyJ) "2 €]
AT Qx 1005 E3ako] 1) AUE Fa) ekt A E o 4]
8A oll, 5=-&A) upg-2=9] & NG 2| F 3} CD45.1-PE (BD science),
CD45.2-FITC (BD science) 3} A & ©]-8-3}] LSRII (BD science) 14| 32 -4 7] 2
-2 5191 T}, Repopulating units (RU)-> 3}7] 428+2] 12] A|2FH S 0]8-3)o]
LHERU LT

[<=3H2 1]

Repopulating unit(RU) = (20 x CD45.2%) / (100-CD45.2%)

TRPEE YE FYTE 20 &7 (CD45.2+) 9 Ly5.1 vh-%-222] &7
(CD45.1+; CD45.2+ A 329} 78317 913hH & ¢ &3tato], 415 10 Gy(2x5
Gy)2] WAFA o] ZALAI 71 A2 vE9- 2 (recipient)ol] = 31t} o] 25 85
F-o) HFE YA vhg-220] NG A F 5H0] CD45. 1+, CD45.2+ A| X 2
B (%)= FACs A1 0. = 54 813l

A= & 8ol YrERY LT

%2 8ol YHERY vke} o] s R E = YE FY g A2 =72
CD45.2+ Al 3E9] M) (%)< tZ&a Q1 PBSE 9] & vp-$-2= =579 CD45.2+
QR R g

RU(Repopulating unit) 3t B8+ PBSE =91 ¢k np§-229] =245 U A7
np--220] & oMol A Bt} 1A E S U (p < 0.05, n=3 per group).

47 AR RRE, L g 2 EE YE ST vhe-2o el A=
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[150]
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CD45.2+% ISV L dF o2 EH o, 2 EV|H X 47}
PBSE F 8 vh--29] o)l EA 3= CD45.2+%] & d =7 A 210
A EAA B2, Z55 o] A ¢k F&A vh-229] =5 Uldl] CD45.2+9]
A8 228 7] A 3 (donor-derived BM-HSC) 7} 2 Al &A1 8 <&

k=2

==
2
4=

5L 7 2RE = Y F&A 47 S-SV A F AR 4d 2
dF FF2EATAZY BEd M= 9T

WA Ao R R E YOb AL 28 sho] Y1 8 A| oF Nke ek
Y1 #+-8- Al (agonist) 50 pg/kge ALe] G} FAME S8 949
ARESITh i 0 B R E| 2 Y R PBSE §F T v 2E
AHE-3E T 603 F-oll Zh2ke] wh-20] wapE A H sho] AR ol 1-39] HAIZE
A PCRYMH = 22 dEV ML JaRIAE &

A3k = 9ol YER AT

590 WERd vlof gho], g 2 E =Y 84
FoAYE MEY AR Ze2dE Rl
Vcaml, Sppl o] T ZFE U2 TFAA 7] = A& & 5= AT} (p <0.05, n=3 per

group).

1 e

Ee wRSEHEY ¢8A e s o] Al Eel
VA 9GS dobily] flske] AAT o 1-49] CFC WA SR 42304 2.9
Hetes Arak i

% 100 YER nkof o, yr B E| = YA o EA st R E =
Folgde mig x2ddTAxe] de dEs S7MAS & 5 AMT (p<

0.05, n=3 per group).

52. TEREEY T 8A dAVN 2 EVIAE FIAAARY 2 R EF
STZEATAEY Aol VA= FF
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