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v ool A 7bE $4L AA 44 9 & Jx A B AL ovien, FAAN A, 74E AE,
AR AE, e, AFE A D gn AAAE BF w@es oviz ALH. 4] A% x4Re A
sqow Be Jhsd A% nx WHE T ¢ gom, 754 AFe Aze EAdon AsHE 44
@ A, g4 9 S4AE 08 2eE & o

wyo] &7

® g8 of

Dol wE AR TSPANTY 0¥ EE 84 oA s W
AAZ oz W7L HAGH R BaE= 2 = ZEE dW, A

9 7letel dH
18 TSPAN7Y] 7feFAel +%

Pﬂ k1
N2

il

e o),

& 2u oM 2 ATAIE] RANKLE A elste] saAEze] 2348 =3 49 Gene chip ©4& &3t
o] TSPAN72] nRNA Z& o] Wists &lgh A3E 4 gtoz yekd Zolu.

T 3 AE B3 ME2 7Y #HAEfo]=(control), AE T3} HE C-Teho] TSPAN7S N-Tdk dHS AZA3E
Febo] = (TSPAN7-N-terminus), = AZE T3} A9 C-webo] TSPAN7Sl C-E¢ dHE AZAE Felo] = (TSPAN7-
C-terminus)9 F%AS e,

T 45 FoA BEd AFAETF gEZAER B35 Ao, M-CSF 30ng/ml 2 RANKL 100ng/mle} &7,
AXZ T3 Ad2 48 Fepol=(control), ME F3p AQ C-Zeko] TSPAN7S N-Zd @S AAS FEho]
S (TSPAN7-N-terminus), 3 AMX F3 AQg C-Zodol] TSPAN79] C-Zdt @S AAS Fepo] = (TSPAN7-C-
terminus) & 217} & HE AHIHPS W, AS5H FZAHES] FAS JAS= A4S TRAP(tartrate resistant
acid phosphatase) @& 3l <13 235 YepdT.

% 49) AsplA 107 o Bele 2 Y% SHEALY £8 4G TS vehar,

%= 6& TSPAN-Fc @iz o] AA AxE vepdck., #2 1-3& Z+7F BSA(bovine serum albumin) 0.5ug, lpg,
2ugell thE AA A3ES, < 4-62 TSPAN-Fc @l d o] AA| 232 Jehdict,

ki
[@]]
gl

E 72 a2y AT AT sl Es —Erﬁ}, AgEE B, M-CSF 30ng/ml 2 RANKL 100ng/ml <}
A T S TE HE AP o 45 Az IS dAske A4S TRAP AN 53
gelgt Axts vrebdth. M-CSF M-CS(30ng/ml) %t xm& 5, RANKLS M-CSFS} RANKL(100ng/ml) ®F 2]
3t 495, hlgh = M-CSF+RANKLel <17+ IgG(2.5ng/ml)E mf‘z} 255 YERT.

T 82 = 79 Aol 107] o] vds Zte SEAxe] 5 APge agzEs vehdck, RS M-CSFeh
RANKL(100ng/ml)%F 2213t 2=, hlgG = M-CSF+RANKLell <€17F 1gG(2.5ug/ml)E g3t A+E ekt

= 95 & 79 ZAdFtoA TRAP &4 A E assays 5] TRAP EAHLEE sk AxE yepbdidh. M M-
CS(30ng/ml) %+ A3t HA$ZE, RS M-CSFF RANKL(100ng/ml)wF A28t A-$Z, hlgG &= M-CSF+RANKLO] <17+
IgG(2.5ug/m)E A 255 e,
T 108 Aobd HH(dentin slice) 9ol M-CSF Z RANKL £ A glsle] zAE ALy 2T4E FE8 33
oM, high(&4 WEa) H= TSPAN-Fc & A2d 45 we] S5 Axs v d(hematoxylin) A=
golg A3E el

%= 118 = 109 Aol A=A el u

O

o

F 9o uee AFRY 19=S ean,

WS A7 G FAF g
18}, lﬂc WS Aol os) sl didth. o,

171 AAlelel 3] dgE = AL oby.
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>
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o
o
2
>
ol
o
rr
Py
e
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e
i)
o
o

olr

AA 1, AZAE2 B3] - A% FAA TSPAN7 o gheaF w3l &9l

4-55¢ C57BL/6 A (clstoiatristn A se=FdAATAH 2T E )] vews Eesiditt. 75 wo
A ool tE -z Bzl Iml FAPIE ol&ste]l T WERE AEES AFSAT. AFHAT = Azl M-
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CSF 30ng/mlE Aelste] 39 %, 24 ¢ ATHMEE B, Eelsh AFAEE 3em dishol 5x10°
cells/well =2 HZ%}"’ M-CSF 30ng/ml 2 RANKL 100ng/mlS A2 3+ %, RANKL A A|ZHS &ulste] AEE
sl = = B3, 550ng & RNAS ©]-8-3}e] Ambion Il1lumina RNA Amplification KitZ= M A] cDNA
A 3FA lumina®l Xl #53+= Gene chipS vl ZAlo] o3le] EA13} 0},

it -1>

9l Gene chip o AI}ZHE TSPAN7 F-H2ke= AEZE3IQIA RANKL X E] 29 A K8 wdo| A% F7iste, 3¢
Aol oF 17.43u s Aow gAdd = AT (= 2).

[ed

AAlo] 2. TSPAN7S| N-Zth = -2t dHS ¥33aE= Felol=9] §A4

TSPAN7 o] &43& A8ty 913ke], TSPAN7S] N-Zeka} C-2ehe] opwwalt M Ag o] g3fe] TSPAN7 TS X3
sk Petel=E AT Aol AT HEl=E Ax FAE &oldA s s AE T3 e

MEAMERT 4)& AREeRaL, = C-dddol TSPAN7O] N-2d d(Mdis 2) e -2d da(HY
3)& ddste], AR 44 AEis 5 % AU 69 fetol=s AT = 32 7] ekl
TEE HERd

7] Hepol= =
(HPLC) 3 2= 4

AAld 3. TSPAN7S] N-2ot Ex C-Ew @S FF3e Jeol=e] HASAFE JA A4 a3 &<l

7] AAld 2004 A|ZFE, TSPAN72] N-Ewk = -y dHS ¥35tE HEPo|=s ALESte] SZA X9 ¥
o] SlAlEE AS Belsu e,

0%
n°l'

o,

FFAEE B3/ AP EA Gl duEAEE FASAT Axrt §FEEE A EE
SHAl Eal o) w ®H gFA EE TRAP 3} 7‘/\1&% FeAE
7WA B2 TRAP &= ﬁ}%xﬂzﬂ EAAMAZ dE ARSE I Q). wkﬂw oo A= TRAP FA1S B3k o
glo] dmAEe] HAFS Tt FIAEY B3} s S

tlalo] AlS J,}_

P

é
—(11
-
o 7
2 4
=)
i
mlo1:
e
o
il g
B
oo
MO o
rsi'
:L
i
o
& oo

o= %’43}04, 4-55% C57BL/6 AF(o]stoiatt st HFEEFHAATAHZRE £ demE st
o 5 oA woll thE =t 73%01] lm FAZIE ol &ste] =g WERH AEE HFsAG. AT =
T /‘ﬂEOH M-CSF 30ng/mlE Aelste] 39 %, = #dl AFAEE &

ATAES 48 wellol] 1.5x10 cells/well 2 Z-31, MCSF 30ng/ml, RANKL 100ng/ml1<} &7l A A)d] 2014 A3+
Aefol=5 Z+zF 1.1, 3.3, 10, 30puMe F=E2 3947 A glsAct. vjeFde 10% FBS(fetal bovine serum)<]
a-MEM( a-minimum essential medium; HyClone, Logan, UT)& AF&3Fqith. Agd 317] Ao Felol=+=
PBS(phosphate buffered saline)oll 1mMe] F=Z faAATE. FZFAFe B3, AL AES SH37] 95t
TRAP(tartrate resistant acid phosphatase) A& 3F¢lal, TRAP A2 SIGMASIAl U2 7]E(Acid
Phosphatase, Leukocyt (TRAP) Kit)Z AF&3l o™ 15-20% A% AA3IATE. TRAP Aol Fa S Yel
= Az e] #5 AZslelr] Adste], g F A WA Qbell EAlskE TRAP ¥/do]at 107 ]”4 qNs x
x

al =
[e] o
Fohe AZE AT, olF Balol RITARZ B3h, 4% HEE AR

oA, FAaNE dede v8 R2Axe] e, ddETE 5k AdRy A" siEe]=)d
Hlgte], Aol 2ol A Alxg, TSPAN7S] N-weh Ee C-ud WS 23ehs fEelEE Ads W €919
A2 e 9T ¢ A= 4 % = 5). o3 AAE Fate], TSPANTE EPlOR sk fERo] =7t 1070
ol A5 Eshe vele e As HEARY A4S AATE & AT

A Al 4. TSPAN7-Fc ¢ A

TSPAN7 ¢ BAS A8l 7] Y&te], TSPAN7-FcE A st th. TSPAN7-Fex= TSPAN794 EC2 Z=HQle] ME(XMEH
& 19 ofuxAt MdelA] 113HAFE 21484 )& AHE3F . TSPAN7 & Y st fraxke] 7] de
Kel

A EC =vQl HE st

Fz9s7] Se AFgas Salld} Sfils A}%OPML, o17]el Fe ME& 4

i
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TSPAN-Fc 9] ofr|:=At AES AERE 72 YERAT.

TSPAN-Fc wriiz o] HAE ¢&lo], TSPAN-Fc DNAZS 293F cell(invitrogen)ol] E:NAHAE 5 ujfdo] =olg)
= s AAslTt. 293F celld] vkl e & wiA](Serum Free media)@l GIBCO 1233801(&) A& u}o]
QAfolAd~)S AFgSHATE. Bk AASHA, 293F  suspension cellS 5)(105 cells/mlZ 1L culture
flask(CORNING, 431147 1L)o] & %, ey 1x10° cells/mlo] =™ 100mld TSPAN-Fc DNA 200 pg,
PEI(polyethylenimine) 130 pug &% DNAE E#HA#IMESTE, 69 HE 37T, 8% C0, shaking ] Fof ¥ARE
#ale] cellS W wjFalul st wjkN LS protein G Agarose(pierc, #20399)L E A AA] whuldo]
H=o] 255 3k 5 100mM Glycine buffer® A AT},

A G vlag o2 BSA9E &7 10% SDS gelell WlelA Coomassie blue @A3FATE. 291 1~32 BSA
0.5ug, lug, 2ug, QL 46 BSASt FeFo] TSPAN-Fc AA] dlAdS 7953t Ado|th (% 6), 1 A}
TSPAN-Fc &4 48 kDa Z7|olA A7|9sd AS &2 5 A},

AAle] 5. TSPAN7-Fc o] A<= S=HE FA A g3 &2l

&7 AAle 4ol A AlxzE, TSPAN7-Fe & AH&sto] szl e] Aol dAlE= AL Flsnsitt. o5 9s
o], 4-55" C57BL/6AFA <] tiglmE Eolsditt. FolA E23 AA*E(bone marrow macrophage)E 48
wellol 2x10" cells/well® 723 M-CSF 30ng/ml % RANKL 100ng/mlS 3¢ X3t uFA|E7t E3},
AeE), sfgFde 10% FBS(fetal bovine serum)®] a-MEM( a-minimum essential medium; HyClone, Logan,
D& AHEatsith. AR O high(2.5ug/ml)S Ag|sta TSPAN-Fe ©dL w25 v 34sh9(1,
0.3, 0.1pMe] #X) RANKLT} A 3dzt Hsdo. dEAxe #3, AS5EE S43h7 Hshd
TRAP(tartrate resistant acid phosphatase) @22 3}, TRAP FAL& SIGMAIA 2 Z]1E(Acid
Phosphatase, Leukocyt (TRAP) Kit)E AR&3I1om 15-20% @E AASFATE. TRAP FAjoll A g A48 ek
= UAxe] & Fslelr] flste], 94 F dA WA Qb EASk= TRAP FAdolar 1071 oo s =
b= AEE SA3GAL, olF Sote] FIAxe £3, A AEE Ak, Ee TRAP ¢SS YE
W AA AEZTFE AFEFI sbr] Yl SIGMAGNA & tablet (4-Nitrophenyl phosphate disodium salt

hexahydrate, N2765-50TAB) & .2 405mmol| A EF =S =A3to] TRAP G4 E assayE 519t}

TRAP 34} A3}, TSPAN-Fc ©rjde] Ae] g7t 5355, 107] o)<l & xdshs tele zte 4% d=
A 7F AA FaTHE ¢ 5 UATHE 7 9 = 8). Y TRAP a4BAH % assayE Foto] WA A2
TRAP A WHg& & o7k 12 S & & AATHE 9). TRAP H4 SAEE F2AE 28] gAAAR WE
i gle AoE, AP &4 4% Aole A=AE 28] AolE vepivu & alv}. T gEA
29| watell= Aol glo] traie] gl vhEAlEe Toﬂ Aol & 7%%1“ ﬁT booleh. &2 dwe] TSPAN-Fe ¢

VL WAA gort, A

AA S 6. TSPAN7-Fc o W F<= oA &3 g3

&4 ¥ (Bone resorption assay)< JZA|EZF W Fo] Rsle] ME ZholHE AL(S, ME S5t
|)E SHToEZN Axe] SHEE HPgste Aot

o 1-=

24

TSPAN7-Fc ©hal o] o]a] o] 52 #go] Aot T me] Al
slice)(Immunodiagnosic Systems Ltd) ¢loll I=ZHEE 89U A

=
Aok, WA FFA &3 A4 E(bone marrow macrophage)Z 3cm dishell 1x10° cells/wel |2 231 , M-CSF
30ng/ml 2 RANKL 100ng/ml< A gste] FIZAEE 2-3d AL #3f, 45 AT MY &4 Aes 5457
el 96 wellel Fobd A (dentin slice)e 23 1 9o] 3% 32 A FE(pre-osteoclast)Z 2x10°

I1s/well® Z31, M-CSF 30ng/ml % RANKL 100ng/ml¥} S tZ7*C= hlgG(2.5ug/ml) = TSPAN-F (1p
g/m)E& At FFAHELE 5-6¢ A% ¢ #3} AHATE. 9U FH dentin slice® w52 # (hematoxylin) o
2 EAE gl BES Aty goxl Fo] WAS SAHEAT. AvA SR ARRlE HojA gz v s}
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o] Aoy wAe] v &S AT
[0082] O Ay, SAETS RANKL 3 higGE ##]3F dentin sliced W& 995 100%2 §S o) TSPAN-Fc wh
Ao o] F4 SHEE A HAATIE AS EA9F F A= 10 2 = 11)
=y
=97

EC2

EC1

COOH
EH2
20 17.43
§ 18 -
$ 16 1
g1
x 12 |
=27
= 6 |
£ p |
M~
g). E n e ;o
b~ 0 1 2 3
RANKL-treated (day)
E=[3
Cell-permeable sequence
Control peptide YARVRRRGPRR
TSPAN7 N-terminus peptide YARVRRRGPRR  |H MASRRMETKPVITCLK
TSPAN7 C-terminus peptide YARVRRRGPRR [  SRFITANQYEMV
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Er4

MCSF alone oum

. control

TSPAN7-
N-terminus

TSPAN7-
C-terminus

EHS

Z 80 -

2 .

§ control

— 60 -

= EITSPAN7-N-terminus
=

[ =

A4 - OTSPAN7-C-terminus
i

U

=

= 20

L

3

(] 0 = T T T 1

1.1uM 3.3uM 10uM 30uM
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=46
| |
1 2 3 4 5 6
BT )
L
3
e
=97
TSPAN-Fc
3> 3d
—_— 2d
—_— 1d
TSPAN-Fc TSPAN-Fc TSPAN-Fc
(1ug/mi) (0.3ug/ml) (0.1ug/mi)

M-CSF
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k1
N2
(o'}

TRAP+ MNCs/well (n>10)

0.35

o
w
1

0.25 -

o
N
1

0.15 -1

TRAP activity (A405)
o

0.05 -

RS S

P<0.005

RS

0.3ug/ml

0.1ug/mi

RS PSR S S

0.3ug/mi

TSPAN-Fc (1ug/ml)

0.1ug/ml

>
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b

=

(=]
1

o
(=]
L

=1
(=]
L

40 -

*
20 A I
0

higG TSPAN-Fc *p<0.05

Relative percentage of
resorbed area(%)

EEE

<110> Ewha University - Industry Collaboration Foundation

<120> Composition for treating bone diseases or inhibiting osteoclast

formation comprising TSPAN7 inhibitor
<130> DPP20151045KR
<160> 15

<170> KopatentIn 1.71

<210> 1
<211> 249
<212> PRT

<213> Homo sapiens

<220><221> PEPTIDE

<222>  (1)..(249)

<223> amino acid sequence of TSPAN7

<400> 1

Met Ala Ser Arg Arg Met Glu Thr Lys Pro Val Ile Thr Cys Leu Lys

1 5 10 15

Thr Leu Leu Ile Ile Tyr Ser Phe Val Phe Trp Ile Thr Gly Val Ile
20 25 30
Leu Leu Ala Val His Val Trp Gly Lys Leu Thr Leu Gly Thr Tyr Ile
35 40 45
Ser Leu Ile Ala Glu Asn Ser Thr Asn Ala Pro Tyr Val Leu Ile Gly

50 55 60
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Thr Gly Thr Thr Ile Val Val Phe Gly Leu Phe Gly Cys Phe Ala Thr
65 70 75 80

Cys Arg Gly Ser Pro Trp Met Leu Lys Leu Tyr Ala Met Phe Leu Ser

85 90 95
Leu Val Phe Leu Ala Glu Leu Val Ala Gly Ile Ser Gly Phe Val Phe
100 105 110
Arg His Glu Ile Lys Asp Thr Phe Leu Arg Thr Tyr Thr Asp Ala Met
115 120 125
GIn Asn Tyr Asn Gly Asn Asp Glu Arg Ser Arg Ala Val Asp His Val
130 135 140
Gln Arg Ser Leu Ser Cys Cys Gly Val Gln Asn Tyr Thr Asn Trp Ser

145 150 155 160

Ser Ser Pro Tyr Phe Leu Asp His Gly Ile Pro Pro Ser Cys Cys Met
165 170 175
Asn Glu Thr Asp Cys Asn Pro Leu Asp Leu His Asn Leu Thr Val Ala
180 185 190
Ala Thr Lys Val Asn Gln Lys Gly Cys Tyr Asp Leu Val Thr Ser Phe
195 200 205
Met Glu Thr Asn Met Gly Ile Ile Ala Gly Val Ala Phe Gly Ile Ala
210 215 220

Phe Ser Gln Leu Ile Gly Met Leu Leu Ala Cys Cys Leu Ser Arg Phe

225 230 235 240

Ile Thr Ala Asn Gln Thr Glu Met Val

245
<210> 2
<211> 16
<212> PRT

<213> Artificial Sequence

<220><223> N-terminal fragment of TSPAN7

<400> 2

Met Ala Ser Arg Arg Met Glu Thr Lys Pro Val Ile Thr Cys Leu Lys

1 5 10 15
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<210> 3
<211> 12
<212> PRT

<213> Artificial Sequence

<220><223> C-terminal fragment of TSPAN7

<400> 3

Ser Arg Phe Ile Thr Ala Asn Gln Tyr Glu Met Val

1 5 10
<210> 4
<211> 11
<212> PRT

<213> Artificial Sequence
<220><223> cell-permeable sequence Hph-1
<400> 4

Tyr Ala Arg Val Arg Arg Arg Gly Pro Arg Arg

1 5 10
<210> 5
<211> 27
<212> PRT

<213> Artificial Sequence
<220><223> N-terminal fragment of TSPAN7 fused with Cell-permeable sequence
<400> 5

Tyr Ala Arg Val Arg Arg Arg Gly Pro Arg Arg Met Ala Ser Arg Arg

1 5 10 15

Met Glu Thr Lys Pro Val Ile Thr Cys Leu Lys

20 25
<210> 6
<211> 23
<212> PRT

<213> Artificial Sequence
<220><223> C-terminal fragment of TSPAN7 fused with Cell-permeable sequence
<400> 6

Tyr Ala Arg Val Arg Arg Arg Gly Pro Arg Arg Ser Arg Phe Ile Thr
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1 5 10 15

Ala Asn Gln Tyr Glu Met Val

20
<210
> 7
<211> 102
<212> PRT

<213> Artificial Sequence
<220><223> TSPAN-Fc
<400> 7
Arg His Glu Ile Lys Asp Thr Phe Leu Arg Thr Tyr Thr Asp Ala Met
1 5 10 15
GIn Asn Tyr Asn Gly Asn Asp Glu Arg Ser Arg Ala Val Asp His Val
20 25 30
Gln Arg Ser Leu Ser Cys Cys Gly Val Gln Asn Tyr Thr Asn Trp Ser
35 40 45

Ser Ser Pro Tyr Phe Leu Asp His Gly Ile Pro Pro Ser Cys Cys Met

50 95 60
Asn Glu Thr Asp Cys Asn Pro Leu Asp Leu His Asn Leu Thr Val Ala
65 70 75 80
Ala Thr Lys Val Asn Gln Lys Gly Cys Tyr Asp Leu Val Thr Ser Phe
85 90 95

Met Glu Thr Asn Met Gly

100
<210> 8
<211> 9
<212> PRT

<213> Artificial Sequence
<220><223> cell-permeable sequence Sim-2
<400> 8

Ala Lys Ala Ala Arg Gln Ala Ala Arg

<210> 9
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<211> 7

<212> PRT

<213> Artificial Sequence

<220><223> cell-permeable sequence R7
<400> 9

Arg Arg Arg Arg Arg Arg Arg

1 5
<210> 10
<211> 21
<212> PRT

<213> Artificial Sequence

<220><223> cell-permeable sequence Pep-1

<400> 10

Leu Glu Thr Trp Trp Glu Thr Trp Trp Thr Glu Trp Ser Gln Pro Lys
1 5 10 15

Lys Lys Arg Lys Val

20

<210> 11
<211> 21
<212> PRT

<213> Artificial Sequence

<220><223> cell-permeable sequence Pep-2

<400> 11

Lys Glu Thr Trp Phe Glu Thr Trp Phe Thr Glu Trp Ser Gln Pro Lys
1 5 10 15

Lys Lys Arg Lys Val

20
<210> 12
<211> 16
<212> PRT

<213> Artificial Sequence
<220><223> cell-permeable sequence KFGF
<400> 12

Ala Ala Val Ala Leu Leu Pro Ala Val Leu Leu Ala Leu Leu Ala Pro
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<210>
<211>
<212>

<213>

13
11
PRT

Artificial Sequence

<220><223> cell-permeable sequence Tat

<400>

13

Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg

1
<210>
<211>
<212>

<213>

5 10
14
34
PRT

Artificial Sequence

<220><223> cell-permeable sequence VP22

<400>

Asp Ala Ala Thr Ala Thr Arg Gly Arg Ser Ala Ala Ser Arg Pro Thr

1

Glu Arg Pro Arg Ala Pro Ala Arg Ser Ala Ser Ala Pro Arg Arg Pro

Val Glu

<210>
<211>
<212>

<213>

14

5 10 15

20 25 30

15
16
PRT

Artificial Sequence

<220><223> cell-permeable sequence Antp

<400>

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys

1

15

5 10 15

_22_
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