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Retrovirus Mediated Gene Transfer of RANK-Fc Ameliorates Bone Loss
in a Mouse Ovariectomy Model of Osteoporosis
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Department of Internal Medicine, Seoul National University College of Medicine'

ABSTRACT

Background: Interactions between the receptor activator of the NF-xB ligand (RANKL) and its receptor,
RANK, are important in the terminal differentiation and activation of osteoclasts. In the current investigation,
we examine the feasibility of using genetically modified mesenchymal stem cells (MSCs), C3H10T1/2 cells as
a platform for the sustained systemic delivery of therapeutic proteins into the circulation in an osteoporosis
model, and investigate retroviral-mediated gene therapy of RANK-Fc as a means of ameliorating ovariectomy
(OVX)-induced bone resorption.

Methods: C3H10T1/2 cells were transduced with a MSCV-based retroviral vector containing cDNA of a
fusion protein combining the extracellular domain of murine RANK with the human immunoglobulin constant
domain (MSCV-RANK-Fc-eGFP). Young adult female mice were subjected to OVX or sham surgery, followed
by treatment with transduced cells or PBS 4 weeks later. The expression of RANK-Fc by these cells was
assessed, both in vitro and in vivo. Total bone mineral density (BMD) was measured and GFP expression was
examined.

Results: Transduced cells produced biologically active RANK-Fc in vitro and in vivo. Mice that were
subjected to OVX followed by treatment with cells transduced with MSCV-RANK-Fc-eGFP 4 weeks later
contained no significant but higher total BMD than either the control vector or PBS-treated mice after 8 weeks.
Higher GFP expression was attained in the liver, spleen, and intra-abdominal fat of mice treated with
MSCV-RANK-Fc-eGFP.

Conclusion: The data collectively indicate that C3H10T1/2 cells are effectively transduced with a
MSCV-based retrovirus, and are capable of secreting biologically active RANK-Fc in vitro and in vivo.
Moreover, gene therapy facilitating the sustained delivery of RANK-Fc may be an effective method to reverse
OVX-induced osteoporosis. (J Kor Soc Endocrinol 21:192~203, 2006)

Key Words: Gene therapy, Mesenchymal stem cell (MSC), Osteoporosis, Ovariectomy (OVX), Receptor
activator of NF-kB (RANK),
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o] wAlsl] 4% Asko2[1] moll sl 24
oo Qlell &= AET o3k xafele SeElvet

A% B o] At F7Rtel it o 129150 QI
7} Z7ksle] H7d ¥ avkesol 79 HAle] AR i
=i ek Frkasell st 71€ X8 o] B vl
F2~¥ o] E(bisphosphonate), oll2~E ZA(estrogen)s ©]-&
g T2 A9, selective estrogen receptor modulators
(SERMs), ZHA|Ex(calcitonin) 5 F ¥+ A4S Fo
slo] 7EEARD & FE AQATIAY AEATE Bl
th2~4].

5ol Fe3F AL sl FAATIL At AEE
23}, ZA3E]] QlRAE TE7)A13E (mesenchymal
stem cell, MSC)U ZZA|3E2] ol W%+ receptor
activator of nuclear factor-¥B ligand (RANKL)S} ZF=A]
Fo| Fwell wElE RANKS Adzgo] Fowiv
RANKLo| Z7sl= 7d-5olle shaAlzrt SAdskelo] =%
7} whAghl{5~6]. ¥FH osteoprotegerin (OPG)< =<r7H4
Al 22| zeA] fHlEle 84 8AHIZA] RANKL
7} ZA%slo] shEAES] RANK-RANKLS] 4228l 9|
gk ASHALAAE Aoz IJFAEE AEAAA
(apoptosis)A|A  FFHE ZFFE  AEAIZIH6~T].
RANK Al&A=AAlE shaAEe] 23l 24, el 2
Aol OPG A knockout A7l FEollAe A%t
Erhe5o] HA¥sla8], RANKLel\} RANK7} 7 =|o]
% w2, OPG-Feul 784 #HlQl RANK-Feg #
WA AR (transgenic) WH-2elldE IEAEE ¥
AslA] Fs17] wiieel] 413 E81415 osteopetrosis) ©] WA
el7,9~11). 3 AF AAlsle] olaERAle] ¥
At e e oAt = Aol wWwll Al=g
OPG1} monoclonal anti-RANKL antibody & Folsbd =
FTE AEATIAG AN ¢ Qcka HaEw glow
[12~16], #|== OPGY monoclonal anti-RANKL antibody
off 3k AL A= Erhege] XBARAS] 7S
e sslaL Qhel17~18].

RANK-Fc+= RANK 2] A|Z2]ed%(extracellular domain)
I Asrel WE2E9 Gl (1gGDE] Fe F-iEs 586l
e AoE, 84 RANKTF Fofdt 73-9-Hel uizy|7t
ZojAE ool IeH19]. RANK-Fe &% shiids 4
s zZA|E9] ¥l = RANKLY Zgtsto] slz4]
2] RANK®} ZFAES] RANKLo| 4% 2-8sh= 2
ARt zx] shEAlEe] A4 Bl BASE Al T
55 STHFIAL chEsrgolut oAdEeke] & Aol wiv

0.

=

[e>

A2 EellollA] RANK-Fe dlEZnfole|E o] &3t fazkae] Edilel] wiX& a3} —

oA W= FHFFE AEAPIEU, ol ATe
OPG-FcitZou} artky Hawx ItH20~22]. RANKS}H
I $EAIQl RANK-Fe7} OPGS} thE % RANKE
RANKLoIRF ZgsiA]eF OPGS} OPG-Fe= RANKL ©]<]
ol EXxoll4] WtdE]= =A% TNF homologue®] TNF-q
related apoptosis-in-ducing ligand (TRAIL)ol% Z3lkch
[23]. AT W(in vitro)ollA F7F AF U AHA MAIE
oAl OPG7} TRAIL®] oJall mi7l=]= AlEARAAE A
ghjar Wargl ul Qeh24~25]. A3 W(in vivo)oll4] TRAIL
°o] OPGoll Agsh= AelH FeAl tialixle oF 2 o
HZ1 vt glevt OPG7F shEAl| el o3t 2575 A
sh= J37F TRAIL® oJ8f] oj= A= 2k 7ol 9
o}, whehd] ehdgateldl oleldt BHoz OPGE AMgshs
e Ao 9be 4 olvk Rk i el FUL o
¥l 1gG Fesh $3telol W12 ZoMAIeERE o Eal)
Ao, Zrhgae 4 W B X EE ok sk vk
gAzke]7] uliitol] WHEEqle] F eslrhs A o] elolls, 4
AL ERstar AESHE SA 7} Bebgshe A A4 Bl
=4 Sl Alzgt whEe] gubH]l FAREele26]. v
2] FH ol FU3TE EY T I FEAA] B(gene
therapy) Ho= AlEX]| E(cell therapy)e] Z.2Ado] tIFsx
ek

o3t w7 nhg g B qdollXl= A=3 RANK-Fc
SAAZ Y EZnole] Aretrovirus) S £ C3HIOT1/2 Al
Fol| FAEY(transduction) A7) F U4 A4S AARA
(ovariectomy, OVX) ol|~EZAle] ZA0E C3H wl$-2ol 5
A % B ke Skl A g Qlokia) 6l

o

i

o

Chat o

0 T
=

1.

S=
7% = 97 C3H vl$-A(Orient corporation) S 7
slo] ATt delgted i Addddel AA
< WSt 2AE]] 23] ketamine (50 mg/kg, Yuhan,
Seoul, Korea)¥} xylazine (15 mg/kg, Bayer, Seoul, Korea)
= o] &slo] vl F AFAAE sl AFEES slo] <

2t A7k
2. RANK-Fc 3EZHI0|2{A2]| RIE

vul$-2= RANKS| AlE2|gdH(Metl-Pro213) A
IgGl Fcod<o] Bglll & odAxlo] Q= w2 RANK-Fe
cDNAE PCRE &3l FF3tal S35 A (fragment)
murine stem cell virus (MSCV)-internal ribosome entry
site (IRES)-enhanced green fluorescent protein (eGFP)
(PMSCV-eGFP) #HEZn}ole]2 wlE](vector) ] MSCV 2]
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long terminal repeat (LTR) 3] EcoR I/Not [ F-9]ol|
AlRJsto] Ax}E o 2 pMSCV-RANK-Fc-IRES-¢GFP (pMSCV
-RANK-Fc-eGFP)E AlZsl3ir). o] Al=Elof|A&= MSCV
LTRol| &J&l] 5314} uiddo] =A%t} 2% RANK-Fe I
F5-912] d71AAL 1714194 (sequencing) & ©]-8-3tod
#olslirt. pMSCV-IRES-eGFP #HEZHlo|#]A HlEIR}
RANK-Fc ¢cDNA$} cluiA-2- Z+7} Dr. Ronald L. Johnson
(University of Alabama at Birmingham, AL, USA)$} %3
gt AR weEAl Aol

Y EZnlolg] A5 "HE7] S8l 293T Ao HER
nlolg]2 WEQ] pMSCV-RANK-Fc-eGFP (RANK-Fc)
1} pMSCV-eGFP (M%)} pMD-gag-pol, pMD-VSVG
WIEY S 7+ 4 g -5Alell Lipofectamine Plus (Invitrogen,
Geand Island, N.Y., USA)E- o]&al] FAEUA7| 1, 484]
7F & Aokl 3lesto] 747 MSCV-RANK-Fe-eGFP
9} MSCV-eGFP #|EZulo]g]as 2] 5sto] -80TColl A3l
th

3. M= Hi

C3H10T1/2 A|F(American Type Culture Collection)+
C3H "}$-22] v5A(pluripotential) Hlo} F7F3E71AIE
2 35 iekzAeiE viAds ARRAlEe}t ARE A
2 A3 Y 2 ZBAT} AAE oz
H3E 4= vk C3HI0T1/2 AlEE 5% CO,, 37TCollA
10% fetal bovine serum (FBS; Cambrex, Walkersville,
MD, USA)~7} Z3F=] Dulbecco’s modified Eagle’s medium
(DMEM; Invitrogen, Grand Island, NY, USA)2.2 uljoks}
slem 2-3%eh Al ikl w maksisick

4. RANK-Fc t8ts! C3H10T1/2 M=F &gl

RANK-FcZ 7hklsls= C3HIOTI2 AEFZ elsl]
28l C3H10T1/2 A|EE 60% A= confluent3A == 6 well
platec]] £ % RANK-Fc #EZHo]Z]|AE polybrene
(Sigma, St. Louis, MO, USA)T} b WL 26l A % 4
3] 9AE2)(2800 rpm, 32, 90530] FAEAALL 34]
7t % vloleis EAE AL AE3 viAE ZolE F ul
&= Ak, o] PAEYH AEE ¥FEd3v|7(Olympus
IX70; Olympus America Inc., Melville, NY, USA)°o]L}
fluorescence activated cell sorter (FACS; FACS Vantage
SE; Becton Dickinson, Franklin Lakes, NJ, USA)& o|-&
3l green fluorescent protein (GFP) WS #olgho 24
7Aoo F RANK-Fcf] o AEE Rlslglom, GFP
W AIEE sortingdte] RANK-FcE IHEsH= stable
cell populationg olUigle}. thzxT-2F MSCV-eGFPE
PAEIAZ C3H10T1/2 AE7} o] 8=

5. RANK-Fc 10| M2stN 2A

uk9-2=0] OVXE FEolt} E4o| of~EZAl Az}
PeEl F 2SS N F JdTHE ke 3 W
Mo olu] A& UdEA Qirk wiehA] dlEZulele]E o]
43k RANK-Fe 7zke o] OvXell 93t 448 7
A g A Felslr] fal oAt 0gA FARIE T T
o7 Vo] 3 2 mhne] o BAE A0V
T, n = 14) YA & 7 A7l(sham op, n = 4)RF 3}
3L 43 Fol] OVX g TARIE Al T2& Uro] 1319 4
x 10° cells/0.2 mL# RANK-Fc #3 C3H10T1/2 A&
(OVX + RANK-Fc)9} 2T glEZulola] g 7Hd=] A
S(OVX + GFP), 0.2 mL2] PBS (OVX + vehicle)E AY
2 F 43] 57 Ul FA9c)E &8 Sham opve 2 W
HOZ 02 mLe PBSE F 43] ARSI £ dFe
£ F 125 SHELFAT F 85 53 Ak

ATAIZ 05, 4, 657, 85, 12570]] mh92aF HAlvl
% Lunar PIXImus 9% ZA7|(GE Lunar, software
version 2.0; Madison, WI, USA)E o]&3}o] ZA] ZH%
(bone mineral density, BMD, g/em)@} HAE(body
composition) & ZFASAIL EAFA F 25, 45, 850l &
Qkel mlZ (retro-orbital capillary)oll4] EHS sl
X-ray= Q7 125491 QFEHAL A17]7] Aell Algdsiodrt. X
Fg e AR Il A Helsio] -80Coll Bt
8193 RANK-Fc7} @) W2 $ul=l= AES ELISAS
o] &sto] Akt

6. ZZ0M GFP ZEl M|ZQ| 2|X| ol

S A7 w220 tiElE@t w2 /i (calvaria)
o} d=A(Zh v, A, A WA, A, |, AL H)
& HZ3sto] vke] Foll 4% paraformaldehyde (Sigma, St.
Louis, MO, USA)ell a4sla tiElZ3) HaldE 15%
EDTAE &43]3k(decalcification) A Zth T = ol|ghe-S-
Ax EEE o] BT xylene 22 A & slalglo
2 34 5 imE AN 3 Xsgslar 334317 (Olympus
IX51; Olympus America Inc., Melville, N.Y., USA)2.&
GFP &S Rl

Z2HE] ol AEeA GFP WS #elsly] $3l
QAL A7 mhg-2m0] tiElET a2 AEsle] vkl Sl
wjo] of FS Ak % 27 AR uleg ARIskA 10%
FBS7} *3F4 alpha minimum essential medium (aMEM;
Sigma, St. Louis, MO, USA) 1 mL& 352 Ho] Wgich
AEE- 70 um nylon ZE]Z o¥}s}ar 260 goll4] 55 F<t
AR 25 cm’ flaskoll 1 mL 1x10° FHAEE
20% FBS7} E3FEl DMEMO.E 37C, 5% CO,0llA wHok
sleh Xg 45 Bk atE ekt 2 ol
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7. RANK-Fc

1) Western blot

A% el RANK-Fes] W88 #alel7] 912 RANK
-Fc IPFA A SallE(lysates) ) vlokelS- $]45l0] Western
blot-g& A|3PslAc) AE vljokele Western blot 3}7] A
ol uF$-2~ RANK E|(R&D System, Mineapolis, MN,
USA)Z %A (immunoprecipitation) = 3}tk ©]& ¢
34 wieked 1 mL% w92 RANK 3A|(1 pg/mL, R&D
System, Mineapolis, MN, USA)& 4°CAA 10~16A17F 52
H2lgt 7 AN H(agarose conjugate suspension)
(Protein A/G; Santa Cruz, CA, USA) 20 uLE 4TCellA
10~16A17F -5t Aelelar AEe] & JdES A ¥ 2
W Z7)dE AIESEH 40 ULE FTIE & 587 Hela
AE 8353 7] 10% 700014 SDS-PAGE #4-5 AJ38s}
Ak nitrocellulose o2 271 X 1%} AR wlA
RANK &9} human IgG Fc 5°]3H#(1:1000, Jackson
immunoresearch Lab Inc., West Grove, PA, USA)S HF2-A]
71 & 22} &2 horseradish peroxidase (HRP)-conjugated
g} 934 abA|(1:3000, Santa Cruz, CA, USA)$} HHEAI7)
Z ECL kit (Amersham Pharmacia Biotech, Piscataway,
NI, USA)E ol8sto] SHIiZIAE Atsialck

2) ELISA

96 well microplateol] R~ RANK k(1 pg/well)E
4CoA 10~16A17F =91 FEs}al 0.5% PBS-Tweenl &
AP 3 3148 AZoleols} v} A 100 uLE 4ol
A 10-16417F 59} Wk F APl 2417 59t ALl
HRP-conjugated human IgG Fc &4(1:5000, Jackson Lab.,
West Grove, PA, USA)E X2|dich t}A] plates A 3
tetramethylbenzidine base (TMB, Sigma, St. Louis, MO,

pMSCV-IRES-GFP

(control retrovirus)

dg Ak Rl RANK-Fe elEilolel g o] §4 12k ae]

=44 v A9 —
USA)E Aol 20874 =]slaL IM H,S0.E F718E &
microplate reader set (ThermoMax,; Scientific Surplus,
Belle Mead, NJ, USA)E ©]83}o] 450 nmolld] F4E=E
Z7gslsick

8. SAEA

SPSS (Version 11.5; SPSS, Chicago, IL, USA)S ©]&
S ZF AJRlellA 9] W] a5 7 FE 2] Hlale Kruskal
-Wallis test H|EG7GHS o]-83lo] A3l F+ )9
g% 7ol whE H|32E= Mann-Whitney test B 25745
AR89k 25 EAI3EE B Aoll4] P < 0.05 (two-sided)
Ql 9 ol B BE tlo]ElE mean + SD

2 3708k
2 I

1. RANK-Fc dEZH0|2{AQ| M=}

RANK-Fc®] A&2Q1 #hildlo] FF=roll vX|= a7t&
doli 7] $J8] RANK-Fc -34S dlE&nleo]z]2 MSCV
LTRE] &3¢} IRES-eGFP cassette2] Aol A1lslo]
RANK-Fcg FQsl= #dlERulolalx wlElE AlRrslgict
(Fig. 1). ©] A]Z=Hlol|A¥= RANK-Fc 4412} eGFP 54
A7F IRESOll ol d7x]e] QlolA shte] promoterd]
MSCV LTRo] 2J3l] F%-0 & A zAE]| 51 )] bicistronic
mRNA £5E] RANK-Fc¢} eGFP7} WHlE|m & GFpe] Wt
&2 holdko 4 RANK-Fco] Walg 7HRles o &
Atk =T BlEEntole] e = g ERuto]e] 2 7ol
o3t maE wiAsE] fll Ad ARkl Z*] RANK-Fe7}
AFl=]A] 9k2 pMSCV-IRES-eGFP (pMSCV -eGFP) HIE]
£ ol8sisdrk

2. RANK-Fc DjEts MIZEQ| &gl ! A[S2 LY
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eGFP

| LTR || REs |
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pMSCV-RANK -Fc-IRES-GFP
(RANK-Fc retrovirus)

| LR

1

RANK- Fc

— IrREs

eGFP

- LR |

Fig. 1. Schematic representation of retroviral vectors. RANK-Fc cDNA is located downstream of MSCV LTR and
upstream of IRES-eGFP cassette, allowing the bicistronic expression of both RANK-Fc and eGFP.
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A..

B..

Fig. 2. Expression of GFP in transduced C3H10T1/2 cells. The left panels depict light microscopy images, and right
panels show images at the same position under fluorescent light. Cells transduced with MSCV-RANK-Fc-eGFP (A) and
MSCV-eGFP (B) express GFP (98.3% and 85.3%, respectively) (magnification x100).

A. Anti - mRANK B. Anti - IgG Fc
1 2 1 2

% — 97
BB —— 56

B — 45

Fig. 3. Cellular expression of RANK-Fc in vitro. Western
blot analysis of cellular lysates from transduced Chinese
hamster ovarian (CHO) cells. Blots were probed with goat
polyclonal anti-mouse RANK antibody (A) and goat
polyclonal anti-human IgG Fc fragment-specific antibody (B).
Lane 1, pMSCV-eGFP-transduced CHO cells; lane 2,
pMSCV-RANK-Fc-eGFP-transduced CHO cells. The numbers
on the both sides indicate molecular size markers in kDa.

A. Anti - RANK B. Anti - IgG Fc
1 2 1 z

—
97 — e
56 ——

—— “ — 5
45

Fig. 4. Western blot analysis of RANK-Fc secreted from
C3H10T1/2 cells transduced in vitro. Protein samples from
conditioned medium were immunoprecipitated with goat
polyclonal anti-mouse RANK antibody and resolved by
SDS-PAGE. Blots were probed with goat polyclonal
anti-mouse RANK antibody (A) and goat polyclonal
anti-human IgG Fc fragment-specific antibody (B). Lane 1,
MSCV-RANK-Fc-eGFP-transduced C3H10T1/2 cells; Lane 2,
MSCV-eGFP-transduced C3H10T1/2 cells. The numbers on
the right signify molecular size markers in kDa.

Aol MSCV-RANK-Fc-eGFP #HEZnlolg|AE AT
YR HFFArHE o2 GFP HElE FRlsI3irk RANK
-Fc®} eGFP -#-412171 252 promoterel] ]3] A=A w]7]
uflitoll GFP 9F4Ql A= RANK-Fc ¥3ls P8 o=
Z3k}. MSCV-RANK-Fc-eGFPY MSCV-eGFP #HEZ
u}o]g{_& 04751_]':0154 /q]—L‘— 7L‘6‘]— GFP x]j,]]. ,q.;d-ﬂm
O1K(Fig. 2A, B) WAEYEA] e AlEE W F o
9lrk FACSE o]-83lo] GFP k49l AZE Helslgla &
Etransduction efficiency)<> RANK-Fc A E7} 98.3%,
iz AlE7} 85.3%0]c

AEE =T HARAAZ AlEefekHollA] Western
blot*]& o]83}o] ZH7F RANK-Fco] Al W] vkl 5l £a)
H& ERIsIGIcE RANK-Fe g #hidlshe 7Z-folle vzt
ofl ulall eF 60 kD Z7|ollA w7} FE=|AcKFig. 3, 4).

3. OVX ZE0IM RANK-Fc njgtsio] 22z
ol O/Xl= &1t

755 E 97 C3H vl92F OVX3EIAL 45 $of] ol
EZA Aol &3t 7 7EA] E Al wiskE ER1%
Joict. WA= B2E OVX 1927} Sham op RR-2=ol|
v]3)] FUE9} F2Hbone mineral content, BMC)o| F-2Js}
Al Y9kom(Fig. 5A, B, P < 0.01) EA, A52} A2k
H(body fat mass [%])°] ¥l =3}HFig. 5C, D, P < 0.01,
P < 0.05, respectively).

OVX 45 ¥ofl OVXell &3t ol=E=N g e] FE3t
BE BRIELAL o] F vhE FARIE 3150 F o]
RANK-Fc ZPIIAIEOVX + RANK-Fo), &7 HlER
vlold A2 7hd®l AIZOVX + GFP), PBS (OVX +
vehicle)E& 72} AR} Sham opvoll® 72 WPHo g
E%°] PBSE AYE F 43] FARISICHFig. 6A). HIER
ulo]2 2 Fedel] ogt Fat gl Al ZpAlel| o3t ZIHE vl
A7) Sl vz slEEntole]~g Zhedsl Al PBS
£ FARI] OVXE RANK-Fc7l ZH %] v|X= 3915
H|Z3IEE OVX 45 3 OVX 37 7l U5 o= ¢l
%21} Sham opvell BIsAE Qm|IA EW =7} Fhas)

O
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Fig. 5. Systemic physiologic changes observed at 28 days after OVX. Six week-old female C3H mice were sham operated [closed square,
n = 4] or ovariectomized [open square, n = 14], and bone mineral density (BMD) (A), bone mineral content (BMC) (B), body weight
(C), and body fat mass (D) were measured at baseline and four weeks after the operation. Data are expressed as means and standard
deviations.

* P < 0.05, OVX group vs. sham op group (non-parametric Mann-Whitney test).

t P < 0.01, OVX group vs. sham op group (non-parametric Mann-Whitney test).
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0024

A BMD (glem®)

ABMD [glem?)
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Fig. 6. RANK-Fc prevents the progression of established osteopenia in C3H mice. A, Schematic representation of the experimental
protocol; B, The effect of RANK-Fc on bone mineral density over time. Sham op (closed square, n = 2); OVX + Vehicle (open
square, n = 3); OVX +GFP (open circle, n = 2); OVX + RANK-Fc (closed circle, n = 4); C, Changes in bone mineral density
after injection; D, Changes in bone mineral density, compared to the baseline. Sham op (open bar, n = 2); OVX + Vehicle (gray
bar, n = 3); OVX + GFP (slashed bar, n = 2); OVX + RANK-Fc (black bar, n = 4). Data are expressed as means and standard
deviations.

* P < 0.05, OVX + RANK-Fc vs. OVX + Vehicle (non-parametric Kruskal-Wallis test).
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Sham Op

OVX + Vehicle

OVX + GFP

OVX + RANK-F¢

Fig. 7. Whole-body radiographs in C3H mice. C3H mice were injected i.p. with transduced C3H10T1/2 cells or PBS
at 4 weeks after OVX or sham op. No significant differences in radiodensity were evident after 8 weeks.

BE
=20
E
2us
[ =]
o
5 B0
£
% 125
[
Em - Snam G
fre -k OV +Vehicle
§ 75 == QX +GFP
3 —- QX + RANKG-F2
E 4D
3
4
0 a5

0pt—r T -

14 | 1]
Timre after the first injection |days)

Fig. 8. Production of RANK-Fc in mice. C3H10T1/2 cells
were transduced with MSCV-RANK-Fc-eGFP and
MSCV-eGFP. Eleven week-old C3H mice were
administered transduced cells or PBS on Days 0, 2, 4, and
6 at 4 weeks after OVX. Serum RANK-Fc levels were
measured by ELISA on Days 14, 28, and 56 after the first
injection. Data are expressed as means and standard
deviations (n = 2-4/group).
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53] 7E F 8FH(TA $ 45)0ll= "OVX + vehicle”-
ofl vlsll frelsiAl e F7Heke] E9)ekFig. 6D). 354
2 & "OVX + RANK-Fc"TollA= OVXE Qs ukayst =
1% 7H471 RANK-Fe & FA4 3 ¢ ool 7h4g g
<+ Wk ope) Ewrt SrkElE A 2Ack A
uk A8k XrayollAe 1 7He] Xol& #E = gidet

(Fig. 7).
4. MA| LHOIM RANK-Fc 28 =0l

RANK-Fe il AIE7} FA44 & Ao BAEs

olsla Zrl%l Fwlwe] &3y} RANK-Feoll 93t 71918
dS37] A3l FAF F 2, 45, 35l whg=0] A S
AFsto] ELISAE Al8¥sl0] RANK-Fco] T8 Al
vl RANK-Fc g AR nhg-2=of|A%F RANK-Fc7} 45
glom =A% €% RANK-Fc E55 34 & 23 2o
16.08 + 5.24 ng/mLE 7P E3kem 1 Foll AxpHlow
Frazsto] FAF F 85 Folli= 8.83 + 5.08 ng/mLE 4]
ArhFig. 8). oA AlxEuidHollA] ELISAZ ZA%
RANK-Fc F%2] 1/5001 3l3=]%ic)

5. MA| LH RANK-Fc MM M|ZQ| &0l

GFP<= RANK-Fco} 92| AE gro2 Juls|A] okar 5
2 & Ylof] 9IXJel= AIE | shiAZ widsly] el =
Zlof|A] GFPo] W& #RI3ho 24 7H4% © & RANK-Fc
E Ul AlEe] A W fXE ERIE 4 ek
C3HI0T1/2 AlZE= cell lineo]?] sAuF Z7H3E7)AE0]
B8 FA Fofl o] AlEEe] EFE TH] Z2EAIEE 3}
o] R} S7kEEAE )18 S8 k=AL A7 vl
$2=9] tiElE W ofe] dzFollA P¥v|7 o= GFp W
s BRIsIdel. 1 F ZHFig. 9A), BIZHFig. 9B), WA
W(Fig. 9C)olAE 73F GFP Alog 33 = glglon)
e =S vRg ohE 2Felde W 5 gllckFig.
10A). T3k g Ze] FaHE] L ATdXE GFPE
W = HArkFig. 10B).
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Fig. 9. Localization of RANK-Fc-secreting cells in tissue sections of transduced C3H10T1/2 cell transplants
C3H10T1/2 cells were infected with MSCV-RANK-Fc-eGFP in vitro, and transplanted into ovariectomized C3H
mice. After 8 weeks in vivo, transplants were harvested and prepared for the histological evaluation of GFP
expression. Higher expression of GFP was attained in liver (A), spleen (B), and intra-abdominal fat (C) in "OVX
+ RANK-Fc¢” mice (right), compared with that in corresponding tissues from “sham op” mice (left) (magnification

%100).
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Fig. 10. Localization of RANK-Fc-secreting cells in bone and bone marrow of transplants of transduced C3H10T1/2
cells. C3H10T1/2 cells were infected with MSCV-RANK-Fc-eGFP in vitro, and transplanted into ovariectomized
mice. After 8 weeks in vivo, femurs were harvested and prepared for histological evaluation of GFP expression (A),

or freshly isolated cell culture from bone marrow was obtained (B) No GFP signal was detected in the “sham op”
(left) and “OVX + RANK-Fc” (right) groups (magnification x100).
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