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19 12 25
M-CSF RANKL
Invitro
10-14
M-CSF  RANKL
M-CSF SV40 Large
tsLT
tsLT tsLT M-CSF
1
CD11b/Mac-1 F4/80
TRAP




TRAP

M-CSF
Methocult
MACS
Methocult
80 CD14
6 TRAP
A
1 ug/mL Methocult
CD14 MACS
CD14
80




(Boyle et al., 2003)

macrophage colony-stimulating factor
activator of NF-kappaB ligand

(Boyle et al., 2003)

2-1

1999)
RANKL
(Ishida et al., 2002)

invitro
RAW264 .7

RAW264

(Karsenty, 2003)

M-CSF
RANKL  receptor

RANKL
(Hsu et al.,

mRNA

(Lidington et al., 2002)



3

SV40 tsT
1991)
2000; Obinata, 2001)

2-2
invitro

al., 1998

Matsuzaki et al.

CD14
Nicholson et al., 2000
CD14
Shinoda et al., 2003
14
Cells : OPCs
20-30

2007

Sv4a0 T
Sv40(simian virus 40)

(Sullivan and Pipas, 2002)

Large T LT Small

(Jat et al.,
(Takeshita et al.,

Matsuzaki et
in vitro

7 20
, 1998:; Shalhoub et al., 1999

MACS Magnetic Cell Sorting

10
Osteoclast Precursor
TaKaRa 6
OPCs)
invitro

Karpov et al.,
SV40 DNA

T ST

(Rundell and Parakati, 2001) ST protein phosphatase 2A PP2A

(Pallas et al.,

1990) LT p53(Lane and Crawford, 1979)



pRB(DeCaprio et al., 1988)
(Jat and Sharp, 1986)

SV40 T (temperature-sensitive T antigen :
tsT) (Berns et
al., 2004; Hardy et al., 2004)

SvVa0 T
Sv40 (Tegtmeyer and
Ozer, 1971) Sv40
(Tegtmeyer, 1972)
(tsA58) SvV40 T (tsT )
tsT 33.5
39.0

(Jat and Sharp, 1989)

in vitro

In vitro
Spangrude et
al.,1988; Ogawa, 1993 mvitro
Spangrude et al ., 1988;
Ogawa, 1993

Morrison et al.,b1987
Methocult VERITAS

Methocult GF H4534
CFU-GM  Colony Forming Unit Granulocyte Macrophage
Shead et al., 2006

in vivo
invitro



invitro 10-14
5-1
RAW264
RANKL invitro
(Ishida et al., 2002) tsT
(Takeshita et al., 2000) RAW264
tsT
in vivo
tsT
5-2
invitro
Shalhoub et al., 1999 MACS Magnetic Cell Sorting
CD14 10-14
Shinoda et al., 2003 6

Osteoclast Precursor Cells : OPCs

TaKaRa 20-30

Human Bone Marrow



Mononuclear Cells hBMMNCs TakKaRa
hBMMNCs in vitro Methocult VERITAS
MACS Magnetic Cell Sorting



UL
SN
s ~
7S, A
& SN
ICN

Receptor Activator of NFKB Ligand

M-CSF
Macrophage colony-stimulating factor

Osteoclast Precursor Cells : OPCs
RANKL
M-CSF

10



CFU-GM

< - RE T
I 4]

Osteoblast like cells //: L

& iLgn
. i &

Fibroblast like cells | 5
.2 in vitro
Methocult VERITAS
Methocult GF H4534 CFU-GM

colony-forming unit granulocyte-macrophage

CFU-GM
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1 TtsLT

pZipneo SV40 tsT (Jat and Sharp, 1989) Template

1,2 PCR
1,2 Template 1 5~
2 37 PCR tsLT

temperature sensitive Large T antigen; tsLT

pCX4 puro(Akagi et

al., 2000) tsLT
(Suzuki et al., 2004) DNA
57 ggatccagatggataaagttttaaacagagag
37 ccataggttggaatctcagttgcatcccagaagect
2
57 ggatgcaactgagattccaacctatggaactgatgaat
37 ggatccttatgtttcaggttcaggttcagggggag

2 M-CSF conditioned medium (M-CSF CM)

M-CSF
1991)

pCAhMCSF RDB: 1524, RIKEN DNA Bank (Niwa et al.,
Fugene 6 (Roche) NIF3T3
Img/ml G418
confluent
72 0.8pam
M-CSF CM

SPF(specific pathogen-free)
PBS Ficoll-Parque Plus (Amersham

Biosciences) Noble
and Cutts, 1967 mBMMNCs

10 FBS(fetal bovine serum) 1% antibiotics

12



DMEM (Dulbecco * s Modified Eagle = s Medium) 2

M 2

pCX4 puro tsLT
pGP
pEeco
pEanpho Fugene 6 (Roche)
(Moritaetal., 2000)

co, 5 48

35 2ml 24
2001 72
3pg/ml puromycine

M-CSF
3.5 €0, 5

gag, pol
env
env
Platinum-E
33.5
0.2pam
P2

mBMMNCs 5>10%ells/ml

72

48

MDBMT(M-CSF dependent bone marrow cells immortalized by tsLT)

MDBMT
MDBMT
96well 1
7
MBC-1  MBC-2

MDBMT MBC-1 MBC-2
5x<10%ells/ml 35
33.5 €0, 5
24,48,72
3

(Suzuki et al., 2004)

13

39.0

2ml 24



PBS MAPK Lysis Buffer (1% Triton X-100, 10mM tris-Cl
pH 7.6, 50mM Sodium Chloride, 30mM Sodium Diphosphate Decahydrate, 50mM
Sodium Frluoride, 20mM [B3-glycero phosphate, 1mM EDTA, 1mM EGTA)  1mM
Sodium Vanadate, 1mM PMSF in isopropanol, 1/1000 aprotinin
Lysis Buffer BCA Protein
Assay Reagent (PIERCE)

Sample buffer (20% Glycerol, 10% SDS, 250mM Tris-HCI pH6.7, 3

-Mercaptoethanol, Bromophenol Blue) 105 5
30mA
PVDF (3.025% Tris,
14.4% Glycine, 0.1% SDS) 5 Trans-blot SD semi-dry
transfer cell:BI0-RAD
40mA 90
1 2
[ LargeT (Pharmingen pAB101) NFAT2
Santa Cruz Biotechnology 7A6 actin (Sigma Ac-74)]
5 TBST (50mM Tris pH7.6, 137mM NaCl, 0.1%
Tween20) 5 BSA PBS TBST
TBST 10000 1 TBST
ECL plus (Amersham Pharmacia) X
(FUJ1 FILW)

FACSCan BD Biosciences

5>10°ells/ml  PBS 0.5pag/ml
60 PBS 1><10°cells/ml
PBS FACSCan

[ |
anti-CD11b(Mac-1)-PE PharMingen

anti-F4/80(BM8)-FITC BMA
anti-CD25-PE-Cy5 eBiosciences

[ 1

anti-CD4-PE eBiosciences

14



anti-CD8a-PE-Cy7 eBiosciences
anti-CD11b-PE eBiosciences
anti-CD14-PerCP BD Biosciences
anti-CD19- PE-Cy7 eBiosciences
anti-CD34- PerCP-Cy5.5 BD Biosciences

10 in vitro
MDBMT MBC-1 MBC-2

1><10°cells/ml 35 2ml 24
GST-RANKL(Meryanto et al.,
2001)250pag/ml GST  250pag/ml
4 GST-RANKL GST
24 TRAP
11 TRAP

Tartrate acetate buffer(1M acetic acid, 0.026M tartaric acid pH5.2)
Naphtol AB-BI phosphate(12.5mg/ml in Tartrate acetate buffer) 24:1

Fast garnet GBC 0.8pam
TRAP
PBS MeOH MeOH
TRAP 37 30 TRAP
12
21ag/ml BrdU  bromo-deoxy-uridine
30 Brdu
70 EtOH -30 1
PBS 2N HCI 20 DNA
(pH9.0) PBS 0.5 TritonX100
PBS 0.5pg/ml anti-BrdU FITC Chemicon
10 0.5pag/ml RNace 30
RNA 0.5pg/ml PI propidium 1odide DNA
10 PBS PBS FACSCan
13
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14

15

16

4 MDBMT

1><10°cells/ml 35 2ml 24
39.0 CO, 5 72 senescence
detection kit BioVision Inc. [3-galactosidase

SA-[3-gal SA-[3-gal 100

3
MBC-1 MBC-2

5> 10°%cells/ml DMEM 24well
chemotaxis chamber 5-m pore size; Corning Coaster) upper chamber

100l lower chamber 100 ng/ml M-CSF(SIGMA)

DMEM 33.5 Co, 5 3
Deff-Quick (Kokusai-Shiyaku)
3
in vitro
[Human Bone Marrow

Mononuclear Cells hBMMNCs] TaKaRa  Methocult CFU-GM

Colony Forming Unit Granulocyte Macrophage CD14
1><10°cells/ml 96wel I 1001 oMEM
[10%FBS, 1%antibio] 30ng/ml  rh(recombinant human)M-CSF PEPROTECH

24
TaKaRa 3
3 TRAP
Methocult

hBMMNCs 2.5><10" cells (TakaRa) oMEM [10%FBS,
1%antibio, 200pg/ml rhGM-CSF TechnoGene ] 25ml/15cm plate 7
5> 10°cells/nml
Methocult GF H4534 1Iscove ™ s MDM, 1% Methylcellulose, 30% FBS, 1% BSA,
10™*M 2-ME, 2mM L-glutamine, 50ng/ml Stem cell factor, 10ng/ml GM-CSF,
10ng/ml IL-3 iml 0.1ml

16



6cm plate  2ml

37
PBS
Forming Unit Granulocyte Macrophage
17 MACS Magnetic Cell Sorting
Methocult
Granulocyte Macrophage 80l
0.5%BSA FBS , 2nM EDTA
201 CD14
1-2ml  MACS
5001 MACS
MACS
MACS
Iml  MACS
18
15 16
Iml 24
501 72

17

5

15cm plate 3

Co, 95 14-16
CFU-GM  Colony

CFU-GM  Colony Forming Unit
MACS ><1PBS pH7.2,
MAX 1><10" cells

15

MAX 1><10% cells

MACS

CD14

MACS

1><10%cells/ml  12well

FACSCan

24

4-8

MACS

GFP



TtsLT

M-CSF (Takahashi et al.,
1991) tsT
(Takeshita et al., 2000)
T Large T Small T
Small T
Large T Small T
(Hahn et al., 2002)
Large T tsLT
(Fig.1) tsLT LT
438 Ala Vval Fig.2A tsLT
LT 888, 1063, 1313
Fig.2 B
tsLT
MEF tsLT
MEF data not shown
Ficoll-Parque Plus (Amersham
Biosciences) Noble
and Cutts, 1967 Mouse Bone Marrow
Mononuclear Cells mBMMNCs
mBMMNCs M-CSF  RANKL mBMMNCs
mBMMNCs M-CSF
tsLT
M-CSF
M-CSF

data not shown
mBMMNCs MDBMT(M-CSF dependent bone marrow cells immortalized by
tsLT)
MDBMT
Fig.3A 35mm 33.5
39.0 24 33.5
39.0

18



MDBMT

24
39.0
72
M-CSF
DNA content
33.5 24
49.5 G2/M
DNA
Sub G1
24
G2/M 30.1
7.6 Brdu
0.9
72
G0/G1 55.4
G2/M 16.0
S 26.6
0.1 33.5
45.7
S
Sub G1
A
MDBMT  39.0
Fig.3 A
72

-galactosidase SA-[3-gal

94.7 Fig.4 B

Fig.3A 33.5 39.0
Large T
33.5
24
Fig.3 B
MDBMT
DNA PI
Brdu
G0/G1
16.6 Brdu
S 30.3
0.1 39.0
G0/G1 53.4
S
Sub G1
Fig.4 A
33.5
24
24
Sub G1
24 72
39.0 G0/G1
G2/M 35.5
7.0
1.8 Fig.4
72
39.0
B
Fig.4 B
100

19



MDBMT
CD11b Mac-1 F4/80
BM8 Mac-1 F4/80
(Takeshita et al., 2000)

CD25 Nelson et al.,
1992 RAW264 (Raschke et al ., 1978) Fig.5
A hBMMNCs Fig.5B hBMMNCs
M-CSF 72 Fig.5 C MDBMT Fig.5D
MDBMT Mac-1 F4/80
CD25 RAW264 hBMMNCs ~ M-CSF
72
hBMMNCs Mac-1  F4/80
Fig.5 B
MDBMT
tsT
(Takeshita et al., 2000) RAW264
(Meiyanto et al., 2001) MDBMT
data not shown 33.5
-24 RANKL 0 RANKL 96
TRAP 120 Fig.6 A TRAP
Fig.6 B, Fig.6 B
tsLT
RANKL
RANKL 39.0 Fig.6 A
RANKL Fig.6 A TRAP
Fig.6 B, Fig.6 B
Mac-1
F4/80 Mac-1 F4/80
(Takeshita et al., 2000) MDBMT
MDBMT 33.5 Fig.6 A TRAP
RANKL 39.0 Fig.6 A
RANKL 72 Fig.7
33.5 Fig.6 A Mac-1 F4/80

20



F4/80

Fig.7 TRAP Fig.6 A Mac-1
F4/80
Fig.7
MDBMT
MDBMT
MDBMT
7 M-CSF
data not shown
Fig.8
MBC-1
MBC-2 Fig.8
MBC-1  MBC-2
35mm 33.5
39.0 24 MBC-1
MBC-2 MDBMT 33.5
MBC-1 MDBMT 39.0
MBC-2 39.0
Fig.9A MBC-1 MBC-2 M-CSF M-CSF
Fig.9 B
MBC-1 MBC-2
33.5 -24 RANKL 0
RANKL 96 MDBMT
TRAP 192
33.5 MBC-1 MBC-2 TRAP
Fig.10 A , , Fig.10 A
MBC-2 MBC-1
Fig.10 A
MBC-1 MBC-2  33.5 RANKL 168
Fig.10 B MBC-2
Mac-1 F4/80 MBC-1
Mac-1 F4/80

21



Fig.10 B

NFAT2 NFATcl Ishida et al., 2002; Takayanagi et
al., 2002 MBC-1 MBC-2
NFAT2 MBC-1 MBC-2 RANKL
GST 168
NFAT2

MBC-1 MBC-2 Fig.11

A M-CSF

MBC-1 MBC-2
Fig.11 B

Human Bone Marrow Mononuclear Cells hBMMNCs

M-CSF RANKL
data not shown hBMMNCs
Fig.12 A hBMMNCs
data not shown
TRAP
Fig.12 B
Methocult CFU-GM  Colony Forming Unit
Granulocyte Macrophage .2 CFU-GM
Menaa et al.,
2000, Shead et al., 2006 CFU-GM Methocult
80
CFU-GM RANKL
=24 RANKL 0 RANKL
72 TRAP 144 TRAP
Fig.13
A
Shinoda et al., 2003 CFU-GM
A 100 ng/mL

22



Fig.14 1 ug/mL 3 ug/mL

Fig.14
CFU-GM
CD14 Purtonetal., 1996; Nicholsonetal., 2000
hBMMNCs CFU-GM
1 T
- CD4 Knapp et al., 1989;
Schlossman et al., 1995 2 T NK CD8a
Knapp et al., 1989; 3 T B
NK -
CD11b Knapp et al., 1989; Barclay et al., 1997 4
- CD14 Goyertet
al., 1987; Jayaram et al., 1989 5 B
CD19 Nadler et al., 1983; Schlossman et al., 1995 6
CD34 Ryan et al., 1986; Lansdorp et
al., 1989 -
CD8a CD19 CD34
Fig.16 -
CD4 CD11b CD14
Fig.15
Methocult hBMMNCs
CFU-GM
GFP
Suzuki et al., 2006
GFP
Fig.17 A
1.5 GFP Fig.17B
CD14 GFP CD14
Figl7 C Fig.17 B Fig.17 C

23



GFP CD14

shown

CFU-GM
CD14
MACS Magnetic Cell Sorting
CD14
CFU-GM Fig.18 A CD14
Fig.188B CD11b CD14
Fig.18 B CD14
RANKL
-24 RANKL 0
72 TRAP 144 TRAP
Fig.19 A CD14
GFP 1.0
Fig.19 B CD14
A
CFU-GM 100 ng/mL
Fig.20 1 ug/mL 3 ug/mL
Fig.20

24

Fig.17 D

data not

CFU-GM

CD11b

CFU-GM

RANKL

GFP



tsT

tsL T

Fig.1 tsLT
tsT tsLT
El E2

tsLT

intron

I_E1|v| E2
splicing
LE1] E2
tsT
2
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Fig.2 tsLT
A) tsLT
Bipartite

B) tsLT

LxCxE Motif Bipartite Region
(RB binding) (p53 binding)
438 708 (a.a.)
Ala - Val
GCT - GTT

(Tegtmeyer et al., 1975; Loeber et al., 1989)

Temperature sensitive Large T antigen Genome

888 1063 1313 2124 (bp)
G-A T-C C-T

Silent Mutation

RB LxCxE p53
LT 438 Ala Val

LT 888,1063,1313
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£ 25

= 20 I A 33.5°C

2 15 0 39.0°C

®

S 10

> s @

z 0 ‘

0 20 40 60 80 (hr)

B 33.5°C 39.0°C

0 24 48 72 0 24 48 72 (hr)
anti-LT -apaeray | | e -

aNti-aclin | s s | | b o o

Fig.3 tsLT
A) tsLT MDBMT(M-CSF dependent bone marrow cells immortalized by
tsLT) 3 A
33.5 MDBMCT (| 39.0 MDBMT
B) tsLT MDBMT 33.5
MDBMT 39.0 MDBMT LT
Large T B-
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A 24hr

2
g 60 2.0
8 40 1.5
o 1.0
L]
s o I
S 0 0.0
o S GO0/G1 G2/M Sub-G1
72hr
0
2 60 2.0
5 40 e
=4 20 : [133.5°C
= 0.5 W 39.0°C
o 0 0.0
& S G0/G1 G2/M Sub-G1
B
® <
w o Percentage of
| g
b ® ; | B-galactosidase-
& positive cells
C @ 20
- 94.7%
&
Fig.4 MDBMT
A MDBMT 33.5 1 39.0
- 24hr 72hr S S G0/G1 G0/Gl
G2/M  G2/M Sub G1
B MDBMT 39.0 [3-galactosidase SA-[3-gal
SA-[3-gal SA-[3-gal 100
3
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Primary bone marrow

A RAW264 B mononuclear cells
=
S
T m ‘ T
o3
N ]
L o L
o " o
PR e 2
T o ] CD25 - gated ®
= o 1 2 3 4 3 4
10 10 10 10”7 10 10 10 10 10 10
F4/80 FITC ——» F4/80 FITC —»
C M-CSF-dependent D
primary bone marrow MDBMT
mononuclear cells
< <
o S
w "ed w2
o " o
N "o g N "o 3
O i ’ o) R
g o | CD25 - gated g o, ] CD25 - gated
o) e o s+ —r T
Hloo 101_ 10_2 ) 103_ 104 100 101 :102 _103 104
F4/80 FITC —» F4/80 FITC —»
Fig.5 MDBMT
FACSCan F4/80 BM8 FITC
Mac-1 CD1lb PE CD25
A RAW264 B
mBMMNCs C M-CSF 72hr

MDBMT
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A seeded TRAP

RANKL RANKL staining

: : : : : : l

-24 0 24 48 72 96 120 () TRAP

i _33.5°C X R

ij 335G _ _ _ ______ 39.0°C _ ______._ > i}
B

| ] i

S 4

% i 100

€,90 90

k=

oEg O o

I 1| 1]
Fig.6 MDBMT
A MDBMT Ohr 96hr RANKL
RANKL 39.0
B TRAP
RANKL GST
TRAP TRAP
3
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Mac-1 PE —»

PR
3 )
E 1
a
- el
- T T
1 2

Mac-1 PE —»

i T r
1 2 2 4

= 5 %
8 _r ,*'5'"&' o N
/ O o .
S5’ >0
= Q= -t-“'.Qc
o e = £ _
G):, 0: T
Y c X c

10 10

F4/80 FITC — F4/80 FITC —»

Fig.7 MDBMT

FACSCan MDBMT
Mac-1 CD11b PE F4/80 BM8 FITC
RANKL GST

Fig.6 72hr
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Fig.8

MBC-1,MBC-2
MDBMT MBC-1,MBC-2
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A MBC-1

s 25
S 920 (H 4335C T
% 15 | |Do39.0°C ,4
(@)
fg g -—T - 7- =~ - =
0 20 40 60 80 (hr)
MBC-2
T 25
= 20 (| 4335°C
® 45 || o 39.0°C
& 10 —A
° O ———1" = o=y
2 O | | |
0 20 40 60 80 (hr)
B ¢
o
= 30
3 %
“6- 0 | — [ |
(@)
z 0 72 72 0 72 72 (hr)
M-CSF + + - + + -
MBC-1 MBC-2
Fig.9 MBC-1,MBC-2 M-CSF
A MBC-1,MBC-2 3
A 33.5 1 39.0
B MBC-1,MBC-2 M-CSF 24

0 M-CSF 72hr
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Percentage of

TRAP-

positive cells
(@)
o

0 7o
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4 - ",
Te-emtT

Relative cell
number

1 < 3
o 10 10 10 i¢
Mac-1 PE —»

[
I

1

7o

Relative cell
number

ik

(o]

r
0 1 2 3 4
10 10 10 10 10

F4/80 FITC —p

RANKL
.......... GST

Fig.10 MBC-1,MBC-2
A MBC-1 MBC-2 TRAP

TRAP

B FACSCan MBC-1 MBC-2

1

i iv

o 1

2 3
10 10 10 107 10

Mac-1 PE —»

T p

T T
o 1
10

" F4/80 FITC—>

RANKL
TRAP

Mac-1 CD1lb PE F4/80 BM8 FITC
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MBC-1 MBC-2
GST RANKL GST  RANKL

anti-NFAT2 [P ey

anti-actin e e—— S ——

120
100
80
60
40
20

H

cell count

MBC-1 MBC-2

Fig.11 MBC-1,MBC-2

A MBC-1 MBC-2 NFAT2 NFATcl
B-

B MBC-1 MBC-2 M-CSF
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hBMMNCs

hRANKL (+) hRANKL (-)

Fig.12 hBMMNCs

A hBMMNCs hRANKL
hRANKL

B hRANKL




Fig.13 CFU-GM
CFU-GM Colony-Forming Unit Granulocyte-Macrophage TRAP
hRANKL hRANKL




hRANKL (+)

+ CsA 100ng/ml

Fig.14 CFU-GM
CFU-GM
CsA CsA
CsA 100ng/ml
hRANKL hRANKL




hBMMNCs CFU-GM

..>
10
_>

CD4 3 3 &l
5 5 &
£ 9 §L 2]
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CD14 PerCP —p> CD14 PerCP —p»
Fig.15 hBMMNCs CFU-GM
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CFU-GM hBMMNCs CD4 PE
CD11b PE CD14 PerCP
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hBMMNCs CFU-GM

_>
60
_>

CD8a 3 3

23 23

SE 5 e

© 2 QH::':' 1! 0% 10° 10? € 2 nm”' ! wé 10

CD8a PE-Cy7 —p CD8a PE-Cy7 —p»

CD19 3 3 °

O O v @

$3 25

3 E - | 3E o ——

X2 0 10! 10° 10° 10 X2 P ol 10° 10° 10"
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CD34 3 3 °

2y 2y

3 E o SE -
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Fig.16 hBWMNCs CFU-GM
FACSCan hBMMNCs CFU-GM -
CFU-GM hBMMNCs
CD8a PE-Cy7 CD19 PE-Cy7 CD34 PerCP-Cy5.5
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A CFU-GM
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CD14 (+) cells

hRANKL (+)
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CD14 (+) cells

Fig.20 CD14
CD14
A CsA CsA
CsA 100ng/ml
hRANKL hRANKL




in vitro

RAW264.7 RANKL
(Hsu et al., 1999)
RAW264
(Ishida et al., 2002) tsT
(Takeshita et al., 2000)
tsLT Large
T Small T
tsLT
tsLT MDBMT
33.5 39.0
Fig.3 A 33.5
LT 39.0 LT
Fig.3 B
MDBMT Large T
33.5 24 72
MDBMT G0/G1 49.5 55.4 Fig.4
A G0/G1
S 24 30.3 72
26.6 Fig.4 A 174  DNA
39.0 24 72
MDBMT S 7.6 7.0 Fig.4 A
DAN DNA
G0/G1 G2/M
LT G2/M
Sub G1
33.5 0.1 -39.0 0.9 33.5 0.1 -39.0 1.8
Fig.4 A Fig.3 A
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