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1 (Oral squamous cell carcinoma : OSCC) (&
JRATRERED R <« 2T RN X Z O 51
HEro R HIcHETRELZ Z 24, 20
OSCC DFHFREI B FRe AT 5 RERER
D1OTHAHID, BEHEEETRINERES 22
& T OSCC DFHF = 2 fil i3 2 Fr 7z =Gk %
TS 5 UED D 5,

JT4F. mammalian target of rapamycin (m-TOR) |
JESF AN EEGE, 7R b — 2 ARMAERE, 2 5121F
HHIEO FER 1 E 2 Fro g g o 4L - ek
REET L LS Tw s, £/ m-TOR O
PH #1013, PI3K/Akt/m-TOR #% s & EHERHE L, %
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JE#EE R E~ 7 1 7 7 — 2 (Tumor associated mac-
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CSC) 2SEEHAT % colony-stimulating factor 1 (CSF-1)
&Y = v FNTHALHE S A ES AN & 1haR L.
EHEALS 5 2 & TGO EmE 2 IREL, G
BIITEICHE G T2 MBS TnEY, F/o,
BB Mg O biE, EilEsE OB~ 7 1
77—V RNOEME, g MRS 0 5L &
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1) EEREMs LUBHEESR

FERE) Y 1L 6 M, KH 20 g O MEYE C3H/He ~
A (HAZ L7Ah, _Wat) 2 L7z, BHICH
W72 EE ML C3H ~ v A SRR 584 L 2P
LR SRR AR scevIn M (B FR R B 28
Fr&ns5h) =MLz

2) fERZEH

mammalian target of rapamycin (m-TOR) PHE (%
Temsirolimus (SelleckBiotech £, KP) % . colony-
stimulating factor 1 Receptor (CSF-1R) [l & #& (X
PLX3397 (SelleckBiotech ¥, KFR) % i L 725

2. HRAE

1) YYUREBREETIVOERE

C3H/He ¥ 7 A O 47 KBRES 12 SCCVIT A AZ 1107
TAEEL, 2 8MEE S, FEB L Y RIL 72
SCCVII # % C3H/He ~ ™7 A DA I 755 O 55 1A Y
WML, THEOETREET VAERL 222,

2) FAREARIE

HHIFG1E, scevil MilatEtz 4 HE2 S 10 H
] m-TOR [H % # & CSF-IR HE S 2 % 5 L 72,
m-TOR BHE#E (L~ 7 ZJERENIZ 10 mg/kg/day & £E
FEAEEKO2ml ML TG L7z, $72. CSF-
IR FHEFITFELT2> 5 20 mg/kg/day & 4 FL A K 0.2
ml (&ML TR G- L72e 7B, Control & LT, 4
HEEK2ml 2~ T AJEENLEON ST L
720

EEREI X Control T (n=10) .m-TOR # (n=10).
CSF-1R # (n=10). m-TOR+CSF-IR # (n=10) ®
4 BT TR O WBRE 2 17 o 720 #ERFRYIC
¥ ADORE L EE AR E L. R TR E
L., HEREBOY Y TVERR L. B, A
WEoe 1B SEER (B S BRET I FH 5 H290066) (2
B9 2 WL ERRF B ERIRS 2 B5F L T o
725

3) YURDEE

~ 7 ADOREIL MAEE (METTLER TOLEDO #I.
i) #HWTBME2H, 40, 6 H. 8 H. 10
HICEHI L 720

4) BEHKE

BEEGORER L ERE ) F A2 TR S
H. 10 HIZFHII L 72,

ESOEC VN

BEI8E 2w

JESARE X LxW2 (L=length mm, W=width mm)
rHWTHEH L7,

5) fRIBHEBFRIARES

FRILL 72/ % 10% RV~ VICEE L, /5T
T4 IOy 7 e f R LTz T T 4 AT
Oy 725 5um O ZFRL, A<v XY >
T4 ¥ v 44t (Hematoxylin-Eosin : HE 3+ff) 38 X U,
EABAKIUERE 7 + A 7 7 & — B4 (TRAP 44fh)
% i L 720 TRAP 44 ff 13 TRAP/ALP stain kit (F1%
FEAE KB 2 Hw7z.

6) HEMREHOEHA

TRAP ¥t L 7200 % Flwv €L BlE i S o 51l
L7 A=A 7 EGEHME BZ-X710
(KEYENCE ., Kf) #HWT, FHEFRETOE
BO3IDFNL, BICEL T2 ER O % 200
fBETT I8 VERF L. 500 pm D A7 — )V TIRAF L
720 Z® 500 pum*500 pm DFEIY (1 HhAr) hof &
N5 D3 5 &0 E A 25 pm J& 5 BRI B G-
LT A EMaZ o %175 72 (Fig. 3A) "',

7) RNA #i &85, )72 1 L PCRE

K12 TRIzol Reagent (Invitrogen £t HH() %l
Zy REVFAF = (K bayRETFAH =,
KINEMATICA #£. HH) #HWTBh#E L. 4 RNA
Z 4 L 720 [ RNA IE QuantiTect # iz 5. % v b
(QIAGEN #k, HH) % H W CEEIcEvinE %
1o MEEGIZ LD 5 N7ZEE DNA 2 5
RANKL (receptor activator of nuclear factor-xB ligand) .
OPG (osteoprotegerin), CSFI-R (colony-stimulating
factor 1 receptor) #HERy& L1 7V ¥ £ A PCR %
1T-72

1) 7 )V % A 2 PCR iZ THUNDERBIRD SYBRqPCR
Mix (TOYOBO #t. KB) & H v, ZMHRIS %
95°C T 60 FH AT - 721212, 95°C T 10 F». 65°C T
30 Fb, 72 5 ONIZ 72°C T 45 B 0 BAE B AR % Light-
Cycler96 (Roche Diagnostics £, H5t) % T 45
M7 5720 7B WERERE & LT GAPDH % M7z
RANKL. OPG. CSF1-R & GAPDH D 77 f ¥ —®
ALY % 779 (Table 1) o

8) HRETFAVARET

BBl CPIgEHRERE) ERL L7z, Mg
Non-repeated measures ANOVA #& 7€ % v 72,
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Table 1 Sequence information of primers used for quantita-
tive real-time polymerase chain reaction

ZH 4% TEEOEE RN 5 m-TOR HEH & CSF-1R BHE 3O f%h 5

Gene Primer sequences (forward and reverse, 5'-3')

GAPDH GAAGGTGAAGGTCGGAGTCA
GAAGATGGTGATGGGATTTC

RANKL ACACCTCACCATCAATGC
GTACGCTTCCCGATGTTT

OPG ACCAAAGTGAATGCCGAGAG
TCTGTGGTGAGGTTCGAGTG

CSF-1R TGTCATCGAGCCTAGTGGC
GGTCCAAGGTCCAGTAGGG

& S

1. EEBEEOHREEL

JEHRAE%2H, 4H, 6 H, 8H. I0HHD~
v ZKE (g) DOFIGMEIZ. Control BET. 22.7+1.1,
23.1£1.1, 22.6%1.0, 21.6%1.6. 20.8+2.6. m-TOR % T,

Body weight(g) * standard deviation
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23.4+1.2, 24.0+1.4, 23.7+1.3, 23.5%1.2, 22.542.3,
CSF-1R #£T\ 23.0+1.2, 23.3+1.1, 23.1£1.2, 21.7+2.3,
21.0+3.7, m-TOR+CSF-1R #: T\ 22.9+1.0, 23.1+1.2,
22.9+1.0, 22.6+0.9, 22.7+1.3,

JifE 35 #2 Kl % . Control #£. m-TOR #f. CSF-IR #f
TIMAEEOEP A S 17225, m-TOR+CSF-1R #f
TIIEREOWAIIA SN A > 72 (Fig. 1)

2. BEAFEOLR

NEBRAETL S H B, 10 H H O %8 O 5K
(mm?) O FIHfE X, 5 H H T, Control # 661.1+
523.6. m-TOR #f 432.4+89.8, CSF-1R f 543.6+48.1,
m-TOR+CSF-1R #f 421.9+269.2 T, 10 H H T. Con-
trol #¥ 3,022.3+320.8. m-TOR #¥ 2,013.7+318.6. CSF-
IR # 3,180.6+175.8. m-TOR+CSF-1R #f 2,091.7+
4492 &R L 72,

JESFAARR I, R B RAE %2 78 L 727%, Con-
trol #E|ZH# L T m-TOR #f & m-TOR+CSF-1R #:T

Days after tumor implantation

-o Control 4 m-TOR —d— C(CSF-IR =8~ m-TOR+CSF-IR

Fig. 1 Anti-tumor effect on body weight after tumor transplantation on days 2, 4, 6, §, and 10.
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Fig.2 Comparison of tumor volume after inhibitor administration on days 5 and 10.
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FEA MGl 72 4RI 5 2 AR 23 S 72 h, A REAEIERE

Do 7z (Fig. 2)o
3. RIEBMEBFIAR CEESRBEHOBEMEEY
7= V) DR &R ER
HE Zff 128\ T., Control B TIEIEY: L 72 K/AAS
BOMEHT 5T EREEROREMIE A H R 2 i
B L e b RFEMEICHGE L. £ 72505 RE
TS AR IR 458 L. SRR 05 LG %

A

Control

m-TOR

& HEI8E Hlrm

b=

RL T (Fig. 3A).

TRAP 45, Tld. Control # 13 ME 5l Je A3 5HF ~
FHE L. EEEEERBICE MO EEEY S R
»7- (Fig. 3B)o

KRBT 2 HFREMOEED 3 HHr o HALH
2720 O F I O FI4E X, Control # T
214.343.9. m-TOR AT 44.5+0.4, CSF-1R #: T 16.8+
3.8, m-TOR+CSF-1R # T 6.9+2.9 TH - 72,

CSF-1R

m-TOR+HCSF-1R

m-TOR+CSF-1R

Fig.3 A. Hematoxylin-Eosin : HE, & indicate surrounding bone, and # show tumor cells.
B. tartrate-resistant acid phosphatase ; TRAP, Arrows indicate osteoclasts, and * surrounding bone.
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Plot and area measurement of osteoclasts

Measurement of total area

Osteoclastic cell count per unit area of jaw bone invasion department
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Fig. 4 Measurement of osteoclasts cell count

Control # & I ~X T, m-TOR #. CSF-IR #f,
m-TOR+CSF-1R #Cld. 5l s 5 © 2 4 it
2T, LB OBER D S BEEH O 25 um
DORBIZBITAHEMBEEIAEREICED L TV
(Fig. 4)o %% T% m-TOR+CSF-1R FEIZ 5 b 0 &l
Ja g3 LT 720 m-TOR+CSF-1R %X m-TOR
LD A EICHE MR EAA LC\wizds, CSF-
IR BEE 3B BB EEZ D LD o720

4. YT 441 L qPCRIC &3 OPG, RANKL,

CSF-1R ® m-RNA 3£IH D FL#g

OPG mRNA Z§31d. Control # T 8.0+4.0, m-TOR
£ "C 20.0£10.0, CSF-1R # T 8.0+8.0. m-TOR+CSF-
IR #ET 20.049.0 TH - 725

Control # & It # L C m-TOR #. CSF-1R %,

m-TOR+CSF-IR VT N FEAET RO Lo 72
(Fig. 5A) o 7272 L m-TOR #1% CSF-1R #12xF L T,
A 12 OPG mRNA ZEHDSEHE TH - 720

RANKL mRNA FEH &, Control #:C 500.0+300.0,
m-TOR #£ T 20.0+7.0, CSF-1R # T 10.0+4.0. m-TOR
+CSF-1R #T 10.0£7.0 TH > 7=,

Control # & I 8 L C m-TOR #. CSF-1R %,
m-TOR+CSF-IR HE W3 I d HEIZH A L Twiz
(Fig. 5B) o m-TOR #£, CSF-1R #. m-TOR+CSF-
IR CTIIAEEELRO LD o7,

CSF-1R mRNA % ¥l &, Control # T 1,000.0+
600.0. m-TOR #C 2,000.0+700.0. CSF-1R #£ T 8.0+
5.0, m-TOR+CSF-1R # T 20.0+10.0 TH - 72,

Control # |2 % L T CSF-1R #. m-TOR+CSF-1R
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Fig.5 Expression of OPG mRNA (A), RANKL mRNA (B), and CSF-1R mRNA (C) by real-time qPCR.

FEIZBWTHEIZHA LT/ (Fig. 5C) CSF-IR
L m-TORTCSF-IR BT A EEZ D LD 572,
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FIEERE SRR FfiiE BARIC & - TERS|
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BRI, SO #ER ~ 7
07 7 — Y RNOEFR, Bs M 5T BRI o 5L %
TR Zo5 b EBORIEIZIZ, 5 HT
RV A MAA UHEET, ENDIMN LB
EPEL = 73 b 12 CSF-1 % RANKL & L ZARW K T
HhEEbLNTVEY,

FEOFERETB ORI EWRINZ & 72 L 7y N5 T
|Z RANKL mRNA OFEBATCHEL TH Y'Y, —H,
TAM (& CSF-1 & RANKL DFFFE T T8 W IR &
MBLICE S 5 2 & ST B,

FZT, Forld, MEEREOEBRETICB ) 5 E
BEE BRI LTy Blem M 5 R % ] 5 %
m-TOR [HE#E & CSF-IR FHEE O R L~ 7 2D
HEREE TV EHWCHE L7z,

Dai flt' %2, Sugatani fll'” 13, <7 2 BHi~ s 0
77— VMg % 72 CSF-1 & RANKL D153 %
128 T, NF-«B, Aktl / Akt2, m-TOR. Bim |35
M OGN e o 7 VREWE TH 1) . Akt
DFEBLIE. RANKL FFEMED IKK /IkBa/NF-xB D]
il % 7% L. RANKL & IkBa @) » FRAL % 25 L
ZNIT XY NF-xB 256 L €. gz st s
REEEDL I EEHIE L2

Okui ft1? 1Z, & + 0SCC M|z B> T m-TOR
FHAE S A3 BE AR AF A 12 m-TOR D) ¥ FRAL % #]§
HZLTOSCCOIEZHEL TSI L, &5
VAT BT BRI R L 3V T, RANKL-NF-xB ¥ 7
FIVOTEHEALZFIHI L T 5 E#Hits LT b,

KIFZEIZB VT, m-TOR [HESHZ WD 2 &
THEEHIIE 254 L. RANKL mRNA O FE3H A
fl & 722 & 225 m-TOR FHE3E A5 ML o 45
fLxBAE L., FHFREEZIH L2 E 2 5Nz,

IAE . CSCASCSF-1 2 EEETH L EFbNTED,
ZFRIZE) =y FWNTTAM 28I 5 2 & T
IL-6 3 £ " MFG-E8 2358l L. M5 5%CSC % i
HALd 2 2 & T, JEEORESCEE ZRET L LT
bhTwna',

CSF-1 D% #E/KTd % CSF-1R 13 TAM DO ffiffs &
WICHEEL, TOL LTy —%HET LI LT
CSC DANHEMEAL L. HE O B 29 S A, &
DI A AN O GEA T HE S, R ERiEL
P 2 & i ST s

MO R & FBICAEICB T,
CSF-1R [HEH# % 5 & & T CSC DAL % #]
L. TAM O HE SN L Z LTy o707 7 —
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Depressive effect of m-TOR inhibitor and CSF-1R inhibitor
in jawbone invasion of oral cancer

Masanori TADA, Takafumi SATOMI, Yasuyuki FUJII, Yoko KAWASE-KOGA,
Daichi CHIKAZU

Department of Oral and Maxillofacial Surgery Faculty of Medicine, Tokyo Medical University

Abstract

Invasion of the jaw bone is a major factor in the prognosis in oral cancer, making its prevention of extreme importance from
a clinical viewpoint.

Recent studies have indicated that m-TOR promotes the differentiation and maturation of osteoclasts, which play a leading
role in the proliferation of cancer cells, apoptosis, vascularization, and destruction of bone. It has been suggested, therefore,
that inhibition of m-TOR inhibitor would inhibit tumor cell proliferation and vascularization.

On the other hand, it has also been reported that CSF-1, which is produced by cancer stem cells, induces resistance to treat-
ment, as it highly expresses tumor-associated macrophage TAM in its niche, and promotes tumor cell proliferation and bone
metastasis.

The purpose of this study was to investigate a new treatment aimed at inhibiting invasion of jaw bone by cancer cells.
This treatment inhibits osteoclast-induced bone resorption by using the m-TOR inhibitor, which directly inhibits the differentia-

tion and maturation of osteoclasts, and the CSF-1 inhibitor, which inhibits tumor proliferation and bone metastasis.

(Key words) : Jaw bone invasion, Osteoclast, m-TOR inhibitor, CSF-1R inhibitor
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