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Combined administration of thalidomide and
bortezomib suppresses angiogenesis in tumors but

has no negative impact on tooth extraction socket healing

Hiroki FUJIMOTO

Division of Fixed prosthodontics, Department of Oral Rehabilitation, Fukuoka Dental College
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Abstract: It has been hypothesized that the use of antiangiogenic agents increases the risk of
MRON]J (medication-related osteonecrosis of the jaws). However, impact of antiangiogenic medica-
tions on the development and pathogenesis of MRON]J is unclear. The purpose of this study was to
determine the effect of antiangiogenic medications on tooth extraction wound healing. BI6F10 mela-
noma cells were inoculated into mice to induce solid tumors. These mice received the combination
therapy of thalidomide/bortezomib/zoledronate. The anti-tumor effect of the medications was evalu-
ated by tumor growth. The antiangiogenic property of the medications was assessed by the flow cy-
tometric analysis of circulating endothelial progenitors and the immunohistochemical staining of
blood vessels in tumors. The effects of the medications in healing of tooth extraction sockets were as-
sessed by the histologic,microcomputed tomographic, and immunohistochemical analyses of tooth ex-
traction wounds. It was found that the combination therapy significantly suppressed the numbers of
circulating endothelial progenitors, blood vessels in tumors, and overall tumor growth. However,
those medications had no effect on tooth extraction wound healing. No differences were found in
bone fill in the sockets and blood vessel numbers in tooth extraction wounds between control and the
experimental groups at week-4. Thus, the combination therapy of thalidomide/bortezomib/zoledro-
nate suppressed tumor growth by restraining angiogenesis but no negative effects on angiogenesis
during tooth extraction socket healing. The findings of this study suggest that antiangiogenesis may
not play a critical role in the development and pathogenesis of MRON].
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AR, KV 7 37 (Velcade, &7 4 )V A HGHE
&), Y1) ¥~ 4 F (Thalidomide, &+ 7 4
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INVT 4 AT 7 =< ath) Ot AE I E ML
W CTh DL FRBEOWHRIHH SRR EHIT T
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MCIHIT B, DX 9, PuEHIDS A AN
MR LA Rl VR 2 555, SEANIIES; 7200 Tk
CRFMMBCD Lo TEELS52LEZON5,
MAEFEFABHREICAT R R4 XY P THY, EHEO
BREEBERBIZBWTORE 2&#Hr R-ToT?, miF
ORI AEIIESG OB M2 5 L E 2 6N 5,
FERE, MBI RMIAY (VEGE: vascular endothelial
growth factor) Z MR & 3 B PIMEFHAEE (XN Y X
~7E I Fa Y RS —CHEA) FEEEL G
KIS ST b,

T K< A FiE, VEGFE & 3 3 PR HE 25 0 i i 5 [N
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L A H A 2 Wil 5 %%, S o/zo, ) P~ A
R &2 A - 5 & o7 A R U B S R R IERE %
Fl&RIT. 4 Fv A P22 58tkaiiss iy 3
% &M Nz i BRI (EPCs: endothelial progenitor
cells) WAL, BFHMANM/NIAE OBESK TS 59,
Z O e MAEFAERHEIERICE Y, ) F< A Fig,
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AR OPIRERE L L OEETEHZ2ED T 5,

HEHKN B PHT 58 (MRON] ;. medication-related os-
teonecrosis of the jaws) (3% BAEIEBIILIE TH 5 28,
v b AP RANKL £ 7 7 0 —F vtk (57 A< 7)
REFEHEHLEA T+ A7 45— b (N-BP: nitrogen-
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PRI DSBS R A2 Z B SR LEEERICEDL L v
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LTwbEw) b H 239, 8% 728145 EE
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DWHEDHHY, TNHDI LIF, RO H R
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PAEERBEEICT Y VO — LT 5 2 & TR Y 2 4k T
A BEAER TE B WRENENH S Z L ERL TV D,
VRIS O TR KGR S T B A 2 BRI A
ZH =7y MILTEY, @FEOAMBHEICE VY TIdR
INRDOEEE, BHDwIE, WEEELGZRCONEAT
Hbo LLAEDS, HUEHITH 2 MEHABHIHF DS,
WHE ORI, & ISR OHREICS 2 2 IO
WTIE I bhoTnhv, ZZTERIETIE, a7
TV —AREAELVFY I T, MAEFAERRERY Y P
AR, FURIEIRF Y L Fa sk — s 2, BEEHL & s
T RS TEIENC - 2 3B R Mt L7z,
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L7z

ANWFIIT, BURTAFR, JyLrrkOx—»h
JEEHNABAEZ 5 1 7221IED~ Y 2%, KVFV3IT
EHY KA FolArabyE (VI RGE), KLVvyy
ITEHY FRA FEVL FOA— |} 300MAGHYE
(VTZ ¥ 5-8), EBAKK (CL&%SH) 037 —
T - BAEBI T 2 Y R4 F (BEE74 0L
SRR R R A4 13200mg/kg % 38 5 [l H#E 4%
HLY, RV7rv 37 (§h7 4V amehiseskiatt)
(3480, 7mg/kg THPENF G, VL Faik—1+ (/
INVTF 4 AT 7 —< K& 130.05mg/kg TH 2 A
BTG 2475 7218, SEH OG- 13RS T 3R &
[AIRE L2 B AE L 15 H BIAT - 726
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M2 RIS B2 EICX 0TI A ZLIE S NEL
ZHY W L7z, iy > 7 uid, ACK /Sy 77— (155
mM NH4Cl, 10mM KHCOs, 0.1mM EDTA, pH7.2)
THRIMEREF 21T, BRMIIEZ 58 L7z I8 P Bz R bR

HiMa (EPC) oefaiziddi~~ A CD31-FITC (11031185,
7 1 — 390, eBioscience) & CD309-APC (17582181,

7 1 — v Avasl2al, eBioscience) D#l A H b % H
W, 1 x1000Mfa R B L TA VA4 T2y Fa—
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=Tk L, 7HBIKBETABREZEGICESTYY
AR BEIL STz W, LHE e G2 4 %857 &
VAT IVFEE ¥ (PFA) TREEL 7.

RS AIE E R DA
FFAS - REMOPH %, Wil LB OB RIRRE % .8
BEw LBE L BEREREA VIV Y F v v

N—WTEHRMBTICBWTITbI 2, BB LT
M B B2 AR AR L TV R Wi O #iBH % Image-Pro
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AT L, Kl L EEA LT (mm?) % & &
L7z

Y4703 E1—2—iEiRE («CT)

Witk HEHmOFIHREE invivo uCT ¥ AT A4

(SkyScan 1176, Bruker Corp.) THEHEKIEHE % T\
ML 720 AF Y 2i3A V7V T YIRARREET T, T4
WEF— L NV45kV, 18um K7 L VG fRETB I %o
7oo THFCARIE R LT & LFFIZ9 um DR 7 &
W REETA R v ¥ L7ze g oMEHHA (ROTL: re-
gion of interest) 1%, ITALFRDOBEEARA 590 um 37T
WBE D EAFIIC2. 7Tmm (2 72 B #IN T, REE IR
L7z REHETIE, WY 7 v b & FEim <l
HLl, CTAn V7 F7 =7 (Bruker Corp.) % H\WT4
L 7z0

* @&

FHE EEEI4% T F L YT I L UFEEE CRUK S,
NT 74 Al LMY R 2 E R L 720 4 %PFA CTHE
LSS 8T 7 4 A LRI A 2R L 720 &
nNoofiiisA~b¥v Y x4+ Y Y (HE: hematox-
ylin eosin) e B X A BRI EERYEAS X 7 7 ¥ — €

(TRAP: tartrate-resistant acid phosphatase) TH:ff
L7z TRAP #0121k, 50mMiliAEE T Y 7 & K
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ASMX VU Y= F F Y % A, 0.05%Fast Red Violet

(9 _C Sigma-Aldrich) % H\, HE Thfgefa L 7z,
MEDHBIZIE7 4> - T4 L7 T FRF (WWF:
von Willebrand factor) %0 gett % [HiHEE T - 720
HHELD R % KN, vWE $L4R (ab6994, Abcam) T
PURPURBOG ATV, ) ¥ A%, WETHENL A F ¥
¥ —€ (HRP) BEHEAZHE Pk (ab6721, Abcam)
ZHwW, 33-Y73I /XYYy (DAB) #fH LT
VWE (+) Mgz 5t 72, et hidot®mm
$% CHEI%2 L, Image-Pro Premier (Media Cybernetics,
Inc.) THRIMKIZREFHI =IO L7ze &M%

(#/mm), vWF (+) &% (#/mm?) Z2E= L7,
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Bizidw®ne 5.2 e 0> 72 (Fig. 1B),

2) RNWFIITEHY NI A FOREREGIZESDK
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(Fig. 2A LBt o vWF o5t o5 % Fig. 2A W

Bt LT, Fig 2BICRT, vWF (+) OBRIRAEE %
MEREEICERLA-EZ A, vWEF (+) MEHEEZ
VI EVTZZNV—77T, I ba—VIZHRTHEI
NS fliE IR L7 (Fig 2B), EHEHOKE S~ b
T— VIZHRTVT Z V=7 TIRAZEI/NEL, ES
DR EIH A7 57z (Figs. 2C, 2D), VT IZV' L
Fat—1bF (ZA) Z8ENE5 L THEEOREICIEE
BEEL 2 leho Tz

3) RKIWVFYITEHY RV FORGHREIRERD
KRBICEREZEZEV

HH OB 505 RE G OWA G5 2 b xR
J A CEMi L 720 Fig 3A (&7 5 #Lkk Y i © HE e
MR G HTH 5. MERIEETNE L v CHiifEx
ST BHE, VI ZV—7tay ha— L TIlE2REH
R RS EIRD SN o 2ds, VIZ T V=T
DA RIZI Y PO = VIZHRTEHEEICRE P72
(Fig. 3D)o gfifad a >y bu—n& VT 7 v—7
TRKELREEFFDOON LD 572 (Figs. 3B, 3E), L&
Lads, VIZZV—TomagMiaiiiia >y ra—n
IR THEIWC A 9o 72 (Figs. 3B, 3E). |25
WS OB RIS 2 258 % uCT 2T 3WILHIC
EELZ (Fig.3C)o a ¥ =V E VT FV—TFTH
EIZEITBD SN o2, VIZ 7V —TIIHEIC
KEwgifizmnR L7 (Fig 3F),
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Fig. 1 FHIANMAE N BTSRRI 5 2 % 5
i o I AF N B ETENHINE O CD309 & CD3NEE % 21, 7a—H A P A =% —THllg T 217572 CL: 2> bua— Vi, VT :
RANTFVITEH) A FEEGRE, VIZ: AV 7TV I7TeH ) F<wAf FEV L Fut— MG, At 70—%4 X =% —I(C
X % I N B aT BRI D AR 10 % 3 Ao A7 13— — @43 CD3L (+) CD309 (+) IMEMNE TSR, B: &7V — 70l
1 CD31 (+) CD309 (+) MMz aiBRMBtL =& ¥ 7 5 7 TR L7z, P BMERE, 1 CRBOTHINEB I o

720 * 1 p<0.05
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5§ (x400, FB). B:vWF (+) IE#MAEEHIECCRE LINEREXFR LS
5 7o C: ESHIEO R FHAE L DISH BRI L 2@ 05 H, D %27V — 7 ONEl;
MO e KE S HRT T 7 TRT . P ERFEE, 1 CEEO S E B

Holze *¥* 1 p<0.01; *** 1 p<0.001,

4) IREEDERR

ARy A W ik E = YA o S A WA e S
BGOEWICHDLLT, a2 bu—VEFELT XD ITHERE
L7 (Figs. 4A, 4C)o EFHB O uCT 7 — % % MK
LCHLN 3WICHERE 2 RITHE %% Fig. 4A I27R 5,
F72, uCT THOLNZKEENOEKE % Fig. 4B
T L2757 Tm LT lkith 1 IR O7
KR KIOBFEETH o 7228, VI & VTZ 7 v—7

FI2 Y P — VIR TEEREIIAERICD L0 o7
(Fig. 4B), $hkthifs 28 B LR, PR O F I 7
V—=THTEIRDLNT, TXTOTNV—TTHIEK
FAHEAT L7ze 4% oM %2 &L LS O IR TR
YK @ HE 4t li{% % Fig. 5A 2R $ o MBI RERHIE
TR OF A & E i LR E, 7 v — 7R
BDHENT, TRTOF IV — 7 THE D0 % AL 1Lk
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CL:arybtu—=V#t, VI RV7VITeHY) F<A FEGH, VIZ: KvrvITe
FU <A FEVL R — MG, A SER% 7S L, TS oMK )
Fr& HE et L2 B3, B m i IEE OMRBOKE) I 2 0 A Ik~ 2 7 7 ¥ — ¥
et LMLz Bl bt L7258, C:afiRGo~ A 703y ¥a—% —WEike
(uCT) F—% ZHME L T2XKICTIIR LG E,, D uE I 58 o i hi A % Rk
ERERHNB:CTEE L7225 7 (BA/TA: Bone area/Tissue area). E : # & #lll B o> %5 5
ZRMRIERERINEE TR L 79 7 TR (N. Oc/BS: Osteoclast number/Bone surface) o
F: uCT Wic X 2B B2 IR L7127 T 7. T £ M2, 1 ICELE O 550
MEBZhor (BV/TV: Bone volume/Tissue volume)o * @ p<0.050

EETHE, 2P u—LVEVT ZV—FTERIRED
SNLholzd, VIZ7ZNV—7Tldary ba—nillk
NTH BB B s S hCw 7z (Fig. 5B). K
WO vWE (+) B mas % geta UMLRR I BB %
FA W CERli L 72 (Fig. 5C) o ki % 4 3 o 1k 1% T
VWE (+) MEHBEIC7V— TR TEIZRD 5N
Mo 720 Table LRI AT 08 RIE, 528 &
R, FAMEEERT, kR 1 EO VT 7V —
TTIE, T PO VISR TERIE &SRB EIC

INEL o T 228, Hdhitk 2 B DIETIE 7 v — 71
AR LN D o 70 HRMIIREE & 5 RIS B 133k
Bz 1 EE»S 7N —TRICEITRD N h o T,

Z =

MRON]J FHED A H = X 213V F RIS TV,
A DIEBI T 1220034F 12 Marx A% Letter to Editor +
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Fig. 4 FEHIHHEEOHEICG 2 550 H

CL:avbtu—h, VI:RV7ITeH) F~ A FEGH, VIZ: RLvsv I 7L
PR FEV L FaA— MG, A REZR1IABZICHE Lz uCT 75 OR
IRMFRESEm R (3ot BB, 200t i) LHENGE (FE). B: ko g
1 JCECE D 55§ AT
B o72 (BV/TV: Bone volume/Tissue volume), * : p<0.05 C : JREEERDCINE

Wi E uCT 77— TEEL, 77 71305, PIgHiEEREE,

HIEORIOK & & MM EHIECERILL 27 7 7,
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Fig. 5 SEHI2HONE OB ML & 252 55
CL:aybua—E, VI RKVTFVITEH) A FEGEE, VIZ: RVvFy I 7e4) F<vAf FEVLF
ooh— MESHE, AR ST RIS SRBIRPGHER ) R o HE Qe 5B, BRI 2 R 9. HIRRIERE
FHIE TS iR 2 €8 L7225 7 (BA/TA: Bone area/Tissue area)s B @ il MRIHIIERBIE R A 7 7 & —
et MiEMBEEER L7227 57 (N. Oc/BS: Osteoclast number/Bone surface). C : 3R 5B ALARY)
Ko7+ v 4Lb75Y FRT WWF) o5 E, vWE (+) 145 2 P REEHIETER L 7 71
R o P B E, 1 TCRE O T R BZ ko 7. * 1 p<0.05

Table 1 KA BER OB 4G O uCT 785 A —%, Th. Th : FEIE, Th. N : 45#%, Th. Sp : & EMHHE,
TMD (Tissue mineral density) : ke

Tb. Th (um) Th.N (1/um) Tb. Sp (um) TMD (ug/cc)

CL 52.8%£3.9 0.002£0.0002 356.2+32.7 0.71%0.05

1wk VT 38.8+3.1* 0.0007 =0.0004* 366.1+20.9 0.74=0.07
VTZ 45.4%6.3 0.001+0.0004 384.4+17.9 0.71%0.04

CL 86.2+13.7 0.005=0.0005 124.2+18.1 0.7+0.04

2wks VT 103.2+61.5 0.004=0.001 117.5+51.2 0.68+0.07
VTZ 133.8+95.6 0.004=0.001 108.9+23.7 0.65+0.09

CL 163.7+45.4 0.005=0.0005 92.4+40.6 0.76+0.01

3wks VT 143.9+50 0.005=0.0005 87.2+24.1 0.76 +0.06
VTZ 172.8+89.7 0.005+0.001 82.5+20.2 0.77+0.02

CL 185+32.2 0.005=£0.0006 51.4+7.7 0.88+0.09

4wks VT 220.5+33.5 0.005=+0.0006 56.1+12.7 1.04+0.09

VTZ 214=30.2 0.005+0.0005 53.1+9.3 0.99+0.04
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AT+ F—F X3 FpA—F, VI FOi—F, TL
yrFut—1bF) ZRHALTW2ZOT, Marx 3 OH
T, WERMFAFERE AT+ A7 4 & — NRAIOHEY
EREL7. F72, TNS OFHEIEL ORI R & B
HVESHATE5E  (Osteoradionecrosis of the jaw: ORN])
DEFHRIERDEEB L T/ &b, YAT 4 A7 4
A= MIBE L TH 2 EESEORI R 1 = X 4% I
BREEIERNS 5 L% 2 720 Marx i ORNJ OJEPE - fif
RTHFEZ LIFTEHB DO, ORNJ FSIE & M5 [ 5 oo B
WCBWTIERWASZF > Twd, L Lads, 2003
EOFEBI RS TN B E~ O AR R 2 17D
U, BIRIERD 6 DHELE T, EFHRED Y A PV %

[Pamidronate (Aredia) and zoledronate (Zometa) in-
duced avascular necrosis of the jaws: a growing epi-
demic] & L7zo TZIZH 5 [avascular] (XI5 K%
BERL T3, ZOHEDSR, MAERE - &5 A
(X MRON]J O EBERFHE A /= A L &) RBEAZ T
ANONDZ &b, FEEE MEFARERA=F=
T OG- % 21T T 5 B HE I MRON] DFRIED H %
C e S, B IR A G 2 2 T B
XD b MAE R A BLEA] & G IR R G855 % %
F T2 EHDIT) A MRON] DFEHE) A 7 AW T
EHHEIN TV A2, Z 5|2, MRON]J BH O
BRI AR N & D SRR R & v ) i b
HO®, MEEE - S A A MRON] D FHE £ 7
ZALTHDEV)RIEZHRFT LA IEE V. Lol
%5, MRON]J SE & OBIEN T TSN TWw 5
FWIRIE H 7 2 A~ 7 (i RANKL fifk) &, iM%
FAEPIHIE R R MAE R EEH 2 Ff o nwih2, ZoZ b
i, MAE B AHS MRON] O FHEC L BEART K e X H =
ALTIR RV EERLTWA,

N 55 S HH AT AINGFE 72 M AR DS E R O T, FEAN X
LIMEBERRN A R OBERTELEEZ 25NN TV,
AL FREANIEME O 2 B 2 2%, 0% i
EHA M EEH & RENEER 2 A3 %, U FA R
ERNT VI I ENENE) = B EREER & 7
077V —AMEREREZ D HY, LR HIED GRS
LN TWED, KUFFETIE, ZOH) Fv A FERV
TV ITERMST, TNOIEHHMELHIHIC S 2 % %
MG D 2 WMEE e FEOKEEBRICS 2 A B R
L L7ze ZORER, ) P4 FERLVTFYI T
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