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Effects of phenytoin on synthesis of bone morphogenetic
proteins (BMPs) in normal human bone cells in vitro

Hiroki KOYAMA?*, Osamu NAKADE*, Takashi SAITO** and Tohru KAKU*

*Department of Oral Pathology,
**Department of Operative Dentistry and Endodontology, School of Dentistry,
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Abstract

The present study was undertaken to examine the effect of phenytoin on the synthesis of bone
morphogenetic proteins (BMPs). The effects of phenytoin on the gene expression of BMP-1-7
in normal human mandible-derived bone cells (HOB-M cells) were evaluated by the semi-
quantitative reverse transcription-polymerase chain reaction (RT-PCR). While phenytoin
increased the mRNA levels of BMP-2 in HOB-M cells, it failed to significantly affect the
mRNA levels of other BMPs. The effects of phenytoin treatment on intracellular BMP-2
synthesis in HOB-M were assessed by immunocytochemistry and the effects on the secretion of
BMP-2 were evaluated by dot blotting. Phenytoin significantly increased the intensity of
immunocytological staining of BMP-2 and the secretion of BMP-2. Interestingly, the
stimulatory effects of phenytoin on osteocalcin secretion were completely blocked by anti-
human BMP-2 monoclonal antibody.

In conclusion, the present study indicates that the stimulatory effects of phenytoin on

osteocalcin secretion in human bone cells are, at least, in part mediated by BMP-2.
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7 = = M A > (phenytoin= 5, 5-diphenyl-2,
4-imidazolidinedione), Al&%Y 7 = =Nkt ¥
M YHDWEST AT F ® 1319384 Mer-
ritt £ PutnamViZ &K > THITADPAFE L LTk
W& STk, 7=/ 3 vEy —p kil
TERHILSHEHEN T AERTHE, 7=
M OBIER & U CERREIEEY, BHFF
M98 L OVBIRILE 2 EBRHEI N TV S,
—/i, 7x= b A OBEBICHT 2HELR)
B, ¥ b bosteogenic/sfER 2R % ek
bW OPREINT VRS, Thbb7x
=M UEEREINTW 2 BEOHEBHET B
BWTZDEAPXHEAEEMEDOHEINIED &
59, 7xz= M rEEEINTHLSEE,
FERE -7 = b A VIR GBI
~, Wi EORNOIMEINHD 559, 7 = =
M F VY FOTEHEEITORE 2 (e S ¥
5100 OHwETH 5, F, Nakaded'Vid,
7 x= M UWin vitroll BWTIERE & MEIHF
FfEOMfEETE S X ML DIEETH 2T
WAYRAT 78 =&, AAXAT A ANV
EEE B & Utypel collagenZEA ZEENE® 5 Z
ExBHS»IZL, 7 x=btA ¥Dosteogenic’s
ER %Zin vitrolZ B\ TEMN T 2 HE 21T o 72,
% 7zOhta & "DIX RS Z v+ 120-150mg/kg/
dayD 7 = = b1 > %EH, BEANLRS L E
B, 7= M4 ¥HinvivolZ BW TEHE 2%
BT 2ERA»H % 2 £ 2 EBRINCEERAL 72, &
it, Nakade®bWizk D, ZOERAKEFEL LT
7= b A > DTGF-BDup-regulation /- L
AR DR & e w8, TGF-gid— M B4l
DA AT A ANy v OEE RG] % HEIEA
FUOTHLEDRENL 7= b Y IEA AT

AANY DEEZRET S5 Z &5 5TGF-g
Dup-regulation® & THHEH & g W ENEK &
NTwb, KFFETIE, TATA IV DE
NEEARFELTHISNTEDY, TGF-A—
N—77 3 J—IZJ& 3 Bone morphogenetic
proteins (BMPs) %3, 7 = = 4 > Dosteogenic
RUERCBI52BbY Y, H2rELEHEL R
W95 LR EHCEES L,

KB FE

1. ##

MfusEEER B X Iwaki  Glass (Funabashi,
Japan) ® % \WiiFalcon (Oxnard, CA, U.S.
A)BID b D%FEHL, [*H]thymidineiZ New
England Nuclear (Danvers, MA, U.S.A) »
5 A L 72, Dulbecco’s modified Eagle’s
medium (LA, DMEM), 0.5% trypsin-5.3
mM EDTAE# 8 & Ucollagenase, Oligo (dT)
oligonucleotide, dNTP mix (dATP, dCTP,
dGTP, dTTP) ZGIBCO/BRL Life Technol-
ogies (Grand Island, NY, U.S.A) &b D
2{#F L7z, Super Script Il RNase H-reverse
transcriptase ¥ £ * GAPDH, TGF-8,®
primeriZClone Tech Laboratories Inc. (Palo
Alto, CA, U.S.A) »58A L7z, Iron sup-
plemented bovine calf serum (LA'F, BCS) i
JRH Biosciencesft: (Lenexa, KS, U.S.A)
5 A L 72, Penicillin G & Meiji-Seika
Kaisha-Ltd (Tokyo, Japan) Hm b D% v
72 Fungizoneli (Bristol-Myers Squibb KK .,
Tokyo, Japan) 2 58A L7z, Gentamicin,
bovine serum albumin (EAF, BSA), Triton-
X100% & Up-nitrophenyl phosphate (pNPP)
l3Sigma Chemical Co. (St.Luis, MO, U.S.
A) BEoboORMHAL, mouse anti-human
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BMP-2 monoclonal antibody!ZGenetic Insti-
tute (Boston, MA, U.S.A.)»6ft5 & iz,
ECL Western blotting analysis system,
Nitrocellulose membranei¥Amersham Life
Science (Buckinghamshire, England) 2> & &
A L7z, Animal Injectable Grade rRNasinid
Promega Biotech Co. (Madison, WI, U.S.
A 5BEA L7z, horseradish peroxidase (PA
T, HRP) £%anti-mouse IgG antibody &
U'dot blottingZEE (Bio Dot) 13Cosmo Bio

(Tokyo, Japan) »5HEA L7, Tag DNA
polymerase, PICP-EIA
Osteocalcin-EIA assay kitiZ Takara (Ohtsu,
Japan) » 5 EA L7, Z DOfthd FEEM KX
Sigma Chemical Co. ® % \»{ZKanto Chemical
Co. (Tokyo, Japan) 2 SBEA LT,

assay Kkit,

2, HmpaiLE

MBI, REHERI X 3 TEBEBNOBETF
MOBIZECIREE»S, 377 F—¥H
Bk EEsh, BEMEE U TORE R
Z 7zt S TEHEHRER B (AT, HOB-
M) T, #83 — 6 RO b DRI, Kk
#1X10%BCSE&EDMEM Iz Hi4 | Penicillin G

(100IU/mé), Gentamicin (50xg/mé) Fung-
izone (3 ug/ml) ZEAML 7z H D% vy, 100mm
tissue culture dishN THFE L 7z, BEFA TR
FE37°C, {E100%, 5 %C0,-95% LR DBRET
TITV, MR ORI 12 120.5%trypsin-5.3mM
EDTA solution#PBSTCI0fEHR L2 b D %
FAvy, confluentiCE L 7ZEEST 1 ¢ 4 OFFER
THRRETE L 72,

3. BMP-1-TOmMRNADBEFRBICRIT TR
&
7x= b A ¥ HOB-M ® BMP-1~7D
mRNADEBEEFHEICE 2 5 22 % Ogose
51D R HE U7z E &Mreverse transcrip-

Table 1  PCR primer sequence
Primer Sequence( 5'to 3'orientation ) Product size(bp)
Human BMP-1(3") . TCACAGCTGCACTTGTAGCTGCC 286
Human BMP-1(5')  TTGAGATTGAGCGCCACGACAGC
Human BMP-2(3") GCTGTACTAGCGACACCCAC 671
Human BMP-2(5') TCATAAAACCTGCAACAGOCAACTOG

Human BMP-3(3")
Human BMP-3(5')

TCAAATGAGTTCTTTGCCAGGTTATC 330
OGOCAGGAGATACCTCAAGGTAGA

Human BMP-4(3"')
Human BMP-4(5")

GCTGAAGTCCACATAGAGCGAGTG 346
ACTGGTCCACCACAATGTGACACG

Human BMP-5(3") CCGAGATAACTGTATGCGACGAG 305
Human BMP-5(5") GGAGACAATCATGTTCACTCCAG

Human BMP-6(3") CTGGGTAATAAGGCACTGGCATG 528
Human BMP-6(5') GTCGTAATCGCTCTACCCAGTCC

Human BMP-7(3") AGGCCGTCTTCAGTACCCAGG 277
Human BMP-7(5") TOCGATTCCCTGOCCAAGTG

Human GAPDH(3")
Human GAPDH(S")

TGAAGGTCGGAGTCAACGGATTTGGT 983
CATGTGGGOCATGAGGTOCACCAC

GCCCTGGACACCAACTATTGCT 161
AGGCTOCAAATGTAGGGGCAGG

Human TGF-81(3")
Human TGF-81(5")

tion polymerase chain reaction (BAF, RT-
PCR) iz & b, MEEERA (3043) 5 REHES
RIPER (4B5F) oW THNT, Thbb
HOB-M #% & #£100mm @ dish IZ sub-confluent i
7% E THEEL LRPIAEFIRI.01%BSASE
EDMEM (0.01%BSA-DMEM) Z#s#2, &5
W 241 PRI B E 1R, R, BT 720.01%BSA-
DMEMZZH#L, BB 7 == A4 > %0-50
uM&EH, &5120.5, 1, 12, 24BFfEE#E L 72,
B THFI2HOB-M % PBSIC T ##: # acid-
guanidium-thiocyanate-phenol-chloroform (24
T, AGTPC) &Iz X Y total RNADHHATW
RNA % i#8n B B R TcDNA W E#H L 1214,
PCR % 1To 7z, # Al L 72 BMP-1~7® PCR
primeri3Ogose 50D FIEIZREMER LU 7z, F
7o NERIE#E X LU CTRHW/:GAPDHOD 75 4 ~ —
B X &2 D sequence B & UF PCR-product
sizeldTable 112~ 7,

4. BMP 2O e ZARRIE 2 REBHICRET
EZ

RT-PCRIEWCE D a>y ra—nic g & ~EJ
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SN EVHHE D DIEBMP-20ATH- 7
72®, Pt SBMP-28 2 u— UHE LT, #iL
t » BMP-29ifk) % A\ - etk e &
D 7=t HHOB-M®DBMP-20D %% 4
i J T T 2 % Hatakeyama 5290 ik
HWRE LTz, ThbbEBEcover glassET
HOB-M % FEEHi X MG RINETE#R % A 24
PR #1, 0.01% BSA-DMEMICKH# L 72, &
BT 24REREEE S, 72 = M1 v R 0-50uMER
f, & 51212, 24BFRIEEEE U1z, REEE TH95%
T8 /=W T30 EEE 21TV, PBSIZT 3
Sy 3 mIveEt, FETL0% Y ¥ FIEE M %
HwTlss 7oy x> 7 2170, 0.2%Tween
2048 PBSIZ T ¥k L 7 405/ Mo e b
BMP-294k % 450 L 4°CT—Htincubate L 72,
RIZ ZRYUE DObiotintE#H 7 ¥ ¥ i~ 7 X1gG
PRI & 2 KIG % E I8 T304 17 v HRPAE
ANV NTEY TS SBMEL, %REkE
DAB buffer tablets®¥iML, FOKISETL
AR PEFVY TR LEAR, BHMETT
gL,

5. BMP-20iE#ish ~D R RIT § 22

7 x= b4 > HHOB-M D BMP-20 55 #i o
NP RIZTHEEZ Ny v TavyT 47
EEBIO DOTEHWI Ry b7 oy MBI X
DRRET L7220, ET PR HER T 572
»IZ, tris buffered saline (pH7.5) (BAF, TBS)
12 CESREASTR L 72rhBMP-2(30, 15, 7.5, Ong/
md) % Ky 7oy b LPURPRRICZ1T-> 72,
HOB-M % sub-confluent & 72 % % TH;#E 14,
0.01%BSA-DMEMIZ&ZH1, & & Z24FFRI5G 2
%, FEE, ##E20.01%BSA-DMEMIZAZ# L
72o EHBIZT == b A > 20-50 MESHT L 485F
REF &7, Ry b 70y b 2HRIBEL
MlzoEAEL D THIER, §L TBSIC TR
BEAFE= b ro— ABCHRMU 7, 38
wint, = hbotvro—2XEE 1%BSA

-0.05% Tween 20450TBS (BAF, TTBS) i<
oT7uvyF o7, 400EHFRLPE b
BMP-2504k 2 G500, BT 2 BRI S & ¥
720 ZDHTTBSIZT 3 E¥EHL, 10,000/5%7

T RIEHRPERS Y ¥~ v R Gk %
FRT2HREKGEE ¥, BUTTBSIZ THE
LECL#E2C & ) BMP-20#HiH & % X 7 4
W IR E BT,

6. MBVMP- 2 FHETICHE TS 7= b m

YDARTFANS L EE

T 2= M Y DF AT H Ny v EERIELE
Ric B3 2 BMP-20&EI 285 i3 % HEY
THit F BMP-2HilFFZE T H 5 WITFEFFET
WBIE7 2= YDA RT A HINY VEE
WRIZTRER X AT A HNVy -EIA  assay
kit % v TRz, VERIRFRT X 48R & L 7z,
¥ 7% b b48well-plate 12 HOB-M % & well #l 2
3 X10*DOHFNE TR, ERCPiAFIMEains:
HEWIW T4 R E L 72 %, 0.01%BSA-
DMEM Iz 33 #1, & & I224HFRIEE#E R, 10°M
Vit.D;&60.01%BSA-DMEMIZ &AL 72, H
HIZ2ug/mlDPLE N BMP-25iEH % »iZ, [H
BEDOIEY~Y AMEIgGRHRML 7 == b A
VR BERTE IS E L2, BB,
FATA ANy OEEBITMEAESY O
ELUTEEL, HIlEEREIIWieche-lman 52
DITECECFHAIL 72,

1. #Etni2

a ¥ b o—)VEEEKBRBEOEEERER,
Student’s-tME W & D FEM L 72, 75 B, GRS
0.5A TOHEE2EEEDY & LT,

& LS
1. BMP-1-TOmMRNADEEFRBRICRIET
~E

Table 2I27R 3 £ 2 ICHOB-MiZ 7 == + A
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YERHFML ZWIRET, BMP-1,2,4,50 m-
RNADFR B A o Tz 5, BMP-3,6, 70O
BEE I, Figure 10 X 9 1210~50
uMD 7= F A X305 fEH TBMP-20
mRNADFEHR % AR I X ¥ 72, Rk ER
FIREER BT BE SN, L L
5, BMP-2UUADBMPIZX L TIEFZD LS %
mRNADOHEB 2R T 2EHIIRD > h Xk
Dotz [RIRRICI2KFR, 245 & FREFIER &
BB EHCBWTH, 10~50 MO & B T,
BMP-2DFH % FEHE 1A NS ¥ 72 (Fig-
ure 2, Table 3),

Table 2 Summary of short term effect of phenytoin
on gene expression of BMP-1~7 in HOB-M
(uM) 0O S 10 50

BMP-1 + + + + 0.50r 1h

BMP-2 + + ++ ++ O05h

BMP-2 + ++ + ++ 1h

BMP-3 - - - - 0.50r 1h

BMP-4 ++ ++  + ++ 0.50r 1h

BMP-5 + + + + 0.50r 1h

BMP-6 - - - - 0.50r 1h

BMP-7 - - - - 0.50r 1h

+: products were detected by 35 cycles of PCR
++: products were detected by 30 cycles of PCR
+++:products were detected by 25 cycles of PCR

Table 3 Summary of long term effect of phenytoin
on gene expression of BMP-1~7 in HOB-M
(uM) O 5 10 50
BMP-1 + + + + 12o0r 24h
BMP-2 + + + + 12 or 24h
BMP-3 - - - - 12 or 24h
BMP-4 ++ ++ + + 12o0r 24h
BMP-5 + + + + 12 or 24h
BMP-6 - - - - 12 or 24h
BMP-7 - - - - 12 or 24h

+: products were detected by 35 cycles of PCR
++: products were detected by 30 cycles of PCR
+++:products were detected by 25 cycles of PCR

185 H1% FHKIIF6A

43

Figure 1 Mitogenic concentrations of phenytoin in-

creased mRNA levels of BMP-2 in HOB-M
in vitro (0.5 h-treatment). Figure shows
detection of BMP-2 expression by 35 cycles
of PCR.

Figure 2 Phenytoin
BMP-2 in HOB-M in vitro (12 h-treatment).
Figure shows detection of BMP-2 expression
by 35 cycles of PCR.

increased mRNA levels of

2, BMP- 2Ol fb MR B CRITT

EI
w

SEAWz BMP-25i4&1, ELISA#kIC Tl
DBMP3~7T e RXHMED RN &, B UYL R
g r7uy MERICTHBZ N RO a3
ZEDBHE I N T 529, 2485 1E A D10-50
MDD 7 2= b A YHEITHOB-MIZ B W T
BMP-20 i Mila b M RBEE 5B (0
uM) oG LR X 72 (Figure 3),
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Figure 3 Phenytoin increased Immunocytochemical
localization of BMP-2 in HOB-M (24 h-
treatement).

L LBES, 5uMD7 == b A VALEIZ
0uME DB pRERBEEIL Lo, [
BORES1I2EEERICBW T EE I N,

3. BMP-2D¥E#eh ~D R b I RIF T RE
B ER L 72rhBMP2IcEIL T Ry b D

Figure 4 Dot blotting analysis indicated that
phenytoin enhanced the BMP-2 secretion
into the media in HOB (48 h-treatment).

BRIEIZMLTBY, JROREESRD S
720 ASEERIWEROD 7 == b A VHEAMBED X T 4
TABERET7 2= A Y10 UMD AT 4 7 A%
MEFR U2 0O, 1ZIZF UBMP-20EE T
botzo By bOBEKENIHA X — VI TER
LR, 5B8BLU0uMOD7 == hA > TH
2%, 10uM®D 7 = =+ 4 > THI 4 2DBMP-2
DD EZ s iz (Figure 4),

40 1

osteocalcin secretion
(pg/mg protein)

_ Phenytoin alone

+Normal mouse IgG

P<0.05

plus 21 g/ml
anti-BMP-2

P<0.05

5

10 50

Phenytoin (ux M)

Figure 5 Anti-human BMP-2 antibody completely blocked the stimulated osteocalcin secretion by

phenytoin in HOB-M.
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4, BMP-2 BEER AN L7z 0D

FRFFANS CEEFBDHR
it s BMP-2HiAFEEE T I B V> T48KFf
TER D5-50uM 7 = = b £ VLB, &+ AT 4
BN R EERICKNL.AEE TEIS ¥,
L LBWBS, 7= b UDBFBLIzA X T
AN P E N BMP-25AEE T I
BLWTRRIFRELK 7ay 7 Shi: (Figure
5

& -

1. 7z P YOEEE FBFMBICETS
BMP-1~1TOmRNADEEFRE S L UER
BRIRITTHE

Nakade 5™WIZIEEH E M EFMBICB W T
7x= b UL OEFER T OmRNADF
R KIZTHEZFNR, 5-50uMD 7 = = b A
> DR (0.5h) 2o KRR (24h) #5. &
DTGF-OmMRNADFEBRLRIB I NS Z & %
WE L7z, E51Nakades™WiZ 7 2= b A &
BTGF-BOELZEHL NI B W T b #HE
L, &R 722 M YK BIEREE MNEHE
MROMIEME S £ CALPEMS O LR P TGF-
BUBRBEET CRER Tuy 7 &Nz 2 b
5, 7x=MA ¥DosteogenicZTER DD 7z <

phenytoin

&b —ERix, TGF-B ®up-regulation’ /L 72
bDOTH5 I LEmRMTI TS, LrLih
5, TGF-B 13— BFMEDA XA T4 By
YOEEEZNGEIT 2EBERTFTH L I L
DBHIGNTHWADIHFL, 7z= M ViFA X
TAANY VOEEEZRET 2 L5,
TGF-g LS ORFOBEE b EZ 65,2 T
AW TIX, BFEMEEOE & bRERT T
BV, ARATAINYCOEEEZREBT 2
BMPsiZ&EHL, 7 == M4 VBBMPsDE4LE
2RI 5 L DR EL TERZITo12, FD
R, ZHETIE7 2= HBBMPsD > b
BMP-20mRNADHE B & OEHESE R
THZERELHIELE, THRbbE7 =M A
¥, IEEE MEFMAICE W TBMP-20
mRNADFEEZWINE 5 2 &, EReIcs
WITBMP-20MIlEAOFRIBEIMI L 2 &, &
S5y M7y bEIZBWT, BMP-20#2#
FADMBEREET 5 LA LIz, #
L CAMZE TRIIBMP-2HiAEE FC7 = =
M UBHEMERTF AT AN VEEET
Oy 78I ENS, Tz b ViITXBA
AT F ANy VEEERODE L L b—ERiZ,
BMP-20Dup-regulationb3B5 L T > 2 AJgEME
BRINT, T bBE 7224 VD

‘ BMP-2 * — osteocalcint

/”
osteoblast \

N

osteogenesis

/

TGF-B11 — proliferationt

ALPt

Figure & The proposed model of the osteogenic effects of phenytoin in normal human bone cells.
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osteogenic’£ fEFIZ X TGF-8 LA i BMP-248
BIG.L Cw b a[EEE 2R LTz,
AWFFRTIE, 7 == Y OBFHIGCB D
ZEMIZ DWW, Figure 6D & 5 KHDIEIE
ERATZ, THROLEHFMEE 7 2=, %
5 a3h 5 & MlaEME, ALPTEELSHIBE h,
ZNRETGF-BOEE RIS L TWwa 2 L,
FloEEIC 7 2= b v EREENRD L, £ R
TA AN v DEEDEML, ZIZBMP-20
EEFRICL D EWS ZEDRENLY, Ih
5 2 BEOMMER FOEEENE M L TEREK
W< EWnS bDTH S, BMP-21ZBMP-4, 7
L A Cin vivold B 5 B EHEIEHZ 3
DEHOMIZENTWEHERTFTH S Z &b
5, KFFEOFERIE 7 = = b1 » OBERIELE
FELTOERBTE:2 S WXEMNTEREREFHZ
shb, eV EFERICEF MR == b1 >~
DVELY —DBELET I E I DI DLTIER
PHLMIZENRTOVERWY, 72=rf D
osteogenic’ZEANEHFMfAO Vv 78 — %40
LR TH 2 0E\EPICOWTIRESE, Retr
EIy s EFEZOND,

#a )

1. HOB-MiZ 7 = = b A Y 2L 2 W iREE
<, BMP-1, 2, 4, 5®m-RNADFIH
Aohizns, BMP-3, 6, 7DFBKIL, BE
Ankroiz,

2. 7 x= b FRERFECERHNB L O
EEEM C, BMP-20m-RNAD R %1
& E7253, Zh US4 OBMPIZEEL TIXEH S
DR EZRD Sk o Tz,

3.10-50uM®D 7 = = b £ ~IZHOB-M®BMP

2Dl bR 2 NS R e,

4., Ry b 7oy VEREZBRERZBLTH
5-50uM®D 7 = = b 4 > iZHOB-M®BMP-2
DR 2 ~ 4 fFIEMS ¥z,

5. 7= M YICLDAARTAANY VDE

A HEHYE X PLIBMP- 28R FLE T T, 1XIZ5E
X7y 7 E3NT,

&t BF

K2 Kb 512 b7 D FRRITICN U CHE
i, HBHT W UbEEE A s
R R A B ORI X 0 BB
¥9,
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