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Effect of Androgen Receptor on Bone Sialoprotein Gene Transcription
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Abstract : Bone sialoprotein (BSP) is a phosphorylated and sulfated noncollagenous protein that has been
shown to have the ability to mediate cell attachment through an Arg-Gly-Asp (RGD) sequence and to bind
hydroxyapatite through polyglutamic acid sequences. The restricted distribution and temporal changes in the
expression of BSP mRNA and the ability of BSP to nucleate hydroxyapatite crystals indicate the potential role of
this protein in the initial mineralization of bone.

Androgens are steroid hormones that are essential for skeletal development. The androgen receptor (AR) is a
transcription factor and a member of the steroid receptor superfamily that plays an important role in male sexual
differentiation and prostate cell proliferation.

In this study, we analyzed the effects of androgens and the AR on the expression of the BSP using
osteoblast-like cells (ROS17/2.8 cells). Increase in AR protein levels was observed with androgen receptor
(AR) overexpression in ROS17/2.8 cells. The BSP mRNA levels were also increased by AR overexpression.
However, the endogenous and overexpressed BSP mRNA levels were not affected by DHT (10°M, 24 h) .
While the luciferase activities in all constructs, including a short construct (nts-116 to +60) , were increased by
AR overexpression, the basal and luciferase activities enhanced by AR overexpression were not affected by DHT
(10°M, 24 h) . The effect of AR overexpression was abrogated by 2 bp mutations in either the cAMP response
element (CRE) or the activator protein 1/glucocorticoid response element (AP1/GRE). Gel shift analyses
showed that AR overexpression increased binding to the CRE and AP1/GRE elements. Notably, the
CRE-protein complexes were supershifted by phospho-CREB antibody, and CREB and AR antibodies disrupted
the formation of the complexes. The AP1/GRE-protein complexes were supershifted by c-Fos antibody, and
c-Jun and AR antibodies disrupted the formation of the complexes. These studies demonstrate that AR
stimulates BSP gene transcription by targeting the CRE and AP1/GRE elements in the promoter of the rat BSP
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KHWFZeTld, BSP OWEFEEEE 2 MK+ 5 HWT, 7 v MEFEMIEMILTH S ROS17/2.8 Mifa % HwvT
Ty RaF B L AR A BSP OB KIFTHEIIOWTHE L AR ZHERBE S IRy ¥ —%
ROS17/2.8 MMIZE A5 &, AR ¥ /87 ®IIBAN B L OHIFBE AN TN L 7o AR % ROS17/2.8 #lliE Tt
FBLE® S L, BSP mRNA 23N L 225, AR Z#EFEHE 12, ROS17/2.8Mfa% 10M 7 > Fubr
(5a—dihydrotestosterone; DHT) “C 24 FEffilEL L T, #EFFEHZIC DHT THIE L T3, BSPmRNA 321LL
ol W7 xT—¥T vt A OEE 116 M L EF TO BSP YUt —4% — % & ¢ pLUC3 & # 1L &
NHEVWTOE—F —H 2 ey 72T —Far AT 7 FOEEFREIZ, AR BEEHICEI Y EH LD
DHT O &% e olze 2WMENTOOLERZFEA LI 2 -T2 a v TIAIREHVAILVY 7 2
T—ET v DR, AR DEHIE, cAMPIRERY] (CRE) BLUT /7 FX—=¥—Tus7 (v 1 LEHLL
Z)vaangd aAd RIin&is (AP1/GRE) O 2 DDRERINE T HEEZ NI, TV T NT vt A Dk
BOAR ZBEFH &5 &, CRE 3 X 0N AP1/GRE ~OHWN % ¥ X 7 BOMEGEI AL 720 CRE IZ#HE6T 5
& 87 BIE, PU) Y EE CREB LA TREG /N Y ROMEN &S T~ BE) (A—/5—3 7 ) L, PLCREB
BLUARPETREAEDWD L7z —F, AP1/GRE &G 5% v /7827 HiZ, il c-Fos A THEA /N KD
MENRA—/3=2 7 ML, ficJun BE P ARTUATHAEBD Lz, D EOKEL2LS, ARIZCREB LT
AP1/GRE 2% % 4~ L C BSP O #%5 % ##i L, CRE E%121% CREB, c-Fos, c-Jun 3 & U AR O# A1,
AP1/GRE BiHIZ1%, c-Fos, c-Jun BL N AR OHEEKERI AL TWbH EEZ b/,
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WEIEFICHIFEMED S <, BB RBRAE L Y 370 AR
b F T3 5% OMIANE R $XS), BSP #fz
Fo i (Tae—y —4EE) 12k, kvey, $
1+ H 4 rBLORERTIISET 4 #EE Y A
FEL, ZOEFIHIZIEMALF o TATA BHI2 & Eil
L7z¥ % 3> DIBERY (VDRE)®, i J5 1 o
CCAAT BCH| (-50 ~ 46 ¥ #xt b i) %27 cAMP
JEEHRLH (CRE ; -75 ~ -68 ¥ #kxf L) ® 39 FGF2
JE2ALY) (FRE ; -92 ~ -85 ikt 1) 2%, T
R RG-S lLs (Pit-1 5 -111 ~ -105 $E3%
K L) P55k Aok Ry 2 ATSERLY) (HOX : -199
~ -192 F Rt i) 343037 TGF-BIG &) (TAE:
-499 ~ -485 HEFxt L) BT pr oy vaanF
24 FISZEF] (GRE ; 920 ~ -906 ¥kt ki) 3
CEBELT TR —Ta T4 1 AR
(AP-1: -921 ~ -915 ekt F i) 10 7 & AsHE X
TWa,

22T, BRCHEEICHERT 2L EZONET ¥
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1. fMREE

Ty NEREHROFFMEEMIETH 2
ROS17/2.8 % 12 37C, 5%CO2A ¥ F 2" — % —
WTHE L 720 BT 10% 7 Y IE IR I (FCS :
Invitrogen #1) B X OPrAEYWE (100 unit/ml =¥
VB L 10pug/ml A ML TS MY AT U
Invitrogen f) % & ¢ Alpha-minimal essential 5 #b
(a~-MEM : Invitrogen ) # fl\w7:c 7 > Fuo &7 »
(5a- dihydrotestosterone : DHT : HIYGHISE T ) B &
O AR ODTEHEBRFET 572012, AREHTIAIF
(PCMV-AR : Dr Chawnshang Chang X 0 fit5)% %
BAT A1 HAEIZ ROS17/2.8 Mg %2 60 mm ¥ %
v v — L — (Corning ) IZ4EFE L 7z, ML AY 40 ~
60% I > 7 VI hDIREET, PCMV-AR %, 1)K
7 =27 % 3 v (Invitrogen #1) % W CHIIZIZE A
L72o 2Dk, 10%FCS % & tra-MEM 55 i T 36
Rp Mg s 22 L, |BiiEoO 72/ — VL vy FREa
-MEM T 12 Fif5526%, 10°M & DHT T 24 K5l
Bl MREE R L 72,

2. TrxX&ZrJOvy b

PCMV-AR %3 A3 2% 1 HAEIZ, ROS17/2.8 flifa

% 100 mm B3 ¥ — L — I8 L 72, AliEAY 40 ~
60% 2 > 7 )V L FDIREET, PCMV-AR %=, V&K
778 IR HCTHBNICEALZ. 20K,
10%FCS % & tra-MEM 55T 36 BRI sG2E L,
EIMFED 7 =/ =)V L v FAE«-MEM T 12 FER5;
3%, 10°°M @ DHT T 24 BRI L, MfE 2 [ L
Too WU, BENS V7 BB L UOMRESY v /37 8
A LY, 10% SDS &Y 72 ) V7 3 FESIKE)
2 THEER:, PVDF (poly vinilidene difluoride) & |2z
BL, 7av 7 IT—A (KHAEFKRERK ) 12
T7uy ® 7 el{tolz, —kbifke L TH AR £/
70— F )VHfk (441: Santa Cruz Biotechnology #1)
& JMERIE S8, A PEsiL, ZkPuke LTv
T F ¥ — ViR IL~Y T A 1gG Pk R EH S ¥ 701,
ECL chemiluminescence’ s reaction kit (ECL Kit;
Amersham Pharmacia Biotech 1) % Ji\»"C AR %%
L7

3. /=Y NnNATVFA4E-a &k

ROS17/2.8 ffa 6 77 = FF 7 2 — Mk
(FIGA3ET.3E) T4 RNA il L, 20ug % 1.2%
7 AU — A7)V CEAIKEI%, Hybond N plus 74 1
v A 7L ¥ (Amersham Pharmacia Biotech ) 2
G L7 o RICERIMEIRSTIC £ ) RNA & k2
5EL, a=*P-dCTP (GE NIVAZ T WA FH A T
ABRAEH) CER (S LTI L) LizTy
N BSP B X U8 glyceraldehyde-3-phosphate dehydro-
genase (GAPDH)cDNA # 71— 7k LT/ A 7Y
FAX¥—Tarth Ar7Lr%0.1%SDS % &t 2
x SSC (30mM EEEE- NV 7 4, 0.3M #E b b1
2, pH7.0) T 25T, 3047 2 mIyEEL, & 51255T
T30 A RdeE L7zs kIZ, 0.1% SDS = &3 0.1 %
SSC ¢ 55C, 3045 2 Mg L=, 7 ¥ BAS2000
ARX=D 07T L= M 12WE a7 472,
NA TN, =2 3 yOfERIE, 7Y BAS2000 1
A=T 2 TTFIAF T EAT 2 o 726

4. Real-time PCR

ROS17/2.8 Mk v, 7 7= v F 4+ 74— ME
IZT4 RNA ZHiH L, 1pug @4 RNA 75 ExScript
RT reagent Kit # fl\»T cDNA % &% L 72, alkaline
phosphatase (ALP) B XU GAPDH ®» 7' J 4 v — &
DF o) Th b
ALP forward, 5-TTGAATCGGAACAACCTGACTGAC-3 ;
ALP reverse, 5-GATGGCCTCATCCATCTCCAC-3' ;
GAPDH forward, 5- GACAACTTTGGCATCGTGGA-3, ;
GAPDH reverse, 5-ATGCAGGGATGATGTTCTGG-3's
Real-time PCR K J& iZ, Thermal Cycler Dice Real
Time System (TaKaRa f) & W CLL T DREIZIT o
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72o SYBR ExScript RT-PCR Kit # @ 2 X SYBR
Premix Ex Taq (12.541), 50uM PCR Forward
Primer (0.1zd), 50u#M PCR Reverse Primer (0.1zul),
HoO (11.3pd) B £ U8 100ng cDNA (1) % A%, ¥4
TRFUE 21T - 720 PCR BUtME 95C, 10 ¥ % 141 7
Vv, 95T, 5% 60T, 30#% 144 7 vk LT40%
A 7 VAT 720 ALP O %5EBIR & GAPDH O 58 & T
FIEZAT > 72,

5. 77XI KD

VY 72T —¥T7 T A3 FEHlRRER, Hind 11 B
XU Sal T TYIMrL, kxR SICHBIL72F v b
BSP 70 E—4 —EH 2 A L7z fFRL7za v X
N7 MORYIE ER LT ANT T NI,
pLUC3 (=116 ~ +60 &3 4}), pLUC4 (-425 ~ +60
WA B LU, pLUCS (=801 ~ +60 3 4F) T,
pLUCBIZBSP 7HE—% —%&FE WL Y7 27—
Y77 AI NThHb, $72, Quickchange Site-direc-
ted Mutagenesis Kit (Stratagene 1) # fH\WT3I 2 —
TATav Ny T T—ETTAI Rl L7z, 1k
BLAETDI2—TAar7TIAI FIIZOMHEE
FCE DRERE 2 AT > 720

6. W T7xT7—ET7vEA

NPT x2I5—¥TTAI FEMIIEAT S 24
fIATIZ, ROS17/2.8 Mifld % 35mm 7 1 v ¥ 2 |ZHEfl
L7z #MAEAY40 ~60 % =~ 7 )V v b OIKFET,
ROS17/2. 8 ML N Y 725 —EFFAIF, a¥ b
U—WVTHoRHTTI VY b ¥—+¥ (f-Gal) 77 A3
K (pSV-B-Galactosidase Control Vector : Promega
) BLOYARFEH T A3 F (PCMV-AR) =V R
775 IVICTHIBICEAL, I AI FPEAL
72 ROS17/2.8 Milfgix, 10 %FCS % & tra-MEM 5%
36 EMEREL, EMEDO 7=/ — VL vy FREa
-MEM T 12 K55 2862, 10°°M o DHT T 24 KR
L7 Z0t%, Migid PBS T2 Mgk L, MlgEs
W (12500) 12 THMF%, 12,000 x g T 1 izl L,
FEREEOBEICH 720 20 O _EiE & 100pd DIV
V77— EEE A IR AaH) 2RAL,
W3 A== ZTHEEDOMNEZ T o720 7T AIF
DEARNZEZMIET A HIT, 60ud O L E 66u DS
-Gal ZEZERAL, 3WCTI2HFMA »F 2~ 1
%, 420 nm THOLEE 2 Jll%E L, G OfiE I v 72,

7. SNV T b T ytA

BN >3 B & BSP #ifnf7uE—% —Hhl &
DWERERETHLHINTTIIVY 7 VT v A %177% -
7o 9 v F BSP 70— % —[4|th o CRE (nts,
-84 to -59, 5 -CCCACAGCCTGACGTCGCACCGGCCG) B &£
Y AP1/GRE (nts, -925 to 898, 5 -TAGCTGAGTCA

CTAGGACCTGGGCAACA) FLH &= & L THEFH L7z &
WA ) TR 7 LT RIS E L2 2R
10pmol 127 % £ H\ZF#E L, 100 C T 5 A G %,
FIRICHE L C2HREIZTH720DNAT) 54 X%
1Tolze 2AREEFY) TX 7 LA F Fid 2 pmol IZAHR
L, TARY X7 LAF REF—LEHNT, [y-2P]
ATP |2 C I 3% = 17 » 72 ROS17/2.8 #ll Jig 12
PCMV-AR 582 & —%# A L, 10°M » DHT %
24 BEIVER &9, BN Y v X7 BotE 2175720 ¥
W s TuEx—4—FH & DiEEE, To
St N 7 7 —HT (CRE buffer ; 10 mM Tris-HCI,
50 mM KCI, 1 mM DTT, 0.04% Nonidet P-40, 5%
glycerol, 0.5% EDTA), (GRE buffer:20 mM
Tris=HCI, 50 mM KCI, 1 mM DTT, 1% Nonidet
P-40, 10% glycerol, 1 mM EDTA) 3ug DN % »
INZE L, 1pg/ul polydl-dC, 3 X Uy—"?P-ATP i
L7zElA ) IX7 L A4F F (2 pmol) % 20 47X
J6fk, 5% 77 VIVT I ROV TELAKE L, &%,
7Y BAS2000 f A= v 7T F I A4 =TT %
11725776

8. GZEiLkEE

ROS17/2.8 #if@lZ PCMV-AR % #H# % S &, &
Wy X7 EOHE 2 T > 720 NS VX0 B %
RIPA buffer (10 mM Tris-HCl pH 7.5, 500mM
NaCl, 0.5% NP-40, 10% BSA) |2 Ci#f% L, $t CREB
ik (C-21 : Santa Cruz Biotechnology #t) F 7z 13$t
c-Fos $TL4& (K-25 : Santa Cruz Biotechnology #1:) &
HIZACTIHEM A v F 2= & Protein A/G
agarose (20u) (Santa Cruz Biotechnology #1:) % 12
BERIE S & 70, @02 & D | L 72 Protein A/G
agarose beads % i t%, 10% SDS AR 77 )T 3
RV CRESKEI L, PTLAR B L U c-Fos PUfk, F
7ZIEMAR BXOCREB#HUEZHH LTy = A ¥ »
7y b w77z FIERISIE ECL kit % FvCHH
Ll 7z

9. M®E

Vo727 —ET7 vt A DkEIE, Student's ¢ test
EHWTHEBEOMELRTT> 72,

& R

1. BASLUMREARNZ /NI EIZH TS AR
DERI|EDOEAL
ROS17/2.8 Mifiw > &4k L 72N B & O & N
Z NI BIZBITA ARDFEBHEEZ Y 2 AY 70y
I THEL 7. AR BB WIZE < FE L,
PCMV-AR #MlaNCTHIL S5 &, AB L UM
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protein protein protein protein
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- 4+ 4 AR Expression

WB: Anti AR
K1 7oy rzafk (AR) O#EFEIFEBIC L 2
AR % ¥ X7 B 5Bl 0L
ROS17/2 .8 Mgl AR % BRI S8, ZNEB L UM
BN S w87 et L7z JLARBUEZ M LT
VIAY Ty b ERIToAER BB L OHIE
MO AR D% w7 Eah gL 72,

JaEWND AR O % X7 gD L7 (K1),

2. BSP & U ALP mRNA 0%t

BSP mRNA FBLIZ%F 9 % DHT (10°M) B & O
AR O ¥ % % % L 72, ROS17/2.8 Ml 4 % DHT
(10M, 24h) THI# L TH BSP mRNA D513 %
1L LD o7z MIMBWIC AR Z BRI S5 &,
BSPmMRNA #3301 L7245, AR O @BFEIFEHAT# 12
DHT (10°M, 24h) THI# L T3 BSP mRNA (2%
LIEBO SN o7z (K2), WIZ, DHT @ ALP
mRNA ZHIZx) 4 5 %) H % Real-time PCR 12 TH
FLAER, AR OBFFEHIC LY, ALPmRNA O3
BUIK 1.7 f4imL, DHT (10°M, 24h) #IEC X D
STEICEHI SN GERITRL T wv),

3. BSP O&HEEMICXHT 3 RE

7 v hBSP#fnT70E—% —EH0E S %21
¥V T I —F¥ I A3 F (pLUC3 ~
pLUC6) % ROS17/2.8 Mgl A L, DHT (10°*M)
2T 24 BER M &2 T o 72 & & A, BSP O#EE G
AL L %o 720 ROS17/2.8 MIFAPIIC AR % 5%
BEes&, pLUC3 BLUZFN L) EWVBSP 7o
E—F—fiiyz Gy 725 —F¥arrs Ak
(pLUCS, 4, 5 and 6) CTEEEWES LA L7z, 70
E—Y —OFE X% -938 HIxf Lt (pLUC6) 70 5
-801 #iFsxt (pLUCH) Rt E Tz < §5 &, AR
L2 BEEEO EAIEEHS MR Sz, S 512
DHT (10°M) THl# L T3, ARMBRIZFEHICLY L
AL 72EEEEEZL L 2o 72 (K3), uimﬁ%
EAS, ROSI7/2.8 M2 BT, AR EFEIZEHIC
) BSP OG- 3 EME X, OGN, T v l\
BSP #fz T 70E—4%—o -116 &R B L U
-936 & -801 #EHH it F CoOMD T O E— ¥ —HLH
MICHEEST B EEZ BN,

ROS 17/2.8
e eee s
“.‘ GAPDH
— — + + AR Expression
— + — +  DHT, 108M, 24 h

M2 7rhrFo4>y (DHT) BLUO7 > Fary

%% (AR) 12 & 5 BSP mRNA ZH0ZE1L
ROS17/2.8 il 5T DHT (10°M, 24h) ##
L VAR #EFIFEBIE, S RNA ZHiiH L, BSP B XU
GAPDH mRNA £ D ZA{L%E ) —F g 7)) ¥4 ¥4
YarTHELALMEE AR OBRIEBIC LY,
BSPmRNA % EE: bn L 7z %%, DHT # # 7 # <,
BSPmRNA [ZZbIZFED SNk o 72,

460 T
P R A

[ PSRRI
—r/—l GRE—[TAE Ao -[piel |—CCAAD—TATA L TC] - ———
s

| A
..... -~ t\\\\\\\\\\\\\\\\\\\\\\\l_. ¥
— —— /gy, e e ;BN AR+DIT

ﬁ/ﬂlAh HHOXHpit-1 [—CCAAD=TATALUL | ———
pLUCS loomenoarmaitt 1 AR
| ——— —-—e
425 T — = - LHT
P i | P74 Control
—7—0X]-{pit-l |—CCAAD—TATA HLUC] iy ——— & Lontro
..... o
PLUCY |

L | L *
DLUU —H"“ {pit-l —CCAAD—TATAHLUC] i—
LA ,!,! !:‘

o s Sl
pLUCB LUl 2220

M3 DHT BXUWARIZL ST v FBSP 7UuE—% —
HE G PN RT 4 2 %) 5
pLUCB (BSP 7UEt—4% —%2&FH2 VWL 725 —%
79 A3 F), pLUC3 (-116 ~ +60 #idLkf), pLUC4
(-425 ~ +60 ¥iHExT), pLUCS (-801 ~ +60 HHHxT),
pLUC6 (<936 ~ +60 ¥idkxt) o5 HE OV Y 7 =
S5 —¥75 23 F%ROS17/2.8 #lfB|238 A L, DHT
(10°°M, 24h) Hli%d & O° AR BRI ZEB % OEEIE D
TRV 725 —F¥T7 v b ICTHRELEE, AR
ZWRFEB &5 L, pLUC3 B L UZN L 1) FEv BSP
TOE—FY—MErELVT T2TF—Pa L AT A
b (pLUCS, 4, 5 BX 1" 6) Tﬁfﬁiﬁ‘l‘iﬁﬁﬁtf:ﬁi
DHT FI#Hi T, WmEGEHEICZILIERRD 5N 0o
oo Iy bO—WIZx T 5 HESE*(P<0.05) ;*
(P<0.1) : ¥(P<0.2),
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—IHnYI—I pitl l-llrmrl—k“m:l—lr;n_ncnl_

TTTATA
[t

oRE |AP2| —_—ee—_ e
GRE | Rt VDRE
FGF2
500 Homeobox CCAAT Vitamin )
o response
Glucocorticoid Activator Binding site B box response
element
rcaponse clement  protcin-2 element
. -108 92 -85
ACGTGTTGTAGTTACGGATTTTCTGGTGAGAACCCACA
a Pit-1 FRE 43
A ——

=75 68 -50 -46
(‘(‘(‘T(‘A(‘(‘T(‘(‘(‘A(‘(‘(‘(‘(‘(‘(‘T(‘A(‘(‘(‘T(‘ATT(‘(‘(‘T(‘

ool CCAAT
CRE CCAAT

GRE GRE
TCTGAAGAACGTAGCTGAGTCACTAGGACCTGGGCAAC

==

[ ——
936 I GRE I URE 899

X4 v b BSPEET70E—45 -0
N3OV EERIE, T v b BSP #fnf 70 E— Y —DfRE.
BE 5 A & -931 $E R B ¥ T oG A TR A EA
OERXE/R L. A: 9 v b BSP #iifz+ 71 E—
¥ =0 -116 ~ -43 #FHHR Lk £ TOIEERS . TR
xS Mo CCAAT A (-50 ~ -46 HE2Ext),
cAMP JG& LY (CRE; -75 ~ -68 ¥i3:xf), FGF2 It
AECY) (FRE; -92 ~ -85 #3Ek)), THEAMRIFERNELET
WS EF) (Pit-1; 111 ~ -105 HE3xh) A3 AE$
%o B: 7 v b BSP E{ZF70E—% —D -936 ~ -899
WA Lo CoOmBERS) 2007 v aanFaA
FILZEES) & RSN ERE L7z AP BCVIDSEIET %,

4. AR CZEFIDORTE

5 v b BSP #IZF 70 E—% —D-116 ~ 43 1
Fekd By CORFIFIZIE, RO CCAAT BLF)
(=50 ~ -46 ¥t Fit), cAMP BB (CRE; -75
~ 68 i Hxt i), FGF2 IS& /%) (FRE; -92 ~

-85 M L), N IR R ARG N TR S RS
(Pit-1; -111 ~ -105 ¥ F&xt Bif) AFFFEL, -936 ~

-899 HE xS R DIz 17»::»%:4rm L
FlEREINCER LT 7 F_R=F—=Ta7 4 v 15
ZHH) (APL/GRE) 27153 %5 (M4). AR IZIGET
LeEZoND -116EEN MitEFToTOE—F —
By %z SSIZECHfi LTy 729 -7 vk A%
Tolzid, -60EENFTEELILVANTIZ T
RG22 o 7oA, -84 HiFkx) LigB X
O, FREdEVToE— %2 &Ea 0 A b
727 T, AR IZ X 2 EEEHEOEIMNAFED 57z
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