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WE  FRA S RE @A 0T RA SR @69 BB R IR AE R A
#t, BPALE R R R E RO, AR ARK. B AR T 2R TR EEAEA; Lzt
F F38 1M & 2 AR (androgen receptor, AR)/N5. AREIEF K449 ”VF A, —7r @2l it A R iﬁ
FARHA K AR A (Je 5 B A XA R EZE Aol FH5E . A8t 2R Be
A F v A TARN-3% 5 AR & G Ao 55 5B 4R % 69 4% B F«B xﬁ%% A F e AR (RANKL). éﬂzfz %
6 BEK Y Rk, 5 —7 & 28 it 18 3R 42 7 K69 % A3 58 34 4o Wnt/B-catenin. ‘B AL A&
& (BMP)/Smads-Runt#8 % 44 5 B F2(Runx2). RANKL/F#&47%& & (OPG). PI3IQAkt%wMAPK4? 5
IR FIE . E L EBMRE/ARE T RATEE T 694 R B — 4234, 2T F 5 ARBZE T
HHY B IAIR A B AR R R 60 B R B E &L

KPER) MERE 524K, B AR, Wat/B-catenin; & TE A & 42 8 H/Smads; RunthH 54 % 125
RANKL/H {45 H; PI3K/Akt; MAPK

Progress in the Effects of Androgen and Androgen Receptor on

Bone Metabolism and Its Mechanisms

Fu Shaoting, Wang Xiaohui*
(School of Kinesiology, Shanghai University of Sport, Shanghai 200438, China)

Abstract Bone metabolism comprises bone formation mediated by osteoblasts and bone resorption by
osteoclasts. Androgen plays a vital role in regulating bone metabolism by increasing bone formation and decreasing
bone resorption, and this effect is mainly mediated by androgen receptor (AR), thus achieving the role of androgen
in bone growth, peak bone mass gain, and bone mass maintenance; AR exerts its effects via several pathways, on
one hand, AR directly mediates the expression of bone metabolism-related AR target genes (such as osteogenic
-associated type 1 al collagen, osteocalcin, tissue non-specific alkaline phosphatase, small integrin-binding ligand,
N-linked glycoprotein and osteoclastic-associated receptor activator of nuclear factor kappa-B ligand and cathepsin
K). On the other hand, AR’s role in bone metabolism is achieved by indirectly modulating several signal pathways
involved in bone metabolism, including Wnt/B-catenin, BMP/Smads-Runx2, RANKL/OPG, PI3K/Akt and
MAPKSs pathways. This work reviewed the role of androgen/AR in regulating bone metabolism and its underlying
mechanisms, which is of great significance for enriching the theoretical knowledge about the regulation of bone
metabolism mediated by androgen/AR and for developing potential drugs for curing bone metabolic diseases.
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HHLUE AN, LR 1 1 40 A b 2 5 4
RO IR AR SE A A 2R . TR AR A R A AR AR R A
AE R EETMM. BeE g S0 s R
FSCE 40 A T 1R B TR A A By A 1 32 AT
BB AW AT E, D4ERF M SCEME . &
TV AN B WSO R B AN P4, AN 1 e o v
B RO T R CE T B A oK, I8
A3 302 el ARG A SR (i PR AR E S A
HEED,

e ES R Ea K. FERNEEREETE
HIIRTS Sl e B EEAE P, MR E KPR
N A G BGRe  2 vh i) B 8 R R B VAR, 82
SEE Bk = 1) R (U PE IR REAIS T RO B 1ER, MERER
FIFIRIT AT e B BB E N, BRER
RIS 5y I A B BB A 1) i B8], 7 5 B 5 AR VB 97 AT
I e AL R, BIAE B A SER

H AT, e i AR R 45 W 2%k
B —rEd S E . e g b R 2R
(androgen receptor, AR)Z: G oK RS BUE « AE 4L
T RE; R MERER T A e, i MR %2
P oS3 IR AR AR, P ARBIAE AR
HEO, B CUESE, SEER AR RS S M B
i R i RS R P 2l i AR 7T B ER
(SR AWCERSUEEE SINvIN ¥ NN i f VN i o I i
W, 1B XFARFE B (AR knockout, ARKO)/) B B
&R R R SRS E AR 7
AT B E T m BB R R EEE. biibEERERD,
M EREE S M B2 VB s A A VR T
FERUOL, DL &5 53R B, AR HEME BB AE KA AR
SEAHEREMRHEH, LIHARPIIEFEMEARI Y
NI TT & BB RE BT Ao AR SCAE TR 227
AR, ST E AR B AT 1 4% A AL
HIAE— 2508, AR T %) HE 2=/ AR R 1% B A 5
ML AR, T H o8 A PR 29 1 259 T Rk $e 4t
EEE =

1 &

R EAEK. FINES. YA AE S
BB G B DL S B YR 2 TR, 2R A
MR- DR A AR O s RO s . B AR
W DY B, AR TR A (D)4E & AL B A s
(2) & W WA N Ta] 78 5 T 41 g (mesenchymal stem cells,

MSCs) ) 52 55 )R E 48 M 73 A Al Dh Be (R TR &
), (HEE B . AW RAET — A EF
B B PR E AT R R, PRy R AR
(bone-remodeling compartment, BRC)”, Jf7E if{ i 4l
B RE UM A AR A A R R 2 At
F{7 (basic multicellular unit, BMU) Y Bl [F] 7 F R A
W7 3t P AT (). 25 E 40 R LA 5747 51 S
() A8 T8 B8 H B R e A e, B 400 PR A AN i
2 E Ao 20 M B B A 1L V2 0 BRC, Hefih i
J53, F7E f i B 15 40 i 2 v 7135 IR - (macrophage
colony-stimulating factor, M-CSF)F1 #% [A -FxB% &
TSI FBC A& (receptor activator of nuclear factor
kappa-B ligand, RANKL)FIHI T 7346 i & 240 i .
b 25 A A0 LT B, B RN 3 A (RN R
MSCsAH/sH A2 i 4 5 58 2 BRC, F QL fE it
AN B2, H BEMSCsFH/BH ML i 1 — 22 7 1
P8GR 2 Y T4 RT B A, i B A SRR 5, IR
R W LA, i NE AR B3, X —
B B HRF 2 — BU) ] S BRCIR N B R THI 72 98 5 £ 1
i, I CURCE 4 M AR R 2R i AR B ASE i R
I RRZAL, BRI AN D R RS T, LAIR
UE B R E T . 2 )G, SE b B A i
LI A

2 HEHFE/ARS B R EEIAE ifideis
B, ) IR

HEE S T s E S B A BT EA A
B EYERFE R E R E AR SZES . BhW) S ie A
i 512 56 35945 BIRIE S . R G A 6 R 4
T2 HEMSCs [r) B 40 I A0 s B 48 1 i A0
A A DR 41 ) ik v 0 o ) 2 A R WA, 3 T i 3
B FHE RSCR S . MR R S Z N,
T K B S2 ML DI, R0 R R 4 A 1 24 A £ AT
B RMAC, 980/ 1 2 P 5 AN T A, RS AE
YEH .

TE R AR BE B A AR R A 3
AR 5. ARTEH BEMSCs(RH 41 L IR IR) . B
SR AT A 2 R . AR IR b
70 S A ek 2> 52 R T) i A KRR R A 1) A P
AR 75 g8 At e (Flutamide) ek 55 BT 4602, WA 2
Pl S 25 8 TR A 5 % 00 B P T AR R A ) B R
() 20 PRRA B e A M i, 4 B A AL TR, (XS
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Bone remodeling compartment and basic multicellular unit
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D is phase 1: when bone cells perceived bone deformation caused by mechanical load or minor damage to the old bone, osteoclast precursors penetrated

to BRC from bone marrow across the lining cells or from the capillaries, and differentiated into osteoclasts under the stimulation of high concentrations
of M-CSF and RANKL; @) is phase 2: bone marrow MSCs and/or osteoprogenitor cells were recruited to BRC; 3 is phase 3: bone marrow MSCs and/

or osteoprogenitor cells further differentiated into osteoblasts precursors and osteoblasts, osteoblasts synthesized osteoids, and gradually surpassed bone

absorption to dominate; @) is phase 4: osteoids was mineralized.

Bl SRS RISEIEES MRS L(BMU)IRESE CEK(1111220)

Fig.1 Bone remodeling compartment and basic multicellular unit during bone metabolism (modified from reference [11])

ARKOFT A M /N BROZ AT FH 2 2855, R B IERR
Ehal R g ) A el A= i) O R R R (22 P
HITARN T,

ARKO/) FUBE BTG 5 /2 i S ARTE B AU
FRAR ST HORETRY . 4R ARK OBEYE /N BRZE SE 2 A (12
JAE I T R B E B E R, B B RS
AN 0 BT, Kang SR A B B4 v SEAL S B
T Z R I, 58 A RN R AL L, B ARK O/
BRI AR R R B R R R R, i
BRI AR . SHZARKO/N B AT B 4127
IR, HEER. RERENR. 74
AR BB TR ) R i 4 A R A B B = B
P>, BE AR 2. ) — FRARKOREPE /)N
BCE H LRSS M R I, B v il 1 40
(P4 B B 3G 22, i R0 IR i 5 i A T o AR L Uk
BB DL b g R B, ARBEIRTEREE 1K 2 M B (0
JBCE el AN I AR, B A R
Wk, e RE R . 350 A R B, ARKO
XT 22 PRI B 48 MR A 1E L, 140 (1) B BEMSCs:

CHA Z R D RE, W54 R 4 AT T 15T 2
J, B BEMSCsHF 7 tEARKO/IN S, 1) B F 40 i 73
AR5 1) JE I 24 B A B BT, (2) R 4 R R R
S EATRAT A Y ) F D Re A A, 67 97 ko
A R 3 A4k, (RIS BB 40 7 i R ANKL
Al 5 il B 48 i B R 1 kB2 A4 7 A6 R 1 (Receptor
activator of nuclear factor kappa-B, RANK)%: &, 75
TR A0 o3 A AN R AL T 4 A A i
R YEARKO/NBR, B (TR O™ A0 32 400, 6 il 4
PP 75 1 P 30 i L 20 ) B S A G 5
(3R 4 I B 4 PR S R ARK O/ B, LA
YRR A BAE, 4878 AR B & 40 B v] B v A7 L%
EFUS, DL g5 SRR, ARE ZIEIIMSCs. UE
1 e R 4 A S I o AR A B R

3 HEHR/ARBIER KB

TR SIIR T, ARRATE S 2 F AR5 AR 1
LG5 20 S S A ) 2432 % O 5 3
B DT A2 ELX R A T3 P o e AR A48,
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H g 3 X A 2% AT R T % R R B 4 R )
B ARSI DL E A
3.1 ARMEERFEZIBIT

ARAIGEWI AL T4l BT, 5HEMER LG )5, AR
TERZE NG 5 N T N 3E NG, e 3L B0E BX
LA R O FEE R, SRR B AR N TG
(AR response element, ARE)%E &, H #2175 #E 3 [A]
2k

LA R A SR B R R B Hal s B
52 (osteocalcin) |1l B 4 g AH G L R [l A 28 (1
fiffK (cathepsin K, CTSK). RANKLZ: ()% 52 4k r
M BT EARESLARE AR 771, &~ BATIR 7] g
FEARIHEEE U, 1R i Ji7 B 2 i R o 1 3 B
gy, NETACRBEER S BT DRAIEE B I
(BN ERES SR B 1k, FAE RUTRE R
T R B W A A i ) o TR RS DR 2 T I i J
YA P HEFI AN &5 7 SE B0 IR B E AR
B OER R S E RS A iR HEFIR
HAe, WInE MR, 5% Bk BB Y. B RN
My-¥8 JE 73 % R 75 14 (bone gamma-carboxyglutamic-
acid protein, BGLAPE(BGP), /& & 4 it Hh 3= ZL 1 JE
IR B R R G, R IR
1, REERIbREY . 2 M B8 =K, WE
JR AR A B 4T B RS /N o BT B BR VG 9T B A )
AR F f A2 8 e 38 i 45 3R S, A T 4
J B CTSK A2 —F 25 H /K fife llg, He 3 2R 2 YR
Jio 7R SRR, CTSKOE I B 12 e Ji &5
LTI A S B A0 AR B R USCVE D, T CTSKIR 4l
FIATIE ST B BB AR FE . RANKLAE BCH 408 &
BEMSCsZ5 41 Mo %1% . ANl ik, RANKLAIM-CSF
S [FE A Al v A 20 PR o A N BB R . AN
Ut, RANKLIE 5RANKES £, 7L 40 A7 s 2
A AT A A ke A 2 0GB AR, ] AR e R
W FE R I, 1E LR A BT A4 R 4 AR R B 48 By
J PEARKOM HEPE /N B, TR R B 2 Haly B4
. CTSKFIRANKLFImRNAZK V-3 KA %, 5i%
ARKO/N VR 28 T & ORI AR 55 B W Se 3 s A
— g,

B TR R & Hal . B R CTSKS HH
Ak 25 U1 AH 5 A, 9 1t 5% PR 2 (alkaline phosphatase,
AKP2)FE PR 9 ) 1) 25 23 R e M ok A 168 2 T (tissue
nonspecific alkaline phosphatase, TNSALP)Fl /)N ¥ &

B &5 4 BC ARN-3 % $ B% 2 F (small integrin-binding
ligand, N-linked glycoprotein, SIBLING)t 55 & i~ {t
FYIMH K . TNSALPZ FEBRME S5 A T Be K fif 22 i
FRER IR, EBR 72— EEZNT L 4, iEse i
5 A, & R 20 M A A ) B & . TNSALP
KT AR 0 5 e S 4 A 4 L ) D e %
AP, SIBLING & 1 2 J5 4F 1R i 2 1 1 — 2K,
A IMEERIRED . BED. BMES. F
AJREERE E . T AP R A5, EE A
A R B AR FHEY, W 9T CUE 82, ARKO/) B 5
B 0 B 40 MLAK P2 RISIBLING 3 K] ) 35 /K 7 &
ARG, X LR DR ) e s R 46 A 5 B R 293 Kb
KL sAFAEARE, 177 % 5t 2% g it 5 25 DA RN G £ 4k B 5%
HPCREIEE R I, ARF] 5 AKP2RISIBLING %,
JA BT AREEL #2455, UESK T ARXT 4L 3k R AKP2AN
SIBLING ) B4 % AR T2 A8 4 i) Ak
FHUA,
3.2 ARBEE 5 H ¥R EF 3 E Xt iE B #EEE
B

BAC P B 2 AME T g, P Wat/B-1E
& A (B-catenin). ‘H ¥ 2 K 4 & H(bone morph-
ogenetic protein, BMP)/Smads-Runt#f 3¢ %% 5% [ 12
(Runt-related transcription factor 2, Runx2) 2 RANKL/
B -4 5 [ (osteoprotegerin, OPG)iX 34k 15 5 i@ %
ZAFEV BRI, JF H 2 e A i
R AE . H A Wnt/B-catenin f1BMP/Smads-
Runx2 3= £ 52 W 1 JE B (B - BEMSCs|r) Jil B 48 i 73
s B GH L I E AR 4E), TTITRANKL/OPG 3= %
AN T

ARfES FIRIX3 5538 i i 2 > 1 A8 OIS
R AR . BN, ARIE RE 5 5 N5 IR LB 3 3 i
(phosphatidylinositol 3 kinase, PI3K)/Akt(t% 1Y 2 194
fi#B, protein kinase B, PKB)FIH 22 /3 2 & JF G0 &
1 ¥ 1 (mitogen-activated protein kinases, MAPK)#f
HAEH, X AT Be 2 R AR A B AU L] .
32,1 HE/ARR Y B AEALFE vAYS 5% Wnt/B-catenin
1% 518 3%, A ATt 7 A, Whnt/B-catenin{s 5 i&
P (4 L wnt(S 5 38 ) 7E VT 2 0 2L 3 [IMSCs A
BCE A RIE, ME E RS IEE S . Wat/
B-catenin A Y A 1 FEMSCs ) 5B 41 i 434622, I8 GE
PERERCE 4G TR . A A AR s 4 P O
T, DA PR B A B A i F0R B IR ™. Wnt/
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B-cateninfi5 5 18 % (1 8 5 JE A2 X6 5T P B-catenindR
R BERE A A FE A . CLUESE, B 41 Mo B-catenindr 45
W A B SN, B Al B D Rz, RCE i
rh B-catenin ] Sk 2% B R 18 ARCE AR MRG0 i B PR
IS, PR A BUBAARED 2,

AR5 Wnt/B-catenintfl B{EH, H1ZA/E £/
g B R SR PILL B 38 R~ M 1) 43 PO
HEEAEH . SR, Wnat/B-cateninE & A #
IAE 2 5 SHEBER /AR %, WA WCHRIRE . A
AR, HEEER/ARBEMIH 1 40 B Wnt/B-cateninid
% 1R AP U 4% R - —— B i 46 2 (sclerostin, SOST).
SOST& & 41 s 7 il ) % FE AL 25 1, 7ESOSTAF 1E
LS, Wit sz fh b — N FEEH — K
J AR 2 1 52 4K #H 5% 85 1-5/6(LDL receptor related
protein-5/6, LRP-5/6) ) 45 & 4 4, ‘T2 B-cateninl
HEARME &AL FEEZHRE D — RS R
fi-3B(glycogen synthase kinase-3f, GSK-3B)#k g 1.,
I I 2 R AR B AR, AT A IS B P B-catenin
KFo MISOSTHIER Z, 2 A B Wntf5 5B, i
NAER AR 2 B AP w70 I, YERLEE
KBS 5 R A E R B, FHiiESOST/K -7+
e, LIS 52 BR 7K TR J9SOST/K P i) Sz Tt i A
F5 TEARAR, RUE 22 B G DA RS (] R0 7] & ARt 1) 75 =R
AR AP 5% 7% 8 40 B ISOSTIK °F, H.iZAE F AR
il 7 flutamine 5% 3 A RFE K T B FELIBT, TE S 1 RS R/
ARXFSOST/ ™ A iyl /E I, it PA, AR 3 e
A AR B B 4 R AR AT R A2 0 PR AR SOS TK ~F- ik
1T #4507 Wit/ B-cateninid % SLFL I o
322 HE/ARPAIEBMP/Smads-Runx21z 5 i@ 7., VA
P E M A KA 5 H (bone morphogenetic
protein, BMP)7E B BEMSCs /b« 3458 S B 41 i 1Y)
AR S, S R A A B B ) S
H AT 2K 302 FBMP, FRBMP14F, )& T #40E
£ [Al -F--B(transforming growth factor-beta, TGF-f)3%
NFER R . H, BMP2B{BMP4 S % (45 4
HEBMPI192%), H.BMP28BMP4K: R #1476 2 51
AR E IR B AR, Rl ZEBMP2, & H it
Fol) 2 ZAEE LR Z FhiE) 78 4L R R IE
BMP,

BMP 5 H: %2 ABMPR(BMP receptor)4i & J& #%
1k, fiSmadsEE FH (BMP/5 5 #% 5 i 42 v (1) 25 2L
B0V N, 5 HEIE R —— R S N %0 45

48 F (core binding factor a1, Cbfal/th {runt related
transcriptional factor 2, Runx2)fl1OsterixAH F1E H, 5&
IR a2 8 240 TR 4 e R 0 ) S A RO T A
A, Runx2iB BE 175 B AL 1 ZAE A i@t
80 R A RS e v T LB B R . B SRR
Ji JiR B T MV R AN E M B (AR T IR, 3
FEAREEIE PR ) 0k, e 28 ik & T8 O &1 1k,
I E O Runx2 (RGBS RAR 23 7 B 45 35 NI &
R AR, SR T KEANRLEEEIE. /R
Wk Z Runx 255 K 23 5 BUE TE AN 222,

CA B FIESE T HERZR/ARX BMP2 HIRunx2 %
1K )2 Je FLAE B AR R I /E . Cheng %P B
FUR I, S5 BMP233 B fE 1t /)N BB BB 3 v 1 25
i, HAZEREFEAR R, {5 521 1 4F F /EARK O/ B
i gk, R SR iR A A A VR 2 d ik AR
F1, HAiz/EA g 53 iBMP243 % . Kimura%§E!
BRI, KU 52 W AN A K 2K R A f F BE E 3E E A
HAMBMP2. SmadsFlIRunx2 314, H- 3 IIRunx2
) R Bk A Bl R G A S R P Rk . DA &5 R4
N, HEWE/ARGE3E R AR 20870 2l b
AIBMP2/Smads-Runx2 {5 5 i # S HL o

SR, HEZ /AR B % B AFE H F A s 25 R
(1), 24 7K P B R R BRARGE Rk 250 B B8 A A
Fszm, a8 BRE R AR RIE /N B, H BB 4i
MOHI3ETE . A A A3 32 3000, 5 kR, %R
% RE e MEARIE Rk /N BRI B BEBMP27K - AN 2 3
I, T PR . AU =2 B RE A H] %/ BRI B R AR
FEAM G . AN Ak, Bz AR FH RE R AN AN
FEBMP2 ik 4%, 2 B 1 7K ST R R/ ARGER 1 1)
HHIBMP2kK S 3L H: 400 1] B 8 73 A0 AT 44 1) A FHEY.
5 M, I v B R (U 22 B OP S LR S AR )
)BT AR A T 1 B2 A BMP4 ) R AP, 57t
) ME R/ AR AN I BMP, I4 BE 4 #|Runx2, 41
T 51 96 20 PR AR e S Runx2 B $2 45 &, FF 40 1
Runx2 [ 56 7% P, 31X 0] B SR BRRE I IR b 1 41 i
S AT B i e PR TR (AR EE R R 5 45 R
(Runx2 (14 8 JE PRI PR A7RH 96 5% 28 K i 1 i e & e 7%
(] R i PR 2 — P30,
3.2.3 A /AR HIRANKL/OPGAS 538 34, A 47
HIEBM H LRI E (osteoprotegerin, OPG) At —Fif
SRR, EEHECE MR, & T IR IRGE
DA S A48 X R, 1T LA 951 52 8 5 RANKL
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4h4, FHASRANKL S RANK Z 8] () 45 4, M 40 4]
W AR o0 d s BE5E 5 s 1, PHAS B R, BTA,
RANKL/OPG/E 5 it % & i1 il B 4l i is 2 1, A
(R HEIE B A RS R BRE ZE I ThRE. 1
PR OC T 2& B 45 BB A7 1 R HRANKL/OPG EE
B 7t v, EAOPGHT LA 5E 4 1] B 452 50 A5 Al 1 41 i
(R AT i 134350

RANKLJZAR[PJHEELH, 7ERANKLEE 45 ARE,
T L RSB 0B 40 M A 5 e AR R, 1% ARK OB
/N BRI RANKLIFImRNAZK 7 K A o 4807, 45 3R K&
PEVERR T BEAR T 1 551, 52 B K- 1 sk 2 R 388 o
JERANKLZKF, Bt LLER X HTRANKLAE 5 7] il 76
7 VE R D BRI T A PR AS B 4 1RO, s
I, RANKL/OPGI# % 4 i A 3 21 8 m) Bt Wl
), fn— Fh Ry 5 M EE R RANKL 58 45 N AL P
Hhy 1% T (denosumab) £ F T Il R P AIG 1T 41 Jit s 2R
R BIIT B I RS, T OPG . n] i i i i)
RANKL{E 5 R WBi 25 356 I7 A BT 71 B )
%%[38]0
3.2.4 ML E /AR fE 3 SR PIBK/AKtAMAPK 49 13
TR OALHFH R WEEF R RANKLY
Tl B 20 L b IRANKSS & J5 B0 1) N Ui {5 5 il % A
FEPIBK/AKFIMAPKAE 5 18 % [0, 45 41 i 715 = 9 15
P (extracellular regulated protein kinases, ERK). c-Jun
I AR U B (c-Jun N-terminal kinase, INK)Flp3 818 4%
209401 T P13K-AKtHIMAPKAS 538 % 3 1k J5 BE i 1%
T B 200 P R s i A B PR R S o4k S T, HP13K-
AKCFIMAPK 9 4538 % [ A7- 76 45 AH LI R,

PI3K/AKt{E 3 1% B 1if 44 20 A 1 25 44 AR 24
PI3K A H ALY 294002401 i, - il Sk R ) E g
S H 5 A PR B A B D, $R7RPIBKY
AKOOT T 10 117 41 1 0 A0 R0 3 B R 0 7 1B
AR, PIBK/AKUN BSR4 (1) 73 A0 R0 A5 Akt 1R B 22
ChenZ5 ¥R B, PISK/AKCLE B F 40 Mo (2 3t ol i 7
YHHIMC3T3-E1f 43P N5 4k Hp A 4% 55 A A

= MMAPK s e U 45 55 B 40 i (1) £ Bl . ERK
AT R A B A AR RN A 4 AR, INKORI R
B HT AR A 23 0 O R A I, T p38MAPK i
HE 0 A0 PR 43 A (A 1l p38MAPK R 01 1] J= 358 15
POH, It A, p38MAPKN & B 1 I b Al 3 & 2,
P3SMAPK A {12 #2EH BEMSCs[a) i 41 i 734k Sk 4
FCE R 0B BEMS Csr= 2E OPG R AM I B, AT 4

e &M, R /N BRSEIE HIE 82 T p38MAPKAT
B E B AR 0 T AL Haz kS R
Runx2F <1,

T B 2R/ AR 5 PI3K/AKtFIMAPK [ #H B /E B J
FAERT A B, AU sUI R A KRR R
WA O 2 SR IE 52, (HRER ZR/AR 5 PI3K/
AKtFIMAPK sHH FAF 0T BB 40 Al B 40 Al J
FRUFFZ I R 7038 L /b . BT R B, MR R @ it
PI3K/AKtE 5 3 6 12 12 BB /il A4 48 IMC3T3-E1 (]
A K FIsiRNAT #IMC3T3-E1 AR 1A, ] 411
Akt R0 S BE T HE IR B A KA VR, R W14
TRV - AHCOARS . O 52 B 75 S MC3T3 19 5
14 F 5 AR 5 PI3K/AKt I AZ T 5% 1 4 4 5if A7 O,
XFTMAPK, it &0 5 1 i 38 ik B4 I ERK (1 JEINK AN
P3SMAPK)K 3 I 5 & 41 i 7= A= OPG, M1 417 1]
W,

L b, HAREAEE Z &, AU K EZANE
5l g, 1 B A5 ANME 5 2 R S R A
5 W 2% 4% I §2 . 2 Wnt/B-cateninii % 5 BMP/
Smadsi@ % 7F 2 NI M BEAEH, R 2 8t
2 1% N I Runx 25 PR A A /& BMP/Smads ) 2 2 [A],
1, & B-cateninfr) ¥ 3 AP0, F WWnt/B-cateninif
5RANKL/OPGH # HAE H, 3 3 4 1 58 iy Wnt/
B-cateninfs 5 ] GEIH L (€ 1 OPGIH 1k K P AR f B
YA B, AR Y, B-catenindt PRI EE I8 /N BRI
RANKL/OPGEUAE tH T 15, & 2, B-cateninid R IA )
B B R/ BRRANKL/OPG EE A U] B AP, 1 Wt 2R
I8 A8 S PI3K/AKtAIMAPK H [ ERKAE 5

4 NESRE

25 PR, MR T AR A S S A i
TR A E R IE R . ZAE R ARE T B
AT B A QU AE G T AR BB D] (4 5 Bl A SR R T e
JRE Hal. BH452%. TNSALP. SIBLINGA! 5 #i &
FHIEHICTSK . RANKL) LA R[] #52 1f 42 5 AQ i i 2
M E 5 @ B (W Wnt/B-catenin, BMP/Smads-Runx2.
RANKL/OPG. PI3K/AktFIMAPK/E 538 ) SLHLI -

B AR A OGS Sl s 2 1A B A B B (A B
PEF, T ARX IX L5 5@ B 1 2 N S AR |
X, BT CA, [ B AR AN B AR A A5 5l B 1
VA FEGHT DL S AR WA B i 22 AN 538 8% 18] (1) AH L
VER e Hote s 45 3, 1 /2 5 Ja I 98 07 1)



ST AR5 R RME IR S2 O A R TR 4 S Lk Bk et e

1047

S EHK (References)

Florencio-Silva R, Sasso GR, Sasso-Cerri E, Simoes MJ, Cerri
PS. Biology of bone tissue: structure, function, and factors that
influence bone cells. Bio Med Res Int 2015; 2015(1): 421746.
Mohamad NV, Soelaiman IN, Chin KY. A concise review of
testosterone and bone health. Clin Interv Aging 2016; 11(11):
1317-24.

Bobjer J, Bogefors K, Isaksson S, Leijonhufvud I, Akesson
K, Giwercman YL, ef al. High prevalence of hypogonadism
and associated impaired metabolic and bone mineral status in
subfertile men. Clin Endocrinol (Oxf) 2016; 85(2): 189-95.
Bienz M, Saad F. Androgen-deprivation therapy and bone loss
in prostate cancer patients: a clinical review. Bonekey Rep 2015;
4(10): 716.

Tirabassi G, Biagioli A, Balercia G. Bone benefits of testosterone
replacement therapy in male hypogonadism. Panminerva Med
2014; 56(2): 151-63.

Khosla S. New insights into androgen and estrogen receptor
regulation of the male skeleton. J Bone Miner Res 2015; 30(7):
1134-7.

Takayama KI. The biological and clinical advances of androgen
receptor function in age-related diseases and cancer. Endocr J
2017; 64(10): 933-46.

Chiang C, Chiu M, Moore AJ, Anderson PH, Ghasem-Zadeh
A, McManus JF, et al. Mineralization and bone resorption are
regulated by the androgen receptor in male mice. J] Bone Miner
Res 2009; 24(4): 621-31.

FsiEh, R SCH e P R 52 A 1 7 (Sarm) X e S5
B AA K BUCE I sE . o E BLACES % (Yang Chaobo, Liu Wenge.
The effect of selective androgen receptor modulator (sarm) on
bone in osteopenic male rats. China Modern Doctor) 2011; 49(7):
3-5.

Nagata N, Furuya K, Oguro N, Nishiyama D, Kawai K,
Yamamoto N, ef al. Lead evaluation of tetrahydroquinolines
as nonsteroidal selective androgen receptor modulators for the
treatment of osteoporosis. Chem Med Chem 2014; 9(1): 197-206.
Bassett JH, Williams GR. Role of thyroid hormones in skeletal
development and bone maintance. Endocr Rev 2016; 37(2): 135-
87.

Steffens JP, Coimbra LS, Rossa C Jr, Kantarci A, Van Dyke TE,
Spolidorio LC. Androgen receptors and experimental bone loss -
an in vivo and in vitro study. Bone 2015; 81(4): 683-90.

Tsai MY, Shyr CR, Kang HY, Chang YC,Weng PL, Wang SY, et
al. The reduced trabecular bone mass of adult ARKO male mice
results from the decreased osteogenic differentiation of bone
marrow stroma cells. Biochem Biophys Res Commun 2011;
411(3): 477-82.

Kang HY, Shyr CR, Huang CK, Tsai MY, Orimo H, Lin PC, et al.
Altered TNSALP expression and phosphate regulation contribute
to reduced mineralization in mice lacking androgen receptor. Mol
Cell Biol 2008; 28(24): 7354-67.

Huang CK, Lai KP, Luo J, Tsai MY, Kang HY, Chen Y, ef al.
Loss of androgen receptor promotes adipogenesis but suppresses
osteogenesis in bone marrow stromal cells. Stem Cell Res 2013;
11(2): 938-50.

Sinnesael M, Jardi F, Deboel L, Laurent MR, Dubois V, Zajac JD,
et al. The androgen receptor has no direct antiresorptive actions

17

18

19

20

21

22

23

24

25

26

27

28

29

30

in mouse osteoclasts. Mol Cell Endocrinol 2015; 411: 198-206.
Russell PK, Clarke MV, Skinner JP, Pang TP, Zajac JD, Davey
RA. Identification of gene pathways altered by deletion of the
androgen receptor specifically in mineralizing osteoblasts and
osteocytes in mice. J Mol Endocrinol 2012; 49(1): 1-10.

AW, R AR R 2 A T TR R S AR R R T R
I1 i & #(Zheng Bo, Gu Xinhua. Research progress on role of
type I collagen in hard tissue biomineralization. Stomatology)
2017;37: 751-4.

Duong le T, Leung AT, Langdahl B. Cathepsin K inhibition: a
new mechanism for the treatment of osteoporosis. Calcif Tissue
Int 2016; 98(4): 381-97.

Haarhaus M, Brandenburg V, Kalantar-Zadeh K, Stenvinkel P,
Magnusson P. Alkaline phosphatase: a novel treatment target for
cardiovascular disease in CKD. Nat Rev Nephrol 2017; 13(7):
429-42.

Bouleftour W, Juignet L, Bouet G, Granito RN, Vanden-Bossche
A, Laroche N, et al. The role of the SIBLING, bone sialoprotein
in skeletal biology-contribution of mouse experimental genetics.
Matrix Biol 2016; 52/53/54: 60-77.

i dE, W ARG, Wnt/B-catenin{ 5 1 B S HOX 1 B
[51) 78 J53 40 18 22 1) 23 A U 5 AT Tk . bt PV B 27 B A 4
(Li Yunchu, Xu Gang, Xu Chengfu. Wnt/B-catenin signaling
pathway and its regulation on multi-directional differentiation of
bone marrow mesenchymal stem cells. Journal of Mu Dan Jiang
Medical University) 2016; 37: 99-102.

A, AR ¥, Uk, MRS 2 Wt 5@ B XA AX
A VA A . e I R R A % & (Xu Weili, Niu Lili, Wang
Wenxia, Cui Pengju. The regulatory role of classic Wnt signaling
pathway in bone me tabolism. Chinese Journal of Osteoporosis)
2016; 22: 376-80.

ARV, FRPSIh, EHERE, 52K, Wint/B-cateninfF 5 8 B 75
B ER. ERE2A(Li Junfeng, Guo Qingshan, Fu Jiehui,
Zong Zhaowen. The role of wnt/Wint/B-catenin in the regulation
of bone mass. Chongqing Medicine) 2017; 46: 401-3.

Schneider JA, Logan SK. Revisiting the role of Wnt/beta-catenin
signaling in prostate cancer. Mol Cell Endocrinol 2017; doi:
10.1016/j.mce.2017.02.008.

Kretzschmar K, Cottle DL, Schweiger PJ, Watt FM. The
androgen receptor antagonizes Wnt/beta-catenin signaling in
epidermal stem cells. J Invest Dermatol 2015; 135(11): 2753-63.
Di Nisio A, De Toni L, Speltra E, Rocca MS, Taglialavoro G,
Ferlin A, et al. Regulation of sclerostin production in human male
osteocytes by androgens: Experimental and clinical evidence.
Endocrinology 2015; 156(12): 4534-44.

SKRIGH, TR, 48 2. IZZH AN R A R AR
F R B AR R . e TR 20 i AE ) 27 2 4 (Zhang Lingli, Guo
Jianmin, Zou Jun. Exercise and mechanical load influence the
bone metabolism through bone morphogenetic protein. Chinese
Journal of Cell Biology) 2016; 38(4): 455-60.

Cheng BH, Chu TM, Chang C, Kang HY, Huang KE.
Testosterone delivered with a scaffold is as effective as bone
morphologic protein-2 in promoting the repair of critical-size
segmental defect of femoral bone in mice. PLoS One 2013; 8(8):
€70234.

Kimura K, Terasaka T, Iwata N, Katsuyama T, Komatsubara
M, Nagao R, et al. Combined effects of androgen and growth



1048

31

32

33

34

35

36

37

38

39

40

41

hormone on osteoblast marker expression in mouse C2C12 and
MC3T3-E1 cells induced by bone morphogenetic protein. J Clin
Med 2017; 6(1): 6.

Wiren KM, Semirale AA, Hashimoto JG, Zhang XW. Signaling
pathways implicated in androgen regulation of endocortical bone.
Bone 2010; 46(3): 710-23.

Liu Y, Du SY, Ding M, Dou X, Zhang FF, Wu ZY, et al. The
BMP4-Smad signaling pathway regulates hyperandrogenism
development in a female mouse model. J Biol Chem 2017;
292(28): 11740-50.

Baniwal SK, Khalid O, Sir D, Buchanan G, Coetzee GA, Frenkel
B. Repression of Runx2 by androgen receptor (AR) in osteoblasts
and prostate cancer cells: AR binds Runx2 and abrogates its
recruitment to DNA. Mol Endocrinol 2009; 23(8): 1203-14.

g6 3, BB R, 48 F. OPG/RANKL/RANK/E 5 il % 7142
)5 F G 5 v R STk . ob 5B A 2% & (Yuan Yu,
Guo Jianmin, Zou Jun. Research progress of OPG/RANKL/
RANK signal pathway in exercise and osteoimmunology. Chin J
Osteoporos) 2015; 21(8): 1005-10.

REEEE, B #, W W EAREHE S IEBR RO T . o [
i ¥ 4% & (Xiong Yangin, Zhou Jun, Lei Tao. Research progress
in the signal pathways in bone metabolism. Chinese Journal of
Osteoporosis) 2014; 20(2): 200-4.

Pepene CE, Crisan N, Coman I. Elevated serum receptor
activator of nuclear factor kappa B ligand and osteoprotegerin
levels in late-onset male hypogonadism. Clin Invest Med 2011;
34(4): E232.

Alibhai SMH, Zukotynski K, Walker-Dilks C, Emmenegger
U, Finelli A, Morgan SC, et al. Bone health and bone-targeted
therapies for prostate cancer: a programme in evidence-based
care cancer care ontario clinical practice guideline. Clin Oncol
2017; 29(26): 348-55.

Takayama K, Inoue T, Narita S, Maita S, Huang M, Numakura
K, et al. Inhibition of the RANK/RANKL signaling with
osteoprotegerin prevents castration-induced acceleration of bone
metastasis in castration-insensitive prostate cancer. Cancer Lett
2017, 397: 103-10.

SO, B, B . PISK/AKE 53l B 7 A R 1R A
h [E 5 T A R e E(Fan Wenbin, Bao Nirong, Zhao Jian. The
role of PI3K/Akt signal pathway in bone metabolism. Orthopedic
Journal of China) 2013; 21(19): 1958-62.

FAEE, TR, B A A I AR T BAE S IEE E T
HIRIEFE 3k . b [l B JF 6 A4 2% & (Wang Lianlian, Guo Xiaoying.
Research advance in signal pathways and signal factors during
the process of osteoclast differentiation. Chinese Journal of
Osteoporosis) 2015; 21(6): 742-8.

Chen LL, Huang M, Tan JY, Chen XT, Lei LH, Wu YM, et al.
PI3K/AKT pathway involvement in the osteogenic effects of

42

43

44

45

46

47

48

49

50

51

osteoclast culture supernatants on preosteoblast cells. Tissue Eng
Part A 2013; 19(19/20): 2226-32.

Rodriguez-Carballo E, Gamez B, Sedo-Cabezon L, Sanchez-
Feutrie M, Zorzano A, Manzanares-Cespedes C, et al. The
p38alpha MAPK function in osteoprecursors is required for bone
formation and bone homeostasis in adult mice. PLoS One 2014;
9(7): €102032.

Thouverey C, Caverzasio J. Focus on the p38 MAPK signaling
pathway in bone development and maintenance. Bonekey Rep
2015; 4: 711.

Cong Q, Jia H, Biswas S, Li P, Qiu S, Deng Q, et al. p38alpha
MAPK regulates lineage commitment and OPG synthesis
of bone marrow stromal cells to prevent bone loss under
physiological and pathological conditions. Stem Cell Rep 2016;
6(4): 566-78.

Gorowska-Wojtowicz E, Hejmej A, Kaminska A, Pardyak L,
Kotula-Balak M, Dulinska-Litewka J, et al. Anti-androgen
2-hydroxyflutamide modulates cadherin, catenin and androgen
receptor phosphorylation in androgen-sensitive LNCaP and
androgen-independent PC3 prostate cancer cell lines acting via
PI3K/Akt and MAPK/ERK1/2 pathways. Toxicol /n Vitro 2017,
40: 324-35.

Kono M, Fujii T, Lim B, Karuturi MS, Tripathy D, Ueno NT.
Androgen receptor function and androgen receptor-targeted
therapies in breast cancer: a review. JAMA Oncol 2017; 3(9):
1266-73.

Kang HY, Cho CL, Huang KL, Wang JC, Hu YC, Lin HK, et
al. Nongenomic androgen activation of phosphatidylinositol
3-kinase/Akt signaling pathway in MC3T3-E1 osteoblasts. J
Bone Miner Res 2004; 19(7): 1181-90.

Martin C, Lafosse JM, Malavaud B, Cuvillier O. Sphingosine
kinase-1 mediates androgen-induced osteoblast cell growth.
Biochem Biophysical Res Commun 2010; 391(1): 669-73.

Wang YD, Tao MF, Wang L, Cheng WW, Wan XP. Selective regulation
of osteoblastic OPG and RANKL by dehydroepiandrosterone
through activation of the estrogen receptor beta-mediated MAPK
signaling pathway. Horm Metab Res 2012; 44(7): 494-500.

WRRR 4, e AT ) 58 o0 A B 23 o 22 i s R 1 28
HAER R HAUH], A8 00 R 2 S 4Rk (BE 2% iR)[Chen Xiaoting,
Gao Yanhong. Interaction and mechanism of various regulatory
factors in osteogenic differentiation of mesenchymal stem cells.
Journal oof Shanghai Jiao Tong University (Medical Science)]
2017; 37(5): 694-8.

LiJ, Bao Q, Chen S, Liu H, Feng J, Qin H, et al. Different bone
remodeling levels of trabecular and cortical bone in response
to changes in Wnt/beta-catenin signaling in mice. J Orthop Res
2017; 35(4): 812-9.



