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[Abstract]  Objective  Exploring the role of hypoxia-induceibal factor-1 (HIF-1) signaling pathway in
postmenstrual osteoporosis (PMOP) and how to play a role in PMOP. Methods Sixty C57BL/6] female mouse
were randomly divided into 4 groups: sham-operation group (A group), ovariectomized PMOP group (B group),
HIF-1 alpha inhibitor 2-methoxy estradiol (2ME2) treatment group(D group) and solvent control group(C group) ,
15 mice in each group. There months after modeling, the metabolism product of mouse bone tissue including serum
propeptide of type | procollagen (PINP), C-terminal telopeptide- | (CTX-1) and serum estrogen were quantified
by enzyme-linked immunosorbent assay (ELISA). Changes of bone structure were observed on HE stained tissue
sections. Regulation products of HIF-1 signaling pathway including HIF-1a, HIF-13, specific prolyl hydroxylases
(PHD), Hipple-Lindau tumor suppressor protein ( VHL), and factor inhibiting HIF (FIH) were measured by
immuno-histochenmistry staining. Osteoclasts derived from OVX-mice were treated with inhibitors of extracellular
regulated protein kinases (ERK), protein kinase B (Akt) and nuclear factor kappa B (NF-¢B) signaling pathways.
HIF-1a expression were detected by Western blot to obtain a rudimentary knowledge of possible mechanism of up-
regulation of HIF-1q in osteoclasts of postmenospausal osteoporosis. Results Metabolism product of mouse bone
tissue of B group were higher than A group (P<C0.001). The positive expression of HIF-1-alpha protein was found
in osteoclasts, and the expression of HIF-1-alpha protein in bone marrow region was higher than that in A group
(P<C0.001), while the change od HIF-13, PHD, VHL, and FIH were not obviously. After the HIF-1« inhibitor
treatment, markers of bone resorption of bone metabolism in ovariectomized mice reduced and the osteoporosis get
greatly relieved (P<C0.001). HIF-1q expression was down-regulated in osteoclasts of OVX-mice after treated with

inhibitors of ERK, Akt and NF-xB signaling pathways (P<Z0.05). Conclusion HIF-1 signaling pathway get
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involved in the pathological evolution of osteoporosis after menopause, and inhibition of HIF-1 can significantly

improve the severity of osteoporosis after menopause. ERK, Akt and NF-xB signaling pathways may involve in the

up-regulation of HIF-1 signaling pathway in osteoclasts of PMOP.

[Key words] Ovariectomy Osteoporosis

% %255 5 A -1 Chypoxia-induceibal factor-1,
HIF-1) {5 5 38 % X T )8 A8 W SR A 5 24
A5 T b R — TR R A R R R A
BV B ML T B 5 T 53— D TSR] 3 Jin i 4
i BB S B TS . HIF-1 B HIF-1aHIF-
18 PN 3, Horp HIF-1o % (K2 HIF-1 {5 5
ST RPNl S I S (R = o) T N
(postmenstrual osteoporosis, PMOP) i J& % 1t &
J B A 9 — L 2 40 %0 I 4 22 J5 oM A PMOP,
Wi R i = JE PMOP &2 (115 2R Y, 75 5 3¢
BRFR AT & B PMOP w3t 26 [ 5 8§ 5 5 3 i) el 22
Al RE X HIF-1 {5 5 i 09 1% 1 38— 2 1Y 52
B CHRARIE 15 P 4 (reactive oxygen species, ROS)
J& HIF-1a [ 4 98 55 B 72, T 40 5 40 98 55 26
W W ( extracellular regulated protein kinases,
ERK) . #% A+ kB(nuclear factor kappa B, NFkB) .
T H W B(protein kinase B, Akt) By 15 ¥ 2 F 3
HIF-1o & BN -, 3k JUF B 7 #2 PMOP i3
A AEA s AN SR A8 B A BUROER 5 b R A AR
F8 5 B R WA A0 A O ) A L BT i o R BE R 1
a ( tumor necrosis factor-a, TNF-a). H f %#-1
(interleukin-1, IL-1) , [ 4} #-6 (interleukin-6, IL-
6) b4 K [ F-B(transforming growth factor-8.,
TGF-B) 45 L AT A 7E Bt 26 3R 58 T 38 3 AS [ (9 B i 3
TOHIF-To (94 10 R R i 44 2 0 38 2% AT LA
TR A A AR T . T R AT I
HIF-1 {5 5l rl it &2 5 PMOP KB M.

AWF5E B R LR R HIF-1 {55 3 3% 7
PMOP e 15 454 Y S ey & 4% 46 F . AT 52 A
AN H i PMOP [ % i LR, Oy PMOP f)36 97
BT A AL A A A5

1 #MHE5RFIE

1.1 Sz

4 iy C57TBL/6] I 28 2 MEPE/IN B 60 H 4 5T
B 23~25 g. i U R #5250 S Wy oo S it BE AL
A HUR T AR . Sham 2H) B 4 (09§26 48 J5 B o
BRANA) L C A G R X IR 2D D 4 CHIE-12 410 i 71
2- UM — B2 2ME2 /)7 4104 15 H.

HIF-1a

Osteoclast

1.2 FEiKHA

0. 5% R E L ZAMIE IR R R B 4N I 2 R
H IR T, 0. 5 %0 — H 6 1 AR (DMSO) % ¥ » BT il A
PR R 1 Wi R it ( TRAP) Y a3 7] & (Sigma) . /N T
TR P T 4 35 o sk Jik ( PINP) ELISA 3% %] 41 (Cloud-
Clone Corp) s /N T BB J5 R 35 K o6 ik (CTX-1)
ELISA i 7 & (IBL) . HIF-1o it 44 | i 22 B 72 1L i
g5t 8 B (PHD) $it {& . Hipple-Lindau fif 48 417 il
H A VHL) $U AL AT 5 B 30 J - (FTHD
Pifk (Santa) , HIF-18 ${ & (Abcom) , DAB . {4, 7|
MAEY R A ZH L F & (h &K, 2ME2
(Selleck, 3 £ P 40 il HIF-1o'", & BLA R A2
T SR R 2 A A ME B R AON L B 2ME2 LT
ANV T K B LR ZE 8 T A HLE 5 DMSO) i 48 1fil
i (FBS, Cyagen Biosciences), o-MEM ¥% & 3
(GIBCO) , T4 % 2% (Hyclone) , T 41 /N B AT 1% 1 %
MW ¥ «B 2 &G L W 7 i & (RANKL) & [
(RE&D) . T 41/ B AT 75 P B 40 i 46 7% il i 3 1
(M-CSF) % H (PeproTech), SB 203580 #l
Gliotoxin(Abcam) ,1.Y294002(CST)
1.3 ZYEBENEIREARARE

A AT TR U 01 55 1658 43 B 7 5 5% &
B2 . C 4. D 47300 5 L YT ER AR COVXD L g5 4L 1k
Mmigs4a. CCODABP @A EETENS25.D 4
P30 mg/ (kg « DA E ST 2ME2, C 4145 T 4%
RFLY 0. 52 DMSO ¥ i » fix & DMSO i §f it <
100 pL/kgs A B 4 A S AR K. 3 H B
AEFE /N BRSO BEECIL 0. 5 mL, B £ ELISA #;
Do A0 A 790 5 T RBEME o 25 B R AR AR 2L AR A7 T4
BB A% Z R P REE WD, B HE e,
TRAP Y €8, F1 G 5 41 Ak K I (fo 328 20 Ak 2% 0 il
HIF-1 {5538 #& A 19 & 2245 b1 HIF-1o, HIF-18.
PHD.VHL % FIH). A.B 4/ 508 B & % a .
P I B LA B 55 B A0
1.4 WNIBMTE
1.4.1 ELISA #ml fo & ¥8 & A BRI/ %
RECH L7 0k AT I ME U ER L/ BRUOBLE 4R AR PINP
Lo Bes i pr CTX-1 1) ELISA A  .
1.4.2 HE % & HWHSECR 400 2 R



864 PN R 2 4 (B 2 RO

548 &

[ 72 24 h )5 45568 FEAHE ] & — WU 1R Cethylene
diamine tetraacetie acid, EDTA) it 45 3 J& . A4 4
S 6 pm Y) 7, 3 8RR AR 7 05 AT 5 A
HE e, 0 4 N W8 /N B 8 i (Th, N K5 B
(Th. Th) AL AF B .

1.4.3 DREAERET@E TRAP & 55 1 EHE
JBRAG LI F )G 4 I TRAP 37 & 360 B 17 8 B 40 e
TRAP Jeta KM R 7 J5 . i IPP6. 0 43 #r
FUER Bk U0 7 B35 AR R ET DLk e B 21 44
AR B 20 R B A 5 o 31 8 A 7 R AR
i L % (N. Oc/B. Pm) S % 8 40 i 72 35 H 4 b (Oc.
S/BS),

1.4.4  Rmmicten ) KM AR P HIF-1a,
HIF-13.PHD.VHL & FIH & & # k& {1 hY)
J BB 2 K, 0. 01 mol/L ik R 44 2% vh i
(pH6. O M#IZE 85 °C,5 min J5 M F 80 °C 4+
5 min, ZARHPURBERE.3%H,0, ¥ F 8 min,
T L S .37 CCWER 30 min T I HT fF B Y
AHRE —HTi R (B2 12 5004 C Rl &, FIPEXT B 45
it PBS; i A9 = 46 =4t 37 ‘CHFE 30 min; i il
BAR BN O A B 00 (R TAEW M 30 min, DAB
B, K ZEE Y 10 min, B K 5 HME RIS B
WS B H 4 B B E A A B A AR R SRR AR AR R
F1IPP6. 0 43 A7 B 8 X H 1 2 11 /Y06 % B A A
FRAS Y E 5 A 00T BOF- 1A .

1.4.5 #mcgmpedyseis e A4 B4R
JI8 250 4k 6 S5 RS R 5 min, 4 IR SCRER 7 kT o B
JBCB B SR I BE AT A0 M3 B S e R Al
WG 100 FBS 120 4 % % .20 ng/mL M-
CSF i LM 4. oo MEM 5 352K . 15 5 1 &% 20 ng/
mL M-CSF % 50 ng/mL RANKL [ TG} £ o
MEM #3535 (4 10 % FBS 1% B4 £) LT
ML EN B Y 2 A AR s R Bl A%

Z R W= T e 400 20 min, 2R J5 #% 8 TRAP
o £, 358050 &5 10 I 5 C ) . AT B 40 ML TRAP
Jetr, MR BA TR B Z AN A B 2 FIRE 98
I P IR 550 B W 206 0 240 A B Oy B
2
1.4.6 Akt,ERK,NF-«xB 1% 5 il % 37 %] 7] 4 22 4m
J& )6 Western blot # M # & 4w je, i HIF-1o & & 7K
A B RANKL S5 6 RIW A4 M B4
/NSRS B 4 M. B OZH 48 B 43 9 m A 30 pwmol/L
LY294002(PI3K-Akt {55538 40 7)) .10 pmol/L
SB 203580 ( MAPK/ERK {5 5 il #& 11 & %) A
30 ng/mL Gliotoxin (NFkB & 5 8 &% # 1 7)) T
37 C MR 5% I CO, B E M S E 3 h, LU
A WA A AR X R, 3 h 5 AR A Al i oK
S i B A B S AR 1 (T BCA I g A A 1 Uk
FE DV UKIE 40 pg RS R BAEE L UK VBRI, &
WEW 1 h, —$H0 TAEWE 1+ 500, Z 40 R b0 R
I1eG, N Z N GAPDH, #47 Werstern blot £l , &
FAE A Tamge ] 2X 3R A HEAT 43 B AL 21, LA H B
AT KBS NS 400 KB Z o B AR AR X
FKiki,
1.5 ZitZEHE

P AR LA o5 3o ) e Bk A
AR ¢ K56 . P<<0.05 AR A H =X,

2 #R

2.1 FHNMRMFHEHEMSREEROETL

ELISA 55 55 (3% 1), A ZH /)N UM 75 M 3 %
K% B 2 FH i . PINPLCTX-1 K V-4 B 2H A% .
ESAH G E L (P<<0.001), D 4 /)KL iH
PINP.CTX-1 434 B.C A %A% . 22 R ¥ H it 2%
BX(P<0.00D), BAES CH/PMRMLIEIrE S
BTGt L.

£1 HA/NR E2.PINP.CTX-1.N. Oc/B. Pm #1 Oc. S/BS &£ &
Table 1 Levels of E2,PINP,CTX-1,N. Oc/B. Pm and Oc. S/BS of mice in each group

Index A group (n=15) B group (n=15) C group (n=15) D group (n=15)
E2/(pg/mL) 38.28+3.24 19.51+£2.73" 19.41+2.65 19.55+2. 20
PINP/(ng/mL) 51.4243.08 58.63+3.38" 56.1342.47 48.06+2. 944
CTX-1/(pg/mL) 11.79+1.39 21.174+2.03" 20.434+1.69 12.97+1. 264
(N. Oc/B. Pm)/mm ™! 5.23+1.19 12.31+2.29" 11.77+1.83 6.09+1. 284
(Oc. S/BS) /% 7.38+1.46 17.24+3.03" 15.14=+1.85 8.714+1.924

* P<C0.001, vs. A group; /A P<C0.001, vs. B and C groups. A: Sham-operation group; B: Ovariectomized PMOP group; C. Control

group; D: Ovariectomized+2ME2 group
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REGEXTENREEMN HIF-lo FAEEF S ARENK S MM . SP X40 B4 BEES/DRWIHEM TRAPEE. X100
Fig 1 Sections of mice lumbar vertebra stained with hematoxylin and eosin (HE). X 10 Fig 2 Sections of mice lumbar vertebra stained with
tartrate-resistant acid phosphatase (TRAP) Carrows show TRAP (+) osteoclasts]. X 20 Fig 3 Sections of mice lumbar vertebra stained
with immuno-histochemical staining Carrows show HIF-1a (+) osteoclasts at surface of trabecula bonel. SP X 40 Fig 4 Osteoclasts
derived from mice bone marrow stained with tartrate-resistant acid phosphatase (TRAP). X100
A: A group; B: B group; C: C group; D: D group
%2 &KEANRBHKX HIF-1o & HIF-1p.PHD, VHL . FIH [A1$ F A X ZFE LI
Table 2 Comparison of optic density values(ODV) on HIF-1¢, HIF-1§,PHD.VHL and FIH in bone marrow of mice in all groups

Index A group (n=15) B group (n=15) C group (n=15) D group (n=15)
HIF-1« 0.007 540.001 0 0.014 040.002 2* 0.012 140.002 3 0.001 0£0.000 34
HIF-18 0.066 340.011 0 0.067 540.009 4 0.070 24+0.011 1 0.060 14+0.010 3
PHD 0.076 440.013 9 0.744 040.015 6 0.075 340.014 9 0.070 940.014 3
VHL 0.083 640.034 3 0.079 34+0.038 9 0.071 240.023 6 0.082 54+0.018 2
FIH 0.176 04+0.613 0 0.156 0+0.071 5 0.164 04+0.070 6 0.175 04+0.080 8

* P<C0.001, vs. A group; /A P<C0.001, vs. B and C groups
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5 M%) PI3K-Akt MAPK/ERK NF-xB ESEREHBHAEN HIF-lae EERZEHNETN
Fig 5 Analysis of level of HIF-1q in osteoclasts after treated with inhibitors of PI3K-Akt, MAPK/ERK and NF-kB signaling pathways

* P<C0.05, vs. A group; * * P<C0.05, vs. B group without inhibitors
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