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0.01) Z 4 hr B ST HWR 400 HIR 41, 5 HIR 4%, HWR 4% ME OPG Fl RANKL 3 [H 383k /K F- i 2%
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Comparative study on the characteristics of bone metabolism in
forelimb malformation WHBE rabbits via the
OPG/RANK/RANKL system

LV Jian-min* , CHEN Fang-min, CHEN Cheng

(Laboratory Animal Research Center, Zhejiang Chinese Medical University, Hangzhou 310053, China)

[ Abstract] Objective To comparatively investigate the characteristics of bone metabolism in forelimb malformation
WHBE rabbits based on the OPG/RANK/RANKL system. Methods  Healthy male 2—2. 5-month old WHBE rabbit
(HWR) , Healthy Japanese rabbit (HJR) and forelimb malformation WHBE rabbit (FMWR) were used in this study and
divided into 3 groups, HWR, HJR and FMWR groups, with 10 rabbits in each group. The shape of forelimb and mean gray
value observed from X-ray film were examined, and the bone tissue micro-morphology was analyzed using HE staining. Re-
al-time fluorescence quantitative PCR was used to determine the expression of osteoprotegerin (OPG) and receptor activator
of NF-KB ligand (RANKL) mRNA. The expressions of OPG, receptor activator of NF-KB (RANK) and RANKL protein
in serum and bone tissue were assayed by enzyme-linked immunoassay ( ELISA) and immunohistochemistry, respectively.

Results Compared with the HWR and HJR groups, rabbits in the FMWR group appeared abnormal in toutuous forelimb
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and thinner bone cortex. The mean gray values of X-ray in the FMWR group were lower than that in the HWR group (P <
0.05). There were significant differences between the FMWR and healthy rabbits (HWR and HJR) in the following pa-
rameters; RANKL mRNA expression and RANKL/OPG mRNA ratio in the liver( P <0.05, P <0.01), serum protein
expression of RANK and RANKL and RANKL/OPG ratio ( P <0.05, P <0.01), and positive index of expression of
RANKL protein and RANKL/OPG ratio in the bone tissue( P <0.05, P <0.01). Furthermore, the gene expression lev-
els of OPG and RANKL of HWR were significantly higher than that of HIR( P <0.05, P <0.01). Conclusions The
FMWR show some abnormal symptoms in bone metabolism as well as decrease of bone quality and histological changes of
bone micro-structure, due to the significant increase of RANKL/OPG ratio of FMWR. The breed differences between

WHBE and Japanese rabbits in RANKL mRNA expression level may be one of factors inducing limb malformation in the

WHBE rabbits.
[ Key words ]
system
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2.1 kg; Ti@Z% WHBE # 10 H K& 2.5 ~2. 4 kg;
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F]) , NanoZoomer 2.0 RS #07Y) F FHHL ( H A
FAYEHL ) FF e AR
1.2 Hik
1L.2.1 ol

B2.0 ~2.5 J % 1 M w8 )2 WHBE % |
WHBE ¢ HAKE [ 44 10 2,500 3 4 il
£ WHBE % 4H ( forelimb malformation WHBE rabbit



o [ S B E AR 2016 4F 10 H 45 24 5555 M Acta Lab Anim Sci Sin, October 2016, Vol. 24 No. 5 505

group , fAj#X FMWR £1) , WHBE 241 ( healthy WHBE
rabbit group, i # HWR 1) fil H A& K H B f 4
(healthy Japanese rabbit group, T#% HJR 41)
1.2.2 HEACREE

it g e = R A
- 20°C VKA PRAT , FHF I3 OPG .RANK  RANKL %
7 s A ; PR AL U421 B, X SR AL R 40 A
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W) T 4% hiE g e H T AT RCE 8125 e
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(EREAE RS AR & Ui W 45) . R Nano-
drop 2000 & A2 R DU 7 (SR ) s RNA ) &6 B v
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B FERERI2 g B RNA, $# RT Sk 870
B4 75 254 M cDNA, — 20°C £ 77 45 1. 3) qRT-
PCR : #R#% Genbank H 245N HE A ) mRNA JF51], H
Oligo 6 #f4i% 3T OPG .RANKL K N2 B-actin 5|4
(FIWFHI LR 1) . P& = PCR 7E1A 2K 1Q5 %%
JGRE & PCR AN L EAT, S W AR R 4 B TAKAR /8
SYBR Green 120 & 47 04 732054 7 e il ,EL@‘?FS‘;J?
W .95°C AR PE 10 s, 885 95°C 284 5 min,60°C
230 s, 40 NMER G IEABLRINERF , B0
il PCR SO B A 3 U AR AR Vs ik it 4 K T 7= W o
Pk, 2ZREEHEEIRKFE-Z5 3010 ] 19 )5 1A
(R 2 - AACT H45) .

(3) % iE OPG . RANK RANKL A& #

R BB S 28 7, 2 B e OPG . RANK , RANKL
F AR ELISA BN & vt 4, e DL L 3 Fhik
FIFE IS A& i
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Tab.1 The primer sequence and length of OPG,

/RANKL and B-actin products

= K
V33 A (5¢103”) DI /bp
o Amplification
Primers Sequence
fragment length
OPG-f1 ACAGACACTTGGCACACCAG 117
OPG-rl TTCCTCGCATTCACACACAC
RANKL-f ACACCTGAGAGCCGAGAAAG 110
RANKL-r GAACCTGATGGGATGTTGGT
B-actin-f CGGGACATCAAGGAGAAGC 173
B-actin-r AGGAAGGAGGGCTGGAAGA
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P>0.05 hZEF TR EM P<0.05 N ERA B E
PE,P <0.01 N2 R E , AR5 2E 5 R H
Duncan [CZ & KL

2 &R

2.1 BARIEE X HEHFNRER
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FHARE A L, 1T ETE WHBE S R e
TR A S fR . A Tmage T EMRA3Ar 3440 45
HIE T2 WHBE % X-2% -2 0K BE (BN (52.7 +
3.1) &T WHBE #(55.9 +1.3) Fl H A K H 1%
(55.4+3.5), H'5 WHBE % S fE7E I 20 (P <
0.05) , 5B B B Wi I WHBE #1884 J5 1 2k 4= B
R,
2.2 AL OPG RANKL EFE R

HUFAE OPG \RANKL & PH 23R/ L WL 35 2 A&
2. WHBE % OPG 1 RANKL A3t K ik K1
BESTHAREHAR(P <0.05,P<0.01), #iH
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IR E T = (P <0.01)
2.3 &A% MEF OPG . RANK, RANKL ki%x

H s ORG . RANK . RANKL E & & W% 3
A 3, mFERMET L, 3 HREMTE OPG & &
HE2ERLRENE(P >0.05), H WHBE ffl H A
K [z AR MTE RANK Fl RANKL & (& )

RANKL/OPG Fuff 22 S WM (P >0.05)
5 WHBE Sl H A K H [ b, ARG JE WHBE
Gl RANK A RANKL 2 A & 805 B3 (P <
0.01) A ZETHE (P <0.05) ; RANKL/OPG [ i
FEETHAKBEEA(P<0.01)F WHBE (P <
0.05),

HE:A. WHBE %;B. HAKH A%, C. AL WHBE %,
1 i X &
Note: A. A healthy WHBE rabbit; B. A healthy Japanese rabbit; C. A forelimb malformation WHBE rabbit.

Fig.1 X-ray film of forelimb in the rabbits

R2 KA OPG/RANKL mRNA ik & RANKL/OPG Al (x +5)
Tab.2 The OPG /RANKL mRNA expression and RANKL/OPG ratio in the rabbit livers of the three groups
é =]
AL OoPG RANKL RANKL/OPG
Groups
WHBE %41 (HWR), 2.03 +£0. 65° 1.17 +0.25" 0.64 +0.25"
Healthy WHBE rabbit group T T T
. . 4
E'MH”M(?“R) 1.32 +0.66" 0.45+0.11°¢ 0.41 £0. 11"
Healthy Japanese rabbit group
Hij e K4
Hi & WHBE S0 (FMWR) 1.45 £0. 09 2.04 £0.21* 1.42 £0.20*

Forelimb malformation WHBE grabbit group

T : [ S0JG 7R s B R AR AR AR OR 2 AR B3 (P >0.05) A R/NE PREFR 257 B (P <0.05) , ARRS FRERIR 22 57 4)

BE(P<0.01), &M,

Note. In the same line, values with no letter or the same letter superscripts mean P >0. 05, while values with different small letter superscripts mean
P <0.05, and with different capital letter superscripts mean P <0.01. The same as in tab. 3 and 4.

=3

H I OPG . RANK . RANKL 2 H & it & RANKL/ORG HfH (% +5)

Tab.3 The OPG /RANK/RANKL contents and RANK/OPG ratio in rabbit serum of the three groups(x +s)

251 Groups OPG/pg/L RANK/pg/L RANKL/pg/L RANKL/OPG
WHBE 4 (HWR) , 5 ) ABD
Healthy WHBE rabbit group 268. 17 £12. 54 8.39 +0.72 108. 60 £4. 57 0.41 £0.03
14 (HJR
HARH B R AL .J ) 275.58 +18.43 8.60 0. 81" 107.92 +7. 45" 0.39 0. 02"
Healthy Japanese rabbit group
Wi T WHBE 44 (FM
B2 W SAL(FMWR) 262.41 +18.72 10. 09 +0.97* 115. 65 £4.39* 0.44 0. 04

Forelimb malformation WHBE rabbit group

2 ZFHARBHLARSMNERTAHLE OPG,
RANK ,.RANKL ER&KIE
2.4.1 REHLULE-WEE

S e HEA Y R HE G allge s 1L 0
K4, WHBE 2 (A) flH AKHE [ (B) B8 KR

TR 5) B BT WHBE % (C) B J2 Fi i 2

A IHAFH KBS E, 5 m R JE. WHBE %

HHANEEAR, BIEEZH,

2.4.2 HE414 OPG RANK RANKL & FH #ik
21 ks H 40 41 OPG/RANK/RANKL % 1 %
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B HIR
B8 FMWR

HE [H Rk KT
Gene expression levels

G

T« 7] —$E AR AR Py o5 R sl B A A A6 AR [ R 38R 22
FRIREE(P >0.05) , RFE/NG FHEFIRZRA B EE(P <
0.05), ARIKREFHIREFWIEE (P <0.01), K36,
B2 JIFE OPG/RANKL PR #3k K
RANKL/OPG HAH
Note. On the column figure of the same parameter, values with no let-
ter or the same letter superscripts mean P >0.05, while values with
different small letter superscripts mean P < 0.05, and with different
capital letter superscripts mean P <0.01. The same as in the Fig. 3
and Fig. 6.
Fig.2 OPG /RANKL gene expression and RANKL/OPG

ratio in the rabbit livers
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(1) : OPG H1Fi5;(2) : RANK 2 [11383%;(3) : RANKL #[1381%;(4) : RANKL/OPG ILfE,
3 IML#E OPG/RANK/RANKL 7 42635 2 RANKL/OPG [ {8

Note. (1) OPG protein expression, (2) OPG protein expression,

(3) OPG protein expression, (4) RANKL/OPG ratio.

Fig.3 OPG/RANK/RANKL protein expression and of RANKL/OPG ratio in the rabbit serum
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1%, K5 2o (RG0S f S S OB , 8 IR A R a1 e B A 5 f i DB DRl
FACEE RIS 19 & 2 . R, RANKL/OPG R He (e 0 g SR

B

A, WHBE %;B. HAKHF%;C. AiEIE WHBE %,
B4 REEEATR HE e8P (x25)
Note. A. A healthy WHBE rabbit, B. A healthy Japanese rabbit, C. A forelimb malformation WHBE rabbit. HE staining
Fig.4 Comparison of the histology of the radius.

TE:A. OPG #113R1iK; B. RANK #[13R15;C. RANKL 3R,
B5 bt OPG RANK RANKL & G UL Y (5 ( x 100)
Note. A. Expression of OPG, B. Expression of RANK, C. Expression of RANKL.
Fig.5 Expression of OPG, RANK and RANKL in the rabbit

radius tissues. Immunohistochemical staining.
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®4 HAREAL OPG/RANK/RANKL # 1 #&K FAPEFR B RANKL/ORG HifH (x +5)
Tab.4 Positive index of OPG /RANK/RANKL protein expression and RANK/OPG ratio in the

rabbit bone tissues of the three groups

25 3] BHM:FE %X Positive index ( x 10%) RANKL/OPG
Groups OPG RANK RANKL
WHBE %4 (HWR) ABD ABb
Healthy WHBE rabbit group 13.68 =1.89 42.83 +2.95 3.71 £0.44 0.28 +0.05
Hﬁkﬁ[ﬂﬁﬂ(am) 13.60 £1.41 45.29 +10.89 3.49 +0.50% 0.27 £0.03%
Healthy Japanese rabbit group
Fi i BHE. WHBE 44 (FMWR ) " "
Forelimb malformation WHEE grabbit group 13.12 +1.62 47.91 £2.23 4.44 £0.33 0.34 £0.03
7r S0
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G E 11 : Z é 301
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5r Aa ~
: 0.40 Aa
- T , ) .[
Y] ABD l #®E 035 ABb
®Z Bb EO 1
|ma AT ]- #3030 I Bb
£3 ] 52 T
Eg J. J < 025F J_ T
== (=] o
2= 3t =% 020F
< = ¥ =
k! Z2 oist
z $5 o
2 L L 0.10 L 1 )
HWR HJR FMWR HWR HIR FMWR

3

4)

E: (1) OPG 1 ; (2) RANK 2 115 (3) RANKL £ 11 ; (4) RANKL/OPG [LfE,
BE6 L OPG/RANK/RANKL & KK FPETE KL RANKL/ORG HAH
Note. (1) OPG protein, (2) RANK protein, (3) RANKL protein, (4 ) RANKL/OPG ratio.
Fig. 6 Positive indexes of OPG /RANK/RANKL protein expression and RANK/OPG ratio in the rabbit bone tissues
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