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The temporal change of bone marrow fat cells in the process of steroid-associated osteonecrosis development
SHENG Hui  ZHANG Ge ZHANG Yingkai et al. Department of Orthopaedics and Traumatology The Chinese
University of Hong Kong Hong Kong SAR  China
Abstract Objective How does the extravascular fat deposition contribute to the steroid-associated osteonecrcosis
ON development still remains unclear. This study aimed to explore the time course change of bone marrow fat
cells histopathologically based on our established ON model. Methods Thirty-two adult rabbits were divided into
normal control group n =16 and steroid-treatment group n =16 . The rabbits in steroid-treatment group were
injected with once lipopolysaccharide and three times of methylprednisolone to induce ON. The rabbits in the
normal control group were injected with 0.9% normal saline accordingly. And they were sacrificed in week 2 n =
8 and week4 n =28 after steroid administration respectively. The bilateral femora were harvested and processed
for bone marrow fat cell density fat cell diameter and fat cells area percentage analysis histomorphometrically and
the ON incidence was also evaluated histopathologically. Results The fat cells density in steroid-treatment early
and late group increased by 67.1% and 54.4% than the normal control group but there was no significant
difference between the treatment-early and -late groups The fat cells diameter in late group was much larger than
the control group but the fat cell diameter in the early group was smaller than the control group The fat cells area

percentage in the early and late group increased by 44% and 83.6% than the control group. The fat cells size

RGC CUHK4503/06M ITF ITS/012/06

Email lingqin @ cuhk. edu. hk

547



548 2007 8 13 8 Chin J Osteoporos August 2007 Vol 13 No.8

frequency profile showed most of the increased fat cells were small-sized cells ranging from 30 to 40 pm in diameter
in the early group but the large-sized cells ranging from 50 to 60 pm in the late group. Conclusion The marrow
fat cells featured increase in the number of small-sized fat cells in the early stage and enlargement in the size of fat
cells in the late stage in steroid-associated ON development. These results indicate the active adipogenesis in the
early stage and excessive lipogenesis in the late stage.

Key words Steroid-associated osteonecrosis Fat cells Adipogenesis Fat transport

4 pm HE
SARS 1.3
30% 4
100 2
: 4 16
2 Image-Pro Plus 5.1
35
5
>0 1.4
5
57
1.5
1
1.1 SPSS 13.0 SPSS Inc  Chicago IL USA
32 28~32
n=16 n=16 X xs P<0.05
5
1 10 pg kg™' Escherichia coli
0111 B4 Sigma-Aldrich 3 2.1
20 mg kg~' Pharmacia and Upjohn USA 149 =
24 h 15/mm’ 249 + 25/mm’
67.1% P <0.01 230
23/mm’ 54.4% P <0.01
2 4 8
P >0.05
1.2 1
2.2
10% 72 h 75%
1 9% 4 42.6+3.6 ym 38.2+3.1 pm

1/3 P



PEERARTEE 200744 8 AR 1328 8 M Chin ) Osteoporos, August 2007, Vol 13,No.8 549

~ 300 *
T } *
§ 250 A :
# 200 =
¥ .l e
® 150 - e
g 100 - .
& =
a %0 '
® oL b -
B EELBEYE  WKLERRA

B 1 P B A B O P TE R L EH R R e AR b
E 5 EA LR P<0.01

<0.05); MELABHEMARHAMERRN 52.9=
4.1 pm, BESHEE T AREFHERABWKR(P <
0.0), 5XRAUBERFTFHRGIHTEEL(P <
0.01)(HA 2),

WEKNBERE  WKLERNE

* Kk

s8358

W
s 2

ENENEREE (uo)

M2 AMPREARTHERERRAINNPHEL
B 5MBALE"P<0.05, "P<0.0

2.3 EMIEMAKES

EXESRAEMBHARERALN 23.2% +
3.9% BRLBERNHN 33.4% +4.7%, LITHR
HM 4% (P <0.01); MELBBEHAN
42.6% +5.3% , X FRAL N 83.6% (P <0.01) ; %
RFUHERNMASHRMEALRERAHBRITFEX
(P<0.01)(HE 3),

e

46
=l .
30

20 -
10 -
0 -

AR

RMENERER (%)

HRLBENA MWW LER L

M3 WHMENARERLEESATHNIENL
H5HRELE P<0.0; 5EMAEALR® P<0.01

2.4 FRERE AL 4055 0 16
EMARAEERHERNARIHBERER,

EXMBARYARELMNARBREIERLETE
40 ~ 50 g, BCF A0 28 550 40 R B 40 L2 B B0
{EREPTE30 ~40 pm, MR ALHBR B HBH ARE
REBBEEEPTE 50 ~ 60 pm(F 4.8 5).

010 020 2030 3040 4050 5060 6070 7080 8060 90-100
e R 48 A 2 (pm)

B4 FRMPARHESENARHARITERRAMNG 2R

BERLBEYAMS YN AREERUANE
RREFABRANE R AK SRR EIERL
KEBZIRH MR E.

2.5 BRRERER

WELEBIHSIRIER R AEF R 25%(2/8),
M N 87.5% (7/8) M MABRFBINIER L.

3 itig

AL B WHI T B BT A S W B
FFE 2 FE A SR EE LT, RS REY
B B 0 1B 9 4 R (B BB T L) A K b
7L 4 B e B R O 8 K, B RO 4 R R B
We A 5 G , S T B o 5 4 A 58 LT
£ SR B IR IE R AL BIZE T KB b HESE .

AT R PITF, WAL 5 B IR
BB B 75 T 1A % B, 7] B O B A B 4 R
FE T IE % HR 4L, T L I 27 B 40 B R 8
4345 5B 7% /N RS B 40 B 5 R 7 B .78 T I %
W4, 3R R b T R I B A B3R AT A 5
P ES T L L) ES M VS IR
BB AR B T B, b B TR
LSRR, B AR X T R A — o T B B0 B RE
R RN, AL B SIS IR H B0 B
FIE 5 BRAL, 7 EL 7 7 24 A 40 R 0 R 50 7
B AR~ #OBE BT 40 B TR 9 B T IE R MR, R
A5 B 4 L 5 8 8 A F IE 6 0 R 4L, LR ALK F
BEEREREH, R BOR 4 HE ¥ 0 5 S
I 8 BT 5 0 o B 2 R B 40 O A
B,

P51 SE AR 4 ot 4 B O BE R i U
S5 F 4900 0 40 434 o i A R A



550

2007

13 8 Chin J Osteoporos August 2007 Vol 13 No.8

Bs AARAESBAFNBEMREMARKRY A
(HE 3¢5 20 x )

10

11 12

10

11

12

2005 43 1048-1053.
Assouline-Dayan Y Chang C Greenspan A et al. Pathogenesis and
natural history of osteonecrosis. Semin Arthritis Rheum 2002 32
94-124.
Koo KH Dussault RG Kaplan PA et al. Fatty marrow conversion
of the proximal femoral metaphysis in osteonecrotic hips. Clin Orthop
Relat Res 1999 361 159-167.
Motomura G~ Yamamoto T  Miyanishi K. Bone marrow fat-cell
enlargement in early steroid-induced osteonecrosis—a histomor-
phometric study of autopsy cases. Pathol Res Pract 2005 200 807-
811.
Qin L. Zhang G Sheng H et al. Multiple bioimaging modalities in
evaluation of an experimental osteonecrosis induced by a combination
of lipopolysaccharide and methylprednisolone. Bone 2006 39 863-
871.
Miyanishi K Yamamoto T Irisa T et al. Bone marrow fat cell
enlargement and a rise in intraosseous pressure in steroid-treated
rabbits with osteonecrosis. Bone 2002 30 185-190.
Yamamoto T Irisa T Sugioka Y et al. Effects of pulse
methylprednisolone on bone and marrow tissues  corticosteroid-
induced osteonecrosis in rabbits. Arthritis Rheum 1997 40 2055-
2064 .

2003 30
164-166.
Cui Q Wang GJ Balian G. Pluripotential marrow cells produce
adipocytes when transplanted into steroid-treated mice. Connect
Tissue Res 2000 41 45-56.
Sheng H Zhang G Qin L et al. Alternations in the differentiation
potential of marrow mesenchymal stem cells in early steroid-associated
osteonecrosis. J Orthop Surg Res 2007 accepted .
Rodriguez A Catalan V  Gomez-Ambrosi J et al. Role of
aquaporin-7 in the pathophysiological control of fat accumulation in
mice. FEBS Lett 2006 580 4771-4776.
Zhang G Qin L Sheng H et al. Epimedium-derived phytoestrogen
exert beneficial effect on preventing steroid-associated osteonecrosis in
rabbits with inhibition of both thrombosis and lipid-deposition. Bone
2007 40 685-692.

2006-12-18





