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Abstract: Vascular endothelial cell growth factor (VEGF) combined with bone morphogenetic protein (BMP) was used
to repair avascular necrosis of the femoral head, which can maintain the osteogenic phenotype of seed cells, and
effectively secrete VEGF and BMP-2, and effectively promote blood vessel regeneration and contribute to formation
and revascularization of tissue engineered bone tissues. To observe the therapeutic effect on the treatment of avas-
cular necrosis of the femoral head by using bone marrow mesenchymal stem cells (BMSCs) modified by VEGF-165
and BMP-2 in vitro. The models were avascular necrosis of femoral head of rabbits on right leg. There groups were
single core decompression group, core decompression + BMSCs group, core decompression + VEGF-165/BMP-2
transfect BMSCs group. Necrotic bone was cleared out under arthroscope. Arthroscopic observation demonstrated
that necrotic bone was cleared out in each group, and fresh blood flowed out. Histomorphology determination
showed that blood vessel number and new bone area in the repair region were significantly greater at various time
points following transplantation in the core decompression + VEGF-165/BMP-2 transfect BMSCs group compared
with single core decompression group and core decompression + BMSCs group (P < 0.05). These suggested that
VEGF-165/BMP-2 gene transfection strengthened osteogenic effects of BMSCs, elevated number and quality of
new bones and accelerated the repair of osteonecrosis of the femoral head.

Keywords: Osteonecrosis of the femoral head, stem cells, transfection, vascular endothelial growth factor, bone
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Introduction

The femoral head necrosis is also known as
the avascular necrosis (AN) of femoral head,
caused by different disease causes that dam-
aged the blood supply of femoral head, thus
resulting in the necrosis of femoral head bone
and cartilage cells, as well as the collapse of
articular surface, it's one of the common clini-
cal diseases. In its early stages, the early detec-
tion and treatment could relieve the patients’
symptoms, delay or avoid the occurrence of
femoral head collapse, thus postponing or
avoiding the replacement of artificial total hip
joint [1, 2].

Although the efficacy of marrow core decom-
pression therapy in the treatment of early fem-
oral head necrosis was still controversial, most
scholars hold a positive attitude. The recent

studies had found that the numbers of hemato-
poietic stem cells and mesenchymal stem cells
of bone marrow in the AN patients were
decreased, as well as their activities were
reduced. It was also believed that after the mar-
row core decompression, the incomplete bone
repair was the reason of femoral head collapse,
and related to the number reduction of bone
marrow mesenchymal stem cells [3-5].

The bone marrow mesenchymal stem cells
were also called the bone marrow stem cells
(BMSCs) and bone marrow multipotential stem
cells, as a class of fiber colony-forming cells
that obtained the attention from 1970s, BMSCs
exhibited the potentials of multi-directionally
differentiating into the bones, cartilages and
epithelium, and they were easy for the sampling
and isolation, with weak immunogenicity, so
they had been favored in the studies of femoral
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head necrosis. Though most clinical studies
reported that the simple application of BMSCs
in the treatment of femoral head necrosis was
not satisfactory, the treatment time was long,
while the expected results were not reachable.

Many cytokines had been found to be able to
promote the BMSCs to differentiate into the
osteocytes, chondrocytes and other directions
[6-8]. The related cytokines included: bone
morphogenie protein (BMP), basic fibroblast
growth factor (bFGF), osteogenic growth pep-
tide and vascular endothelial growth factor
(VEGF), etc.

This study aimed to investigate the effects of
vascular endothelial growth factor 165/bone
morphogenetic protein-2 (VEGF-165/BMP-2) in
the in vitro modification of bone marrow mes-
enchymal stem cells, which were then trans-
planted for the treatment of rabbit avascular
Necrosis.

Methods
Establishment of animal model

36 healthy New Zealand white rabbits, 6
months old, purchased from Dalian University
experimental animal center, body mass
between 2.0-2.5 kg. With lottery method, the
rabbits were randomly divided into 3 groups:
single core decompression group, core decom-
pression + BMSCs group, core decompression
+ VEGF-165/BMP-2 transfect BMSCs group,
(the ratio of BMP-2 and VEGF-165 was 3:1) [9],
12 rats in each group. This study was carried
out in strict accordance with the recommenda-
tions in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of
Health. The animal use protocol has been
reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC) of
Dalian University (Permit Number: 20060828-
001).

Using liquid nitrogen freezing method, all ani-
mals were induced into the right avascular
necrosis of the femoral head, after radiological
detection as the successful models, which can
be used for the next step experiment [10].

Acquisition, culture, transfection and identifi-
cation of BMSCs

At the time of modeling the core decompres-
sion group + BMSCs, core decompression +
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BMP-2/VEGF-165 transfect BMSCs group rab-
bits were performed obtain and culture of the
BMSCs. Two groups of rabbits were underwent
bone marrow puncture and extraction of bone
marrow in the bilateral lateral condyle of femur
and proximal tibia, 4 mL on each side. The
mononuclear cell layer was isolated with Ficoll-
Hypaque solution, adding in 10 mL of culture
medium for culture, main components of medi-
um including 1640 (GIBCO, Grand Island, NY,
USA), 10% volume fraction of fetal bovine
serum (Biochrom AG, Berlin, Germany), penicil-
lin and streptomycin (Amresco, Solon, Ohio,
USA) each 100 U/mL, pH value was 7.2, chang-
ing the medium 2 times a week. The adherent
cells were identified by microscopy.

When the cells grew to 80% confluence, the
cells were subcultured. When the second gen-
eration cells grew to 80% confluence, the cells
were extracted, and the cell concentration was
adjusted to achieve 1 x 10*2 L*. The core
decompression + BMSCs group animals were
performed marrow core decompression and
arthroscopic BMSCs replantation. For the core
decompression and BMP-2/VEGF-165 (Vector
Gene Technology Company LTD, Beijing, China)
transfect BMSCs group, when the BMSCs cul-
tured to the first generation, the cell concentra-
tion was adjusted to achieve 1 x 10° L%, after
the cells reached 90% cell confluence, which
were performed virus transfection for over-
night, the virus being rAAV-2-hVEGF-165 and
rAAV-2-BMP-2 (Vector Gene Technology Com-
pany LTD, Beijing, China). At the infection rate
(MOI) of 100, 1 week after transfection, which
were performed core decompression and
arthroscopic BMSCs replantation. The single
core decompression group was only added
equal volume of 1640 medium. VEGF-165 and
BMP-2 protein expression was detected by
Western blot assay.

Operation method

3 groups were selected 3 mm core decompres-
sion channel and 2.7 mm arthroscopy for
removal of the necrotic bone, to observe the
changes of bone trabecular, and to clear out
the dead bone, and 1.0-1.5 mL BMSCs was
transplanted into the necrotic area of the femo-
ral head, closing the incision layer by layer.
Rabbits of each group were sacrificed at 4, 8
weeks after transplantation.

Int J Clin Exp Med 2015;8(9):15528-15534



Treatment of avascular necrosis of the femoral head

Figure 1. The second generation of bone marrow
mesenchymal stem cells on 10 d after transfection,
cells showing pie-shaped, polygonal growth, and no
contact inhibition (x 40).
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Figure 2. Western blot assay results of bone marrow
mesenchymal stem cells following bone morphoge-
netic protein-2 (BMP-2) (A) and Vascular endothelial
cell growth factor-165 transfection (B). (A) 1: Control
group; 2, 3: rAAV2-BMP2; Mr30 000 size: BMP-2. (B)
1. Control group; 2-8: VEGF-165 transfection group;
36 KD: VEGF165; control group and 12 h transfec-
tion group: negative; 24 h-7 d group: weakly positive;
10 d, 14 d group: positive.

Histology examination

When the cells grew to 80% confluence, the
cells were subcultured. When the second gen-
eration cells grew to 80% confluence, the cells
were extracted, and the cell concentration was
adjusted to achieve 1 x 10*2 L*. The core
decompression + BMSCs group animals were
performed marrow core decompression and
arthroscopic BMSCs replantation. For the core
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decompression + BMP-2/VEGF-165 transfect
BMSCs group, when the BMSCs cultured to the
first generation, the cell concentration was
adjusted to achieve 1 x 10° L. After the cells
reached 90% cell confluence, which were per-
formed virus transfection for overnight, the
virus being rAAV-2-hVEGF-165 and rAAV-2-
BMP-2, at the infection rate (MOI) of 100, 1
week after transfection, which were performed
core decompression and arthroscopic BMSCs
replantation. The single core decompression
group was only added equal volume of 1640
medium. VEGF-165 and BMP-2 protein expres-
sion was detected by Western blot assay.

The main observation index

The blood area ratio and new bone ratio in the
restoration area.

Statistical analysis

All the data were performed analysis of
variation, P < 0.05 as statistic significant
difference.

Results
The number of experimental animal

36 rabbits were involved in the result analysis.

Isolation, culture and identification of the
BMSCs

It was seen adherent growth in 24 h under
microscopic observation, and adherent cells
were fusiform or irregular long polygon. BMSCs
subcultured after growth to 80% confluence
(Figure 1).

West blot assay showed that the BMP-2 protein
expression was strong positive in core decom-
pression + VEGF-165/BMP-2 transfect BMSCs
group, and only weak positive in single core
decompression group and core decompression
+ BMSCs group, (Figure 2A), indicating that
there was BMP-2 antigen expression, 48 h af-
ter recombinant adenovirus transfection of
BMSCs. VEGF-165 protein was strong positive
in core decompression + VEGF-165/BMP-2 tr-
ansfect BMSCs group, and only weak positive
or negative in single core decompression group
and core decompression + BMSCs group (Fi-
gure 2B), indicating that there was VEGF-165
antigen expression, 48 h after recombinant
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Figure 3. A. Arthroscopic dark color of femoral head, blood supply was reduced, trabecular bone was arranged in ir-
regular yellow and black color, showing obvious sequestrum formation. B. Arthroscopic bone necrosis of the femoral
head was removed; removal of necrotic bone and bone trabecular can be seen around a normal bleeding. C. Normal
bone tunnel, the femoral head subchondral bone and trabecular bone were detected after arthroscopic removal of

bone necrosis.

Figure 4. Core decompression and rAAV2-hBMP-2
and rAAV-2-hVEGF-165 autologous bone marrow
mesenchymal stem cells transfected plants at 8
wk after X-ray film; the femoral head surface was
smooth; cystic lesions disappeared, with a large
number of new bone.

adenovirus transfect of BMSCs, and there was
large amount of VEGF-165 antigen expression
after 10 days (Figure 2A, 2B).

Arthroscopic observation

It was shown under the arthroscopy that most
microvessels had embolism or were difficult to
find out; bone trabecular irregularly arranged in
yellow and black color; parts of bone trabular
ruptured or were difficult to distinguish. After
removal of the necrotic bone, it was visible of
the surrounding normal bone trabecular, show-
ing regular arranged in reddish and white, and
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among which the microvessels in the surface of
the wound had errhysis and no block, as shown
in Figure 3A-C.

Histological observation

Single core decompression group: 2 weeks
after transplant of BMCs, it was visible of the
surrounding bone trabecula mild necrosis and
collapse. 4 weeks after transplant, it was visi-
ble of subchondral osteoclast reaction, and
some necrotic bone. 8 weeks after transplant,
it was visible of the newly born capillaries and
newly born bone. 12 weeks after transplant, it
was visible of irregular contour bone trabecula
and not rich in newly bone capillaries. Core
decompression + BMSCs group: 2 weeks after
transplant of BMCs, it was visible of the sur-
rounding bone trabecula bleeding accompany
with mild necrosis and collapse. 4 weeks after
transplant, it was visible of bone trabecula col-
lapse. Core decompression + VEGF-165/BMP-2
transfect BMSCs group: it was visible of many
newly born capillaries surrounding the bone tra-
becula and normal bone trabecula, as shown in
Figure 4.

Femoral head blood vessel count

During histological observation, number of fem-
oral head blood was counted in femoral head
necrosis area, and new bone area ratio was
measured in restoration area. As shown in
Table 1, the vessel numbers and new bone
areas in the marrow core decompression +
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Table 1. Femoral head blood vessel count in femoral head
necrosis area and new bone area ratio in restoration area in

each group (X +s,n =12)

term effect. Suh et al. [21] think that
BMSCs has very significant effect in
induction of bone formation in alco-

Femoral head count (number) Femoral head area ratio (%)

holic avascular necrosis of femoral

bone. Cui et al. [22] used BMSCs in

Group Postopera-  Postoperation  Postopera- Postoperation . R

tion 4 wk 8 wk tion 4 wk 8 wk vitro amplification for autologous
A 6.97 + 1.44 781+195 4.02+087 712+114 replantation in the treatment of rat
B 2314093 282+121 491+197 4.83+0.98 222; Vegefggé re?ﬁ?:'%hea:‘e‘lultzaig
C 198+1.68 285+0.62 799+215 713+1.17 . g .

this study between single core

F 2132 16.87 82.32 68.32 decompression group and core
P <0.01 <0.05 <0.01 <0.05

A: Single core decompression group; B: Core decompression + BMSCs
group; C: Core decompression + VEGF-165/BMP-2 transfect BMSCs group.

BMP-2/VEGF-165-transfected BMSCs group
were significantly higher than the other 2
groups at each time point after the transplanta-
tion (P < 0.05).

Discussion

The main pathologic process of avascular
necrosis of femoral bone is the necrosis of the
activity component of the bone. The hip joint-
preserving surgery to prevent the femoral head
from collapse is currently the hot point and dif-
ficult point in the avascular necrosis of femoral
bone research area, in which vascularized
autologous bone grafts and core decompres-
sion are currently widely used methods [11-17].
From early 2006, our team used the lateral cir-
cumflex femoral vascularized greater trochan-
ter and (or) iliac bone graft in treatment of
osteonecrosis of the femoral head in 1005
cases, after follow-up for 1.5-15 years, the clin-
ical success rate was 89.4%, and the imaging
success rate was up to 75.4% [18, 19].

However, after long term follow-up, the core
decompression can’t thoroughly solve the res-
toration problem of the femoral head, and if the
vicious spiral of increased pressure within the
bone would continue, it could lead to reduced
femoral head biological strength, and eventu-
ally lead to the collapse of the femoral head.

Recent studies showed that BMSCs had abun-
dant source, exuberant differentiation ability,
and could secrete a variety of osteogenic activ-
ity factor, therefore owing its unique advantage
in the repair of avascular necrosis of the femo-
ral head. Fialkov et al. [20] think that BMSCs
only has significance on the early bone forma-
tion and has no obvious advantages in long-

15532

decompression + BMSCs group
were consistent with above findings.
Furthermore, animal experiments
have confirmed that systemic and
local injection of autologous in vitro BMSCs
rarely cause rejection reaction [23].

Latest research showed that many cytokines
could promote the cell differentiation from
BMSCs to osteocytes and chondrocytes, inclu-
ding VEGF and BMP-2. Currently, VEGF tissue
engineering applications mainly focus on: @O
using VEGF secreted by vascular endothelial
cells to promote engineering bone vasculariza-
tion [24]; @ using the slow released VEGF in
two or three weeks to promote engineering
bone vascularization [25]; & using the VEGF
expressed and secreted by the body to promote
engineering bone vascularization [26]. As to
BMP-2, only when it reaches a certain concen-
tration in local tissues, can it play the function
of induction of osteogenesis. Here in this study,
4 weeks after operation, the core decompres-
sion + BMP-2/VEGF-165 transfect BMSCs
group had obvious osteogenic reaction and the
formation of the new bone, indicating that
BMSCs transfected by the human VEGF-165
gene has obvious biological effects. 8 weeks
after operation, the bone defect of the femoral
head area was repaired, the bone quality had
been improved and the physiology of bone
repair had been shortened. This results were
consistent with the previous study conducted
by Dr. Hang et al. [27], who demonstrated that
VEGF (165) transgenic autologous BMSCs
enhanced bone reconstruction and blood ves-
sel regeneration in the ONFH (osteonecrosis of
the femoral head) model. Compared with non-
transgenic BMSCs, this approach could provide
advanced benefits in the treatment of ONFH.

The arthroscopic core decompression for treat-
ment of avascular necrosis of the femoral head

Int J Clin Exp Med 2015;8(9):15528-15534
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is mainly applicable to the early lesions (ARCO |
Cto ARCO IIC) [28] and the cases that the artic-
ular surface of the femoral head is smooth, and
the hip joint biomechanics relationship has no
obvious abnormal, and can provide the seed
cells for reconstruction of the femoral head.
This experiment underwent arthroscopic core
decompression combined with autologous
BMSCs transplanted into femoral head, which
improved the intraosseous high pressure and
the pathological state of bone microcirculation
obstacles. At the same time, provided seed
cells for reconstruction of femoral head, to pro-
mote the repair of avascular necrosis of the
femoral head. The blood vessel number femo-
ral head had increased, which indicated that
human BMP-2 gene transfection of BMSCs had
obvious biological effect. There are advantages
when applying arthroscopy in the treatment of
avascular necrosis of the femoral head. Firstly,
it can achieve minimally invasion by magnified
20 times to; secondly, under direct view of
arthroscopy, the necrosis bone was completely
removed, and it was visible of the fresh blood
bleeding, so that the blood supply was saved;
thirdly, the seed cells can play the function of
the vector; fourthly, the arthroscopy channel
that was the core decompression channel, can
be sealed by the bone wax to prevent from the
loss of BMSCs.

This experiment had provided a new direction
for treatment of avascular necrosis of femoral
head, but its treatment is a very complex pro-
cess, and there are still many theoretical and
practical problems for further resolve, such as
(D the optimum BMSCs dosage and concentra-
tion; @ the optimum time and frequency; @
the induction of bone-formation; @ the detec-
tion of in vivo osteogenic capability of BMSCs.

This article innovation: this article used the
avascular necrosis of the femoral head, stem
cells, gene transfection as keyword to search in
CNKI, PubMed 1980/2010 article, and which
decided the experiment has the advancement.
The innovative application of two kinds of gene
transfection of stem cell transplantation in the
treatment of avascular necrosis of the femoral
head suggested that the two genes transfect
bone marrow mesenchymal stem cells can pro-
mote vascularization, and osteogenesis, which
provides new technical means for the treat-
ment of avascular necrosis of the femoral head.
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