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Summary: By co-culturing humm mesenchymal stem cells (hMSCs) and human umbilical rein en-
dothelial cells (HUVECs) under hypoxia and creating a microenvironment similar to that of trans-
planted hMSCs for the treatment of avascular ni ANFH, the effect of hMSCs on survival, apoptosis, 
migration and angiogenesis of human umbilical vein endothelial cells (HUVECs) under the hypoxic 
condition were investigated in vitro. hMSCs and HUVECs were cultured and identified in vitro. 
Three kinds of conditioned media, CdM-CdMNOR, CdM-CdMHYP and HUVEC-CdMHYP were pre-
pared. HUVECs were cultured with these conditioned media under hypoxia. The survival rate, apop-
tosis rate, migration and angiogenesis of HUVECs were respectively detected by CCK-8, flow cy-
tometry, Transwell and tube formation assay. The content of SDF-1α, VEGF and IL-6 in CdM was 
determined by ELISA. Our results showed that hMSCs and HUVECs were cultured and identified 
successfully. Compared with MSC-CdMNOR and HUVEC-CdMHYP groups, the survival rate, migra-
tion and angiogenesis of HUVECs in MSC-CdMHYP group were significantly increased while the 
apoptosis rate was declined (P<0.05). Moreover, the expression of SDF-1α, VEGF and IL-6 in 
MSC-CdMHYP group was up-regulated. Under hypoxia, the apoptosis of HUVECs was inhibited 
while survival, migration and angiogenesis were improved by co-culture of hMSCs and HUVECs. 
The underlying mechanism may be that hMSCs could secrete a number of cytokines and improve 
niche, which might be helpful in the treatment of femoral head necrosis. 
Key words: hypoxia; mesenchymal stem cells; umbilical vein endothelial cells; co-culture; femoral 
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Avascular necrosis of the femoral head (ANFH) is 
a common condition characterized by necrosis of bone 
trabeculae and bone marrow. It is mainly caused by the 
destruction of the blood supply into the femoral head, 
and the incidence of disability due to the disease is high. 
Many treatment strategies have been used, including 
conservative treatment[1–3], such as drugs, electric 
stimulus, shock-wave and electromagnetic field therapy 
and surgical treatment[4–6], such as core compression, 
rotary osteotomy and vascularized bone grafting, but 
neither of them has definitive effect. Recently, stem 
cell-based therapies offer promise for the treatment of 
ANFH. Mesenchymal stem cells (MSCs) from bone 
marrow are on the leading edge because they are easy 
to expand in culture while maintaining their 
multi-lineage potential[7, 8]. A number of studies[9, 10] 
have demonstrated that the implanted MSCs can not 
only survive but proliferate in the necrotic femoral head 
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after transplantation, indicating that the in vitro ex-
panded bone-marrow stem cells can serve as a graft 
material to enhance bone repair and to treat osteonecro-
sis through their differentiation into osteoblasts and 
endothelial cells. However, the role of the transplanted 
MSCs remains poorly understood. In recent years, some 
studies[11, 12] revealed that, stem cells, particularly those 
derived from bone marrow, promote tissue repair by 
secreting factors that enhance regeneration of injured 
cells, stimulate proliferation and differentiation of en-
dogenous stem-like progenitors found in most tissues. 
Animal experiments[13, 14] also demonstrated that under 
hypoxic environment, implanted stem cells can promote 
neovascularization that effectively increases the blood 
perfusion into ischemic tissues, and thus stop further 
necrosis of tissues. Therefore, the ability of such cells to 
alter the tissue microenvironment may contribute more 
significantly than their capacity of trans-differentiation 
to tissue-repair-enhancing effect.  

For these reasons, in this study, in vitro indirect 
co-culture was employed to assess the interaction be-
tween MSCs and human umbilical vein endothelial 
cells (HUVECs) to examine the effects of conditioned 
medium (CdM) from human MSCs on HUVECs ex-
posed to hypoxia. 
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1 MATERIALS AND METHODS 

1.1 Isolation, Culture and Identification of Human 
MSCs  

Bone marrow aspirates were obtained from the 
healthy adult human bone marrow donors and the study 
had been approved by the Ethical Committee of Health 
Science Center of Union Hospital, Wuhan, China. The 
sample was gently layered onto Percoll separating liquid 
(density: 1.13 g/mL) (Pharmacia, USA) and centrifuged at 
1500 r/min for 15 min at 4°C. The low-density hMSC-rich 
layer was collected and re-suspended in stem cell growth 
medium (SGM). SGM was composed of low glucose Dul-
becco’s Modified Eagle’s medium (DMEM-L) (Gibco, 
USA) supplemented with 10% fetal bovine serum (FBS) 
(Gibco, USA), 100 U/mL penicillin-streptomycin 
(Gibco-BRL, USA), and 2 mmol/L L-glutamine (Gibco- 
BRL, USA). Cells were seeded on T75 culture flasks at a 
density of 1×105 cells/cm2 and cultured for 12–14 days 
(passage 0) at 37°C, in 21% O2, and 5% CO2. Cells were 
digested with 0.25% trypsin-EDTA solution (Gibco-BRL, 
USA) and cultured for passaging at a 1:2 dilution when 
cells virtually reached confluence. The cells of the 4th 
passage were used. 

Human CD29, CD44, CD45, CD105 (BioLegend, 
USA) and CD14 (BD Biosciences, USA) antibodies 
were used. A total of 2×106 cells were aliquoted into 
FACS tubes (BD Bioscience, USA). Cells were rinsed 
twice with a cold buffer solution (DPBS, 1% FBS, pH7.4) 
and incubated with fluorescein isothiocyanate (FITC)- or 
phycoerythrin (PE)-conjugated antibodies for 30 min at 
4°C. Cells were re-rinsed and fixed with 1% parafor-
maldehyde and analyzed with FACScan (BD Bioscience, 
USA). In vitro differentiation assays were performed 
according to the manufacturer’s instructions (Cyagen 
Biosciences, China). 
1.2 Culture and Identification of HUVECs 

HUVECs were purchased in the form of frozen 
pooled cell populations from ATCCTM Cell Biology, 
USA. Frozen cells were cultured in endothelial growth 
medium (EGM), and the following components were 
added to the basal medium: 0.1 mg/mL heparin; 0.05 
mg/mL endothelial cell growth supplement (ECGS, 
ScienCellTM, USA). The final concentration was adjusted 
to 10% fetal bovine serum. Cells were digested with 
0.25% trypsin-EDTA solution (Gibco-BRL, USA) and 
cultured for passaging at a 1:3 dilution when cells arrived 
at 80% confluency. HUVECs were employed at the third 
to eighth passages and were expanded under the same 
conditions. The surface markers of HUVECs were iden-
tified by immunofluorescence.  
1.3 Preparation of CdM 

hMSCs were re-suspended in SGM and were seeded 
into T75 culture flasks at a density of 2×106/cm2. After 
24-hour culture, cells were rinsed with PBS three times 
and then incubated with serum-free endothelial growth 
medium (EGMsf). The incubation then continued under 
either hypoxic condition, to prepare CdM for MSCs incu-
bated under hypoxic conditions in EGMsf for 48 hours 
(MSC-CdMHYP), or normoxic conditions, to prepare from 
MSCs incubated under normoxic conditions in EBMsf for 
48 hours (MSC- CdMNOR). To prepare CdM for HUVESs, 
the cells were recovered and seeded at a density of 
2×106/cm2 and incubated in EGM for 24 hours. The me-
dium was replaced with EBMsf and incubated under hy-

poxic condition. After 48 hours, the medium was har-
vested as HUVEC-CdMNOR. During this study, a tri-gas 
incubator (ThermoForma, USA), set at 37°C, 1% O2, 5% 
CO2, 94% N2,, provided the hypoxic condition. A general 
incubator set at 37°C, 21% O2, 5% CO2 afforded the nor-
moxic condition.  
1.4 Assays for Cell Survival and Apoptosis 

HUVECs were plated into a 96-well plate at a density 
of 2×103/well. The cells were randomly sorted into three 
groups according to the kind of medium. After adherence 
of cells to the plate, medium was, respectively, replaced 
by MSC-CdMHYP, MSC-CdMNOR and HUVEC-CdMHYP, 
and then HUVECs were cultured in the tri-gas incubator. 
At five checkpoints (t=12, 24, 48, 72 h), Cell counting 
kit-8 (Dojindo Molecular Technologies, Japan) was used 
to assay the cell survival according to the kit instructions.  

To detect the effect of CdM on HUVECs under hy-
poxia, HUVECs were plated into a 6-well plate at a den-
sity of 1×105/well. After adherence of the cells to the plate, 
medium was, respectively, replaced by MSC-CdMHYP, 
MSC-CdMNOR and HUVEC-CdMHYP. Then they were 
incubated in the tri-gas incubator for 12, 24, 48, and 72 h. 
The cells in each group and at each time point were har-
vested and transferred to Eppendorf tubes. By following 
the instructions of Annexin Ⅴ-FITC apoptosis detection 
kit (BD Pharmingen™, USA), apoptosis rate of HUVECs 
was detected by flow cytometry.  
1.5 Assessment of Cells Migration by Transwell 

Transwell (Corning, USA) inserts with an 8-µm pore 
size were coated with 0.1% gelatin and allowed to air dry. 
HUVECs were suspended in EBMsf, and 100 µL of cell 
suspension (2×105 cells/mL) were added to transwells in 
triplicate, while 900 μL of MSC-CdMHYP, MSC-CdMNOR 
and HUVEC-CdMHYP were, respectively, added to the 
lower wells. After 24 h of incubation in the tri-gas incu-
bator, HUVECs that migrated to the underside of the 
membrane were fixed, stained in 0.1% crystal violet 
(Sigma-Aldrich, USA), and sealed on slides. Light micro-
scope was used to count the number of cells on the under-
side of the insert for each condition. Six fields are evalu-
ated per replicate well to estimate the mean number of 
cells for each replicate. The mean number of cells for each 
condition is then estimated by calculating the mean of the 
three mean replicates. Representative stained filters were 
photographed as a supplementary record of migration.  
1.6 Endothelial Tube Formation Assay 

Growth factor reduced matrigel (GFR-matrigel) 
(BD Biosciences, USA) was diluted by EBMsf at a ratio 
of 1:2. The 96-well plate was evenly coated with diluted 
GFR-matrigel at 50 μL/well and then was placed at 37°C 
overnight to allow gel formation. HUVECs were, respec-
tively, suspended in the following media: MSC-CdMHYP, 
MSC-CdMNOR and HUVEC-CdMHYP , and then cell den-
sity was adjusted to 2×105 /mL. Cell suspension (100 μL) 
was added to each well of the 96-well plate coated with 
GFR-matrigel in triplicate. Each cell group was incu-
bated under hypoxic condition for 48 h. Endothelial cells 
and tubes were examined by using a light microscope. 
Several images of each well were acquired,  processed 
and then analyzed by employing the Image Pro Plus 
software package.  
1.7 ELISA of Cytokines 

After exposing hMSCs and HUVECs to either hy-
poxic or control condition for 48 h, CdM was collected, 
centrifuged at 1500 r/min at 4°C for 10 min, re-collected, 
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and kept at –80 °C until ELISA assay was performed. 
SDF-1α, HIF-1α, VEGF, IL-6 expression was detected 
by using ELISA kits from R&D Systems, USA, accord-
ing to kit instructions.  
1.8 Statistical Analysis 

Data were presented as ±s. The statistical analysis 
was performed by using the SPSS V13.0 software pack-
age by employing an ANOVA with Fisher’s post hoc test 
and Student’s t test. The results were considered statisti-
cally significant when a P<0.05. 

 
2 RESULTS 
 
2.1 Identification of hMSCs and HUVECs 

hMSCs were obtained from aspirated iliac crest mar-
row by plastic adherence in complete medium, and they 

consisted of round and spindle-shaped cells. In the first 
passage of culture, the cells proliferated slowly and 
reached confluence in 2–3 weeks. At passage 3, a homo-
geneous population of flat and fibroblast-like cells was 
obtained (fig. 1A). To characterize the cell-surface antigen 
profile of hMSCs, the expression of surface molecules was 
flow cytometrically analyzed at passage 4. These cells 
showed high expression of CD29, CD44, and CD105, and 
negative expression of CD14, CD45 (fig. 1B-1G), which 
was consistent with previous reports[15–17]. Further research 
indicated that these cells possessed the capacity of differ-
entiating, in vitro, to at least three different cell lineages: 
adipocytes (fig. 1H), osteoblasts (fig. 1I), and chondro-
cytes (fig. 1J).

 
Fig. 1 Identification of hMSCs and HUVECs (passage 3) 

A: A homogeneous population of flat and fibroblast-like cells was obtained (Bar = 100 m). Cells were labeled with FITC- or 
PE-conjugated antibodies and flow cytometrically examined; B: Cells were strongly positive for hMSC-specific markers such 
as CD44, CD105 and CD29 (C, E, G), while negative for CD14 and CD45 (D, F). When cultured in orientation medium, H: 
hMSC differentiated into the osteogenic lineage (alizarin red staining, Bar = 500 m); I:The adipogenic lineage (oil red O 
stain, Bar = 50 m); J: The chondrogenic lineage (alcian blue staining, Bar = 50 m); vWF and CD31 labeled with Cy3 
showed red fluorescence. K:The nuclei of HUVECs labelled with Hoechst 33258 exhibited blue fluorescence. (Bar = 200 m); 
Positive expression of vWF (L) and CD31 (M) (Bar = 200 m) 
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HUVECs were purchased from ATCCTM Cell Bi-
ology, USA, and were cryo-preserved at the end of pri-
mary culture and could be cultured and propagated at 
least 10 population doublings. Tests exhibited that these 
cells were positive for both Von Willebrand factor (vWF) 
(fig. 1L) and CD31 (fig. 1M). 
2.2 Effects of CdM on HUVECAs Survival Under 
Hypoxia 

At 12 hours, the cell survival rate in MSC-CdMHYP 
group was slightly higher than that in either 
MSC-CdMNOR or HUVEC-CdMHYP group, but there was 
no significant difference among them (P>0.05). With the 
prolongation of hypoxic time, at 24 and 48 h, the cell 
survival rate in MSC-CdMHYP group was a little de-
creased while the rate was decreased by more than two 
times in either MSC-CdMNOR or HUVEC-CdMHYP group 
(fig. 2). The cell survival rate was significantly higher in 
MSC-CdMHYP group than in either MSC-CdMNOR or 
HUVEC-CdMHYP group (P<0.05). Seventy-two h later, 
the cell survival rates in all the groups were obviously 
decreased with no significant differences found among 
them (P> 0.05). 

 
 

 
 
Fig. 2 Effects of CdM on the survival of HUVECAs under 

hypoxia 
#P<0.05, vs. HUVEC-CdMNOR; *P<0.05, vs. MSC- 
CdMNOR. 

 
2.3 Effect of CdM on Hypoxia-induced Apoptosis  

To detect the effect of CdM on HUVECs, HUVECs 
were incubated under hypoxia for 12, 24, 48 and 72 h. 
The apoptosis rate of HUVECs treated with different 
CdM was analyzed by flow cytometry (fig. 3). The 
apoptosis rate was gradually increasing over incubation 
time in all the groups, but the rate was lower in 
MSC-CdMHYP group than in the other two groups at each 
time point. At 24 and 48 h, the proportion of apoptotic 
HUVECs in MSC-CdMNOR group, respectively, in-
creased substantially to (7.75±0.53)%, and (10.03± 
0.81)%. While the proportion of apoptotic HUVECs in 
MSC-CdMHYP group just slowly increased to (5.37± 
0.71)% (P<0.05) at 24 h and (5.92± 0.62)%, (P<0.05) at 
48 h. The level of apoptotic HUVECs in HU-
VEC-CdMHYP group was significantly increased as com-
pared with MSC-CdMHYP group at 24 h [(7.23± 0.46)% 
vs. (5.37±0.71)%, (P<0.05)] and 48 h of hypoxia 
[(11.81±0.73)% vs. (5.92±0.62)%, (P<0.05)]. When 
HUVECs were cultured under hypoxia for more than 72 
h, the apoptosis rate in the three groups were not signifi-

cantly different. 
2.4 Effect of CdM on HUVECs Migration Under Hy-
poxia  

To evaluate the effect of CdM on HUVEC migra-
tion, HUVECs were tested for their ability to migrate 
toward different CdM using Transwell migration assay. 
There were more purple cells in MSC-CdMHYP group 
than the other two groups (fig. 4A–C), and there existed 
significant difference among the three groups (P<0.05) 
(fig. 4D). The migrated cell count in HUVEC-CdMHYP 

group reached only one-tenth of that in MSC-CdMHYP 
group (4.3±1.3 vs. 49.7±5.8) (P<0.05) while the migrated 
cell count in MSC-CdMNOR group was only half that in 
MSC-CdMHYP group (27.5±4.1 vs. 49.7±5.8) (P<0.05). 
This finding suggested that, like MSC-CdMNOR, 
MSC-CdMHYP could, to some degree, promote the mi-
gration of HUVECs. 
 
 

 
 
Fig. 3 Effect of CdM on hypoxia-induced apoptosis 

#P<0.05, vs. HUVEC-CdMNOR; *P<0.05, vs. MSC- 
CdMNOR 

 
2.5 Effect of CdM on HUVEC Angiogenesis Under 
Hypoxia 

To exclude the impact of growth factors in Matrigel, 
we used growth factor reduced matrigel to detect the 
effect of CdM on HUVEC angiogenesis. After 24-h in-
cubation under hypoxic condition, the hypoxic HUVECs 
developed tubules when incubated either in 
MSC-CdMHYP (fig. 5C) or in MSC-CdMNOR (fig. 5B), 
while they did not show tube formation in HU-
VEC-CdMHYP (fig. 5A). Since the tube formation was 
incomplete in HUVEC-CdMHYP and complete in 
MSC-CdMNOR, the angiogenic effect was therefore 
greater with MSC-CdMNOR than with HUVEC-CdMHYP. 
The number of tubers was 33.7±7.4, 12.3±3.1, and 
4.0±1.2 in MSC-CdMHYP, MSC-CdMNOR, and HU-
VEC-CdMHYP, respectively (fig. 5D). The number of 
tubes was significantly greater in MSC-CdMHYP than in 
MSC-CdMNOR  (P<0.05) and was significantly greater in 
MSC-CdMNOR than in HUVEC-CdMHYP (P<0.05). 
2.6 Cytokines 

To find out the difference of these CdM, we ex-
amined their active components, which may exert an 
influence on the apoptosis, migration and angiogenesis 
of HUVECs. ELISA confirmed the presence of SDF-1α, 
VEGF and IL-6 and exhibited higher levels of the cyto-
kines in MSC-CdMHYP than in MSC-CdMNOR, while no 
expression or very little expression of SDF-1α, VEGF 
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and IL-6 was detected in HUVEC-CdMHYP. VEGF se-
cretion by hMSCs exposed to hypoxic condition 
(1340±250 pg/mL) was increased 2-fold in comparison 
with the results obtained under control conditions 
(630±140 pg/mL) (P<0.05) (fig. 6A). The levels of 
SDF-1α expression was significantly increased after 
exposure to hypoxic condition for 48 hours (940±120 

pg/mL), in comparison with the expression observed 
under control condition (330±70 pg/mL) (P<0.05) (fig. 
6B). IL-6 secretion by hMSCs exposed to hypoxic con-
dition (840±170 pg/mL) was significantly down-regu-
lated in comparison with IL-6 secretion seen under 
control conditions (480±110 pg/mL) (P<0.05) (fig. 6C).

 
 

 
 
Fig. 4 Effect of CdM on the migration of HUVECs under hypoxia 

A: Migrating cells in HUVEC-CdMHYP group; B: MSC-CdMNOR group; C: MSC-CdMHYP group; D: The number of migrnting 
cells in three groups 
#P<0.05, vs. MSC-CdMHYP; *P<0.05, vs. HUVEC-CdMHYP 

 

 

 

 
Fig. 5 Effect of CdM on the angiogenesis of HUVECs under hypoxia 

A: HUVECs in HUVEC-CdMHYP group; B: HUVECs in MSC-CdMNOR group; C: HUVECs in MSC-CdMHYP group; D: The 
number of tubers in three groups 

#P<0.05, vs. MSC-CdMHYP; *P<0.05, vs. HUVEC-CdMHYP 
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Fig. 6 Cytokines present in HUVEC-CdMHYP, MSC-CdMHYP and MSC-CdMNOR 

#P<0.05, vs. MSC-CdMHYP; *P<0.05, vs. HUVEC-CdMHYP 
 
 
3 DISCUSSION 
 

Osteo-necrosis of the femoral head is a multi-factor-
ial condition, in which the necrosis of bone marrow and 
increased apoptotic osteocytes result from ischemia and 
anoxia of the femoral head and disordered microcircula-
tion. As a result, to improve blood supply of the femoral 
head is the key to the treatment of the disease. There has 
been a growing interest in the transplantation of MSCs 
for ANFH in recent years, and its clinical efficacy has 
been demonstrated by a number of studies[18–20]. There 
are often two ways to treat ANFH: one is to inject MSCs 
at a high density into necrotic sites under C-arm fluoros-
copy; the other is to make depurated MSCs migrate to 
necrotic sites by venous circulation. Either way, the aim 
is to make transplanted MSCs repair necrotic tissue, dif-
ferentiate to bone and vessels, and finally cure ANFH. It 
has not been precisely clarified that how the injected or 
migrated MSCs develop the effect, given that blood sup-
ply is disturbed and oxygen partial pressure is low in the 
necrotic site.  

Initially, MSCs were thought to differentiate di-
rectly into osteoblasts or endothelial cells to treat the 
femoral head necrosis. Cui et al[21] demonstrated that 
bone marrow stem cells can directly form bone after 
transplanted into bone defects and at ectopic sites. Ike-
naga et al[13] demonstrated that, in anoxic environment, 
implanted stem cells can promote neovascularization that 
effectively increases the blood perfusion in ischemic 
tissues, and thus prevent tissues from further necrosis. Ji 
et al[22] found that arterial perfusion MSCs for treating 
the femoral head necrosis could accelerate the process of 
re-vascularization and re-ossification in rabbits. Li et 
al[23] also found that the transplanted GFP-labeled MSCs 
could migrate to areas of bone necrosis and differentiate 
into osteoblasts directly. However, the expression of 
vWF on GFP-labeled MSCs in bone necrosis remained 
negative 6 weeks after transplantation. Horwitz et al[24] 

found that MSCs transplantation to treat osteogenesis 
imperfecta showed measurable improvements in growth 
velocity, bone mineral density, and ambulation despite 
the fact that the levels of engrafted donor MSCs in bone, 
skin, and other tissues were less than 1%. Tang et al[25] 

found that autologous MSC transplantation attenuates 
left ventricular remodeling and improves cardiac per-
formance. The major mechanism appears to be paracrine 
action of the engrafted cells, increasing angiogenesis and 
cyto-protection. Studies in our laboratory (data not 
shown) also found that physiological oxygen tension can 
reduce proliferation and benefit retention characteristics 
of stem cells and inhibit osteoblastic differentiation of 
hMSCs. Increasing evidence suggests that the ability of 
MSCs to alter the tissue microenvironment via secretion 
of soluble factors may contribute more significantly than 
their capacity for transdifferentiation in tissue repair. 
Recently, some studies examined the cause and mecha-
nism by which hMSCs promote the biological functions 
of HUVECs and found that, under hypoxia, hMSCs can 
secrete several cytokines and improve niche to repair 
injured tissues[26]. Hung et al[12] found that, under the 
hypoxia, hMSCs had an increased synthesis and secre-
tion of anti-apoptosis and angiogenesis factors, e.g. IL-6, 
VEGF, MCP-1, etc., which can inhibit apoptosis of 
HUVECs and accelerate angiogenesis. More and more 
evidence indicated that hMSCs cured ANFH mainly by 
secreting some cytokines and improving niche rather 
than directly differentiating into functional cells. 

Accordingly, we hypothesized that ANFH can be 
cured by some MSCs-secreted cytokines which would 
improve niche, enhance angiogenesis and then repair the 
necrotic femoral head. To test this hypothesis, we created 
a hypoxic microenvironment similar to the pathophysi-
ological features of ANFH in order to examine the effect 
of MSC-CdMHYP on proliferation, apoptosis, migration 
and angiogenesis of HUVECs. Moreover, we detected 
some active components which may exert influences on 
apoptosis, migration and angiogenesis of HUVECs.  
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The first step in the present study consisted of 
evaluating the effects of CdM on HUVECs survival and 
apoptosis. Research suggests that MSC-CdMHYP can 
obviously decrease apoptosis of HUVECs resulting from 
hypxia, and increase the survival rate. After 72 hours, the 
protective role of MSC-CdMHYP was remarkably weak-
ened, which may, at least partially, result from a drain on 
medium’s nutrition and shorter half-life of active factors. 
Because IL-6 produced by MSCs was found to have an-
ti-apoptotic effects in the bone marrow niche[27], IL-6 
expression was detected in CdM by ELISA assays, and 
the difference of IL-6 in CdM may explain the protective 
effects of MSC-CdMHYP on HUVECs under hypoxia. 
There are significant differences in the expression of 
IL-6 between HUVEC-CdMHYP and MSC-CdMNOR, but 
there are not difference in survival and apoptosis rate 
found between them. These results suggested that IL-6 
may not be the only anti-apoptotic factor in CdM. 

Moreover, examination on the effect of CdM on 
HUVEC migration under hypoxia exhibited that 
MSC-CdM could promote the migration of HUVECs. 
Especially, MSC-CdMHYP exerted an obvious effect 
while HUVEC-CdM did not. Hypoxia can enhance the 
secretion of HIF-1 by MSCs, and, as a result, the expres-
sion of SDF-1 was up-regulated[28]. The chemokine 
stromal cell-derived factor-1α (SDF-1α or CXCL12) 
mediates homing of stem cells to bone marrow by bind-
ing to CXCR4 on circulating cells[29]. In our studies (data 
not shown) and another research[30], immunofluorescence 
staining demonstrated that HUVECs had CXCR4 ex-
pression. Our results showed that the contents of SDF-1α 
in MSC-CdMHYP were three times that in MSC-CdMNOR. 
As to the role of SDF-1α in MSC-CdMHYP, the number 
of migrated HUVECs was significantly increased but 
there was little SDF-1α in HUVEC-CdMHYP, fewer cell 
migration. The interaction between the chemokine ligand 
SDF-1α and its receptor CXCR4 played an important 
role during the migration of HUVECs. The different lev-
els of SDF-1α in CdM may partially explain the different 
migration rates of HUVECs. 

As to the effect of CdM on angiogenic potential 
ability of HUVECs, the examination of in vitro angio-
genesis revealed that angiogenic ability of HUVECs in 
MSC-CdMHYP group was remarkably higher than in 
MSC-CdMNOR group while endothelial cells in HU-
VEC-CdMHYP group could hardly form a complete lu-
men structure, and we believe difference in VEGF con-
tent in CdM might be responsible for the discrepancy. 
Our results showed that VEGF expression was 
up-regulated two-folds by hMSCs under hypoxic condi-
tion at protein levels. These findings were in agreement 
with previous results that hypoxia increases VEGF ex-
pression in MSCs[31, 32]. Since the concentration of VEGF 
in MSC-CdMHYP was higher than that in MSC-CdMNOR, 
the angiogenic effect was therefore greater with 
MSC-CdMHYP than with MSC-CdMNOR.  

In conclusion, in this study, we co-cultured hMSCs 
with HUVECs under hypoxic condition, and created a 
microenvironment similar to that of transplantation of 
hMSCs for treatment of ANFH, and then we investigate 
the effect of hMSCs on survival, apoptosis, migration 
and angiogenesis of HUVECs under the hypoxic condi-
tion in vitro. The expression of these and other unidenti-

fied factors by MSCs under hypoxia explains their ca-
pacity to effect the femoral head necrosis repair by a 
variety of mechanisms including promoting the survival，
inhibiting apoptosis, increasing migration and stimulat-
ing angiogenesis of endogenous cells. 
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