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Introduction

Osteonecrosis of the femoral head (ONFH) is among the 
most common osteoarthritic diseases worldwide, which 
are caused by hormones, alcohol abuse, hip trauma, and 
decompression sickness and so on (1-3). ONFH may occur 
at any age, but almost 75% of patients with the disease are 

between 30 and 60 years of age (4). There are a variety of 
hypotheses for the pathogenesis of this disease, including 
microvascular injury, intravascular coagulation, intraosseous 
high pressure, dyslipidemia, hormonal toxicity of bone cells 
and osteoporosis (5-8). However, its pathogenesis remains 
elusive. Previous studies have shown that the damage 
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and dysfunction of bone microvascular endothelial cells 
(BMECs) of the femoral head can cause poor blood supply 
to the femoral head, and leads to the final bone necrosis in 
the pathogenesis of ONFH (9,10). 

Angiogenesis is of critical importance to osteogenesis and 
is essential for bone development not only in embryo stage 
but also in bone remodeling thereafter (11-13). New bone 
formation and fracture healing require vasculature, without 
which bone tissue cannot be repaired or rejuvenated (14,15). 
It has been suggested that the close proximity of vascular 
and osteoblastic cells, and potential roles of angiogenic 
blood vessel growth in fracture healing (16). Several studies 
also showed that the capacity for vascular regeneration is 
significantly impaired in patients with ONFH due to high 
blood pressure, hypoxia, and lack of growth factors, which 
leads to reduce new bone formation and weaken mechanical 
strength of the femoral head (10,17).

According to the differences of specific cell surface 
markers, Kusumbe et al. (18) found that there were two 
subtypes of endothelial cells in the capillaries of mouse 
metaphysis and endosteum. Type H vessels were strongly 
positive for CD31 (also known as platelet endothelial cell 
adhesion molecule-1) and Endomucin (Emcn) as assessed 
by immunofluorescence staining, whereas type L vessels 
exhibited distinct molecular properties and displayed only 
weak CD31 staining and lower Emcn expression (18). 
These type H vessels have been identified mainly in the 
metaphysis near the growth plate (19), which are rich 
with several growth factors related to the survival and 
proliferation of osteoprogenitors. However, type L vessels 
are mainly distributed in the diaphysis region, and there 
are few osteoprogenitors around type L vessels. H subtype 
vascular endothelial cells (HSVECs) secrete the protein 
Noggin, which maintains the osteoblast and chondrocyte 
cells that are responsible for bone formation. Moreover, 
HSVECs secrete vascular endothelial growth factor 
(VEGF), which supports angiogenesis (18), and have been 
proved to mediate the growth of the bone vasculature, 
maintain perivascular osteoprogenitors and osteoblasts, and 
couple angiogenesis to osteogenesis (20). Accordingly, the 
proliferation of type H vessels are positively regulated by 
the α-subunit of hypoxia-inducible factor 1 α (HIF-1α) and 
Dll4-Notch signalling pathways (18). The abundance of 
type H vessels decreased in aged human and mice, and were 
associated with bone mass loss obviously (18). 

Although the pathogenesis of ONFH remains unclear, 
many researchers agree that ONFH is associated with 
thrombosis in the microvasculature of the femoral head 

which results in blood supply disruption and hypoxemic 
injury (10). The BMECs constitute the inner lining of 
the vascular wall, the damage of which is one of the key 
factors causing blood clot formation (21). Rebuilding 
and improving the blood supply to the femoral head is 
considered to be an effective treatment for ONFH. Ding 
et al. (22) showed that transplantation of endothelial HIF-
1α transgenic bone marrow cells (BMCs) enhanced both 
angiogenesis and osteogenesis and promotes the repair of 
necrotic area of ONFH. Kusumbe et al. (18) found that 
HIF-1α plays an essential role in controlling type H vessel 
formation. Therefore, it is of great significance to use the 
HSVECs in the study of the etiology, pathogenesis and 
treatment of ONFH. 

In earlier researches, the isolation and culture of BMECs 
were mostly derived from the bone marrow of iliac bone, 
and the operations were complicated and immature, 
with poor repeatability (23-25). Yang et al. (26) from 
our institution used enzyme digestion, density gradient 
centrifugation and immunomagnetic beads to separate and 
culture vascular endothelial cells of human femoral head. 
In order to simplify the operation process and avoid the 
damages caused by magnetic beads, Lu et al. (27) from our 
institution used differential adherence method to remove 
the fibroblasts, and the endothelial cells were further 
purified by using complete endothelial cell culture medium 
containing endothelial cell growth factor and heparin 
to stimulate the growth of vascular endothelial cells. So 
far, there is no research on identification and culture of 
HSVECs in the femoral head. 

Based on previous studies, this study improved and 
simplified some technical details to establish a reliable 
method to the experimental verification of HSVECs of the 
human femoral head.

Methods

The trial was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved by 
institutional ethics board of China-Japan Friendship Hospital 
(No. 2016-BZR-2) and informed consent was taken from all 
the patients. 

Source of specimen

We prospectively enrolled 24 patients who underwent hip 
replacement, between February 2017 and May 2017, in a 
single hospital. The inclusion criteria: patients who were 
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diagnosed with femoral neck fracture, intertrochanteric 
fracture, primary hip osteoarthropathy, developmental 
dysplasia of the hip, or traumatic osteoarthropathy. The 
exclusion criteria were the following: patients with hip joint 
diseases such as ONFH, hip joint tuberculosis, ankylosing 
spondylitis, rheumatoid arthritis, hemophilia hip joint 
disease, and tumor around the hip joint. 

Main reagents

Collagenase type I, 0.25% trypsin-ethylenediaminetetraacetic 
acid (EDTA), 100 µg/mL streptomycin, 100 U/mL 
penicillin, and TritonX-100 were purchased from Solarbio 
(Beijing, China). Ten percent fetal bovine serum (FBS), 
phosphate-buffered saline (PBS), and Hanks balanced salt 
solution (HBSS) were purchased from Thermo Fisher 
Scientific (New York, USA). Gelatin and Hoechst33342 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Endothelial cell growth medium (ECGM) containing M199 
medium, and low-glucose Dulbecco’s modified Eagle’s 
medium (DMEM-LG) were purchased from HyClone 
(Logan, Utah, USA). Paraformaldehyde and ethanol were 
purchased from Boster (Wuhan, Hubei province, China). 
Heparin sodium was used from Xinbai pharmaceutical 
(Nanjing, Jiangsu province, China). Endothelial cell 
growth factor (ECGF) was purchased from Sino Biological 
Inc. (Beijing, China). Rat anti-CD31 antibody, rat anti-
von Willebrand factor (vWF) antibody, rat anti-VCAM-1 
antibody and goat anti-rabbit IgG-FITC antibody were 
purchased from Bioss Inc. (Beijing, China). Rat anti-
Endomucin antibody was purchased from Absin Bioscience 
Inc. (Shanghai, China).

Main equipments

CO2 incubators were the product of Eppendorf (Hamburg, 
Germany); clean bench was the product of Shiankelin 
(Beijing, China); inverted phase contrast microscope was 
the product of Olympus (Shinjuku-ku, Tokyo, Japan); 
horizontal centrifuge was the product of Sigmae-Aldrich 
(St. Louis, MO, USA); water bath was the product of 
SHELLAB (Cornelius, OR, USA); transmission electron 
microscope was the product of Hitachi (Tokyo, Japan).

Human tissue preparation

The samples in this study were obtained from the femoral 
heads of patients who underwent hip replacement in the 

Department of Orthopedics of China-Japan Friendship 
Hospital. Briefly, the soft tissues and cartilages of the 
samples were removed under aseptic condition in the 
operation room, and the cancellous bone of femoral 
heads were bitten into bone particles with bone rongeur. 
Subsequently, the bone particles were placed into a 50 mL 
centrifugal tube containing 30 mL DMEM-LG medium, 
and then taken to the laboratory immediately.

Isolation of cells

The centrifuge tubes with specimens were repeatedly 
oscillated for 4–5 minutes, and then the medium and the 
upper lipid were removed. Bone tissues were washed for three 
times with HBSS, digested with DMEM medium containing 
0.2% collagenase I and vibrated at 37 ℃ by constant 
temperature oscillator for 30 min. The amount of liquid 
was about 5 times of the size of bone granules. Next, 0.25% 
trypsin/EDTA was added, and specimens were digested with 
trypsin of a final concentration of 0.1% at 37 ℃ for 5 min 
by constant temperature oscillator. Cell suspensions were 
collected by filtering out fat and bone granules with a 150 
µm cell sieve, and then centrifuged at 1,500 r/min for 3 min 
at room temperature. After centrifugation, a small cell mass 
was observed at the bottom of the tube, which was divided 
into two layers, the upper layer was mainly consisted of red 
cells and the lower layer was largely consisted of vascular 
endothelial cells. The cells were first suspended in a gelatin 
free T75 cell culture flask (Corning, NY) with DMEM-LG 
medium. One hour later, the culture medium was collected, 
then centrifuged again. After that, the cells were resuspended 
in 5 mL complete endothelial cell culture medium (40 u/mL 
heparin, 100 u/mL penicillin, 100 ug/mL streptomycin, 20% 
FCS, ECGM containing M199 medium, 10 ng/mL VEGF). 
Cells were counted in a haemocytometer, and the cell density 
was adjusted to 1,105/mL and plated on culture flasks coated 
with 2% gelatin. 

Culture of cells

The cultured cells were maintained in 5% CO2 at 37 ℃ 
with medium changed every 2–3 days. At 6–8 days, when 
the primary culture had grown to approximately 80% 
confluence, cells were detached by digestion with 0.25% 
trypsin/EDTA for 5 min, and then seeded to new flasks at a 
split ratio of 1:3. Afterwards, culture medium was changed 
every 2–3 days and passages were performed when cells 
reached 80% confluence.
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Morphological observation

BMECs were plated in a T75 cell culture flask (Corning, 
NY, USA) and once grown to 80% confluence, cells 
were observed under inverted phase contrast microscope. 
Then these cells were washed by PBS for three times and 
collected by using a cytology brush. After centrifugation, 
cell mass was fixed with 2.5% glutaraldehyde for 24 hours 
at 4 ℃, soaked in 1% osmic acid for one hour, dehydrated 
with gradient acetone and then embedded by EPon-812. 
After the ultrathin sections were made and processed with 
double staining method of lead and uranium, they were 
observed under transmission electron microscope.

Immunofluorescent staining

Cells were cultured on gelatin-coated glass coverslips and 
left for 2–3 days to reach confluence. The coverslips were 
washed with PBS three times and then fixed with 4% 
paraformaldehyde at room temperature for 15 min. After 
washing with PBS three times, cells were treated with 0.5% 
Triton X-100 for 20 min and then incubated in 10% FBS 
for 30 min at room temperature. Subsequently, cells were 
incubated with the primary antibodies at 4 ℃ overnight in a 
wet box. Afterwards, coverslips were washed with PBS three 
times, and incubated with the secondary antibodies and 
Hoechst33342 for 1 h at 20–37 ℃, and then washed three 
times with PBS. Finally, the cells were sealed with mounting 
medium containing fluorescent preservative mounting 
agent, and viewed with a fluorescence microscope. 

Results

Morphology observation

The primary cells were spindle shaped, grew in a manner 
of colony. After 24 hours, the cells were observed under 
inverted microscope. The cells of the patients less than 
60 years old were evenly distributed, and each field (×100) 
contained 50–100 cells. The number of cells per field 
decreased with age, and only 2–10 cells were seen per field 
for patients over the age of 85. In general, the primary 
cultured HSVECs underwent 3 passages, and went through 
2 continuous subculture cycles in total. After 3–4 days of 
culture, adherent cells were observed in many areas of the 
culture flasks, evenly distributed, and inconsistent in size 
and shape. The number of cells was inversely correlated 
with the age of patients in primary culture. Following 
7–8 days of primary culture, the cells grew against the 

wall of flask, formed a monolayer after fusion, arranged 
in fascicular, whorled, and contact inhibition appeared 
significantly (Figure 1A). Most of the cells appeared short 
spindle, polygon shaped and cobblestone-like morphology 
(Figure 1B). Under transmission electron microscope, these 
cells were in polygon shape and the surface was covered 
by microvilli formed by cytoplasm bulge, with large, 
ovular nuclei of obvious nucleoli. Cytoplasm was rich in 
mitochondria, ribosomes, rough endoplasmic reticulum, 
Golgi complexes and other organelles (Figure 1C). 

Immunofluorescence 

The surface markers of HSVECs were detected via 
immunofluorescence. The percentage of vWF positive cells 
was quantified by computed the mean from 3 randomly 
selected fields, and the results showed that about 100% of 
the cells were vWF positive. Specific bright yellow green 
fluorescence was observed in the plasmas and the nucleus 
was stained blue with Hoechst33342. VCAM-1 positive 
percentage was close to 100%. The cells showed yellow 
green immunofluorescence, indicating that they expressed 
VCAM-1. CD31 antigens cells showed green fluorescence, 
and the percentage of which was about 100%. The 
percentage of cells positive for Emcn was close to 100%, 
and the majority of cells had moderate or high intensity of 
the yellow green fluorescence. The control groups were 
negative (Figure 2). The results of immunofluorescence 
of the isolated cells revealed positive expression of vWF, 
VCAM-1, CD31 and Emcn, which indicated the cells were 
HSVECs. 

Discussion

Bone microvascular system is an important part of bone 
microenvironment. Bone microvessels not only support 
metabolic needs of various kinds of cells in bone, but also 
have secretory function which plays a significant regulatory 
role in the metabolism of local bone tissue. The bone 
microvascular structure is similar to coral shape, and its 
capillaries, partially dilated, tortuous, and intertwined, 
are a complete three-dimensional frame formed by 
the connection of the thin-walled vascular sinus (28).  
Microcirculation dysfunction will affect new bone 
formation, bone resorption, nutrient transport and the 
balance of microenvironment in the bone. The blood vessels 
in bone tissue play an important role in the maintenance 
of bone mineral density, and decreased vascular support 
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can result in increased bone loss (29). The typical blood 
supply of bone tissue (such as long tubular bones) is 
mainly provided by three types of blood vessels (feeding 
artery, metaphyseal-epoepiphyseal artery, and periosteal  
artery) (18). These blood vessels are all attached with 
vascular endothelial cells. However, how the end of the 
blood supply affects bone formation has become the focus 
of current research. In 2014, Kusumbe et al. (18,30) firstly 
proposed that there is a coupling relationship between 
the growth of blood vessel terminals in bone and bone 
formation. Animal experiments found that most of the 
capillaries in the end of the artery in the bone terminate 
at the metaphysis near the growth plate, and a few in 
the endometrium; the blood vessels in the skeleton of 
mice can be divided into type H blood vessels and type 
L blood vessels. A large number of osteoprogenitor cells 
and osteoblasts clustered around type H blood vessels. H 
subtype blood vessels are rich in endothelial cells, which 
secrete Noggin to maintain the function of osteoblasts and 
chondrocytes which are responsible for bone formation. 
HSVECs are a special type of vascular endothelial cells. 
And these cells, in return, secrete VEGF to support 
angiogenesis. The type H vessels have been identified as a 
sensitive marker for bone loss in human bone structures, 
and changes in them represent an early event for bone 
deterioration (19).

Several researchers have isolated and cultured vascular 
endothelial cells from the bone marrow of the ilium and 
studied the hematopoietic function of bone marrow in vitro 
(23-25). These endothelial cells were not endothelial cells 
in the vessel walls of the bone, but a kind of bone marrow 
stromal cells, its function may be different from traditional 
BMECs. Our institution (26,27,31) has successfully isolated 
the BMECs from the femoral head to study ONFH. Until 
recently, most experiments with vascular endothelial cells 
have been conducted with unsorted cells. On the basis of 
these studies, we isolated the HSVECs which would be an 
ideal cell source for the later study on ONFH. Our study 
is the first report that obtaining highly pure HSVECs of 
human femoral head by using enzymatic digestion and 
purification of selective medium. This study draws on 
the experience of the separation method of Lu et al. (27), 
using 0.2% collagenase I to digest the tissue for 30 min 
at 37 ℃, which is an essential procedure of obtaining 
enough endothelial cells and removing other tissues. Using 

Figure 1 The HSVEC grew against the wall of flask, formed a 
monolayer after fusion, arranged in fascicular, whorled, and contact 
inhibition appeared significantly (A, inverted phase contrast 
microscope, ×40). Most of the cells appeared short spindle, 
polygon shaped and cobblestone-like morphology (B, inverted 
phase contrast microscope, ×100). Under transmission electron 
microscope, these cells were in polygon shape and the surface was 
covered by microvilli formed by cytoplasm bulge, with large, ovular 
nuclei of obvious nucleoli. Cytoplasm was rich in mitochondria, 
ribosomes, rough endoplasmic reticulum, Golgi complexes and 
other organelles (C, transmission electron microscope, stained with 
lead acetate, ×12k). HSVEC, H subtype vascular endothelial cell.

A

B
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complete endothelial cell culture medium containing 
endothelial cell growth factor and heparin to stimulate 
the growth of endothelial cells, we can effectively remove 
fibroblasts and other impurities. vWF, VCAM-1 and CD31 

are routinely used for the definition of human vascular 
endothelial cells. vWF is a large multimeric glycoprotein 
that showed an obvious effect on hemostasis and thrombus 
formation (32), and normally synthesized by vascular 

Figure 2 The HSVECs expressing vWF, VCAM-1, CD31 and Emcn were identified by immunofluorescence. vWF, von Willebrand factor; 
HSVEC, H subtype vascular endothelial cell.
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endothelial cells and megakaryocytes (33). The type H 
vessel has been identified in human bone and is positive 
for CD31 and Emcn on the range of organs and tissues 
demonstrated by immunohistochemistry (18). CD31, 
expressing in endothelial cell and platelet in high level, 
is commonly used to identify vascular endothelial cells in 
recent years (34). Emcn was identified as an endothelial 
sialomucin expressed on the surface of endothelial cells 
along the vascular tree, and it serves as a specific marker in 
the study of endothelial cells (35,36). 

The co-localization of CD31 and Emcn indicated that 
the cultured cells were HSVECs. Moreover, it was observed 
that HSVECs exhibited the typical morphology of vascular 
endothelial cells during culture. Wang et al. (19) found that 
type H vessels was enriched in the proximal femur near 
the greater trochanter. This study successfully obtained 
large amount of purity HSVECs, and proved that human 
femoral head contains a high percentage of type H vessels, 
and CD31 and Emcn can be used as reliable markers for 
the prospective isolation of HSVECs. We also found that 
the number of HSVECs after 24 hours of primary culture 
was directly related to the age of the patients. It is easier 
to culture more HSVECs from the bone tissue of young 
patients. Due to the rapidly increase of aging population, 
the number of patients with osteoporosis has been 
increasing annually (37). Because of the close correlation 
between H type vessel and bone loss, the research on 
HSVECs will also provide a new research direction for the 
treatment of osteoporosis.

This  s tudy has  some l imitat ions .  The method 
of differential adhesion was used to eliminate the 
contamination of fibroblasts, but there were still chances 
of contamination of fibroblasts in primary culture. As 
a secondary precaution, using complete endothelial 
cell culture medium helps to eliminate the possible 
contamination of fibroblasts. Moreover, it is possible that 
the cultured HSVECs may behave differently from freshly 
isolated HSVECs. This problem may exist in all in vitro  
cultured cells. We tried to complete co-localization 
immunofluorescent staining with different markers for 
HSVECs, but the effect of the co-localization is not always 
satisfactory. Probably the immunofluorescence graphs 
of different markers influence each other, which makes 
the graph unclear. We will continue to explore the co-
localization technology in the future. However, the CD31 
and Emcn are highly expressed, respectively, in the same 
group of the cultured cells by immunofluorescence staining, 
which is confirmed to be HSVECs. Considering that there 

have already been some detailed papers on the function 
and its related mechanism of H subtype blood vessels, this 
study did not involve this aspect of HSVECs. However, the 
detailed function of human HSVECs will be the direction 
of our study in future. 

Conclusions

In summary, we describe a simple and effective experimental 
verification for isolation of HSVECs from the human 
femoral heads. These purified cells may become an 
important tool for the studies on ONFH, osteoporosis and 
other bone diseases.
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