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INTRODUCTION

Osteonecrosis of the femoral head (ONFH) results from the 
disruption of blood supply to the femoral head (FH), gradual-

ly leading to the necrosis of osteocytes and marrow and even-
tually resulting in osteoarthritis and osteonecrosis.1-4 However, 
as the condition is still somewhat rare, effective treatments are 
lacking. Although traditional therapies, such as medication 
and surgery, are beneficial in the early stages of ONFH, its nat-
ural progression gradually leads to a wider osteonecrosis and 
ultimately results in the collapse of FH. Eventually, a total hip 
replacement has to be performed.5-7 Therefore, novel and effec-
tive therapies against ONFH are urgently needed. 

Studies on stem cell therapy have focused on ONFH.8,9 Among 
somatic stem cells, bone marrow-derived mesenchymal stem 
cells (BMMSCs) are considered a primary source, because they 
can be obtained relatively easily. Adipose-derived mesenchy-
mal stem cells (ADSCs) are another source of stem cells, and 
are present in larger numbers than BMMSCs.10 The effects of 
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both cell therapies have yielded satisfactory results.11-15 How-
ever, bone marrow collection is restricted by the patient’s con-
dition and age,13 and the invasive procedure may result in in-
fection. As for ADSCs, a standardization process is still absent. 
Therefore, to explore substitute resources from which mesen-
chymal stem cells (MSCs) can be more conveniently obtained 
has emerged as a new focus. The existence of peripheral blood-
derived mesenchymal stem cells (PBMSCs) has been confirmed 
by some recent research.16-18 As harvesting blood is a less inva-
sive and cheaper way to obtain stem cells, it could offer signif-
icant advantages for autologous use. Indeed, there have been 
a few reports about treatment with PBMSC transplantation 
(PBMSCT) on tissue damaged diseases. According to a previ-
ous study, we found that there was a significant increase in the 
number of PBMSCs observed after recombinant human gran-
ulocyte colony-stimulating factor (G-CSF) mobilization.19 In 
this study, rabbit PBMSCs (rPBMSCs) were enriched after G-
CSF mobilization. The enriched PBMSCs were implanted in the 
necrotic areas of ONFH, and the results revealed that the ther-
apeutic efficiency by PBMSCT after core compression (CD) is 
superior to that by simplex CD. In addition, this present study 
suggests that this beneficial effect relates to the up-regulation 
of BMP-2 expression and down-regulation of PPAR-γ expres-
sion after PBMSCT, which lays the foundation for further ex-
ploration of the molecular mechanism of ONFH treatment by 
PBMSCT.

MATERIALS AND METHODS 

Isolation and culture of mobilized rPBMSCs
New Zealand rabbits (n=36), which were purchased from 
Chongqing Xin Teng Biological Technology Co., Ltd. (produc-
tion license: SCXK Yu 2012–0005), were selected regardless of 
sex. The committee for experimental animals of Zunyi Medical 
College approved all of the experimental procedures, and the 
procedures complied with the Guidelines for the Care and Use 
of Laboratory Animals. The three-month old rabbits were se-
lected and underwent a continuous subcutaneous injection of 
G-CSF for mobilization according to the dose of 30 µg/kg/d for 
6 days. Afterwards 20 mL of peripheral blood (PB) were collect-
ed with sodium heparin, diluted in 20 mL of phosphate buffer 
saline (PBS) and layered over the 20 mL of Ficoll (1.073 g/L, 
Virtue Pacific, Tianjin, China). After density gradient centrifu-
gation (Centrifuge 5804R, Eppendorf, Germany) at 2000 rpm 
for 25 min, the buffy coat layer rich in mononuclear cells was 
harvested and washed twice with PBS. Thereafter, the erythro-
cytes were lysed by red blood cell lysis solution. Subsequently, 
the collected cells were rinsed twice, and the supernatant was 
removed. Then, the cells were re-suspended, counted, and 
plated at 5×105/cm2 in a T25 disposable plastic flask at 37°C, 
in a humidified 5% CO2 incubator (Forma 3141, I/R, Thermo, 
Waltham, MA, USA), in 5 mL of low glucose-Dulbecco’s modi-

fied eagle medium (LG-DMEM, Gibco, New York, NY, USA) sup-
plemented with 15% fetal bovine serum (FBS, Gibco, New York, 
NY, USA), 100 U/mL penicillin, 100 µg/mL streptomycin, and 
2 mmol/L L-glutamine (Glu, HyClone, Logan, UT, USA). The 
growth status of those cells was observed after approximately 
24 h under a light microscope (YS100, Nikon, Tokyo, Japan). 
Half of the medium was replaced after 72 h, and the full medi-
um was replaced every 2 days until the cell growth reached ap-
proximately 80–90% confluence. Finally, the cells were seeded 
at a density of 2–5×105/mL for subculture.

Phenotypic identification of mobilized rPBMSCs

Flow cytometry analysis
Passage 2 rPBMSCs were digested with 0.125% trypsin-0.02% 
ethylenediamine tetraacetic acid disodium salt (EDTA-2Na, 
Calbioche, Darmstadt, Germany) and suspended. After density 
gradient centrifugation at 1500 rpm for 5 min, the cell superna-
tant was removed and the cell concentration was adjusted to 
2×106/mL by adding appropriate Dulbecco’s Phosphate Buff-
ered Saline (D-PBS). The liquid was placed into flow tubes, 100 
µL per tube, and then anti-rabbit CD29-FITC (Millipore, Bill-
erica, MA, USA) and CD14-PE (Acris Antibodies, San Diego, 
CA, USA) were added to the tubes, respectively, for labeling of 
the cells. After incubation for 20 min away from light, 2 mL of 
D-PBS containing 0.1% NaN3 was added to mix and shaken. 
After centrifugation, as stated above, the supernatant was re-
moved, and 200 µL of 1% paraformaldehyde fixative solution 
(PFA) was added and oscillated until uniform. Then, the cells 
were preserved at 4°C until ready for flow cytometry analysis 
(FACS Calibur, Becton Dickinson, Franklin Lakes, NJ, USA) 
within 24 h using Cell Quest software. The number of collected 
cells was not less than 2×104, and the isotype control antibod-
ies were IgG-FITC (Millipore, Billerica, MA, USA) and IgG2a-
PE (Millipore, Billerica, MA, USA) of mouse derivation.

Immunocytochemical staining analysis
After preparation of climbing slices of passage 2 rPBMSCs, the 
cells were washed 3 times with PBS for 5 min. Those cells were 
fixed in 4% PFA for 15 min at room temperature, and then they 
were washed with PBS again as stated above. Afterwards, goat 
serum (Boster, Wuhan, China) was added dropwise, incubated 
for 30 min at room temperature, and then shaken to dry. There-
after, primary antibodies, including anti-rabbit CD90 (Milli-
pore, Billerica, MA, USA), CD105, CD34 (Biorbyt, Shanghai, 
China), CD45, and CD44 (AbD serotec, Oxford, UK), were add-
ed to rPBMSCs, respectively, according to the manufactures’ 
instructions, and then incubated overnight at 4°C. Meanwhile, 
PBS was used as a substitute for primary antibodies as a con-
trol. Then, the secondary antibodies against rabbits were add-
ed to rPBMSCs according to the instructions provided in the 
immunohistochemistry kit, and incubated for 30 min at 37°C. 
rPBMSCs were rinsed with PBS again, as stated above, subse-
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quently stained with Diaminobenzidine (Gene Tech, Shanghai, 
China) for 5 min, and washed with tap water. Finally, after 
counterstaining with hematoxylin for 30 s, rPBMSCs were 
washed with tap water again and observed under the inverted 
microscope (IX-71-S8F, Olympus, Tokyo, Japan) after air drying.

Colony-forming ability and other characteristics 
of mobilized rPBMSCs 
The colony forming efficiency (CFE) of rPBMSCs was analyzed 
according to a previous report.19 Briefly, mononuclear cells of 
mobilized rabbit PB samples and non-mobilized ones were 
counted and seeded at 5×105/cm2 into six-well plates, respec-
tively. The cells were cultured at 37°C in a humidified 5% CO2 
atmosphere with α-MEM (Gibco, New York, NY, USA) supple-
mented with 15% FBS, 100 U/mL penicillin, and 100 µg/mL 
streptomycin. Half of the culture medium was replaced 3 days 
later, and the full medium was replaced 5 days later, after which 
full medium was replaced every 3 days. After 14 days, the cells 
were fixed in 4% PFA, and stained for 5 min with crystal violet, 
and colony forming units (CFU) for which cell numbers were 
greater than 50 were counted under an anatomical lens. CFE= 
number of CFU/number of inoculated mononuclear cells (/106 
as unit). Mesoderm multi-lineage differentiation capacities 
were analyzed according to our previous research.16 

Establishment of a rabbit ONFH model and mobilized 
rPBMSCs implantation
A rabbit ONFH model was established by a liquid nitrogen 
freezing method (Fig. 1A-D) according to our previous report.20 
Bilateral FHs were both established as ONFH models, the right 
for implantation and the left for validation of the approach. 
Then, the rabbits were randomly divided into four groups: con-
trol group, model group, CD group, and PBMSCT group. After 
the establishment of ONFH models, all animal models in the 
CD and PBMSCT groups underwent core decompression of 
the FHs. Briefly, a drill, the diameter being 1.2 mm, was insert-
ed to a 5-mm depth, at an angel of 45° from the posteromedial 
femoral neck (Fig. 1G), until the drill arrived at the underside 
of articular cartilage (Fig. 1E). As for the PBMSCT group, mobi-
lized rPBMSCs of passage 2 or passage 3 were injected at 3×106 
cells per model after CD. Later, the wounds of all rabbits were 
closed layer by layer (Fig. 1F), and penicillin was administered 
for preventing infection via an intramuscular injection at 4× 
105 U/d for 5 days.

Tracing the survival of mobilized rPBMSCs after 
implantation
Passage 2 rPBMSCs were marked with PKH26 Red Fluores-
cent Cell Linker (Sigma, St. Louis, MO, USA) according to the 
instructions of the manufacturer, and then transplanted into 

Fig. 1. Operation process of the establishment of rabbit model by liquid nitrogen freezing. (A) Blunt separation of the gluteus maximus muscle, gluteus me-
dius muscle, and gluteus minimus muscle. (B) Dislocation of femoral head and covering it with a rubber funnel. (C) Freezing the femoral head with liquid 
nitrogen by medical cotton stickers. (D) Drilling a 5 mm-depth hole at an angle of 45° from the posteromedial femoral neck according to the direction of 
the arrow until the bit arrived at the underside of articular cartilage. (E) Injection of PBMSCs of passage 2 or passage 3 after drilling. (F) Suture of the 
wound layer by layer. (G) Direction of the drilling. PBMSCs, peripheral blood-derived mesenchymal stem cells.
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the FH through the bone tunnel. Thereafter, FHs from three of 
the models were removed at 2 weeks, 6 weeks, and 8 weeks, 
respectively. After being fixed in 4% PFA for 48 h, the fresh FH 
tissue specimens underwent decalcification, the decalcifying 
fluid being 1 mol/L EDTA, at 37°C in a Shaking Bath (SBD 50, 
Heto-Holten, Waltham, MA, USA) for 14 days. Afterward, lon-
gitudinal sections, the thickness being 15 μm, were made by 
freezing microtomes (CM1850, Leica, Solms, Germany). After 
counterstaining with DAPI Fluorescent Cell Linker (Sigma, St. 
Louis, MO, USA), the survival of transplanted rPBMSCs were 
observed under a fluorescence microscope (DMIR, Leica, Sol-
ms, Germany).

Radiographs of hip joints 
Rabbits were injected with 3% carbrital at 30 mg/kg through the 
auricular vein, and then fixed on a checking platform at the 
dorsal decubitus. Positive photographs of bilateral hip joints 
were taken by X-ray machine (AXIOM Aristos VX, Siemens, 
Berlin, Germany), and the imaging features, including shape of 
FHs, bone densities, and joint spaces, in each group were ob-
served. 

Histopathology analysis of FH
After fixed in 4% PFA for 48 h, the fresh FH specimens were de-
calcified with 20% formic decalcified fluid (pH=6.0) supple-
mented with 20 mL of formic acid and 80 mL of formalin for 3 
weeks. Subsequently, the specimens were embedded in par-
affin and sectioned at 5-μm thickness by a paraffin-splicing 
machine (RM2235, Leica, Solms, Germany). Thereafter, three 

fields of each section were randomly selected to observe the 
histopathologic characteristics under a light microscope after 
hematoxylin and eosin (HE) staining.

Detection of the mRNA expressions of BMP-2 and 
PPAR-γ in local tissue from FHs
Primer sequences were designed by Primer Premier 6 and 
synthesized by Shanghai Generay Biotech Co., Ltd. The for-
ward primer sequence of BMP-2 was 5’-TCGAGAACAGATG 
CAGGAAG-3’, and the reverse one was 5’-GGAATTTCGAGT 
TGGCTGTT-3’.  The forward primer sequence of PPAR-γ was 
5’-GCAAAGAAGTCGCCATCC-3’, and the reserve one was 
5’-GGGCTCCATAAAGTCACCAA-3’. The forward primer se-
quence of β-actin gene, as an internal control, was 5’-AGGC 
CAACCGCGAGAA-3’, and the reserve one was 5’-CCGTCGCC 
AGAGTCCAT-3’.

Fresh specimens of FH tissues (n=24) were collected from 3 
animals at 2 weeks and 8 weeks, respectively. Total intracellu-
lar RNA was extracted according to the instructions provided 
by RNAisoTM Plus (TaKaRa, Dalian, China), and then, a reverse 
transcription reaction was performed by a PrimeScript® RT 
Reagent Kit (TaKaRa, Dalian, China). The reaction volume 
was 20 μL; the total RNA was 100 ng; and the reaction condi-
tions was set to 37°C for 15 min and then 85°C for 5 s. The re-
action system of fluorescent quantitative PCR was carried out 
with a SYBR® Premix Ex TaqTM II Kit (TaKaRa, Dalian, China) 
in a 25-μL reaction volume supplemented with 12.5 µL of 
SYBR® Premix Ex TaqTM II (2×), 1 µL of upstream primers and 
1 µL of downstream ones (10 µmol · L-1), 1 µL of template cDNA 

Fig. 2. Morphology of cultured rPBMSCs. (A) Primary colony growth of rPBMSCs for 3 d ×40. (B) Primary confluent growth of rPBMSCs for 10 d ×100. (C) The 
second passage of rPBMSCs ×200. (D) The second passage of rPBMSCs ×200. rPBMSCs, peripheral blood-derived mesenchymal stem cells from rabbits.
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(equivalent to 5 ng total RNA), and 9.5 µL of RNase Free dH2O. 
The reaction conditions were set to 95°C for 30 s for initial de-
naturation, then 95°C for 5 s, and 60°C for 30 s until the opera-
tion cycled 40 times. Finally, the specificity of the PCR prod-
ucts was identified by agarose gel electrophoresis (Syngene, 
Cambridge, UK), and a relative quantitative analysis was per-
formed according to the method previously reported.21

Statistical analyses 
Data are presented as mean±standard error (SEM). Statistical 
analyses were performed using the SPSS 13.0 software pack-
age (SPSS Inc., Chicago, IL, USA), and one-way ANOVA was 
conducted for comparisons between groups. Statistical signif-
icance was set at p<0.05.

Fig. 3. Phenotypic analysis of mobilized rPBMSCs. (A) Demonstration of the positive expression of CD29 and the negative expression of CD14 by FCM. (B) 
Positive expression of CD44, CD105, and CD90, and negative expression of CD45 and CD34 by immunocytochemical staining ×200. rPBMSCs, peripheral 
blood-derived mesenchymal stem cells from rabbits; FCM, flow cytometer; PBS, phosphate buffer saline.
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RESULTS

Mobilized rPBMSCs owned the growth characteristics 
of MSCs
Spindle adherent cells were observed after 24 h of primary cul-
ture of mobilized rabbit peripheral blood mononuclear cells 
(PBMNCs). The colonies of adherent cells formed obviously 
after 72 h of primary culture (Fig. 2A), and those cells could 
grow to 80% approximately confluence after 10 days of prima-
ry culture (Fig. 2B). The passage cells possessed uniform long-
shuttle-like morphology and showed a whirl-like arrange-
ment growth (Fig. 2C and D). As for the non-mobilized PB 
samples, there were few adherent cells observed after the 24-
hour primary culture, and few cell colonies formed 10 days after 
primary culture. Subsequently, the cultured cells aged quickly 
and failed to subculture.

Mobilized rPBMSCs owned the phenotypic analysis of 
MSCs
The flow cytometry results of mobilized rPBMSCs from pas-
sage 2 indicated the positive expression of CD29 and negative 
expression of CD14 (Fig. 3A). The immunocytochemical stain-
ing results indicated positive expression of CD44, CD105, and 
CD90 and negative expression of CD45 and CD34 (Fig. 3B).

Mobilized rPBMSCs owned a higher CFE and 
differentiation capacities of MSCs
The colony-forming test showed that colonies could be suc-
cessfully obtained from all of the collected mobilized PB sam-
ples, while only one out of the four non-mobilized samples pro-
duced a few colonies. The CFE was 2.8–10.8/106 from mobilized 
PB (Fig. 4A and B) and 0–3/106 from non-mobilized PB (Fig. 
4C and D). That is, there was 6.76±2.42 PBMSCs per million 
PBMNCs after mobilization, outnumbering 0.75±1.29 in the 
non-mobilized group (p<0.01) (Fig. 4E). rPBMSCs could differ-
entiate into osteocytes (Fig. 4F), adipocytes (Fig. 4G), and chon-
drocytes (Fig. 4H).

PKH26-marked mobilized rPBMSCs could survive at 
least 8 weeks in vivo
rPBMSCs could be successfully marked with PKH-26 in vitro 
(Fig. 5A and B). Observation results of FH tissue slices suggest-
ed that rPBMSCs marked with PKH26 could be found in the 
necrotic area up to 8 weeks after transplantation, although the 
number of the engrafting cells in the necrotic zone significantly 
decreased as time elapsed (Fig. 5C).

PBMSCT enhanced the bone regeneration in vivo
At 8 weeks, there was an obvious collapse, lessened shape, se-
rious defect, greater joint space, and even a joint abnormal 
alignment, and the epiphyseal plate became indistinct in the 
model group (Fig. 6A). That is, the overall shape of FHs showed 
an aggravated development with loss of time. Meanwhile, the 

density of all FHs in the CD group increased continually, and 
the central zone was lower, and the edge was higher. Addition-
ally, sclerosis lines appeared (Fig. 6B). In the PBMSCT group, 
beside the representation of high-density image of FH, tra-
becular bone appeared intact and well-distributed (Fig. 6C). 
The whole densities in the PBMSCT group were higher than 
those in the simplex CD group.

PBMSCT increased bone regeneration and decreased 
pimelosis
At 8 weeks, the adipose cells in the medullary cavity hypertro-

Fig. 4. CFE and differentiation capacities of cultured rPBMSCs. (A) Colony-
forming ability of CFU-F isolated from mobilized rabbit peripheral blood. (B) 
One CFU-F of mobilized peripheral blood under a light microscope. (C) 
Colony-forming ability of CFU-F isolated from non-mobilized rabbit periph-
eral blood. (D) CFU-F of non-mobilized peripheral blood under a light mi-
croscope. (E) Comparison of CEF between mobilized peripheral blood and 
non-mobilized one. (F) Osteogenesis-committed differentiation of PBM-
SCs by alizarin red ×400. (G) Adipogenesis-committed differentiation of 
PBMSCs stained by oil red O ×400. (H) Chondrogenesis-committed differ-
entiation of PBMSCs stained by alcian blue ×400. **p<0.01. CFE, colony 
forming efficiency; rPBMSCs, peripheral blood-derived mesenchymal 
stem cells from rabbits; CFU, colony forming units; PBMNCs, peripheral 
blood mononuclear cells.
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phied, some of which even fused into vesicles and hemato-
poietic tissues obviously decreased. Bone chips, disorders, and 
faults in trabecular bone, as well as empty lacunae of osteocytes 
and the extrusion deformation of cells, were widely observed 
in the model group. The percentage of the bone trabecular 
area was 29.66%, lower than that in the control group, which 
was 54.82% (p<0.01) (Fig. 6D and G). In the CD group, the re-
pair still existed around the drilled holes. Bone marrow and 
the non-uniform distribution of trabecular bone could be ob-
served, and the percentage the bone trabecular area was 
49.01%, higher than the model group (p<0.05) (Fig. 6E and G). 
While in the PBMSCT group, the trabecular bone tended to be 

matured and a large amount of bone marrow existed in the 
drilled holes. The percentage was 57.32%, higher than the 
model group (p<0.05) (Fig. 6F and G).

Up-regulation of BMP-2 expression and down-regulation 
of PPAR-γ expression after PBMSCT
The mRNA expression of BMP-2 in the PBMSCT group, pre-
senting a gradual uptrend, was obviously higher than that in 
the corresponding CD group at each time point, and the differ-
ence was significant at 2 weeks (p<0.05) and 8 weeks (p<0.01), 
although lower than the normal group (Fig. 6H and J). As for 
PPAR-γ mRNA, expression was always higher than the normal 

2 w

6 w

8 w

A

C

B

Fig. 5. Labelling in vitro and survival in vivo of mobilized rPBMSCs after implantation. (A) View of PKH26-labelled PBMSCs in vitro under phase contrast 
microscope ×100. (B) View of PKH26-labelled PBMSCs in vitro under a fluorescent microscope ×100. (C) rPBMSCs marked with PKH26 and DAPI could 
be found in the lesion site at 2 weeks, less conspicuously at 6 weeks, and faintly at 8 weeks as the arrow pointed ×100. rPBMSCs, peripheral blood-de-
rived mesenchymal stem cells from rabbits. 
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in the PBMSCT and CD groups. Compared with the CD group, 
the mRNA expression of PPAR-γ after PBMSCT initially had 
no significance at 2 weeks (Fig. 6I); however, there were sig-

nificant differences at 8 weeks (p<0.01) (Fig. 6K).

Fig. 6. Radiographs, histopathologic changes, and expression of BMP-2 and PPAR-γ of FHs in all rabbit groups. (A) There were obvious collapse, less-
ened shape, serious defect, greater joint space, and even a changed para position in the control group. (B) The central zone density was lower, while the 
edge higher and the sclerosis lines appeared in the CD group. (C) High-density image and bone trabeculae appeared in the PBMSCT group at 8 w. (D) 
Post-operation HE staining of the model group, (E) CD group, and (F) PBMSCT group at 8 w ×100. (G) Percentage of area of bone trabeculae. (H) Expres-
sion of BMP-2 at 2 weeks. (I) Expression of PPAR-γ at 2 weeks. (J) Expression of BMP-2 at 8 weeks. (K) Expression of PPAR-γ at 8 weeks. *p<0.05, 
**p<0.01. FH, femoral head; CD, core decompression; HE, hematoxylin and eosin; PBMSCT, peripheral blood-derived mesenchymal stem cells transplantation.
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DISCUSSION

Analysis of CFE of PBMNCs, according to the adherent culture 
method,22 indicated that the frequency of adult human PBM-
SCs ranged from 0.5 to 5 per million mononuclear cells, which 
is 1/20 to 1/5 of human BMMSCs. This research found that the 
frequency of rPBMSCs ranged from 2.8 to 10.8 per million mo-
nonuclear cells, which was in line with the previous report and 
at the same order of magnitude with human PBMSCs.23 In or-
der to meet the transplantation demand of cell amount, the 
donor cells needed isolation and amplification culture in vitro. 
Given that there was a lesser amount of PBMSCs than BMMSCs, 
the experimental animals were mobilized with G-CSF. As ex-
pected, we could get about 9-fold cells after G-CSF than that 
without mobilization. Phenotype analysis of rPBMSCs in this 
study demonstrated that the cells simultaneously expressed 
CD29, CD44, CD90, and CD105, but failed to express CD34, 
CD45, and CD14, consistent with the phenotypic characteris-
tics of MSCs.24,25 That is, the isolated and cultured cells in the 
present study were highly purified PBMSCs. Additionally, the 
amount of passage 2 mobilized PBMSCs from each rabbit 
reached 6–8×106, which could meet the PBMSCT demands for 
two rabbit ONFH models.

In terms of experimental animals, rabbits were selected as 
the object of this study in consideration of the effective cost, 
easy operation, and coincident physiology with humans.26 In 
this research, the greater trochanter of the femur was chosen as 
the cut mark, and thus reduced unnecessary injury. Blunt dis-
section of muscle decreased bleeding. Frozen necrosis was 
administered through the dipping of liquid nitrogen with medi-
cal cotton stickers, which provided better control of the inten-
sity of frozen necrosis than noted in a previous study.20,27,28 Re-
sults of radiograph and histopathological morphology analysis 
suggested that the pathological change of rabbit ONFH mod-
els represented an aggravating trend and ultimately resulted in 
the collapse and dysfunction of hip joints. 

Although there have been many experimental and clinical 
application studies on the treatment of ONFH with BMM-
SCs12,29-33 and the effect is convincing, the experimental evi-
dence of internal survival and the function in tissue repair of 
BMMSCs has always been unclear. It is inferred that the thera-
peutic effect of BMMSCs relates to how it could participate in 
the repair process and secrete some cellular factors, which are 
beneficial to bone regeneration. In addition, autogenous im-
munocytes can also be advantageous to BMMSCs.18 In this 
paper, PBMSCs marked with PKH26 could be found in the ne-
crotic area 8 weeks after transplantation. However, the num-
bers of engrafting cells decreased as time passed, proving that 
the survival of those grafted cells arrived at no less than 8 weeks. 
As for the whereabouts of the decreased cells, whether they 
differentiate into other cells or are apoptotic, remains unclear. 
Results of radiograph and histopathological morphology analy-
sis showed that there were more neonatal bone trabeculae 

and bone marrow appeared in the PBMSCT group, which in-
dicated that the treatment effect after PBMSCT is superior to 
CD.

Until now, the mechanism of the treatment of tissue injury 
diseases by PBMSCs, just as by BMMSCs, is ill-defined. In this 
research, the mRNA expressions of BMP-2 and PPAR-γ, which 
are most typical and closely related to genes in bone regenera-
tion, were detected by RT-PCR to explore whether PBMSCs 
took effect by impacting the expression of these cytokines. We 
also tried to find some valuable clues for the mechanism. Pre-
vious research revealed that PPAR-γ mainly exists in adipose 
tissues.34 As some bone marrow is rich in fat, PPAR-γ proteins 
can also be detected.35 Other studies have reported that PPAR-γ 
can promote bone marrow stromal cells to differentiate into 
adipose cells. When the PPAR-γ gene is activated, it can result 
in the accumulation of adipose cells and the pimelosis of med-
ullary cavity.34 In this research, the mRNA expression of PPAR-γ 
in the model FH generally increased, and that in the PBMSCT 
group was obviously lower than that in the CD group, in which 
there were more empty lacunae of osteocytes. This result was in 
line with that of histopathological morphology. BMP-2 mainly 
exists in the bone matrix and is closely related to bone regen-
eration. In addition, BMP-2 can induce undifferentiated bone 
marrow stromal cells to differentiate into osteoblasts. As a re-
sult, it can effectively boost bone repair and reconstruction.36 
The fact that the mRNA expression of BMP-2 was higher than 
the corresponding CD group at 8 weeks suggested that BMP-2 
did do function in the repair of bone injury after PBMSCT. This 
result is consistent with that of radiographs and histopatho-
logical morphology in which more new trabecular bones were 
observed. The result also indicated that the treatment effect 
by PBMSCT, which was related to a decline of PPAR-γ expres-
sion and a rise of BMP-2 expression, is superior to that by the 
simplex CD. 

In summary, this paper shows that rPBMSCs is successfully 
enriched and that the effect of rPBMSCs transplantation is su-
perior than simple core decompression; affirms the effect of 
rPBMSCs therapy for ONFH; and preliminarily explores a rel-
ative mechanism. More detailed investigation of the mecha-
nism is needed. Moreover, exploration of the amount and way 
of transplanted cells is essential, and it may provide evidence 
for its use in therapy of joint diseases by PBMSCs transplantation.
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