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,is study aims to evaluate the effect of peroxisome proliferator-activated receptor (PPAR) c gene inhibition on the adipogenic
differentiation of rabbit bone marrowmesenchymal stem cells (BMSCs). Primary BMSCs were isolated from rabbit bone marrow,
cultured, and the markers of BMSCs on cell’s surface were analyzed using flow cytometry. ,e experiment involved five groups,
namely, control: untreated BMSCs; model: BMSCs treated with ethanol; empty siRNA: BMSCs treated with ethanol + empty
siRNA; PPARc: BMSCs treated with ethanol + PPARc siRNA; and PPARc inhibitor: BMSCs treated with ethanol + T0070907.
RT-PCR and Western blotting were used to detect changes in the expression level of PPARc, PETALA2 (AP2), lipoprotein lipase
(LPL), fatty acid transport protein (FATP) 1, and fatty acid transporter (FAT). Adipocyte count and triacylglycerol content of the
model and the empty siRNA groups were considerably greater than the control group (P< 0.01). After the inhibition with PPARc

or T0070907, adipocyte count and triacylglycerol content of the PPARc and T0070907 groups were significantly reduced
(P< 0.01), with no statistically significantly difference than the control group (P> 0.05). ,e expression levels of PPARc gene and
protein in the model and empty siRNA groups were ominously enhanced than the control group (P< 0.01), and after inhibition
with PPARc or T0070907, the PPARc gene or protein expression level of PPARc and T0070907 groups significantly reduced
(P< 0.01), with no statistically significance difference compared to the control group (P> 0.05).,e expression levels of Ap2, LPL,
FATP1, and FAT genes in the model and empty siRNA groups were considerably greater compared to the control group
(P< 0.01). Inhibition with PPARc or T0070907 in the PPARc and T0070907 groups, respectively, lead to significantly reduced
expression levels of adipogenic genes (P< 0.01), with no statistically significance difference compared to the control (P> 0.05).
Inhibition of PPARc gene downregulates the differentiation of BMSCs into adipocytes, indicating its putative role in the ex-
pression of adipogenic genes.

1. Introduction

,e bone marrow stromal system is a network composed of
stromal cells and extracellular matrix [1, 2]. Bone marrow
stromal cells contain pluripotent bone marrow mesenchymal
stem cells with high proliferation rates and multilineage dif-
ferentiation ability [3, 4]. When exposed to alcohol, differ-
entiation of bone marrow mesenchymal stem cells (BMSCs)
into osteoblasts is significantly reduced, but their differenti-
ation into adipocytes is greatly increased [5, 6]. Adipocyte
count and triacylglycerol content in cells increase significantly
with prolonged action time and concentration of alcohol,

indicating that alcohol can induce BMSCs to differentiate into
adipocytes in a dose dependent manner [7–10].

Alcohol also promotes the expression of adipogenic
genes and induces the differentiation of pluripotent stromal
stem cells into adipocytes in BMSCs at a certain stage of
osteogenesis [11]. Increased lipid substance in the blood
circulation leads to the accumulation of fat globules, which
can eventually lead to avascular necrosis of femoral head
(ANFH) through a variety of pathways. ,is study con-
firmed the role and molecular mechanism of peroxisome
proliferator-activated receptor c inhibitor T0070907 for
alcohol-induced differentiation of bone marrow stromal
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cells into adipocytes using cultured BMSCs harvested from
normal rabbit femoral bone marrow.

2. Experiment

2.1. Isolation, Culture, and Identification of BMSCs Cells.
A total of 20 six-week-old New Zealand white rabbits were
sacrificed, and the long bones of limbs were removed under
aseptic operation. ,e long bone marrow cavity was opened
using rongeurs, and the medullary cavity was rinsed with the
serum-free high-sugar DMEM medium to obtain bone
marrow, and the suspension was centrifuged at 3000 rpm for
3min. ,e supernatant was discarded, 4mL of Dulbecco’s
modified Eagle’s medium (DMEM) was added to the pellet,
and the solution was pipetted repeatedly to yield a single cell
suspension. Subsequently, the bone marrow cells were inoc-
ulated into culture flasks at a concentration of 6×106/cm2,
followed by adding the complete DMEM culture medium, and
the cells were cultured at 37°C in a 5% CO2 incubator. ,e
culturemediumwas changed every other day, and after 4 days,
the supernatant was removed to obtain growing cells which
were attached to the wall, i.e., the BMSCs. ,e morphology
and growth of the cells were observed under an inverted
microscope; after the primary cells were passaged, BMSCs at
passage 2 were inoculated onto 6-well culture plates, at a
density of 1× 104 cell per well, and marked as day 0 of the
experiment. Approximately 1× 106 cells at passage 5 were
removed and resuspended in 100 μL phosphate buffered saline
(PBS), supplemented with respective antibodies and incubated
for 30min at room temperature.,e harvested cells were then
washed with PBS to remove unbound antibodies, resuspended
in PBS, and detected using a flow cytometer. All animal ex-
periments were approved by the Animal Ethics Committee of
General Hospital of Ningxia Medical University.

2.2. Experimental Grouping. ,e experiment was performed
in five groups, each with 3 culture wells. Control: BMSCs did
not undergo any treatment. Model: BMSCs were treated
with 0.09mol/L ethanol. Empty siRNA: BMSCs were treated
with 0.09mol/L ethanol + empty siRNA. PPARc: BMSCs
were treated with 0.09mol/L ethanol + PPARc siRNA.
PPARc inhibitor: BMSCs were treated with 0.09mol/L
ethanol + T0070907 (Cayman Chemical, MI, USA).

2.3. RT-PCR. RT-PCR assay was performed to detect the
expression level of PPARc, Ap2, LPL, FATP1, and FATgenes
after ethanol-induced culture of BMSCs for 7 days and PPARc

in the femoral head tissue after 6 weeks of treatment using an
ANFHmodel. Total RNA isolation reagent TRIzol was used to
obtain the total RNA in the specimen tissue; 1μL of total RNA
and 0.5μL AMV reverse transcriptase for reverse transcrip-
tion; and 2.5μL template cDNA, 0.1μL polymerase Ex TaqHS,
and 0.1μL each of forward and reverse primers. ,e PCR
parameters were as follows: initial denaturation at 94°C for
2min, 35 cycles of denaturation at 94°C for 40 s, annealing at
50–65°C for 40 s, and extension at 72°C for 1min, followed by
final extension at 72°C for 5min.,e PCR products were kept
at −20°C until further analysis. β-Actin was used as the internal

reference, and all PCR amplifications were performed under
the same conditions. Subsequently, 6μL of each PCR product
was separated using 2% agarose gel electrophoresis at 120V,
100mA, for 30min. ,e gel was removed and stained in EB
solution for about 5min prior to image analysis. RT-PCR
result interpretation: a clear band that matched the expected
size of target fragment was considered a PCR positive result.
Gray scan was performed, and Quantity One software (Bio-
Rad Inc) was used to analyze the bands of separated PCR
products.,e gray value ratio between target gene and internal
reference (β-actin) was used to calculate the relative expression
of the mRNA product of target gene in the sample.

2.4.Western Blot. After 7 days of ethanol-induced culture for
BMSCs, total cell protein was extracted. Protein elutes were
separated using SDS-PAGE assay, in which the samples was
separated on a 12% agarose gel at 80V for an initial loading
followed by 120V, until the tracking dye was 1 cm from the
lower end of the gel. A PVDF membrane of appropriate size
was soaked in methanol for 5min and then soaked in transfer
buffer (pH 8.3, 25mmol/L Tris-HCl, 192mmol/L glycine, 20%
methanol) for 10min; then, the separated protein samples on
the PAGE gel were blotted onto the PVDFmembrane using an
electrotransfer setup of 100V for 70min. ,e PVDF mem-
brane was blocked with 5% bovine serum albumin/PBS so-
lution at 4°C overnight.,e corresponding primary antibodies
including CD90-FITC, CD73-FITC, CD105-FITC, CD13-
FITC, CD45-FITC, and CD34-FITC, diluted at 1 : 2000, were
added; then, the solution was allowed to stand at room
temperature for 3min, and the membrane was washed in
0.05% Tween 20 PBS solution for 10min and repeated twice.
,ereafter, the goat anti-mouse IgG secondary antibodies,
diluted at 1 : 8000, were added, and the solution was allowed to
stand at room temperature for 3 h, and the membrane was
washed in 0.05% Tween 20 PBS solution for 10min and re-
peated twice. Electrochemiluminescence (ECL) reagent color
development: the membrane was incubated in the equal
proportion of solutions A and B of ECL kit for 1min to
develop chemiluminescence signal, which was detected and
analyzed using the gel imaging system.,e developed filmwas
scanned and analyzed using Image J version 1.44 software, and
the average density value (ADV) was determined, and its ratio
to β-actin was used as the relative absorbance value of each
group of products.

2.5. Statistical Analysis. ,e t-test, one-way, and chi-square
test were used to determine statistical comparison between
expression and fluorescence intensity, and SPSS (version
19.0) was used. All results were presented as bar charts with
error bars describing the mean and standard error. P< 0.05
was statistically significant.

3. Results and Discussion

3.1. Morphology and Flow Cytometry Analysis of BMSCs.
Morphology of cultured rabbit BMSCs is shown in Figure 1.
,e surface expression of the antigens was measured by flow
cytometric assessments, and the results were compared and
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evaluated. All surface antigens CD90 (89.05%), CD105
(90.88%), and CD73 (95.07%) of BMSCs showed positive
expression; CD13 (0.80%), CD34 (1.06%), and CD45 (1.30%)
showed no expression (Figure 2), which are consistent and
support the previous reports.

3.2. Comparison of Adipocyte Count, Triacylglycerol Content,
PPARΓ Gene, and Protein Expression between Groups.
,e adipocytes are the permissive storage depots for tri-
glycerides and also source secondary energy production.,e
adipocyte counts and triacylglycerol content of the model
and the empty siRNA groups were considerably greater
compared to the control group (P< 0.01). ,e adipocyte
counts and triacylglycerol content of the PPARc and
T0070907 groups were significantly reduced (P< 0.01) after
inhibition of PPARc or adding T0070907, with no statis-
tically substantial difference compared to the control group
(P> 0.05). ,e expression levels of PPARc gene and protein
in the model and the empty siRNA groups were considerably
greater compared to the control group (P< 0.01). Adding
T0070907, the expression level of PPARc gene or protein in
the PPARc and T0070907 groups significantly reduced
(P< 0.01), with no statistically substantial difference com-
pared to the control group (P> 0.05) (Figure 3).

3.3. Comparison of Adipogenic Gene Transcription Levels
between Groups. ,e gene transcription of adipogenic
genes of various groups was assessed relatively and com-
pared. ,e gene expression levels of Ap2, LPL, FATP1, and
FAT of the model and empty siRNA groups were con-
siderably greater compared to the control group (P< 0.01);
after inhibition of PPARc or adding T0070907, the ex-
pression levels of the adipogenic gene in the PPARc and
T0070907 groups were significantly reduced (P< 0.01),
with no statistically substantial difference compared to the
control (P> 0.05) (Figure 4).

3.4. Discussion. BMSCs are the major composing cells with
high self-replication ability and multilineage differentiation
potential and can differentiate into variety of tissue

developing cells. ,ey not only could differentiate into
chondrocytes, osteoblasts, adipocytes, muscle cells, and
hematopoietic cells but also into nerve cells such as neurons
and astrocytes [12, 13]. Ideal markers for the identification of
BMSCs have not been found. ,erefore, characterization of
the cells could only be based on the expression of protein
markers on the surface of the cell at the later stage of at-
tachment, such as positive CD44, CD13, CD105, CD59,
CD166, and HLA-ABC or negative CD34, CD80, CD45,
CD117, and HLA-DR [14, 15]; but these surface antigens are
not unique to BMSCs, which are identical to the charac-
teristics of the surface antigen of mesothelial, epithelial, and
endothelial cells. However, it is still a relatively reliable
method to inversely identify the cells according to their
phenotype, growth profile, and biological characteristics of
cultured BMSCs [12–16]. ,e expression level of BMSCs
surface antigen in this study is similar to the results reported
in the literature, which consistently support the previous
literature [17–21].

RNA interference (RNAi) offers the advantages of high
efficiency and exquisite specificity. At present, RNAi-based
gene therapy in experimental research is on genetic diseases.
Research findings from both clinical and experimental
studies have indicated that ANFH is attributed to patho-
physiological changes due to the accumulation of fat in the
bone marrow and abnormal fat metabolism [22, 23]. In vitro
experiments have confirmed that ethanol can upregulate the
expression of PPARc mRNA in BMSCs and accelerate the
differentiation of BMSCs into adipocytes, which ultimately
leads to the proliferation and accumulation of a large
number of adipocytes. ,e bone cells in the femoral head
could die due to lipid deposition and fatty degeneration
[23, 24]. Studies have reported that PPARc may be an
important target gene that causes ANFH, and by blocking its
expression, ethanol-induced adipocyte differentiation of
BMSCs could be aberrated, and preventing the formation of
ethanolic ANFH has significant application prospects
[25–27]. ,is study showed that siRNA and T0070907
treatment achieved the same therapeutic effect by inhibiting
the expression of PPARc gene or protein of BMSCs, thereby,
downregulating the differentiation of BMSCs into
adipocytes.

(a) (b)

Figure 1: Morphological changes of rabbit BMSCs. (a) ,ree days and (b) five days after BMSCs culture, respectively.
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Figure 2: Surface markers of rabbit BMSCs by flow cytometry analysis. Expressions of surface antigens (a) CD90, (b) CD105, and (c) CD73
of BMSCs are positive, but (d) CD13, (e) CD34, and (f) CD45 of BMSCs are not expressed.
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Figure 3: Comparison of (a) adipocyte count, (b) triacylglycerol content, (c) PPARc gene, and (d) PPARc protein expression between
groups (n� 3). Compared to the control group, ∗P< 0.01. Compared to the model and empty siRNA groups, P< 0.01.
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Ap2 is an essential marker for the formation of mature
adipocytes. It is located downstream of PPARc. It is mainly
used as a target gene for fat storage and fat catabolism.
Studies have shown that the expression of PPARc and Ap2
mRNA in the adipose tissue of obese rats is significantly
increased [28], which significantly enhanced fat synthesis.
,is study demonstrated that interfering the expression of
the PPARc gene or T0070907 treatment can significantly
reduce the expression level of downstream Ap2 gene, which
is consistent with the study. LPL is a key enzyme that
hydrolyzes triacylglycerol into chylomicrons and very
low-density lipoproteins. ,e lipoprotein metabolism is
regulated through the catalytic activity of enzymes, thereby,
achieving the effect of regulating blood lipids. Blood lipids
irregularity can lead to severely head tackled complications.
Studies have shown that LPL is an important lipo-regulating
enzyme downstream of PPARc. When the PPARc activity of
the body decreases, the amount of LPL secretion and enzyme
activity of the body significantly decreased [29]. FAT, a
lipotransferase, was first isolated from mouse adipose tissue.
It plays a vital role in transporting and regulating the ab-
sorption of fatty acids across the skeletal muscle cell
membrane [30]. FATP1 has a binding site for the PPARc

target gene. In adipocytes, PPARc upregulates the expres-
sion of FATP1, which coregulates the transmembrane
transport of fatty acids with protein factor, FAT [31–33].,e
fallouts of the current research work reveal that the

transcription of adipogenic genes could be reduced by
inhibiting the expression of the PPARc gene, thereby,
achieving the promising therapeutic effect.

4. Conclusion

Inhibition of PPARc gene downregulates the differentiation
of BMSCs into adipocytes, indicating its putative role in the
expression of adipogenic genes. High lipid contents in the
bloodstream cause fat globules to form, which can con-
tribute to avascular necrosis of the femoral head (ANFH) via
a range of mechanisms. Using cultured BMSCs taken from
normal rabbit femoral bone marrow, this work verified the
function and molecular mechanism of the peroxisome
proliferator-activated receptor inhibitor T0070907 in alco-
hol-induced differentiation of bone marrow stromal cells
into adipocytes. ,e reduction in the transcription of adi-
pogenic genes may be helpful in developing a standard
therapeutic option.

Data Availability

,e datasets used and/or analyzed during the current study
are available from the corresponding author upon request.
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Figure 4: Comparison of transcription levels of adipogenic genes (a) Ap2, (b) LPL, (c) FATP1, and (d) FAT among groups (n� 3).
Compared to the control group, ∗P< 0.01. Compared to the model and empty siRNA groups, P< 0.01.
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