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Abstract Studies have shown that alcohol can upregulate
the expression of peroxisome proliferator-activated recep-
tor-y (PPARY) gene in bone marrow mesenchymal stem
cells (BMSCs). High expression of PPARY can promote
adipogenic differentiation of BMSCs, and reduce their
osteogenic differentiation. Abnormal proliferation of adi-
pocytes and fatty accumulation in osteocytes can result in
high intraosseous pressure and disturbance of blood cir-
culation in the femoral head, which induces osteonecrosis
of the femoral head (ONFH). Downregulation of PPARY is
efficient in inhibiting adipogenesis and maintaining osteo-
genesis of BMSCs, which might potentially reduce the
incidence of ONFH. Calcitonin gene-related peptide
(CGRP) is a neuropeptide gene which has been closely
associated with bone regeneration. In this study, we aimed
to observe the effect of combined regulation of the
expression of PPARy and CGRP genes on alcohol-induced
adipogenic differentiation of BMSCs. Our results demon-
strated that simultaneous downregulation of PPARy and
upregulation of CGRP was efficient in suppressing adipo-
genic differentiation of BMSCs and promoting their oste-
ogenic differentiation. These findings might enlighten a
novel approach for the prevention of ONFH.
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Introduction

Osteonecrosis of the femoral head (ONFH) is a common
orthopedic clinical disease and is generally classified into
traumatic and non-traumatic ONFH. Non-traumatic ONFH,
often seen in young patients, can be aggravated by
approximately 40 etiologic factors. Alcohol abuse is one of
the most common seen among them [1]. Bone marrow
mesenchymal stem cells (BMSCs) have the potential to
differentiate into many lineages [2, 3], such as osteoblasts,
adipocytes, fibroblasts, chondrocytes, and neurocytes [4—
7]. Consequently, BMSCs could be widely applied in bone
tissue engineering and in gene therapy for many diseases.

As a member of the ligand-activated nuclear transcrip-
tion factor superfamily, peroxisome proliferator-activated
receptor-y (PPARY) is known to be an adipogenic tran-
scription factor. PPARY can induce pre-adipocytes to dif-
ferentiate into adipocytes and is closely involved in the
induction of adipogenesis [8—11]. Studies have shown that
the development of ONFH is closely related to high
expression of PPARy [12, 13]. High expression of the
PPARY gene can also promote adipogenic differentiation
of BMSCs and reduce their osteogenic differentiation. The
alterations of BMSCs will increase fatty accumulation and
lead to high intraosseous pressure in the femoral head.
Eventually, blood circulation was blocked and ONFH
started.

Calcitonin gene-related peptide (CGRP) is a neuropep-
tide gene which is related to bone growth and metabolism.
CGRP-positive nerve fibers are abundantly distributed in
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bone tissue, and play an important role in the regulation of
bone formation and resorption [14, 15]. The CGRP
receptor is found on the surface membrane of BMSCs.
Studies have shown that CGRP-modified BMSCs can not
only secrete high levels of biologically active exogenous
CGRP, but also display an increased proliferation rate and
osteogenic potential [16, 17].

In this study, the expressions of both the PPARY and the
CGRP genes were regulated in the presence of alcohol.
Concomitant downregulation of the expression of PPARY
by a small interfering RNA and increased expression of
CGRP inhibited the adipogenic differentiation of BMSCs
and promoted their osteogenic differentiation. These find-
ings might provide a novel experimental condition for the
prevention or treatment of ONFH.

Materials and methods
Materials

The pGFP-V-RS vector was obtained from OriGene Tech-
nologies (Rockville, MD). This vector contains the U6 pro-
moter and siRNA expressing unit of the multiple cloning site
(MCS), as well as the CMV promoter and TGFP fusion
protein-expressing unit of the MCS. Mouse anti-rabbit
PPARY polyclonal antibody; mouse anti-rabbit CGRP
monoclonal antibody; mouse anti-rabbit Runx2 polyclonal
antibody; mouse anti-rabbit osteocalcin (OC) polyclonal
antibody; mouse anti-rabbit B-actin polyclonal antibody;
goat anti-mouse IgG/enzyme; and monoclonal antibodies
against CD29, CD34, CD44, CD45, and CD105 were all
purchased from Abcam (Cambridge, UK). Enzyme-linked
immunosorbent assay (ELISA) test kits for alkaline phos-
phatase, OC, laminin, and collagen type I were from R&D
Systems (Minneapolis, MN). Fetal bovine serum (FBS) and
low-glucose Dulbecco’s modified Eagle medium (DMEM)
were from Gibco/Life Technologies (Carlsbad, CA).
Restriction endonucleases BamH 1, Hind 111, and Mlu I;
alkaline phosphatase; and T4 DNA ligase were purchased
from TaKaRa Bio Inc. (Shiga, Japan). The total RNA
extraction kit was purchased from Omega Bio-Tek Inc.
(Norcross, GA). RevertAid first strand cDNA synthesis kit
was purchased from Thermo Scientific (Waltham, MA).

Construction of the recombinant vector

Two oligonucleotide chains of PPARY siRNA were syn-
thesized according to the principles of siRNA design, and
the resulting PPARy siRNA oligonucleotide sequences
were positive sense strand 5’GATCGGCCTTTCACCAC
CGTGGACTTCTCCAGCATCAAGAGTGCTGGAGAA
GT CCACGGTGGTGAAAGGCGA3J and anti-sense strand
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5’AGCTTCGCCTTTCACCACCG TGGACTTCTCCAG
CACTCTTGATGCTGGAGAAGTCCACGGTGGTGA-
AAGGCC3'. After annealing, the double-stranded hairpin
cDNA was ligated into the pGFP-V-RS vector to obtain the
silencing vector pGFP-V-RS-siPPARYy, which can down-
regulate expression of the PPARY gene. The open reading
frame (ORF) cDNA of CGRP was also ligated into the
pGFP-V-RS vector to obtain the expression vector pGFP-
V-RS-exCGRP, which expresses the CGRP gene. Mean-
while the ORF cDNA of CGRP was cloned into the MCS
downstream of the CMV promoter to obtain the double-
gene vector pGFP-V-RS-siPPARy-exCGRP, which can
downregulate expression of the PPARY gene and express
the CGRP gene.

Culture and identification of BMSCs

Autologous primary BMSCs were harvested from the bone
marrow of New Zealand white rabbits using lymphocyte
separation medium by density gradient centrifugation. They
were then suspended in low-glucose complete DMEM
(containing 10 % FBS, 100 kU/mL penicillin, 100 mg/L
streptomycin, 50 mg/L ascorbic acid, 1 mmol/L L-gluta-
mine, and 20 mmol/L Hepes) and cultured at 37 °C in 5 %
CO; in air. Medium was replaced with fresh culture medium
after 3 days and subsequent medium changes were carried
out every 2 days. The morphology and growth of BMSCs
was observed daily by phase contrast using an inverted
microscope. Subculture was performed when cells reached
70-80 % confluence.

Third passage cells in good condition were collected and a
single-cell suspension was prepared. After washing 3 times
with phosphate-buffered saline (containing 1 % BSA), a
monoclonal antibody to CD29, CD34, CD44, CD45, or
CD105 was added into each tube; a negative control was
prepared in parallel. After incubating for 30 min at 4 °C, the
cells were washed twice and the secondary antibody was
added. The cells were then incubated for 30 min at4 °C, then
washed twice and analyzed by flow cytometry.

Transfection and grouping of BMSCs

Third passage BMSCs were collected into 15 mL centrifuge
tubes, pooled, and counted. According to the electroporation
requirement of BTX ECM 2001 for BMSCs, the final cell
density was 2.0 x 107 cells/mL and 250 pL of cell sus-
pension was added into the BTX electroporation cuvettes.
The vector (10 pL of the double-gene vector pGFP-V-RS-
siPPARY-exCGRP, the silencing vector pGFP-V-RS-siP-
PARY, the expression vector pGFP-V-RS-exCGRP, or
empty pGFP-V-RS vector) was also added to the cuvettes.
After transfection under a direct current and low-voltage
pulse, BMSCs were seeded into 6-well plates and low-



Mol Cell Biochem (2014) 392:39-48

41

glucose complete DMEM was added. The experiment was
divided into 6 groups. Double Group: BMSCs were trans-
fected with the double-gene vector pGFP-V-RS-siPPARY-
exCGRP, which can downregulate expression of PPARYy and
express CGRP, and induced with alcohol. PPARY Group:
BMSCs were transfected with the silencing vector pGFP-V-
RS-siPPARY, which downregulates expression of PPARY,
and induced with alcohol. CGRP Group: BMSCs were
transfected with the expression vector pGFP-V-RS-ex-
CGRP, which expresses CGRP, and induced with alcohol.
Control Group: BMSCs were transfected with the pGFP-V-
RS vector, which was a blank vector and ineffective in reg-
ulating the expression of PPARy and CGRP gene, and
induced with alcohol. Model Group: BMSCs were induced
with alcohol only. Normal Group: BMSCs were not trans-
fected with any vector nor induced with alcohol. Alcohol at
0.09 mol/L was added to the culture medium of all groups
requiring alcohol induction, and fresh alcohol was added
every time the medium was replenished to a final concen-
tration of 0.09 mol/L. The morphology and growth of
BMSCs was observed by inverted phase-contrast micros-
copy daily until used for the experiments described below.

MTT proliferation assay

BMSCs in each group were seeded into 96-well plates
(1 x 10* cells/well) and incubated with 20 puL of 5 mg/mL
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) for 4 h at 37 °C. After removing the
supernatant, 150 pL. of dimethylsulfoxide (DMSO) was
added to each well and the absorbance was measured at a
wavelength of 490 nm using a microplate reader.

Determination of the expression of PPARYy, CGRP,
Runx2, and osteocalcin mRNA by RT-PCR

Total RNA was extracted from BMSCs using a Total RNA
extraction kit (Omega) at day 7, and used as a template for
cDNA synthesis using a RevertAid first strand cDNA syn-
thesis kit. Expression of PPARy, CGRP, Runx2, and OC
mRNA was determined by TagMan Real-Time PCR (Tag-
Man probe fluorescence detection), and the PCR primer
sequences and probe used in this study were as follows:
PPARY: forward (f), 5 TGACACAGAGATGCCGTTTTG
3, reverse (r), 5 CATCCATGACCGAGAGATCCA 3/,
fluorescence probe sequence (probe), FAM 5 CCCAC-
CAACTTCGGGATCGGC 3’TAMRA; CGRP: f, 5 TCATG
GGCTTCCTCAAGTTCTC 3/, r, 5 CACTGCGTGGAGG
CTGTCT 3, probe, FAM 5' CTCTTAGCATCTTGGTCCT
GTA 3'TAMRA; Runx2: f, 5 TTCAGAACTGGGCCCTTT
3, 1,5 CTCAGTGAGGGATGAAATGC 3/, probe, FAM 5
TCAGACCCCAGGCAGTTCCCA 3’ TAMRA,; Osteocal-
cin: f, 5 CCCTTCCCTGTGCCTGTGTA 3/, 1, 5’ CAAA

AGCCAAAGCCAATGGA 3/, probe, FAM 5’ CTGTGCC
AGAAACCAACCGGCTGA 3' TAMRA,; B-actin was used
as control, f, 5 TGCACCGCAAGTGCTTCTAG 3/, r, 5
TTTCTGCGCCGTTAGGTTTC 3’, probe, FAM 5 AG-
CCAGTGGCGGGACACCCTCT 3'TAMRA. Each speci-
men was amplified in parallel in five tubes, including gene
amplification of PPARy, CGRP, Runx2, and OC; and
internal reference PB-actin gene was used as control. A
5-series gradient dilution was used at every amplification
time point. A standard curve was drawn, and PCR products
were quantified according to the standard curve. The ratios of
PPARY, CGRP, Runx2, and OC to B-actin were viewed as
the relative expression of PPARy, CGRP, Runx2, and OC
mRNA, respectively.

Determination of the expression of PPARYy, CGRP,
Runx2, and osteocalcin protein by Western blotting

At day 7, the BMSCs were collected and protein was
extracted using cell lysis buffer. The bicinchoninic acid
(BCA) method was used to determine the total protein
content. Samples containing 50 pg protein were separated
by 12 % SDS-polyacrylamide gel electrophoresis and -
actin was used as control. The protein was transferred to
polyvinylidene difluoride membranes and blocked with 5 %
skimmed milk, then incubated with a 1:250 dilution of
primary antibodies (mouse anti-rabbit PPARY polyclonal
antibody, mouse anti-rabbit CGRP monoclonal antibody,
mouse anti-rabbit Runx2 polyclonal antibody, mouse anti-
rabbit OC polyclonal antibody, or mouse anti-rabbit B-actin
polyclonal antibody) at 4 °C overnight. After washing with
tris-buffered saline containing tween (TBST), the mem-
brane was incubated with a 1:3,000 dilution of goat anti-
mouse IgG for 1 h. Membranes were washed again, then
ECL reagent was added for 5 min, and the blots were
analyzed using a luminescent image analyser (GE health-
care, Piscataway, NJ). The relative expression levels of
PPARY, CGRP, Runx2, and OC protein are presented as the
ratio of the gray value of the specific protein to that of B-
actin.

Determination of triglyceride (TG) in the cells

At day 14, the content of TG was determined using a tri-
glyceride determination kit (Applygen, China). BMSCs
were collected and suspended at a final cell density of
1 x 10° cells/mL in each group. After centrifuging at
1,000 rpm for 10 min, the cells were washed twice with
phosphate-buffered saline (PBS) and lysed with 1 % Triton
X-100 for 30 min. At the end of the incubation, 3 pL of
cytochylema and 300 pL of working solution was added to
wells of a 96-well plate, together with blank wells and
calibration wells, and incubated at 37 °C for 5 min after
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mixing; the absorbance values were measured at a wave-
length of 500 nm.

Determination of the content of alkaline phosphatase
(ALP), laminin, collagen type I, and osteocalcin

in the medium by enzyme-linked immunosorbent assay
(ELISA)

At day 14, the content of ALP, laminin, collagen type I,
and OC in the medium was determined by ELISA using
test kits. BMSCs in each group were collected into 1 mL
buffer solution, and centrifuged at 15,000 rpm for 15 min
at 4 °C after repeated freeze-thawing treatment to lyse the
cells. Standard wells were prepared on the ELISA plates
together with standard solution. Next, 40 pL of diluent and
10 pL of supernatant were added to the sample wells, and
the plate was incubated at 37 °C for 30 min after mixing,
meanwhile blank wells were prepared. After washing 3
times, 50 pL of horseradish peroxidase was added to the
sample wells, and the plate was incubated at 37 °C for
30 min. It was then washed another 3 times, 100 pL of
chromogenic solution was added, and the plate was incu-
bated at 37 °C for 15 min, at the end of which 50 pL of
stop solution was added and the absorbance was measured
at a wavelength of 450 nm.

Statistical analysis

All data are expressed as mean =+ standard deviation (SD).
Data processing was performed by analysis of variance.
Pairwise comparisons among groups were performed using
multiple comparisons tests. Statistical analysis was per-
formed with SPSS 13.0 software (SPSS Inc., Chicago, IL).
A result was considered to be statistically significant at
P < 0.05.

Results
Identification of BMSCs

Observation of BMSCs under an inverted phase-contrast
microscope revealed that they were adherent 24 h after
seeding. The adherent BMSCs had adopted a thin spindle-
shaped morphology 3 days later when the culture medium
was replaced for the first time, and the cells gradually
proliferated and became typically spindle-shaped by day 7.
By days 12-14, the cells converged and layered, trans-
formed into elliptical or polygonal shapes, and formed
whirlpool pattern. The results of cell identification by flow
cytometry revealed that BMSCs were positive for CD29,
CD44, and CD105 with positive rates of 99.86, 99.34, and
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99.65 %, respectively. The cells were negative for CD34
and CD45, with positive rates of 1.27 and 1.45 % (Fig. 1).

Proliferation of BMSCs

The number of cells in each group increased with time in
culture. Cell proliferation curves showed the same trend,
presenting as an “S” shape, and showing that they entered
the exponential phase at day 3. Compared with the normal
group, proliferation of the cells in both model and control
groups was significantly reduced, and the difference was
statistically significant (P < 0.05). Proliferation of the cells
in both the PPARY and CGRP groups was also lower than
the normal group, but no significant difference was
observed (P > 0.05). Cell proliferation in the double group
was slightly lower than that in the normal group, but there
was no significant difference between them (P > 0.05).
The proliferation of the cells in all groups tended to slow
down at day 6 and cell proliferation entered a plateau
period (Fig. 2).

Expression of PPARy, CGRP, Runx2, and osteocalcin
mRNA

At day 7, the expression level of PPARyY mRNA in the
model, control, and CGRP groups was significantly higher
than that in the normal group (P < 0.05); the expression of
PPARYy mRNA in the PPARy and double groups was
similar to that in the normal group, with no significant
differences observed (P > 0.05). CGRP mRNA was
expressed at similar levels in the CGRP and double groups
(P > 0.05), and no CGRP mRNA was detected in any of
the other groups. The expression level of Runx2 and OC
mRNA in the model and control groups was significantly
lower than that in the normal group (P < 0.05), while
expression of both mRNAs in the PPARy and CGRP
groups was similar to the normal group (P > 0.05).
Expression of Runx2 and OC in the double group was
higher than in the normal group, and the difference was
statistically significant (P < 0.05) (Fig. 3).

Expression of PPARy, CGRP, Runx2, and osteocalcin
protein

At day 7, immunoblotting showed that the bands of PPARY
protein in the model, control, and CGRP groups were
significant denser than that in the normal group (P < 0.05);
the density of the PPARY protein bands in the PPARY and
double groups was similar to that in the normal group, and
there were no significant differences among the PPARY,
double, and normal groups (P > 0.05). CGRP protein was
expressed in both the CGRP and double groups, and the
band intensity was similar between them, with no
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Fig. 1 The flow cytometry result of BMSCs. BMSCs were analyzed by flow cytometry at the third passage using antibodies CD29 (a), CD44
(b), CD105 (c), CD34 (d), and CD45 (e). BMSCs were positive for CD29, CD44, and CD105; and negative for CD34 and CD45
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Fig. 2 Result of the MTT proliferation assay. Normal Group BMSCs
without treatments. Model Group BMSCs induced with alcohol only.
Control Group BMSCs transfected with empty pGFP-V-RS vector,
and induced with alcohol. PPARy Group BMSCs transfected with
silencing vector pGFP-V-RS-siPPARY, and induced with alcohol.
CGRP Group BMSCs transfected with the expression vector pGFP-
V-RS-exCGRP, and induced with alcohol. Double Group BMSCs
transfected with the double-gene vector pGFP-V-RS-siPPARy-ex-
CGRP, and induced with alcohol. The proliferation curve of the cells
in all groups showed similar “S” shape trend. Compared with the
normal group, proliferation potential of cells in the model group and
control group was significantly reduced (P < 0.05). Proliferation
potential of the cells in the PPARy and CGRP groups was also lower
than that in normal group, but with no significant difference
(P > 0.05). Cell proliferation in double group was also lower
than that in the normal group, but with no significant difference
(P > 0.05)

significant differences observed (P > 0.05); no CGRP
protein was detected in other groups. The levels of Runx2
and OC protein in the model and control groups were
significantly lower than that in the normal group
(P < 0.05), while in the PPARy and CGRP groups levels
were similar to that in the normal group, with no significant
differences observed. In contrast, the bands of Runx2 and
OC protein in the double group were significantly denser
than in the normal group (P < 0.05) (Fig. 4).

Cell content of TG

At day 14, the content of TG in each of the model, control,
and CGRP groups was significantly higher than in the
normal group (P < 0.05). The TG content of the PPARY
and double groups was similar to the normal group, and
there was no significant difference among the PPARYy,
double, and normal groups (P > 0.05) (Fig. 5).

Cell activity of ALP
At day 14, the activity of ALP in the model and control
groups was significantly lower than that in the normal

group, (P < 0.05). ALP activity in the PPARY and CGRP
groups was similar to that in the normal group, with no

@ Springer



44

Mol Cell Biochem (2014) 392:39-48

~
PPPPPP&
B v 9 o ©

S 2
N W

Relative expression of PPARyY mRNA
o

Group

L
Normal

Model

Group

Group

Control

PPARy

Group

CGRP

Group

Group

Double

~_~
=
~

091
0.8
0.7
0.6
0.5F
04}
03
02
0.1F

Relative expression of CGRP mRNA

Group

Normal

Model
Group

Control

Group

PPARY

Group

CGRP

Group

Group

Double

(c)

091
0.8

07}
06}
[

05t 1 [

04}
03
0.2 *

0.1}

Relative expression of Runx2 mRNA

Model ~ Control PPARy  CGRP  Double
Group Group Group Group Group

Normal
Group

Fig. 3 Expression levels of PPARy, CGRP, Runx2, and osteocalcin
mRNA at day 7. a Expression of PPARy mRNA in the model,
control, and CGRP groups was significantly higher than that in the
normal group (*P < 0.05); expression of PPARY mRNA in both the
PPARY and double groups was similar to that in the normal group.
There is no significant difference (P > 0.05). b Expression of CGRP
mRNA in the CGRP and double groups at a similar level. No
significant difference was found (P > 0.05). No CGRP mRNA was

statistically ~ significant  difference  between them
(P > 0.05). ALP activity in the double group was signifi-
cantly higher than that in the normal group (P < 0.05)
(Fig. 6).

Osteocalcin content in the medium

At day 14, the OC content of the medium in the model and
control groups was significantly lower than that in the
normal group (P < 0.05). The OC content of the medium
in the PPARY and CGRP groups was similar to that in the
normal group, and the difference was not statistically sig-
nificant (P > 0.05). In contrast, the OC content in the
medium in the double group was significantly higher than
that in the normal group (P < 0.05) (Fig. 7).
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detected in other groups. ¢, d Expression of Runx2 and osteocalcin
mRNA in the model and control groups was significantly lower than
that in the normal group (*P < 0.05). In the PPARy and CGRP
groups, it was similar to that in the normal group and no significant
difference was found (P > 0.05). Expression of Runx2 and osteocal-
cin mRNA in the double group was significantly higher than that in
the normal group (*P < 0.05)

Laminin content of the cells

At day 14, the laminin content of the model and control
groups was significantly lower than that in the normal
group (P < 0.05), while that of the PPARy and CGRP
groups was similar to that in the normal group, and the
difference was not statistically significant (P > 0.05). The
laminin content of the double group was significantly
higher than that in the normal group (P < 0.05) (Fig. 8).

Collagen type I content of the cells

At day 14, the collagen type I content of cells in the model
and control groups was significantly lower than that in the
normal group (P < 0.05). While the collagen type I content
in the PPARY and CGRP groups was similar to that in the
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Fig. 4 Expression levels of PPARy, CGRP, Runx2, and osteocalcin
protein at day 7. The bands of PPARY protein in the model, control,
and CGRP groups were significantly denser than that in the normal
group (P < 0.05); the density of PPARY protein in the PPARy and
double groups were similar to that in the normal group (P > 0.05).
CGRP protein was expressed in both CGRP and double groups, and
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of Runx2 and osteocalcin protein in the double group were
significantly denser than that in the normal group (P < 0.05)
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Fig. 5 Triglyceride content of the cells at day 14. The TG content of
the model, control, and CGRP groups was significantly higher than
that in the normal group (¥*P < 0.05). In the PPARy and double
groups, it was similar to the normal group and there was no significant
difference (P > 0.05)

normal group, with no statistically significant difference
(P > 0.05). In the double group, it was significantly higher
than that in the normal group (P < 0.05) (Fig. 9).

Discussion

As a bioactive peptide, CGRP consists of 37 amino acid
residues, and is mainly synthesized in small sensory neu-
rons in the dorsal root ganglion [18]. CGRP-positive nerve

Fig. 6 ALP activity of cells at day 14. The ALP activity in the model
and control groups was significantly lower than that in the normal
group (*P < 0.05). ALP activity in the PPARy and CGRP group was
similar to that in the normal group and there was no significant
difference (P > 0.05). ALP activity in the double group is signif-
icantly higher than that in the normal group (*P < 0.05)
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Fig. 7 Osteocalcin content in the medium at day 14. The osteocalcin
content in the medium in the model and control groups was
significantly lower than that in the normal group (*P < 0.05). The
osteocalcin content in the medium in the PPARy and CGRP groups
was similar to that in the normal group. There was no significant
difference (P > 0.05). Osteocalcin content in the medium in the
double group was significantly higher than that in the normal group
(*P < 0.05)

fibers are abundantly distributed in bone tissue, and closely
related to the growth and development of bone [19, 20]. In
neonatal rat, the number of CGRP-positive nerve fibers
significantly increases around the femoral metaphysis.
They decrease around the femoral metaphysis with time,
but gradually increase again around the epiphysis [21]. By
four weeks after birth, CGRP-positive nerve fibers around
the femoral epiphysis are more abundant than that around
the femoral metaphysis, and extend along toward the
epiphyseal trabeculae. These findings indicate that CGRP
is involved in the growth and development of bone. In the
process of fracture healing, CGRP-positive nerve fibers
regularly increase in the periosteum as well as in new bone

@ Springer



S
@)

Mol Cell Biochem (2014) 392:39-48

= 301 *

£

)

£ 25}

»

Q

S

Z 200 ] T

3 [

-

§ 15t

g * ¥

<

= 10} T I

£

=

= 5t

Q

=

=
Normal Model Control  PPARy CGRP Double
Group Group Group Group Group Group

Fig. 8 Laminin content of the cells at day 14. The laminin content of
cells in the model and control groups was significantly lower than that
in the normal group (*P < 0.05). In the PPARYy and CGRP groups, it
was similar to that in the normal group and there was no significant
difference (P > 0.05). In the double group, it was significantly higher
than that in the normal group (*P < 0.05)
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Fig. 9 The collagen type I concentration of cells at day 14. The
collagen type I content of the model and control groups was
significantly lower than that in the normal group (*P < 0.05). In
contrast, the collagen type I content in the PPARY and CGRP groups
was similar to that in the normal group and there was no significant
difference (P > 0.05). When compared to that in the normal group,
the double group was significantly higher (*P < 0.05)

tissue and granulation tissue, which indicates that CGRP-
positive nerve fibers are closely related to the process of
bone repair [22, 23].

PPARY is a specific transcription factor closely involved
in the induction of adipogenic differentiation, which has an
important regulatory effect on adipocyte differentiation in
adipose tissue. It appears prior to activation of many other
adipocyte genes during adipogenic differentiation and
induces stem cells to differentiate into adipocytes, which
could affect the storage of fatty acids in adipose tissue.
Previous studies have demonstrated that alcohol can stim-
ulate increased expression of PPARyY mRNA in BMSCs.
Upregulation of PPARy can promote adipogenic
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differentiation and inhibit the osteogenic differentiation of
BMSCs, which consequently leads to increased lipid gen-
eration and decreased bone formation. The accumulation of
fatty tissue can compromise blood circulation in the femoral
head and eventually result in ONFH. Downregulation of
PPARY expression may inhibit the adipogenic differentia-
tion of BMSCs, and thus maintain the osteogenic differen-
tiation potential of the cells, which may potentially reduce
the incidence of alcohol-induced ONFH [24-26].

Numerous studies have shown that OC synthesized in
BMSC:s is mostly secreted into the culture medium. Cells’
OC expression is parallel with their osteogenic differentia-
tion, which can be thought as a characteristic marker of
osteogenic differentiation. The increase in ALP activity is
also an early marker for osteogenic differentiation of
BMSCs. Both of these markers are routinely used as an
important indication for in vitro osteogenic differentiation
[27]. Runx2, referred as core-binding factor al (Cbfal), is
considered to be the key transcription factor which is
involved in osteoblast differentiation [28, 29]. It plays dou-
ble roles in adipogenic differentiation and osteogenic dif-
ferentiation of BMSCs. Therefore, Runx2 has a positive
regulatory effect on bone formation. PPARY inhibits the
expression of Runx2 while promoting adipogenic differen-
tiation of BMSCs, which leads to decreased osteogenesis
[30]. Phillips and colleagues showed that the occurrence of
steroid-induced ONFH is mainly caused by inhibition of
Runx2 activity [31]. Han also showed that CGRP can pro-
mote the expression of Runx2 [32]. Laminin is a type of
soluble macromolecular glycoprotein which regulates the
cell adhesion mediated by proteoglycan and integrin, which
regulate cell growth and differentiation. Collagen type L is a
specific type of collagen synthesized by osteoblasts in bone
tissue. Laminin and collagen type I together play an impor-
tant role in osteoblastic differentiation of BMSCs [33, 34].

In this study, we observed that combined regulation of
PPARY and CGRP genes inhibited alcohol-induced adipo-
genic differentiation of BMSCs. In the PPARy group,
BMSCs were transfected with the silencing vector pGFP-V-
RS-siPPARY. The cells’ proliferation was slightly decreased
than that in the normal group and there is no significant
difference when two groups were compared (P > 0.05).
There was no significant difference when comparing PPARYy
group to normal group regarding to the expression of
PPARY, Runx2, and OC in both mRNA and protein levels
(P > 0.05). There was no significant difference in TG
content, ALP activity, content of laminin, collagen type I,
and OC in the medium when compared to that in the normal
group (P > 0.05). These results indicate that siRNA tar-
geting PPARY is able to suppress the expression of PPARY
mRNA and protein, and inhibit alcohol-induced adipogenic
differentiation; while maintaining the osteogenic differen-
tiation characteristics of BMSCs.
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In the CGRP group, BMSCs were transfected with the
expression vector pGFP-V-RS-exCGRP. Cells’ prolifera-
tion was slightly lower than that in the normal group and
there is no significantly difference (P > 0.05). Expression
of PPARY mRNA, protein, and TG content were all sig-
nificantly higher than that in the normal group (P < 0.05);
while Runx2, OC mRNA and protein, ALP activity, the
content of laminin, collagen type I, and OC in the medium
were similar to that in the normal group (P > 0.05). These
results indicate that the expression of CGRP promotes
osteogenic differentiation and partially reverses the effect
of alcohol-induced adipogenic differentiation of BMSCs,
without significantly reducing the potential of cell prolif-
eration and osteogenic differentiation.

In the double group, BMSCs were transfected with the
double-gene vector pGFP-V-RS-siPPARY-exCGRP. Cells’
proliferation was almost the same as that in the normal
group (P > 0.05), and CGRP mRNA and protein were
stably expressed. Expression of PPARyY mRNA, protein,
and TG content were similar to the normal group, there is
no significant difference (P > 0.05). The levels of Runx2,
OC mRNA and protein; ALP activity; the content of
laminin, collagen type I, and OC in the medium were all
significantly higher than that in the normal group
(P < 0.05). These results indicate that combined regulation
of PPARY and CGRP genes can efficiently block PPARY
gene expression of BMSCs, which suppressed adipogenic
differentiation and improved osteogenic potential of the
cells.

Taken together, these results provide evidence as a
novel approach for the prevention of ONFH.
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