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Abstract. — OBJECTIVE: This work aims to in-
vestigate the effects of parathyroid hormone-relat-
ed peptide (PTHrP) (1-86) on osteogenic and adi-
pogenic differentiation of human mesenchymal
stem cells (hMSCs) and the related mechanisms.

MATERIALS AND METHODS: hMSCs were
isolated and cultured in vitro. They were divided
into control group, osteogenesis group, adipo-
genesis group, osteogenesis+PTHrP group and
adipogenesis+PTHrP group. The cell prolifera-
tion and differentiation, and expression levels of
osteopontin (OPN) and lipoprotein lipase (LPL)
mRNA were observed.

RESULTS: The proliferation rates of hMSCs in
osteogenesis+PTHrP and adipogenesis+PTHrP
group were significantly higher than that in con-
trol group, respectively (p < 0.01). The alkaline
phosphatase (ALP)-positive osteoblasts firstly ap-
peared in osteogenesis+PTHrP group, and Sudan
IV -positive adipocytes firstly appeared in adipo-
genesis group. The expression level of OPN mR-
NA in osteogenesis+PTHrP group was signifi-
cantly higher than that in osteogenesis group (p <
0.05), and that in adipogenesis+PTHrP group was
also higher than adipogenesis group (p < 0.05).
The expression level of LPL mRNA in osteogene-
sis+PTHrP group was significantly lower than that
in osteogenesis group, and that in adipogene-
sis+PTHrP group was also lower than adipogene-
sis group (p < 0.05).

CONCLUSIONS: The osteogenesis and adipoge-
nesis are related to each other during the induced
differentiation of hMSCs. PTHrP (1-86) can pro-
mote the osteogenic differentiation and inhibits
the adipogenic differentiation for hMSCs.

Key Words:

Parathyroid hormone-related protein (1-86), Hu-
man mesenchymal stem cells, Osteogenesis, Adipoge-
nesis, Differentiation.

Introduction

Parathyroid hormone-related protein (PTHrP) is
a polypeptide which is found in research of malig-

nant tumor induced hypercalcemia. There are
three original translation products for PTHrP, in-
cluding PTHrP (1-139), PTHrP (1-141) and
PTHrP (1-173). It is expressed in skin, bone mar-
row, brain, angiocarpy, thyroid, parathyroid and
bone, and exerts the function through the au-
tocrine-paracrine pathway'*. They are transformed
into series of polypeptides with different biologi-
cal activities by pos-translational processing with
a variety of hormone precursor invertases. The
structure and function of the N-terminal amino
acid is very similar to that of parathyroid hormone
(PTH)*>8. PTHrP and PTH act on the same type I
receptor (PTHIR), and have similar effects on reg-
ulation of calcium and phosphorus metabolism®!°,
PTH is a single-chain polypeptide with 84
amino acids, which is synthesized and secreted by
parathyroid chief cells. It has biological activities
of regulating calcium and phosphorus metabolism
and maintaining calcium homeostasis in extracellu-
lar fluid, playing an important role in balancing
and regulating bone metabolism. As confirmed by
previous studies, intermittent administration of
low-dose PTH can promote the osteogenesis, in-
crease bone density and decrease bone fracture. In
addition, PTH has synergistic or accumulating ef-
fect for promotion of osteogenesis, when used to-
gether with bone resorption inhibitors!"!3, There-
fore, PTH has been a classical drug for osteogene-
sis for a long time. hPTH (1-34) is the earliest arti-
ficially synthesized amino acid fragment with ac-
tivity of total PTH molecular. It is commonly used
for prevention and treatment of osteoporosis. How-
ever, PTH has double effect of promoting bone for-
mation and bone absorption. Continuous use of
high-dose PTH can inhibit the osteoblastic func-
tion and promote bone absorption, leading to loss
of bone mass'*'¢. The mouse experiment also finds
that high dose of PTH can induce the formation of
osteosarcoma'’. Unlike PTH, PTHrP is a pure ana-
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bolic agent, and only selectively promotes the os-
teogenesis, without activating the bone
absorption'®. Therefore, PTHrP is superior to PTH
in treatment of osteoporosis, with a more extensive
application prospect.

At present, the study on promotion function of
PTHrP on osteogenesis is limited to 1-36 N-ter-
minal amino acids, relatively less for other frag-
ments'®?. In recent years, the research on PTHrP
(I-86) has caused more and more attention.
PTHrP (1-86) with biological activity has been
successfully expressed in Escherichia coli using
recombinant DNA technology'. This provides a
favorable support for the further research.

Mesenchymal stem cells (MSCs) derive from
the mesoderm, and exist widely in systemic con-
nective tissue and mesenchyme, especially in
bone marrow tissue. MSCs have potential of high
proliferation, self-renewal and multipotent differ-
entiation?'?2, More previous literature focus on
the hematopoietic cells and osteoblasts in bone
marrow stroma, but little attention is paid to the
most abundant bone marrow adipocytes.

In this paper, PTHrP (1-86) was used for inter-
vention on hMSCs in vitro. The osteogenic and
adipogenic differentiation of hMSCs was ob-
served.

Materials and Methods

Specimen Collection

Five bone marrow specimens were collected
from patients with traumatic femoral-head re-
placement surgery (3 males and 2 females, aged
37-45 years). All patients had been diagnosed
without metabolic bone disease, acute or chronic
infection, or hematologic disease. This study had
obtained consent from all patients. This study
was conducted in accordance with the declara-
tion of Helsinki. This study was conducted with
approval from the Ethics Committee of Tianjin
Hospital. Written informed consent was obtained
from all participants.

Separation, Culture and Grouping
of hMSCs

5-10 mL of bone marrow was drawn from pa-
tients, and added into a 50 mL centrifuge tube
containing 1 mL of heparin and 15 mL of Hank’s
solution, followed by thorough mixing to obtain
bone marrow suspension. After centrifugation at
1000 rpm for 10 min, the fat layer was removed,
and then Hank’s solution with amount equal to

bone marrow was added, followed by thorough
mixing. Equal amount of lymphocyte separation
medium (Beijing Dingguo Changsheng Biotech-
nology Co., Ltd., Beijing, China) was slowly
added along the centrifuge tube wall. After cen-
trifugation at 2500 rpm for 30 min, the intermedi-
ate mononuclear cell layer was carefully sucked
out. After washing with Dulbecco’s Modified Ea-
gle Medium/F12 (DMEM/F12) (Sigma, St. Louis,
MO, USA) for 2 times, the sediment was mixed
with 10% fetal bovine serum (FBS)-DMEM/F12.
Then the mixture was transferred to a cell culture
flask and placed in incubator for culture (37°C,
5% CO, and 95% saturated humidity).

After 3 days of culture, half culture fluid was
replaced by new culture fluid. The total culture
fluid was replaced after another 2-3 days, consid-
ering the growth of cells. When the fusion rate of
hBMSCs reached 80%, 0.25% trypsin was used
for cell digestion and passage. The third genera-
tion cells were selected for experiments. The cells
were divided into control group (cultured with
10% FBS-DMEM/F12); osteogenesis group (cul-
tured with 10% FBS-DMEM/F12 containing
1x10® mol/L dexamethasone, 10x10? mol/L sodi-
um (-glycerophosphate, and 50 mg/L. Vitamin C
(above three reagents were provided by Beijing
Dingguo Changsheng Biotechnology Co., Ltd.,
Beijing, China*); osteogenesis+PTHrP group
(cultured with 10% FBS-DMEM/F12 containing
1x10® mol/L dexamethasone, 10x10? mol/L sodi-
um f3-glycerophosphate, 50 mg/L Vitamin C, and
40 nmol/L PTHrP (PeproTech Inc., Rocky Hill,
CT, USA); adipogenesis group (cultured with
10%FBS-DMEM/F12 containing 1x10* mol/L
dexamethasone and 10 mg/L insulin®), adipogen-
esis+PTHrP group (cultured with 10% FBS-
DMEM/F12 containing 1x10® mol/L dexametha-
sone, 10 mg/L insulin, and 40 nmol/L. PTHrP).

Determination of hBMSCs Proliferation

The third generation cells (concentration,
5%10*/mL) were inoculated in 96-well plate in
each group for culture with different mediums.
The culture liquid was replaced by new culture
fluid per 48 h. MTT assay was used to determine
the cell proliferation rate on the 2™, 4% 6", and
8™ day, respectively.

Staining of Osteoblasts and Adipocytes
The third generation cells (concentration,
1x10° /mL) were inoculated in 6-well plate in
each group for culture with different mediums.
The culture liquid was replaced by new culture
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Table I. Primer sequences for each gene.

Gene Upstream sequence Downstream sequence
OPN 5’-CTAGGCATCACCTGTGCCATACC-3’ 5’-CAGTGACCAGTTCATCAGATTCATC-3’
LPL 5’-ATGGAGAGCAAAGCCCTGCTC-3’ 5’-TACAGGGCGGCCACAAGTTTT-3’
B-actin 5’-CGTTGACATCCGTAAAGAC-3’ 5’-TGGAAGGTGGACAGTGAC-3’

fluid per 48 h. The alkaline phosphatase (ALP)
staining of osteoblasts and Sudan IV staining of
adipocytes were conducted on the 10%, 14" and
21* day, respectively. The operation for ALP
staining was as follows: The coverslip was tak-
en out, and fixed with cold 95% ethanol for 20
min. Then it was stained using o-naphthol phos-
phate (Koch-Light Laboratories Ltd., Bucks,
England) as substrate and fast red as coupling
agent. Finally, the microscopic examination was
conducted.

The operation for Sudan IV staining was as
follows: The coverslip was taken out, washed
with phosphate buffer for 2 times and fixed with
formaldehyde calcium for 15 min. Then, it was
washed with distilled water for 2 times, followed
by staining with 1% Sultan IV solution (1 g of
Sudan IV was dissolved in 70% ethanol water so-
lution) for 20 min. After washing with phosphate
buffer, the microscopic examination was con-
ducted.

Expressions of Osteopontin and
Lipoprotein Lipase

The third generation cells (concentration,
1x10°/mL) were inoculated in 6-well plate in
each group for culture with different mediums.
The culture liquid was replaced by new culture
fluid per 48 h. The total RNA was extracted us-
ing TRIzol and the concentration was determined
on the 39, 5" 10", and 21% day. The cDNA was
synthesized by reverse transcription. The related
genes were detected using SYBR Green PCR kit

Table Il. Proliferation rate of hMSCs in each group (n = 6).

(TaKaRa Biotechnology Co., Ltd., Dalian, Chi-
na) in real-time fluorescent quantitative PCR an-
alyzer (ABI 7300, Foster City, CA, USA) in con-
dition as follows: 95°C, 30 s, 95°C, 5 s, 60°C, 31
s; 40 cycles. The relative expression levels of os-
teopontin (OPN) and lipoprotein lipase (LPL)
mRNA were calculated from Ct values using 2-
PPt method. The primer sequences for each gene
were shown in Table I.

Statistical Analysis

Statistical analysis was performed using SPSS
13.0 statistical software (SPSS Inc., Chicago, IL,
USA). Data were expressed as mean = SD. One-
way ANOVA was conducted for comparison of
measurement data among different groups. p <
0.05 was considered as statistically significant.

Results

Cell Proliferation

As shown in Table II, the proliferation rates of
hMSCs in osteogenesis+PTHrP and adipogene-
sis+PTHrP group were significantly higher than
that in control group, respectively (p < 0.01).
There was no significant difference between os-
teogenesis group and osteogenesis+PTHrP group
for each detection time (p > 0.05). The difference
between adipogenesis group and adipogene-
sis+PTHrP group was not significant in early
stage, but significant since the 4" day (p < 0.05).
ALP staining and Sudan IV Staining

Proliferation rate of hMSCs (%)

0.373 +0.016%*

0.431 £0.022%#

0.527 £ 0.023**

Group The 2™ day The 4™ day The 6™ day The 8™ day
Control group 0.284 +0.011 0.355 +0.020 0.393 +0.022 0.504 +0.052
Osteogenesis group 0.566 + 0.030* 0.694 = 0.053* 1.109 + 0.040* 1.337 £ 0.034*
Osteogenesis+PTHrP group 0.555 £ 0.025* 0.686 = 0.034* 1.077 +0.061* 1.226 + 0.044*
Adipogenesis group 0.395 +0.021* 0.497 +0.012%* 0.616 +0.035%* 0.753 £0.031*

0.635 + 0.023*#%

Adipogenesis+PTHrP group

Note: *p < 0.01, compared with control group; *p < 0.05 and ¥p < 0.01, compared with adipogenesis group.
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Results of ALP staining of osteoblasts were
shown in Figure 1. On the 10" day, the ALP-pos-
itive osteoblasts in osteogenesis+PTHrP group
firstly appeared, and the staining in control group
and osteogenesis group was negative, respective-
ly. On the 14" day, the positive cells in osteogen-
esis group appeared. On the 21* day, the positive
rate and positive strength in each group in-
creased, and the positive strength in osteogene-
sis+PTHrP group was higher than the other two
groups.

Results of Sudan IV staining of adipocytes
were shown in Figure 2. In adipogenesis group,
small amount of red tiny lipid droplets appeared
on the 10th day. On the 14" day, the number of
lipid droplets increased but the arrangement was
disordered. On the 21* day, a large number of
lipid droplets could be observed. In adipogene-
sis+PTHrP group, the lipid droplets appeared on
14" day, and the number was lower than adipoge-
nesis group. There was almost no positive cell in
control group for each detection time.

Expressions of OPN and LPL mRNA

As shown in Figure 3, the expression levels of
OPN mRNA in osteogenesis group and osteogen-
esis+PTHrP group were significantly higher than
that of control group, respectively (p < 0.05), and
that in early stage of osteogenesis+PTHrP group
was significantly higher than osteogenesis group
(p < 0.05). The expression levels of OPN mRNA
in adipogenesis group and adipogenesis+PTHrP
group were lower than that in control group, re-
spectively, but that in adipogenesis+PTHrP group

was higher than adipogenesis group (p < 0.05).

Figure 4 showed that, the expression levels of
LPL mRNA in osteogenesis group and osteogen-
esis+PTHrP group were higher than that in con-
trol group, respectively, and that in osteogene-
sis+PTHrP group was lower than osteogenesis
group (p < 0.05). The expression levels of LPL
mRNA in adipogenesis group and adipogene-
sis+PTHrP group were significantly higher than
that in control group, and that in adipogene-
sis+PTHrP group was lower than adipogenesis
group (p < 0.05).

Discussion

In this study, the effects of PTHrP (1-86) on
osteogenic and adipogenic differentiation of hM-
SCs are analyzed. The cell proliferation, ALP
staining, Sudan IV staining and expression of
OPN mRNA in hMSCs with and without PTHrP
induction were compared. Results find that,
PTHrP (1-86) can promote the osteogenic differ-
entiation of hMSCs and inhibits the adipogenic
differentiation.

Recent researches find that, PTHrP has strong
effect of promoting osteogenesis in fetuses and
adults®*®. In Casado-Diaz et al’s study®, PTHrP
(1-36) is added to the osteogenic induction medi-
um to intervene the hMSCs. At the 6" day, the
ALP activity and mRNA level are significantly in-
creased, indicating that PTHrP mainly affects the
early markers of osteogenic differentiation. In this
study, the proliferation rates of hMSCs in PTHrP

Figure 1. ALP staining of osteoblasts. A, Osteogenesis+PTHrP group (the 10" day). B, Control group (the 14" day). C, Os-
teogenesis group (the 14" day). D, Osteogenesis+PTHrP group (the 14" day). E, Control group (the 21* day). F, Osteogenesis
group (the 21 day). G, Osteogenesis+PTHrP group (the 21 day).
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Figure 2. Sudan IV staining of adipocytes. A, Adipogenesis group (the 10" day). B, Adipogenesis group (the 14" day). C,
Adipogenesis group (the 21* day). D, Control group (the 21% day). E, Adipogenesis+PTHrP group (the 14" day). F, Adipogen-

esis+PTHrP group (the 21% day).

intervention groups are significantly higher than
that in control group. There was no significant dif-
ference of cell proliferation between osteogenesis
group and osteogenesis+PTHrP group for each de-
tection time. The difference between adipogenesis
group and adipogenesis+PTHrP group was not
significant in early days, but significant since the
4" day (Table I). This indicates that, PTHrP (1-
86) does not directly promote the proliferation. It
may maintain the advantage of osteoblasts by in-
hibiting proliferation of adipocytes in later stage.
The ALP-positive cells in osteogenesis+PTHrP

group firstly appear on the 10" day. With the ex-
tension of culture time, the positive cells appear
in osteogenesis group, and the positive strength
in osteogenesis+PTHrP group is higher than oth-
er two groups (Figure 1). As shown in this study,
the expression level of OPN mRNA in osteogene-
sis+PTHrP group is significantly higher than that
of osteogenesis group. It reaches the peak on the
10" day (Figure 3A). This has further proved the
potential synergistic effect of PTHrP (1-86) on os-
teogenesis.

The positive lipid droplets in adipogenesis+
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Figure 3.The expression of OPN mRNA in osteogenesis groups fA/ and adipogenesis groups (B).
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Figure 4. The expression of LPL mRNA in osteogenesis groups fA/ and adipogenesis groups (B).

PTHrP group appear later than adipogenesis
group, and the number of lipid droplets is relative
less than adipogenesis group (Figure 2). The ex-
pression level of LPL mRNA in adipogene-
sis+PTHrP group was lower than that in adipoge-
nesis group (Figure 3B), indicating that PTHrP
(1-86) has inhibitory effect on adipogenesis for
MSCs. Similar results of previous studies show
that, addition of excessive PTHrP or its N-frag-
ment can inhibit the adipogenic differentiation of
3T3-L1 and C3H10T1/2 cell line**?, and daily
administration of PTH (1-34) can decrease the
expression level of adipogenic gene in rabbit®.

This study also shows that, there are expres-
sion of OPN and LPL mRNA both in osteogene-
sis groups and adipogenesis groups. The expres-
sion levels of OPN and LPL mRNA in osteogen-
esis group are higher than that in control group,
respectively. The reasons may be that, dexam-
ethasone can induce the differentiation both of
osteoblasts and adipocytes. Some scholars®*3!
have observed the induction effect of dexametha-
sone on rabbit marrow mesenchymal stem cells
and find that, dexamethasone can not only pro-
mote the adipogenic differentiation, but also pro-
mote the osteogenic differentiation. This indi-
cates that, a certain amount of dexamethasone
plays an important role in induced osteogenic
and adipogenic differentiation, and can be used
as an initiation factor in marrow mesenchymal
stem cell differentiation®*3!.

In adipogenesis groups, the expression level of
OPN mRNA is significantly lower than control
group, while the LPL mRNA expression level is
significantly higher. This suggests that, both os-
teogenesis and adipogenesis exist during in-
duced-differentiation of MSCs, and there is cor-

relation between them. Results of this study are
in accordance with the view of Owen* that, there
are common precursor cells for in adult marrow
osteoblasts and other cell lines such as
adipocytes. As confirmed by previous investiga-
tion, MSCs have potential of intrinsic osteogenic
and adipogenic differentiation, and there is a
transdifferentiation between osteoblasts and
adipocytes. The adipogenesis ability decreases
during induced osteogenesis, and the osteogene-
sis ability decreases during adipogenic induc-
tion**%. After intervention by PTHrP, the expres-
sion level of OPN mRNA increases, while the
LPL expression level decreases. This further in-
dicates that, PTHrP (1-86) fragments have effects
of promoting osteogenic differentiation and in-
hibiting adipogenic differentiation.

This study is focused on the effects of N-
PTHTrP on osteogenic and adipogenic differentia-
tion of hMSCs. However, many physiological
characteristics of C terminal and whole peptide
and their effects on MSCs are not very clear. In
addition, the direct activation effect of PTHrP on
osteoclasts is still controversial. The signal path-
way in proliferation promotion and its clinical
application still need to be further investigated.

Conclusions

The osteogenesis and adipogenesis are related
to each other during the induced differentiation
of hMSCs. PTHrP (1-86) can promote os-
teogenic differentiation and inhibit adipogenic
differentiation for hMSCs. This study can further
elaborate the action mechanism of PTHrP on
promotion of osteogenesis, from perspective of
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stem cell differentiation, and provide a theoreti-
cal and experimental basis for developing new
type of anti-osteoporosis drug. In addition, it can
widen the train of thought for studying in vitro
directed differentiation of hMSCs, and provide a
foundation for developing new therapeutic means
for osteoporosis.

Conflict of Interest

The Authors declare that they have no conflict of interests.

10)

References

Guo G, Lu XY, LIANG DC, ZHANG R, ZHANG JY. Study
of treating effect to osteoporosis of recombinant
human parathyroid hormone related protein 1-86.
China J Osteoporos 2008; 14: 13-15.

Maiou E, Fortino V. The complexity of parathyroid
hormone-related protein signaling. Cell Mol Life
Sci 2004; 61: 257-262.

STREWLER GJ, WiLLiams RD, NisseENsON RA. Human
renal carcinoma cells produce bypeircalcemia in
the nude mouse and a novel protein recgnized by
parathyroid hormone receptors. J Clin Int 1983;
71:769-774.

SuvA UJ, WiNsLow GA, WETTENHALL RE, HAMMONDS
RG, MosELEY JM, DIEFENBACH-JAGGER H, RopbbA CP
Kemp BE, RobrIGUEZ H, CHEN EY. A parathyroid hor-
mone related protein implicated in malignant
bypeicalcemia: cloning and expression. Science
1987; 237: 893-896.

Li J, Wel QY. Research progress of PTH/PTHrP to
bone metabolism regulating mechanism. Foreign
Medical Sciences — Section of Pathophysiology
and Clinical Medicine 2004; 1: 54-57.

WysoLmEeRskl JJ, STEWART AF. The physiology of
parathyroid hormone-related protein: an emerging
role as a develop-mental factor. Annu Rev Physiol
1998; 60: 431-460.

STREwLER GJ. The physiology of parathyroid hor-
mone-related protein. N Engl J Med 2000; 342:
177-185.

ORLOFF JJ, ReDDY D, DE PAPP AE, YANG KH, SOIFER
NE, StewarT AF. Parathyroid hormone-related pro-
tein as a prohormone: post translational process-
ing and receptor interactions. Endocr Rev 1994;
15: 40-60.

JUPPNER H, ABOU-SAMRA AB, FREEMAN M, KonG XF,
ScHIPANI E, RICHARDS J, Korakowski LF Jr, Hock J,
PoTts JT JR, KRONENBERG HM. A G protein-linked re-
cepter for parathyroid hormone and parathyroid
hormone-related peptide. Science 1991; 254:
1024-1026.

KarapLs AC, Luz A, GLOwWACKI J, BRONSON RT, Ty-

BULEWICZ VL, KRONENBERG HM, MuLLiGAN RC. Lethal
skeletal dysplasis from targeted disruption of the

1616

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

parathyroid hormone-related peptide gene. Genes
Dev 1994; 8: 277-289.

RuBiIN MR, CosmAN F LINDSAY R, BiLEzikiaN JP. The
anabolic effect of parathyroid hormone. Osteo-
poros Int 2002; 13: 267-277.

NEER RM, ARNAUD CD, ZANCHETTA JR, PRINCE R,
GAICH GA, REGINSTER JY, HODSMAN AB, ERIKSEN EF,
IsH-SHALOM S, GENANT HK, WANG O, Mimiak BH. Ef-
fect of parathyroid hormone (1-34) on fractures
and bone mineral density in postmenopausal
women with osteoporosis. N Engl J Med 2001;
344:1434-1441.

RickarRD DJ, WANG FL, RODRIGUEZ-ROJAS AM, Wu Z,
TrRICE WJ, HOFFMAN SJ, VOTIA B, STROUP GB, KUMAR
S, NutTALL ME. Intermittent treatment with parathy-
roid hormone (PTH) as well as a non-peptide
small molecule agonist of the PTH1 receptor in-
hibits adipocyte differentiation in human bone
marrow stromal cells. Bone 2006; 39: 1361-1372.

Hock JM, Gera I. Effects of continuous and inter-
mittent administration and inhibition of resorption
on the anabolic response of bone to parathyroid
hormone. J Bone Miner Res 1992; 7: 65-72.

MA YL, CAIN RL, HALLADAY DL, YANG X, ZENG Q,
MiLes RR, CHANDRASEKHAR S, MARTIN TJ, OnviA JE.
Catabolic effects of continuous human PTH (1-
38) in vivo is associated with sustained stimula-
tion of RANKL and inhibition of osteoprotegerin
and gene-associated bone formation. Endocrinol-
ogy 2001; 142: 4047-4054.

QIN L, RAGGATT UJ, ParTRIDGE NC. Parathyroid hor-
mone: a double-edged sword for bone metabo-
lism. Trends Endocrinol Metab 2004; 15: 60-65.

STEwWART AF. Hypercalcemia associated with can-
cer. N Engl J Med 2005; 352: 373-379.

Xu J, RonG HQ. Parathyroid hormone related pro-
teins promote bone formation. Foreign Medical
Sciences — Section of Osteopathic Medicine
2005; 26: 242-244.

GENSURE RC, GARDELLA TJ, JAPPNER H. Parathyroid
hormone and parathyroid hormone-related pep-
tide and their receptors. N Engl J Med 2005; 328:
666-678.

Jans DA, THomas RJ, GiLLespie MT. Parathyroid hor-
mone-related protein (PTHrP): a nucleocytoplas-
mic shuttling protein with distinct paracrine and
intracrine roles. Vitam Horm 2003; 66: 345-384.

PANG YG, Cul PC, CHEN WX, Cao YX. Experiment
research using human bone marrow mesenchy-
mal stem cells as the seed cells for bone and car-
tilage tissue engineering. Xi Bao Yu Fen Zi Mian
Yi Xue Za Zhi 2004; 20: 306-309.

AGGARWNAL S, Pittenger MF. Human mesenchynal
stem cells modulate allogeneic immune cell re-
sponse. Blood 2005; 105: 1815-1822.

HuanGg DQ, YAanG DJ, Lt WR, Xu FY, Ou XY. Corre-
lation between adipogenic and osteogenic cells
under the directional differentiation of mes-
enchymal stem cells. Chinese J Clin Rehabil
2006; 10: 31-33.



Effects of PTHrP on osteogenic and adipogenic differentiation of hMSCs

24)

25)

26)

27)

28)

29)

Miao D, Li J, Xue Y, Su H, Kararus AC, GoLtzmaN D.
Parathyroid hormone-related peptide is required
for increased trabecular bone volume in parathy-
roid hormone-null mice. Endocrinology 2004; 145:
3554-3562.

Miao D, He B, JIANG Y, KOBAYASHI T, SOROCEANU MA,
ZHAO J, Su H, ToNG X, Amizuka N, GUPTA A, GENANT
HK, KRONENBERG HM, GoLtzmAN D, KararLis AC. Os-
teoblast-derived PTHrP is a potent endogenous
bone anabolic agent that modifies the therapeutic
efficacy of administered PTH1-34. J Clin Invest
2005; 115: 2402-2411.

CasAaDO-DiAz A, SANTIAGO-MORA R, QUESADA JM. The
N- and C-terminal domains of parathyroid hor-
mone-related protein affect differently the os-
teogenic and adipogenic potential of human mes-
enchymal stem cells. Exp Mol Med 2010; 42: 87-98.

CHAN GK, DEeckeLBAUM RA, BOLIVAR I, GoLtzmAN D,
KararLis AC. PTHrP inhibits adipocyte differentia-
tion by down-regulating PPAR gamma activity via
a MAPK-dependent pathway. Endocrinology
2001; 142: 4900-4909.

CHAN GK, MiIA0 D, DECKELBAUM R, BOLIVAR |, KARAPLIS
A, GowtzmaN D. Parathyroid homone-related pep-
tide interacts with bone morphogenetic protein 2
to increase osteoblastogenesis and decrease adi-
pogenesis in pluripotent C3H10T1/2 mesenchy-
mal cells. Endocrinology 2003; 144: 5511-5520.

KuLkarNl NH, WEI T, KumAR A, Dow ER, STEWART
TR, SHou J, N'cHo M, StercHI DL, GitTer BD, HiG-

30)

31)

32)

33)

34)

35)

GS RE, HALLADAY DL, ENGLER TA, MARTIN TJ, BRYANT
HU, Ma YL, Onvia JE. Changes in osteoblast,
chondrocyte, and adipocyte lineages mediate
the bone anabolic actions of PTH and small
molecule GSK-3 inhibitor. J Cell Biochem 2007;
102: 1504-1518.

Horwitz EM, Prockop DJ. Clinical responses to
bone marrow transplantation in children with se-
vere osteogenesis imperfecta. Blood 2001; 97:
1227-1231.

AHLSTROM M, PEKKINEN M, LAMBERG-ALLARDT C. Dex-
amethasone downregulates the expression of
parathyroid hormone-related protein (PTHrP) in
mesenchymal stem cells. Steroids 2009; 74: 277-
282.

Owen A. What is early intervention? Br J Psychia-
try 2003; 183: 562.

Mets T, VErRDONK G. In vitro aging of human bone
marrow derived stromal cell. Mech Ageing Dev
1981; 16: 81-89.

PITTENGER MF, MAckAY AM, Beck SC, JAISWAL RK,
DoucGLAs R, MoscAa JD, MoorRMAN MA, SIMONETTI
DW, CraiG S, MarsHAK DR. Multilineage potential of
adult human mesenchymal stem cells. Science
1999; 284: 143-147.

CeN H, LIN MF, HuanG H, Cal Z. The expression
changes of Estrogen receptor o and f3 in mes-
enchymal stem cells differentiation into osteogen-
esis and adipose in vitro. J GuangXi Medical Uni-
versity 2005; 22: 883-885.



