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Transcriptional coactivator with PDZ-binding motif (TAZ), a 3-catenin-like molecule, drives mesenchy-
mal stem cell (MSC) to differentiate into osteoblast lineage through co-activation of Runx2-dependent
gene transcription and repression of peroxisome proliferator-activated receptory (PPARYy)-dependent
gene transcription. Dexamethasone (DEX), a synthetic and widely used glucocorticoid, affects osteogen-
esis. However, the signaling pathway by which DEX affects osteoblastic differentiation remains obscure.

geywordsl; In this study, we found that DEX at the concentration of 10-8 M enhanced calcium deposition, TAZ, bone
T;)meet asone morphogenetic protein 2 (BMP-2) and alkaline phosphatase (ALP) expression during osteoblastic differ-

entiation. RU486, an antagonist of glucocorticoid receptor, blocked the improvement of TAZ expression
while MSCs were treated with 108 M DEX. Moreover, higher concentration (107 M) of DEX robustly
suppressed TAZ and ALP expression in MSCs. These findings suggest that TAZ is not only involved in the
signal pathway of BMP-2-induced osteoblastic differentiation, but also involved in the signaling pathway
of DEX-induced osteoblastic differentiation, supporting the notion that TAZ is a convergence point of two

Mesenchymal stem cells
Osteoblastic differentiation

signaling pathways, BMP-2 signaling pathway and Wnt-3-catenin signaling pathway.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Mesenchymal stem cells (MSCs) constitute a small population
of pluripotent cells within the bone marrow, which differentiate
into adipocytes, chondrocytes, myocytes and osteoblasts under the
influence of particular signaling [1]. TAZ (transcriptional coactiva-
tor with PDZ-binding motif), a 3-catenin-like molecule, has been
linked with the development of bone, fat, limb, kidney, muscle,
heart and lung tissues [2-7], and functions as a molecular rheo-
stat, promoting MSC differentiation into osteoblastic lineages by
coactivating Runx2/Cbfal and blocking MSC differentiation into
adipocyte lineages by repressing peroxisome proliferator-activated
receptory (PPARy)-dependent gene transcription [6-8]. Bone mor-
phogenetic protein 2 (BMP-2) has been proven to induce bone
formation both in vivo and in vitro [9]. In BMP-2-induced osteoblas-
tic differentiation, TAZ level in MSCs is increased by several folds
within a few days [7].
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Dexamethasone (DEX), a synthetic glucocorticoid, can induce
osteoporosis and even pathologic fracture when it is adminis-
trated at long-term and over-dose [10]. Since normal bone turnover
depends on a balance between osteoblasts and osteoclasts, it is sug-
gested that DEX may suppress osteoblast differentiation both in vivo
and in vitro. DEX has been revealed to inhibit osteoblastic differen-
tiation through the repression of BMP-2 expression, which in turn
leads to a decrease in bone formation [11], and DEX redirect the
differentiation of bone marrow stromal cells from the osteoblastic
lineage to the adipocyte lineage [12]. However, most studies argue
that DEX in vitro enhances the osteoblastic differentiation, alka-
line phosphatase (ALP) activity and bone mineralization [13-17].
Thus, whether DEX inhibits or promotes osteoblastic differentia-
tion and bone formation in MSCs remains controversial [18], and
biological mechanism and signaling pathway by which DEX affects
osteoblastic differentiation remain obscure.

In this study, we demonstrated that DEX combining with ascor-
bic acid (AA) and (-glycerophosphate ([3-GP) in vitro not only
robustly promoted bone formation, but also improved TAZ expres-
sion. DEX enhanced osteoblastic differentiation and increased TAZ
expression in MSCs depending on its concentration in culture
medium. These findings suggest that TAZ could be one of the key
molecules in DEX-induced osteoblastic differentiation in rat MSCs.
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2. Materials and methods
2.1. Experimental animals and rat MSCs isolation

All animal experiments were approved by the Local Ethics Com-
mittee for Animal Care and Use of Zhejiang University in China.
Sixteen 4-week-old virgin female Sprague-Dawley rats weighing
approximately 150 g were purchased from Zhejiang University Ani-
mal Center (Hangzhou, China). Rats were euthanized by CO,, and
the bilateral femora and tibias were dissected under aseptic con-
ditions. The bone marrow cells were flushed out of the femora
and tibias with Dulbecco’s modified Eagle’s medium-low glucose
(DMEM-LG, Gibco, NY, USA) by a 5-ml syringe. The marrow cells
were seeded at a concentration of 5 x 10°/cm? in 30 ml plastic flasks
(Corning, USA) containing DMEM-LG supplemented with 10% fetal
calf serum (Gibco, Milan, Italy), 1% glutamine (Sigma, St. Louis, MO),
and 1% penicillin-streptomycin (Sigma). The cells were then incu-
bated in 5% CO, at 37°C, and the medium was changed every 3
days. When the cells reached 80% confluency in the flasks, cells
were trypsinized (0.25% trypsin, GIBCO, Canada) and expanded into
plates as passage 1.

2.2. Surface antigens of cultured cells

Surface antigens of cultured cells were detected as described
previously [19]. The passage 1 MSCs were harvested and the cell
density was adjusted to 1 x 107 cells/ml with PBS. Then the cells
were labelled with CD34-FITC, CD90-PE, CD14-PerCP CD14-PerCP,
and CD54-APC at 4 °Cin the dark for more than 30 min, washed once
with PBS and subjected to surface antigen assays by flow cytometry.

2.3. Induction of osteoblastic, adipogenic and chondrogenic
differentiation in rat MSCs

Rat MSCs from passage 1 were seeded in 6-well plates at the
concentration of 5 x 10°/cm?2. After pre-cultured for 24 h, the MSCs
were allowed to grow in different osteoblastic differentiation media
according to the experimental requirements for up to 14 days. All
MSCs were incubated in 5% CO, at 37°C, and the medium was
replaced every 3 days before harvest.

To induce adipogenic differentiation, rat MSCs were cultured for
14 days in DMEM-LG supplemented with 10-8 M DEX and 5 p.g/ml
insulin [20]. MSCs were fixed with 4% cold paraformaldehyde in
PBS (pH 7.4) at room temperature for 15 min. Then the plates were
washed three times with distilled water and incubated with Oil Red
O (Sigma) solution for 5 min at room temperature.

To induce chondrogenic differentiation, aliquots of 2.5 x 10°
MSCs were centrifuged at 1000 rpm for 5 min in 15 ml polypropy-
lene conical tubes to form pellets, which were then cultured in
high glucose DMEM supplemented with 1% ITS-Premix (Becton-
Dickinson, USA), 50 mg/ml AA, 103 M sodium pyruvate, 10-7 M
DEX, and 10ng/ml of transforming growth factor-B3 (R&D Sys-
tems, Minneapolis, MN) for 28 days. Then the pellets were fixed
with 4% paraformaldehyde, embedded in paraffin, and subjected to
Safranin-O staining to confirm chondrogenic differentiation.

2.4. AR-S staining for mineralization

The mineralization of MSCs was performed in 6-well plates
using Alizarin red staining (AR-S). Briefly, 6-well plates were
washed twice with PBS (pH 7.4) and fixed with 4% cold
paraformaldehyde in PBS (pH 7.4) at room temperature for 15 min.
Then the plates were washed three times with distilled water and
incubated with 40 mmol/l Alizarin Red-S (pH 4.2, Sigma) for 10 min
at room temperature. The cells were then washed thoroughly with
deionized water and observed using a converted microscope.

2.5. ALP activity assay

The MSCs were harvested and resuspended in 250 wl of cul-
ture supernatants, followed by cell breaking with an ultrasound
breaker. After centrifugation, the ALP activities in the cell super-
natants were quantified by an ALP Detection Kit (Nanjing Jiancheng
Biotechnology Institute, Nanjing, China) and a spectrophotometer
(Bio-Rad, Hercules, CA, USA) at a wavelength of 520 nm. Each value
was normalized to the protein concentration.

2.6. RNA isolation

Total RNA was isolated by using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s protocol. RT-PCR was
performed by M-MLV Reverse Transcriptase (Invitrogen, Carlsbad,
CA) according to the manufacturer’s specifications. Briefly, first-
strand cDNAs were synthesized at 37°C for 1h in 20 pl reaction
mixture using 2 pg isolated mRNA. The serially diluted first-strand
cDNA samples were used as templates (DongSheng Inc., Beijing,
China).

2.7. Reverse transcriptase PCR (RT-PCR) and real-time PCR

For RT-PCR, the diluted first-strand cDNA samples were ampli-
fied using a TagDNA polymerase (DongSheng Inc., Beijing, China).
The mRNA expression levels for TAZ, ALP, BMP-2, Runx2 and
GAPDH were analyzed by Gel Image System 4.00 (Tannon Inc.,
Shanghai, China) and the relative expression of the mRNAs was
normalized by dividing the ALP, BMP-2 or Runx2 values by the
respective GAPDH values. For real-time PCR quantification, the RNA
levels for the GRPDH were assayed in all samples as an internal
control. Messenger RNA measurements were normalized using
a robust global normalization algorithm. All control threshold
cycle (Ct) values were corrected by the median difference in all
samples from GRPDH. Messenger RNA levels were calculated
relative to GRPDH mRNA. Real-time PCR was carried out in a 25-p.1
volume with SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA). Reactions were carried out and fluorescence
was detected on an ABI 7700 system (PE Applied Biosystems).
Primer sequences for the RT-PCR and real-time PCR were listed as
follows: TAZ: 5'-AGGATCAGGATGCGTCAAG -3’ (forward) and 5'-
CCAAAGTCCCGAGGTCAA-3’ (reverse); BMP-2: 5'-GGACTGCGGTCT-
CCTAAA-3’ and 5-CAGCCTCAACTCAAACTCG-3’; GAPDH: 5'-GTT-
CAACGGCACAGTCAA-3’ and 5'-ATGAGCCCTTCCACGAT-3’; Runx2:
5-GCCGGGAATGATGAGAACTA-3’ and 5'-GGACCGTCCACTGTC-
ACTTT-3’; ALP: 5-ACGGTGAACGGGAGAAC-3’ and 5-CTCAGAAC-
AGGGTGCGTAG-3'.

2.8. Western blot analysis

Fifty micrograms of total protein isolated from MSCs were
mixed with sample buffer and heated at 80°C for 10 min. Sam-
ples were subjected to 12% SDS-PAGE in 1x TGS (Tris-glycine
SDS) at 100mV for 1h. Proteins were then transferred to PVDF
membranes using a semi-dry transfer apparatus (Biorad) at 15 mV
for 1h at room temperature. Membranes were blocked using 1%
BSA for 1h at room temperature. Primary goat anti-TAZ anti-
body (1:1000, Santa Cruz Biotechnology, CA, USA) was added
to blocking buffer overnight at 4°C. The next day, membranes
were washed five times in 1x TTBS (Tween®/Tris-buffered salt
solution), 5min each, on a shaker. The blot was then incu-
bated with Cruz Marker™ compatible donkey anti-goat IgG-HRP
(1:2000, Santa Cruz Biotechnology) for 1h at room tempera-
ture. The blot was washed in TTBS for five times, 5min each
time. Proteins were visualized using ECL™ western blotting detec-
tion reagents (GE Healthcare, Buckinghomshire, UK) and signals
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Fig. 1. (A) Multilineage differentiation of rat MSCs. Left: osteoblast differentiation (AR-S, 100x); middle: adipogenic differentiation (Oil Red O staining, 100x); right chon-
drogenic differentiaion (Safranin-O staining, 40x). (B) MSCs were cultured without (control) or with 10-8 M DEX combined with 10-2 M B-GP and 50 pg/ml AA and stained
for calcium deposition using Alizarin Red-S at 14 days. (C) Enhanced mRNA expression of TAZ, BMP-2, ALP, and Runx2 by RT-PCR after MSCs cultured without (Con) or with

10-8 M DEX combined with 10-2 M 3-GP and 50 p.g/ml AA for 7 and 14 days.

were detected using Image Station 4000R (Kodak, New Haven, CT,
USA).

2.9. Immunocytochemistry
MSCs were fixed with 4% paraformaldehyde in PBS (pH 7.4),

permeabilized with 0.5% Triton X-100 in PBS, and washed with
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PBS at room temperature. After blocking with 5% milk in PBS, cells
were incubated with the goat anti-TAZ antibody (1:200, Santa Cruz
Biotechnology, CA, USA) at 4°C for 12 h. Cells were proceeded to
incubate with Cruz Marker™ compatible donkey anti-goat IgG-
HRP (1:500, Santa Cruz Biotechnology, CA, USA) at 37°C for 1h.
Washed again with PBS for three times, then, the staining was
developed with a DAB Staining kit according to the manufac-
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Fig. 2. Rat MSCs were cultured in different media for 7 days by (A) RT-PCR. Lanes—1: control; 2: 10-8 M DEX; 3: 10-8 M DEX+50 pg/ml AA+10-2 M B-GP; 4: 10-2 M B-GP;
5: 50 wg/ml AA; (B) TAZ mRNA expression by real-time PCR. Lanes—1: control; 2: 10~8 M DEX+ 50 p.g/ml AA+10-2 M B-GP; 3: 10-8 M DEX; 4: 10-3 M DEX +10~> M RU486;
5:10-2 M B-GP; 6: 50 g/ml AA; (C) Western blot. Lanes—1: control; 2: 10-8 M DEX +50 pg/ml AA+10-2 M B-GP; 3: 10-> M RU486; 4: 10~8 M DEX; 5: 10-8 M DEX+10—°> M

RU486. *P<0.05.
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Fig. 3. 10-8 M DEX enhanced calcium deposition and TAZ expression in cultured rat MSCs. (A) Cells were cultured in the absence (left) and presence of 10-8 M DEX (middle),
and 10-8 M DEX together with 50 pg/ml AA, and 10-2 M B-GP (right) for 14 days. Cultures were stained for calcium deposition using Alizarin Red-S. (B) Immunocytochemistry
demonstrated TAZ-positive cells (blue arrows). Upper left: control, 100x; upper right: MSCs were treated with 10-8 M DEX for 14 days, 100x. Lower left: the TAZ-positive
cells using immunocytochemistry were in the shape of spindle, polygon, and cube (blue arrows, 200x ). (C) Comparison of percentage of TAZ-positive MSCs. **P<0.01. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

turer’s protocol (ZSGB-BIO, Beijing, China) and visualized by using
a converted microscope. The TAZ-positive MSCs were analyzed by
imagine software, NIS-Element D 2.20 (Nikon, Kanagawa, Japan).

2.10. Statistical analysis

Data were expressed as mean & SEM. Differences among groups
were analyzed by one-way ANOVA. In the case of two groups,
a Student’s t-test was used. Statistical significance was assessed
at P<0.05. Experiments were independently triplicated and
results were qualitatively identical. Representative experiments are
shown.

3. Results

3.1. Surface antigen identification and multilineage
differentiation of MSCs

The isolated cells were identified by flow cytometry for assay-
ing CD34-FITC, CD90-PE, CD14-PerCP CD14-PerCP, and CD54-APC
as previously described [19]. In the present study, the results

revealed that isolated cells were CD54* and CD90* but CD14~
and CD34~. After cultured in osteoblast differentiation medium
(10-8 M DEX, 102 M B-GP and 50 pg/ml AA) for 14 days, AR-S
revealed calcium deposit nodules in MSCs (Fig. 1A, left). In adi-
pogenic differentiation, the MSCs were cultured in adipogenic
medium for 14 days, Oil Red O staining demonstrated positive
staining in MSCs (Fig. 1A, middle). In chondrogenic differentiation,
MSCs were induced in chondrogenic medium for 4 weeks, the MSCs
were positive for Safranin-O stain and demonstrated chondrocyte
morphology (Fig. 1A, right). The surface antigen identification and
mutilineage differentiation ability supported that these isolated
cells were MSCs.

3.2. TAZ expression in MSCs during osteoblastic differentiation

AR-S was performed to determine the mineralization in rat MSCs
treated with 10~8 M DEX combined with 10-2 M 3-GP and 50 pg/ml
AA for 14 days. Treatment with DEX combined with 3-GP and AA for
14 days robustly enhanced MSCs mineralization compared to vehi-
cle control (Fig. 1B). To determine whether DEX combined with AA
and B-GP increases the expression levels of osteoblastic factors dur-



90 D. Hong et al. / Journal of Steroid Biochemistry & Molecular Biology 116 (2009) 86-92

()
4 *k
T e
[a]
<a 3 L
23
ol
<3
L~ 1
® :
.I T

Con 4d 7d 11d 14d

E

OCon B4d MW7d B11d [O14d

mRNA (related to control)

Fig.4. 10~8 M DEX affects mRNA levels of TAZ, BMP-2, Runx2 and ALP in rat MSCs in 14 days. (A) RT-PCR for TAZ, BMP-2, Runx2, and ALP mRNA. (B) Semiquantitative analysis
of BMP-2, Runx2 and ALP mRNA. (C) Analysis of TAZ mRNA level by real-time PCR. *P<0.01.

ing osteoblastic differentiation of MSCs, we further analyzed mRNA
expression levels of TAZ, BMP-2, Runx2, and ALP (an osteoblastic
differentiation marker) in MSCs by RT-PCR at days 0 (control), 7
and 14. Consistent with the ALP mRNA expression patterning which
exhibited time-dependent increases during osteoblastic differenti-
ation in MSCs (Fig. 1C), TAZ, BMP-2 and Runx2 mRNA expression
levels at days 0, 7 and 14 showed time-dependent increases in
rat MSCs after treatment with DEX combined with 3-GP and AA
(Fig. 1C).
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To determine the osteoblastic differentiation under different
treatment conditions, we further analyzed the TAZ and ALP mRNA
levels in the first passage of rat MSCs growing in different differenti-
ation media for 7 days. RT-PCR and real-time PCR demonstrated that
10-3 M DEX, 10-3 M DEX combined with AA and B-GP increased
the TAZ mRNA expression in MSCs compared with control (Fig. 2A
and B). MSCs treated with AA or -GP did not increase TAZ expres-
sion compared with control (Fig. 2B). However, while MSCs were
cultured with 10~8 M DEX combined with 10~> M RU486, an antag-
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Fig. 5. (A) DEX dose-dependently affects ALP activity in rat MSCs at day 7; (B) 10-7 M DEX decreases mRNA of TAZ and ALP expression in rat MSCs by RT-PCR; (C) 10-7 M DEX
inhibits ALP activity in rat MSCs at days 3, 5, and 7; (D) Analysis of TAZ mRNA level by real-time PCR. *P<0.05; **P<0.01.
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onist of glucocorticoid receptor, TAZ mRNA level did not raise at
day 7 compared with control (Fig. 2B). Immunobloting analysis also
confirmed that TAZ protein levels increased at day 7 in MSCs treated
with 10-8 M DEX or 10~8 M DEX combined with AA and -GP, but
not in MSCs treated with 10~> M RU486 or 108 M DEX combined
with 10~> M RU486 (Fig. 2C).

3.3. Effect of 10~8 M DEX on calcium deposition and the number
of TAZ-positive cells

To identify the ability of DEX in modulating osteoblastic differ-
entiation of MSCs, rat MSCs were allowed to grow in three different
media for 14 days: (1) DMEM-LG; (2) DMEM-LG containing 10-8 M
DEX and (3) DMEM-LG containing 10-8 M DEX, 50 wg/ml AA and
10-2 M B-GP. AR-S staining revealed that DEX increased calcium
deposition and the addition of AA and 3-GP synergically increased
calcium deposit ability of DEX (Fig. 3A). To further examine the
osteoblastic effect of DEX, we immunohistochemically stained TAZ
protein in MSCs treated with 10-8 M DEX for 14 days. The TAZ-
positive cells exhibited in the shape of spindle, polygon, and cube
(Fig. 3B). The number of TAZ-positive cells after DEX treatment
significantly increased compared to control (P<0.01) (Fig. 3C).

3.4. Effect of 10-8 M DEX on TAZ, BMP-2, Runx2 and ALP mRNA
expression

The differentiation of MSCs into osteoblasts is critically depen-
dent on Runx2 [21], and TAZ may function as an endogenous
coactivator of Runx2 in cells [6]. We investigated the effects of DEX
at 10-8 M on TAZ, BMP-2, Runx2 and ALP mRNA expression levels.
10-8 M DEX increased BMP-2, Runx2 and ALP mRNA levels by 2.1-
and 4.0-fold, 1.5- and 2.1-fold, 1.8- and 1.9-fold at days 7 and 14,
respectively by semiquantitative RT-PCR (Fig. 4A and B). In addi-
tion, at days 7, 11 and 14, 10-8 M DEX significantly increased TAZ
mRNA expression by real-time PCR (P<0.01) (Fig. 4A and C).

3.5. DEX at 10~7 M suppresses TAZ and ALP expression in MSCs

Previous studies suggested that DEX at higher concentration
may inhibit osteoblastic differentiation [22-24]. We analyzed ALP
activity in rat MSCs that were treated with different concentrations
of DEX for 7 days. DEX at 10~8 M and 10~° M significantly elevated
ALP activity (P<0.01) whereas 10~7 M DEX (P<0.05) and 10~ M
DEX (P<0.01) inhibited ALP activity in rat MSCs compared with
control (Fig. 5A). Therefore we tested the effects of DEX at higher
concentration (10-7 M) on TAZ and ALP expression levels as well
as ALP activity. This concentration of DEX also significantly inhib-
ited ALP mRNA levels and its activity (Fig. 5B and C). In contrast to
the induction of TAZ expression by 10~8 M DEX, 10~7 M DEX signif-
icantly decreased the TAZ mRNA level by real-time PCR at days 3, 5
and 7 (P<0.01) (Fig. 5B and D).

4. Discussion

In the present study, we demonstrated that during osteoblastic
differentiation induced by 10-8 M DEX combined with 3-GP and
AA improved TAZ, Runx2, BMP-2 and ALP mRNA levels in rat MSCs.
Lower concentration of DEX (10~8 M) promoted calcium formation,
increased mRNA and protein level of TAZ in MSCs, while higher
concentration of DEX (107 M) exerts the inhibitory effects.

It has been proven that BMP-2 increases TAZ level in MSCs by
several folds during osteoblastic differentiation [7]. Present study
showed that TAZ level in MSCs increased at days 7 and 14 while
these cells were treated with 10-8 M DEX combined with 10-2 M (3-
GP and 50 pg/ml AA. The osteoblast differentiation maker ALP also
showed time-dependent increases in rat MSCs during osteoblast

differentiation. It is well known that Runx2, also called Cbfa1, con-
trols the expression of osteoblast-specific genes (e.g., osteocalcin).
TAZ has been proven to be a Runx2 transcription coactivator, which
binds to Runx2 in the nucleus to regulate osteoblastic differenti-
ation [24]. In this study, mRNA levels of BMP-2 and Runx2 also
increased during the osteoblast differentiation (Fig. 1B).

So far, whether DEX inhibits or promotes osteoblastic differ-
entiation and bone formation in MSCs remains controversial [18],
and the signaling pathway by which DEX affects osteoblastic dif-
ferentiation remain obscure. Present study showed that 10-8 M
DEX increased calcium formation in MSCs at day 14 and the effect
was synergized by AA and [(3-GP (Fig. 3A). Real-time PCR and
immunobloting analysis showed that TAZ mRNA level and protein
expression were enhanced in MSCs treated with 10~8 M DEX at day
7 (Fig. 2B and C). In addition, the number of TAZ-positive MSCs after
10-8 M DEX treatment significantly increased compared to control
using immunochemistry assay (Fig. 3C). The stimulative effect of
10-8 M DEX on TAZ were blocked by 10> M RU486, an antagonist
of glucocorticoid receptor (Fig. 2B and C) and MSCs were treated
with AA or B-GP did not show increased TAZ level (Fig. 2B). In the
present study,

DEX at 10-8 M and 10~° M significantly elevated ALP activity
(P<0.01) whereas 10~7 M DEX (P<0.05) and 106 M DEX (P<0.01)
inhibited ALP activity in rat MSCs (Fig. 5A). We also demonstrated
that higher concentration of DEX (10~7 M) decreased TAZ mRNA
level and ALP activity from days 3 to 7 (Fig. 5B-D), which indi-
cates that TAZ level is closely related with osteoblast differentiation
ability. Other authors also provided evidence that DEX has a dual
role in osteoblastic differentiation depending on the applied con-
centration [14,17,22]. Therefore DEX at 10-8 M and 10~° M may be
the physiological concentration that is necessary for osteoblast dif-
ferentiation in MSCs while DEX at higher concentration (107 M
or higher than 10-7 M) may pharmacological, inhibiting osteoblast
differentiation in MSCs and leading to glucocorticoid-induced
osteoporosis.

Besides BMP-2 signaling, the Wnt-[3-Catenin signaling pathway
is likely to play an important role in regulating osteoblastic dif-
ferentiation and skeletal development [25-28]. The 3-catenin is an
intracellular molecule node of the canonical Wnt signaling pathway
[29], while TAZ is called a 3-catenin-like molecule. The cytoplasmic
[3-catenin, via canonical Wnt signaling enter into the nucleus and
heterodimerize with Lef/Tcf transcription factors to regulate Wnt
target genes [29], enhancing expression of Runx2 and osteoblastic
differentiation [30,31], repressing adipocyte differentiation [32,33].
Previous study indicated that DEX inhibits osteoblast differentia-
tion by opposing Wnt-3-catenin signaling [12,24,34]. In this study,
10~7M DEX may suppress osteoblastic differentiation in MSCs by
opposing Wnt-[3-catenin signaling, which lead to the decreased
expression of TAZ. Therefore TAZ could be a key molecule in DEX~
induced osteogenic differentiation.

Nucleus

Cytoplasm '

Y

Osteoblastic
differentiation

Fig. 6. Presumed role of TAZ convergence point of BMP-2 and Wnt signal pathway
during osteoblastogenic differentiation.
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In conclusion, this study revealed that DEX can affect TAZ
expression during osteogenic differentiation in MSCs, which may
depend on its concentration. These results suggest that TAZ is
not only involved in the signaling pathway of BMP-2-induced
osteogenic differentiation, but also in the signaling pathway of DEX-
induced osteoblast differentiation. Therefore TAZ, a 3-catenin-like
molecule, may be convergence point of two signal pathways, BMP-2
signal pathway and Wnt-[3-catenin signal pathway (Fig. 6).
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