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Effect of TAK1 on osteogenic differentiation of
mesenchymal stem cells by regulating BMP-2 via Wnt/

b-catenin and MAPK pathway
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ABSTRACT. Mesenchymal stem cells (MSCs) have the ability to differentiate into osteoblasts
and chondrocytes. In vitro osteogenic differentiation is critical but the molecular mechanism
has yet to be further clarified. The role of TGF-b activated kinase 1 (TAK1) in MSCs
osteogenesis differentiation has not been reported. By adding si-TAK1 and rhTAK1, the
osteogenic differentiation of MSCs was measured. Expression levels of the osteoblastic marker
genes during osteogenic differentiation of MSCs were checked. As well as molecules involved
in BMP and Wnt/b-catenin signaling pathways. The phosphorylation of p38 and JNK was also
checked. TAK1 is essential for mineralization of MSCs at low concentration, but excessive
rhTAK1 inhibits mineralization of MSCs. It up regulates the expression levels of bone
sialoprotein (BSP), osteocalcin (OSC), Alkaline phosphatase (ALP), and RUNX2 during
osteogenic differentiation of MSCs. It can also promote TGF-b/BMP-2 gene expression and
b-catenin expression, and down regulate GSK-3b expression. Meanwhile, TAK1 promotes the
phosphorylation of p38 and JNK. Additionally, TAK1 up regulates the expression of BMP-2 at
all concentration under the inhibition of p38 and JNK. Our results suggested that TAK1 is
essential in MSCs osteogenesis differentiation, and functions as a double-edged sword, probably
through regulation of b-catenin and p38/JNK.
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INTRODUCTION

Through lifetime, bone undergoes constantly
renewal and regeneration.1 Osteoclasts and osteo-
blasts are two main cell types in bone. They coor-
dinate and contribute to this dynamic process.
Sometimes bone regeneration may go beyond its
own repair capacity, especially under the situa-
tions such as osteolytic bone tumor surgery, osteo-
necrosis, or after bone fractures.2 Thus bone tissue
engineering is of great urgency in medical
research.3 Mesenchymal stem cells (MSCs) have
the ability of differentiation intomultilineage cells
during tissue homeostasis in vivo or under certain
circumstance in vitro.4 Bone is one of the mesen-
chymal tissues that MSCs can contribute to the
regeneration. Osteoblasts are specialized, termi-
nally differentiated products arising from MSCs.5

The capability of differentiation into bone lineage
and the accessibility makes MSCs a good candi-
date for bone tissue engineering and clinical stem
cell therapy. However, many pathways are
involved in the tuning of osteogenesis, and the
mechanisms between the crosstalk of these path-
ways still need to be elucidated.

Bone morphogenetic proteins (BMPs) are key
growth factor family that functions during endo-
chondral skeletal differentiation.6 Transforming
growth factor beta (TGF-b) is part of the super-
family that possesses common signaling elements
in the TGF-b signaling pathway.7 TGF-b is espe-
cially important in cartilage differentiation,8

which generally precedes bone formation for
endochondral ossification. Studies showed that
TGF-b1 induces rapid nuclear translocation of
b-catenin in MSCs in a Smad3-dependent man-
ner.9 Previous data showed that TGF-b could
function together with Wnt5a to regulate Wnt/
b-catenin activity,10,11 promoting chondrocyte
differentiation at the expense of adipocyte differ-
entiation in hMSCs. Reports have also showed
that Wnt3a and Wnt5a play critical roles in
TLR4-induced MSC proliferation and osteogenic
differentiation.12 By targeting the downstream
genes, Wnt/b-catenin pathway is involved in the
stimulation of MSC proliferation and the inhibi-
tion of MSC osteogenic differentiation by TGF-
b1. While the canonical Wnt/b-catenin signaling
pathway has been found to play a critical role in
skeletal development and osteogenesis, indicating

that Wnts can be used to improve de novo bone
formation mediated by MSCs. Studies have
shown that though Wnt4 did not stabilize b-cate-
nin, it activated p38MAPK in a novel noncanoni-
cal signaling pathway.13 Overall, it seems that
BMPs can crosstalk with Wnt/b-catenin and
MAPK pathway, thus function in skeletal devel-
opment and osteogenesis.

Transforming growth factor-beta-activated
kinase-1 (TAK1) is a MAP3K with high
sequence similarity to Raf-1 and MEKK-1.14 It
has been identified as a TGF-b/BMP-activated
cytosolic component of the MAPK pathways.
TAK1 can be activated by growth factors and
cytokines such as RANKL and BMPs and its
downstream pathways include NF-kappaB and
JNK/p38 MAPKs. It is reported that TAK1 reg-
ulates osteoclastogenesis by integrating activa-
tion of NF-kappaB and derepression of
NOTCH/RBPJ in myeloid cells.15 TAK1 is
essential for osteoclast differentiation.16 Previous
studies have shown that TAK1 is a positive reg-
ulator of osteoclast maturation, it functions in
osteoclastogenesis in a cell-autonomous manner
and in osteoblastogenesis and chondrogenesis in
non-cell-autonomous manners.14,17,18 TAK1
interacts with Smad proteins and interferes with
osteogenesis in murine mesenchymal progeni-
tors. It is also suggested as a factor that is
involved in the fine-tuning of BMP effects dur-
ing osteogenic development.14 However, no
research has been done regarding its role and
function in osteogenesis of MSCs. Hereby we
investigated the effect of TAK1 on osteogenic
differentiation of MSCs.

MATERIALS AND METHODS

Culture of hADMSCs

Normal human Adipose-Derived Mesenchy-
mal Stem Cells (hADMSCs, referred as MSCs
in the following text) were purchased from
ATCC (PCS-500–011). Cells were seeded into
25-cm2 flasks and incubated at 37�C/5% CO2.
After 48 h, non-adherent cells were removed
from the flasks by changing the medium.
Thereafter, the medium was changed once
every 3 days. Typically, cultures reached 90%
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confluence by 14 days, at which point the cells
were trypsinized using 0.25% trypsin-0.53 mM
EDTA, counted, and then plated again.

Si-TAK1 Transfection for MSCs

To knockdown TAK1 in MSCs, siRNAs tar-
geting TAK1 were transfected in MSCs using
GeneXPlus transfection reagent (ATCC ACS-
4004) according to the manufacture’s instruc-
tion. TAK1 and non-targeting control siRNAs
were obtained from Dharmacon (see Table 1,
Non-targeting siRNA#1).

Osteogenic Differentiation

To induce osteogenic differentiation, MSCs
were plated at a density of 2 £ 104 cells/cm2 in
6-well plates under normal culture condition.
After 2 days, the medium was replaced with
an osteogenic-inducing medium (low-glucose
DMEM containing 5% FCS, 10 nM DEX,
50 mM L-ascorbic acid-2-phosphate, and 10 mM
glycerophosphate), and then fresh differentiation
medium was added every other day and the cells
were maintained at 37�C in a humidified 5% CO2

atmosphere throughout the experiments until the
cells were harvested.

Western blot

Standard western blotting protocols was
used as previously described.19 Primary anti-
bodies (Abcam, Cambridge, MA, USA) against
TAK1 (ab109526), TGF-b (ab31013), BMP-2

(ab14933), GSK-3b (ab93926), b-catenin
(ab32572), P-p38 (ab38238), p38 (ab31828), P-
JNK2 (ab4821), JNK2 (ab76125), and GAPDH
(ab8245) were used. The blots were incubated
after wash with secondary antibodies conju-
gated with alkaline phosphatase (Abcam,
USA). Immunoblots were developed using bro-
mochloroindolyl/phosphate/nitroblue tetrazo-
lium solution (Promega, Madison, WI, USA).

Alizarin Red S Staining

Mineralization was measured using Alizarin
red S (Sigma, MO, USA) staining and phase-
contrast microscopy. Cells were incubated with
2% Alizarin red at pH 4.2 for 10 min and then
washed with distilled water; the sub-cultured
cells were observed using phase-contrast
microscopy to examine cell morphology and
verify the presence of mineralized nodules.
Quantitative analysis of Alizarin Red Staining
was performed after dye extraction with
200 mL 10% acetic acid during 30 minutes
under agitation. Recovered supernatant was
further centrifuged, heated to 85�C for
10 minutes and cooled at 4�C. After centrifuga-
tion at 20,000 g for 15 minutes pH of superna-
tant was neutralized using 75 mL of 10%
Ammonium hydroxide. Concentrations were
calculated by determining OD405 against
known Alizarin Red concentrations.

Real time RT-PCR

Cells were collected and total RNAs were
extracted with use of RNeasy Mini Kit (Qiagen,

TABLE 1. Primers used.

Gene Name Forward Reverse

Alkaline phosphatase 50-CCTCCTCGGAAGACACTCTG-30 50-GCAGTGAAGGGC TTCTTGTC-30

Bone sialoprotein 50-AAAGTGAGAACGGGGAACCT-30 50-GATGCAAAGCCAGAATGGAT-30

Osteocalcin 50-GACTGTGACGAG TTGGCTGA-30 50-CTGGAGAGGAGCAGAACTGG-30

Runx2 50-ACAACCACAGAACCACAAG-30 50-TCTCGGTGGCTGGTAGTGA-30

BMP-2 50-TGGCCCATTTAGAGGAGAACC-30 50-AGGCATGATAGCCCGGAGG-30

TGF-b 50- GGCAGGCACCGCCCGCCGGA-30 50- GGACCCAGGGACCTTCAGG-30

b-catenin 50- GAGGCGGAGACGGATGAAG-30 50- GTAGCCATTGTCCACGCTGG-30

GSK-3b 50- GCATGGTACTGAATACAGG-30 50- CTACTGAATGCATATCAC-30

GAPDH 50-GACTTCAACAGCAACTCCCAC-30 50-TCCACCACCCTGTTGCTGTA-30

Si-TAK1 50-AAUUCUCUUCCAAGAAUGCCUGCAUUCUUGGAAGAGAAUUCC-30
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Valencia, CA, USA). Reverse transcription was
performed using a reverse transcription kit
(Applied Biosystem, Waltham, MA, USA) as
recently described.12 Real time quantitative
PCR reactions were set up in triplicate with
Ssofast Master Mix (Bio-Rad, Hercules, CA,
USA) and run on a LightCycler 480 (Roche,
Penzberg, Upper Bavaria, Germany). Primers
listed in Table 1 were used for real time PCR.

Statistic analysis

Statistical evaluation was performed using
one or two-way ANOVA analysis following a
Tukey’s post hoc test. Data were presented as
mean § S.E.M. The significance value was set
at p < 0.05.

RESULTS

Effect of TAK1 on the mineralization
of MSCs

First we investigated the effect of TAK1
on the mineralization of MSCs by transfect-
ing cells with si-TAK1. Upon successful
transfection, the protein content of TAK1
decreased to a significant lower level, com-
pared to control groups (Figure 1A). Cells
were cultured in a normal condition for
2 days, and the medium was replaced with
an osteogenic-inducing medium. Then, the
cells were transfected with si-TAK1, or
treated with addition of recombinant human
TAK1 (rhTAK1): rh1 (1 ng/ml rhTAK1), rh5
(5 ng/ml rhTAK1), rh50 (50 ng/ml rhTAK1),
respectively. At 10 or 20 days after osteo-
genic inducing mineralization was quanti-
tated (Figure 1B). MSCs transfected with si-
TAK1 showed statistically lower mineral
deposit compared to the other groups. Addi-
tion of rhTAK at low concentration (1 ng/
ml, 5 ng/ml) promoted mineralization
slightly though not at an obvious dose-
dependent manner. Notably, when adding
excessive rhTAK1 (50 ng/ml), the minerali-
zation was inhibited. These results suggested
that TAK1 is essential for mineralization of
MSC but excessive TAK1 would inhibit
mineralization of MSC.

Effect of TAK1 on the gene expression
during osteogenic differentiation of MSCs

Becasuse TAK1 is involved in osteogenic dif-
ferentiation ofMSCs, thus we checked the expres-
sion levels of the osteoblasticmarker genes during
osteogenic differentiation of MSCs. Bone sialo-
protein (BSP), osteocalcin (OSC), Alkaline phos-
phatase (ALP), and RUNX2 are often used as
osteoblastic marker genes, their levels elevate as
osteogenesis progress. Expression of all marker
genes in cells transfected with si-TAK1 showed
significantly down-regulation, compared to the
control group (Figure 2). MSCs with addition of

FIGURE 1. Effect of TAK1 on the mineralization
of MSCs. (A) The expression of TAK1 was
downregulated by si-TAK1 and analyzed by
western blot, with antibodies against TAK1 and
GAPDH, respectively. (B) Mineralization was
quantitated through the elution of Alizarin Red S
from stained mineral deposits. Cells were plated
at a density of 2 £ 104 cells/cm2 in 6-well plates.
After 2 days, the medium was replaced with an
osteogenic -inducing medium. Then, the cells
were transfected with si-TAK1, 1 ng/ml rhTAK1
(rh1), 5 ng/ml rhTAK1 (rh5) or 50 ng/ml rhTAK1
(rh50), respectively, for 10 and 20 days. Values
are expressed as means § S.E.M. of three inde-
pendent experiments. **p < 0.001, compared
with control group.
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rhTAK at low concentration showed slightly
increase of expression for BSP (Figure 2A), but
significantly increase of expression for OSC (Fig-
ure 2B), ALP (Figure 2C), and Runx2 (Fig-
ure 2D). However, not surprisingly all marker
gene expressions were inhibited in MSCs with
addition of high concentration of rhTAK1. These
results suggested that TAK1 is essential for the
onset of osteogenic differentiation of MSCs at
low concentrations, while excessive TAK1 inhib-
ited osteogenic differentiation ofMSCs.

Effect of TAK1 on TGF-b/BMP-2 gene
expression

Similar to the osteogenesis marker gene
expression, expressions of TGF-b/BMP-2 also
increase along with osteogenesis process. While
transfected with si-TAK1, TGF-b/BMP-2 mRNA
expressions decreased significantly (Figure 3A,

B). Addition of rhTAK1 promoted TGF-b/BMP-
2 gene expression, with slightly dose-dependent
manner, though the increase was not statistically
significant. Excessive rhTAK1 inhibit TGF-
b/BMP-2 gene expression, to a level as low as
that in si-TAK1 transfected cells. TGF-b/BMP-2
protein expressions were similar with the mRNA
results (Figure 3C). These results implied that
TAK1 is the upstream of TGF-b/BMP-2 signaling
pathway. Its dysfunction affects TGF-b/BMP-2
gene expression duringMSCs osteogenesis.

Effect of TAK1 on gene expression
of b-catenin/GSK-3b

Wnt/b-catenin signaling pathway is reported to
be very important in osteogenesis, and b-catenin
is essential for osteoblast differentiation. While
MSCs were transfected with si-TAK1, b-catenin
expression was greatly down regulated

FIGURE 2. Effect of TAK1 on the expression levels of the osteoblastic marker genes during osteo-
genic differentiation of MSCs. qRT-PCR analysis of the osteoblastic marker genes bone sialopro-
tein (BSP), osteocalcin (OSC), Alkaline phosphatase (ALP) and runt-related transcription factor 2
(RUNX2). GAPDH was used as an internal control. Cells were plated at a density of 2 £ 104 cells/
cm2 in 6-well plates. After 2 days, the medium was replaced with an osteogenic -inducing medium.
Then, the cells were transfected with si-TAK1, 1 ng/ml rhTAK1 (rh1), 5 ng/ml rhTAK1 (rh5) or
50 ng/ml rhTAK1 (rh50), respectively, for 14 days. Values are expressed as means § S.E.M. of
three independent experiments. *p < 0.05, **p < 0.001, compared with control.
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(Figure 4A). Addition of rhTAK1 at low concen-
tration slightly up regulated b-catenin expression,
though no more increase at high concentration
(50 ng/ml). Not surprisingly, GSK-3b showed a
different pattern of expression (Figure 4B). It was
up regulated in si-TAK1 transfected cells, and
was down regulated in cells with addition of
rhTAK1, though no further significant decrease at
high concentration (50 ng/ml). Same trend of
changes were observed when detected protein
expressions (Figure 4C and 4D). These results
suggested that TAK1 might be up stream regula-
tor of Wnt/b-catenin signaling pathway
regulation.

Effects of TAK1 on phosphorylation
of p38 and JNK

TAK1 is closely related with the phosphoryla-
tion of p38 and JNK, we sought to check their
expression level in the situation of absence or
presence of TAK1. In si-TAK1 transfected cells,
we could hardly detect their phosphorylated

protein (P-p38, P-JNK2), while p38 and JNK2
level was not changed compared to control group
(Figure 5A-C). However, P-p38 and P-JNK2 lev-
els were up regulatedwith the addition of rhTAK1
on a nearly dose-dependentmanner. Notably, total
protein level of p38 or JNK2 was not affected.
These results suggested that TAK1 promote the
phosphorylation of p38 and JNK.

Effect of p38 and JNK on BMP-2

BMP signaling pathway is another important
pathway involved in osteogenesis. We wanted to
check the effect of inhibition of p38 or JNK or
together on the expression of BMP-2. Transfec-
tion of si-TAK1 led to down regulation of BMP-
2, addition of p38 inhibitor (SB203580) rescued
some of BMP-2 expression, though couldn’t get
to the level as high as the control (Figure 6A).
With the presence of rhTAK1, BMP-2 expression
was up regulated at low concentration of rhTAK1,
despite the addition of p38 inhibitor. However at
high concentration of rhTAK1, the addition of

FIGURE 3. Effect of TAK1 on the expression levels of TGF-b and BMP-2 during osteogenic differ-
entiation of MSCs. qRT-PCR (A,B) and western blot (C) analysis of the genes. GAPDH was used
as an internal control. Cells were plated at a density of 2 £ 104 cells/cm2 in 6-well plates. After
2 days, the medium was replaced with an osteogenic -inducing medium. Then, the cells were trans-
fected with si-TAK1, 1 ng/ml rhTAK1 (rh1), 5 ng/ml rhTAK1 (rh5) or 50 ng/ml rhTAK1 (rh50),
respectively, for 14 days. Values are expressed as means § S.E.M. of three independent experi-
ments. **p < 0.001, compared with control.

TAK1 IS ESSENTIAL IN MSCS OSTEOGENESIS DIFFERENTIATION 41



p38 inhibitor rescued BMP-2 expression to a level
as high as that at low concentration of rhTAK1.
We did the same experiment by adding JNK

inhibitor (SP600125), and BMP-2 expression
showed the same trend of regulation (Figure 6B).
When adding both inhibitors, the expression level

FIGURE 4. Effect of TAK1 on the expression levels of b-catenin and GSK-3b during osteogenic dif-
ferentiation of MSCs. qRT-PCR (A, B) and western blot (C, D) analysis of the genes and corre-
sponding proteins. GAPDH was used as an internal control. Cells were plated at a density of 2 £
104 cells/cm2 in 6-well plates. After 2 days, the medium was replaced with an osteogenic -inducing
medium. Then, the cells were transfected with si-TAK1, or added with 1 ng/ml rhTAK1 (rh1), 5 ng/
ml rhTAK1 (rh5) or 50 ng/ml rhTAK1 (rh50), respectively, for 14 days. Values are expressed as
means § S.E.M. of three independent experiments. *p < 0.05, **p < 0.001, compared with control.

FIGURE 5. Effects of TAK1 on the expression levels of p38 and JNK during osteogenic differentia-
tion of MSCs. (A) Western blot analysis of the protein expression levels. (B) The bar graph showed
the intensities of protein expressions compared with GAPDH. Cells were plated at a density of 2 £
104 cells/cm2 in 6-well plates. After 2 days, the medium was replaced with an osteogenic -inducing
medium. Then, the cells were transfected with si-TAK1, 1 ng/ml rhTAK1 (rh1), 5 ng/ml rhTAK1
(rh5) or 50 ng/ml rhTAK1 (rh50), respectively, for 14 days. Values are expressed as means § S.E.
M. of three independent experiments. *p < 0.05, **p < 0.001, compared with control.

42 H. Yang et al.



of BMP-2 at high concentration of 50 ng/ml
rhTAK1 showed even higher than that at low con-
centration of 5 ng/ml rhTAK1 (Figure 6C). These
results implied that TAK1 could up regulate the
expression of BMP-2 at all concentration with the
inhibition of p38 and JNK, suggesting that p38
and JNK inhibited BMP-2 expression in cells
with excessive rhTAK (50 ng/ml).

DISCUSSION

By loss of function (siTAK1) and gain of func-
tion (rhTAK1) experiments, we checked the
effect of TAK1 on osteogenesis and the involved
pathways: TGF-b pathway, Wnt/b-catenin path-
way, and MAPK pathway. We found that TAK1
is essential for mineralization of MSCs but exces-
sive TAK1 would inhibit mineralization of
MSCs, by up regulating the expression levels of
the osteoblastic marker genes during osteogenic
differentiation of MSCs. We also showed that
TAK1 is the upstream of TGF-b/BMP-2 signal-
ing pathway and Wnt/b-catenin signaling
pathway.:Of note, previous studies suggested that
TAK1 is also a target gene of TGF-b/BMP-2 sig-
naling pathway.20 Therefore TAK1 and TGF-
b/BMP-2 signaling pathway form a positive

feedback loop to facilitate osteogenesis of MSCs.
MAPK pathway is also involved because TAK1
can promote the phosphorylation of p38 and
JNK, for TAK1 is p38 MAPK upstream compo-
nents and it is important for activation of JNK.21

There is also report showing that TAK1 and
MKK6 constitute the p38 signaling pathway to
participate in osteoclast differentiation.22 Many
reports showed that b-catenin pathway is
involved in osteogenesis and b-catenin is essen-
tial for osteogenesis. Upon the effect of si-TAK1,
there is hardly any b-catenin expression. With the
addition of TAK1, the expression level increases
along with the dose increase of TAK1, even at an
excessive level. It is not controversial that GSK-
3b expression level decreases because it functions
in an opposite way of b-catenin, for GSK-3b
represses the expression of b-catenin.23 However,
it is controversial to the effect that excessive
TAK1 inhibit oeteogenesis. There is unknown
underlying mechanism that needs to be elucidated
in the future.

Our data demonstrated that TAK1 upregu-
lates b-catenin and represses GSK-3b in a dos-
age-dependent manner, indicating that TAK1
activates WNT signaling pathway. However,
how does TAK1 enhance WNT signaling path-
way is not clear yet. Previous studies have

FIGURE 6. p38 and JNK down regulated the effect of TAK1 on the osteogenic differentiation of
MSCs. (A) The mRNA level of BMP-2 with p38 inhibitor (SB203580). (B) The mRNA level of BMP-2
with JNK inhibitor (SP600125). (C) The mRNA level of BMP-2 with p38 inhibitor (SB203580) and
JNK inhibitor (SP600125). Cells were plated at a density of 2 £ 104 cells/cm2 in 6-well plates. After
2 days, the medium was replaced with an osteogenic -inducing medium. Then, the cells were trans-
fected with si-TAK1, 1 ng/ml rhTAK1 (rh1), 5 ng/ml rhTAK1 (rh5) or 50 ng/ml rhTAK1 (rh50),
respectively, for 14 days. Values are expressed as means § S.E.M. of three independent experi-
ments. *p < 0.05, **p < 0.001, compared with control.
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shown that TAK1 interacts with the receptor
tyrosine kinase Ror2 and modulates canonical
Wnt-signaling.24 Interestingly, it was also
reported that Wnt activates the Tak1/Nemo-
like kinase pathway,25 indicating the existence
of a TAK1-Wnt feedback loop. Further studies
are needed to reveal the mechanisms underly-
ing TAK1 regulates distinct Wnt genes and
WNT signaling pathways.

It is interesting that high excessive rhTAK1
(50 ng/ml) inhibits BMP-2 expression and oste-
ogenesis. Of note, the inhibition of BMP-2 by
the high level of rhTAK1 is JNK/p38 depen-
dent; while the activation of BMP-2 by low or
moderate level of rhTAK1 is JNK/p38 indepen-
dent. We propose that low or moderate level
rhTAK1 facilitates BMP-2 expression through
Wnt signaling pathway but not JNK/p38. On the
other hand, high excessive rhTAK1, through
JNK/p38, activates a BMP-2 repressor, such as
p21 or Gli3,26,27 therefore inhibits BMP-2
expression. Notably, rhTAK1-mediated Wnt
signaling activation was saturated at 50 ng/ml.
Therefore, the BMP-2 repression induced by
JNK/p38 pathway was not compensated by
Wnt-mediated BMP-2 activation. However, we
could not rule out the possibility that low or
moderate level of rhTAK1 could also activate
BMP-2 via other pathways, such as Akt/NFkb
pathway.28 Nevertheless, our study provides a
new sight into the mechanisms of TAK1 regu-
lating osteogenesis and a guideline for the usage
of TAK1 inMSC-driven osteogenesis.

MSCs are the top candidate for in vitro engi-
neering of osteogenesis and clinical applica-
tion.29 As many signaling pathways are
participating in osteogenesis, making it is com-
plicated. It is of great interest to basic research
and clinical research to investigate the involved
essential factors and signaling pathways, which
is important for the in vitro osteogenic differen-
tiation of MSCs. Therefore the role of TAK1 in
osteogenic differentiation is of great signifi-
cance for the clinical application of MSCs.

CONCLUSION

We conclude that TAK1 can increase the
expression of b-catenin, reduce the expression

of GSK-3b to promote osteogenic differentia-
tion. TAK1 is also an upstream gene of p38 and
JNK that increase their expression. P38 and
JNK have a negative effect for osteogenesis
differentiation. As a result, osteogenesis is pro-
moted when b-catenin occupies, however oste-
ogenesis is inhibited when p38 and JNK
occupies. Our study provides a new vision into
the mechanism how TAK1 regulates osteogen-
esis, suggesting a clue for the usage of TAK1
in osteogenic differentiation of MSCs.
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