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Abstract

It is one of the effective ways to treat cartilage defects by inducing MSCs to differentiate into chondrocytes to construct car-
tilage engineering. Cytokines can regulate cell differentiation by mediating signal pathways. In order to investigate whether
PI3K/AKT/mTOR signaling pathway is involved in the process of TGF-B3 induced the chondrogenesis of hMSCs, hMSCs
were divided into Blank control group,TGF-p3 group and TGF-$3+LY29004group and then were induced into cartilage pel-
lets respectively. At day 4,7,14,21, the pellets were collected and detected the relative expression of PI3K , AKT and mTOR by
qRT-PCR and Western blotting. gqPCR results showed that the mRNA expression of PI3K, AKT and mTOR was higher than
that of the control group after induction by TGF-B3. Otherwise, for adding PI3K inhibitor LY29004 group, the expression of
PI3K, AKT and mTOR was significantly down-regulated. The WB results showed that TGF-p3 can also up-regulate the ex-
pression of PI3K, AKT and mTOR protein, and the expression was significantly down-regulated after the inhibitor LY29004
was added. The above results indicate that TGF-3 can initiate the expression of key genes in the PI3K/AKT/mTOR signal-
ing pathway during the directional differentiation of hMSCs induced by TGF-f3.
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Introduction

Once the articular cartilage is damaged, it is difficult to
repair because articular cartilage lacks blood vessels and nerves
[1]. The traditional microfractures, cartilage transplantation and
other treatment effects are not ideal [2]. It is reported that mi-
cro-fracture is helpful in short term in cartilage degeneration,
but cartilage degeneration is expected irrespective of the size of
the lesion more than 5 years after the surgery [3]. The disadvan-
tages of using autograft include donor site morbidity and limited
available graft volume while the main problem with allograft is
graft host reaction and availability of allograft [4-5]. Autologous
chondrocyte transplantation has achieved good results in clinical
applications.however,the disadvantages of this procedure include
that it is a complex procedure and it requires longer recovery
time for maturation of new tissue [6].Therefore, tissue engineer-
ing technology to regenerate articular cartilage has become the
research focus [7]. Mesenchymal stem cells have the ability of
self-proliferation and multidirectional differentiation. They can
differentiate into chondrocytes under certain conditions, so it is
one of the effective ways to treat cartilage defects by inducing
MSCs to differentiate into chondrocytes to construct cartilage

engineering [8,9].

In the process of inducing mesenchymal stem cells to
differentiate into cartilage, cytokines such as TGEF-p,BMPs,F-
GFs play an important role, but the mechanism of this effect
is still unclear [10-12]. Studies have shown that cytokines can
bind to corresponding receptors on the cell membrane of stem
cells, and then initiate intracellular signaling pathways including
Wnt/B-catenin, MAPK/ERK and Notch, activate downstream
signaling molecules, regulate the expression of transcription
factor genes, and ultimately regulate the chondrogenic differ-
entiation ability of hMSCs [13-15]. PI3K/AKT/mTOR signaling
pathway plays an important role in regulating cell functions such
as cell proliferation, differentiation, apoptosis and cell cycle pro-
gression [16]. Studies have shown that the PI3K/AKT/mTOR
signaling pathway promotes the survival of chondrocytes and
the synthesis of extracellular matrix [17]. However, the activa-
tion of this signaling pathway has not been reported in the pro-
cess of inducing the differentiation of hMSCs into chondrocytes.
In this paper, the expression of key genes in the PI3K/AKT/
mTOR signaling pathway were investigated during the process
of differentiation of hMSCs into chondrocytes, which is expected
to lay a foundation for the in-depth study of the mechanism of
PI3K/AKT/mTOR signaling pathway in mediating chondrocyte

differentiation.

Materials and Methods
hMSCs Culture

hMSCs (provided by Cyagen Bioscience Inc.,Guang-
zhou, China) were cultured in basal medium (Gibco, Grand Is-
land, SA) containing 10% fetal bovine serum (Gibco), 1% 5mM
glutamine, 100 U/mL penicillin, and 100 pg/mL streptomycin
(Gibco), with the condition of 37°C and 5% CO2 . Cells were
passaged according to the conventional methods and the 6th

passage was used for experiments.

Cartilage pellet method induces chondrogenic differentiation
of hMSCs

Treatment groups: Cells were divided into control
group, TGF-B3 group, and TGF-B3+LY29004 (PI3K inhibitor, )
group. The control medium is the complete medium for adult
bone marrow mesenchymal stem cells. The TGF-B3 group medi-
um is the control medium containing 10 ng/mL TGF-B3. TGF-
B3+LY29004 group medium is TGF-B3 group medium contain-
ing 0.2 um of LY29004.

Differentiation induction method: hMSCs at passage 6
were treated with trypsin. After treatment ,cells were centrifuged
at 2000 rpm for 5 min and resuspended in differentiation medi-
umat a density of 5.0x10° cells/ml, then cultured in a CO2
incubator (37°C, 5% CQ2).After 24 h, the tube was flicked at
bottom to make the cartilage pellet detach from the bottom of

the tube and suspend in the culture medium|[18].
RNA extraction and quantitative RT-PCR analysis

At days 4,7, 11, 14, and 21 of chondrogenic differentia-
tion, cell pellets from each group were harvested for quantitative
RT-PCR (qRT-PCR) analysis. Total RNA was extracted using
Trizol kit (Qiagen, Hilden, Germany). Isolated RNA was re-
verse using Reverse Transcription Kit (Invitrogen, Carlsbad, SA).
Quantitative PCR analysis was performed using SYBR Green Su-
permix (Bio-Rad, Hercules, CA), and primers are listed in Table
1. Reaction conditions: 50°C 2min; 95°C 2min; 95°C 15s, 60°C
32s, a total of 40 cycles. Relative expression of each target mRNA
was measured by 2-AACt method, With 18sRNA as the internal

reference gene.
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Table 1: Sequences of the primers for real-time PCR

Primer name Primer sequence (5-3")

PI3K-F: 5’AAAGGCGGCTTGAAAGGT

PI3K-R: 5 GACGATCTCCAATTCCCAAA AKT1-F

: 5ATCGCTTCTTTGCCGGTATC

AKT1-R: 5 CTTGGTCAGGTGGTGTGATG

mTOR-F: 5TTTGGACGGTGTGGAACTTGmMTOR-R

: 5CATCTGGGCCTCCAGTTAC

18s-F: 5 CCTGGATACCGCAGCTAGGA

18s-R:

5 GCGGCGCAATACGAATGCCCC

Protein extraction and western blot

At days 4, 7, 11, 14, and 21 of chondrogenic differentia-
tion cell pellets from eachgroup were harvested for western blot
analysis. Cells were lysed with RIPA buffer (Pierce, Rockford, IL)
containing protease inhibitor cocktail (Sigma, St. Louis, MO.).
The supernatant was collected after centrifugation at 12000g
for 30min at 4 °C.Protein concentrations were detected using a
BCA Protein Assay kit (Thermo Scientific). Approximately 10-
30 ug protein/well was separated by SDS-PAGE and transferred
to an polyvinylidene difluoride (PVDF) (Millipore Corp., Bed-
ford, MA). Membranes were blocked in 5% skim milk in TBS-
Tween 20 (0.03%) and incubated with different primary antibod-
ies against PI3K , AKT, mTOR (Abcam, Cambridge, UK)and
GAPDH ((Abcam, Cambridge, UK) as reference. Blots were de-
veloped usingchemiluminescence with Amersham ECL reagents
(GE, Buckinghamshire, UK). The signal intensity of each target
protein was quantified using densitometry and normalized to
that of GAPDH.

Statistics

Mean values of all quantitative assays were calculated
from at least three replicate samples. Statistical analysis was per-
formed using SPSS-17.0 software.Parametric data are presented
as means + SD and compared using one-way ANOVA or a Stu-

dent’s t-test Statistical significance was set at a P value of < 0.05.

Results

PI3K mRNA expression during differentiation of hMSCs
induced byI'GF-p3

PI3K is the primary gene in the PI3K/AKT/mTOR
signaling pathway. Therefore,the expression of PI3K gene at the
mRNA level was first detected in the process of inducing the dif-

ferentiation of hMSCs into chondrocytes, The results are shown

in Figure 1. At the four time points of induction, the relative ex-
pression of TGF-B3 group was significantly higher than that of
the blank control group (P<0.05), and the expression reached the
highest on the 14th day of induction.At the 21st day after in-
duction, the the expression declined. For the TGF-B3+LY29004
group, the relative expression of PI3K was significantly higher
than that of the blank control group, but compared with the
TGEF-PB3 group, the expression was significantly down-regulated
with signal pathway inhibitor added, and At the 14th and 21st
days of induction, the mRNA expression level was significantly
lower than that of the group without inhibitors (P<0.01). These
results indicated that TGF-f3 can activate the transcription of
PI3K during the differentiation of hMSCs into chondrocytes.,

AKT mRNA expression during differentiation of hMSCs
induced byT'GF-f3

AKT is a downstream gene of PI3K in the PI3K/AKT/
mTOR signaling pathway. So, on the basis of detecting the ex-
pression of PI3K gene, the expression at the levelof AKT mRNA
is further detected. The results are shown in Figure 2. As shown
in thefigure, at the four time points of induction, the relative ex-
pression level of TGF-(3 group was significantly higher than that
of the blank control group (P<0.05).But, the expression of AKT
mRNA did not increase significantly along with the extension of
induction time and only at the 21st day the expression of AKT
has an obvious trend ofup-regulation.It may be that AKT is the
downstream gene and the activation would be prolonged after
PI3K gene activation during the differentiation of hMSCs into
chondrocytes. For the inhibitor LY29004 group, the expression
level was significantlylower than that of the non-addition group,
and at 21 days of induction, the mRNA expression level was ex-
tremely significantly lower than that of the non-inhibitorgroup
(P<0.01). These results indicated that after PI3K is inhibited the
expression of AKT mRNA was further down-regulated and de-
layed.
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Figure 1: qRT-PCR result of PI3K gene during the chondrogenic differentiation of hMSCs
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Figure 2: qQRT-PCR result of AKT gene during the chondrogenic differentiation ofhMSCs

mTOR mRNA expression during differentiation of hMSCs
induced byT'GF-$3

mTOR is a downstream gene of AKT in the PI3K/AKT/
mTOR signaling pathway, and its expression results are shown

in Figure 3. After 7 days of induction, the relative expression

of TGF-B3 group was extremely significantly higher than that
of the blank control group (P<0.01), and the expression level
reached the maximum at 21 days of induction. This result fur-
ther indicated as the downstream gene mTOR was also activated
with the prolonged induction time. In comparison between the
TGEF-B3 and TGF-B3+LY29004 groups, the expression of mTOR
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in the TGF-B3+LY29004 group was significantly down-regulat-
ed (P<0.05). Furthermore,these results indicated that the PI3K/
AKT/mTOR signaling pathway can be activated and expressed
during the process of TGF-B3 differentiation into chondrocytes.
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Figure 3: qRT-PCR result of mTOR gene during the chondrogenic differentiation othMSCs

Protein expression of PI3K/AKT/mTOR signaling pathway
during differentiation of hMSCs induced by TGF-p3

On the basis of the detection results of the expression of
mRNA level of the PI3K/AKT/mTOR signaling pathway, West-
ern blotting was used to detect the protein levels expression of
the above three genes. The IOD analysis results are shown in
Figure 4. The results showed that after 14 days of induction, the
relative expression of PI3K (Figure 4B) in TGF-f3 group was sig-
nificantly higher than that of blank control group (P<0.01) and
at day 14 the expression level reached the highest. For the TGF-
B3+LY29004 group, after 14 days of induction the relative ex-
pression of PI3K was significantly lower than that of the TGF-f3
group (P<0.01) under the action of the inhibitorLY29004, which

was as the same as the expression of its mRNA.

As far as AKT (Figure 4C) is concerned, during the

induction process, the relative expression in TGF-p3 group

between TGF-3 and TGF-B3+LY29004 groups, after 14 days in-
duction, the expression level in TGF-B3+LY29004 group was

significantly lower than that of TGF-3 group (P<0.01).

For mTOR protein (Figure 4D), after 14 days of induc-
tion, the protein expression in TGF-B3 group was significantly
higher than that of the control group. Moreover, the protein ex-
pression in the TGF-f3+LY29004 group was significantly lower
than that inthe TGF-3 group (P<0.01). On the other hand, with
the extension of the induction time, the increase of protein ex-
pression was as the same as the expression of mRNA, and there
was also the case of delayed expression because of downstream
gene. The above-mentioned protein expression results of PI3K,
AKT and mTOR in the processof inducing hMSCs into chon-
drocytes also indicated that TGF-B3 can activate this signal path-

way.
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Figure 4: Western blotting result of PI3K and AKT in hMSCs
Discussion

Cartilage damage is an important pathological mani-
festation of many orthopedic diseases, such as osteoarthritis [1].
Because cartilage tissue lacks the distribution of blood vessels,
nerves and lymphatics, it is generally difficult to repair articular
cartilage after damage, which has become one of the problems in
clinical treatment. In recent years, with the development of tis-
sue engineering cartilage repair, mesenchymal stem cells have
shown good results in repairing cartilage defects andare ex-

pected to become candidates for cartilage regeneration [19-21].

The growth and differentiation of cartilage is a complex
biological process. It is regulated by a variety of cytokines, and
multi-factor interaction between cells [1]. Cytokines are import-
ant components for inducing MSCs into cartilage differentiation
and culture in vitro. Most previous studies have confirmed that
TGF-B3(transforming growth factor 3) is a potential ideal fac-
tor for inducing MSCs into cartilage differentiation [22-25].

TGF-B can bind to specific type II receptors, recruit
corresponding type I receptors, initiate a series of cascade re-
actions that lead to the phosphorylation of its specific receptor

Smads (R-Smads), and then transfer to the nucleus to regulate

the expression of the cartilage-related gene, thus the chondro-
genic differentiation ability of MSCs can be regulated [22]. Ro-
elen et al. [26] further confirmed that TGF-fsignaling plays an
important role in the Smad3 pathway, because TGF-[ can inhibit
the adipogenic differentiation.of MSCs [27]. TGF-p1 also can ac-
tivate the ERK/JNK signaling pathway and stimulate MSCs to dif-
ferentiate into cartilage and cartilage formation [28-29]. Recent
studies have shown that TGF-P1 activates the ERK/JNK pathway
to increase the role of vitamin D in inducing the proliferation,
migration and chondrogenic differentiation of bone marrow
mesenchymal stem cells [30]. Our previous study showed that
TGF-PB3 could differentiation of MSCs into chondrocyte [18].

The PI3K/AKT/mTOR pathway

ant normal cellular processes including cell survival, prolifer-

controls import-
ation, regulation of cell cycle, angiogenesis, and metabolism [17].
phosphatidylinositol 3-kinase (PI3K) is a downstream effector of
G-coupled protein receptors and tyrosine kinase receptors. PI3K is
consisting of a p110 catalytic and a p85 regulatory subunit. When
the growth factors bind to the membrane receptor, it activates P85
to recruit P110 to activate it near the cell membrane, which in turn
catalyzes the production of phosphoinositide diphosphate (PIP2)
on the inner surface of the membrane to phosphoinositide tri-
phosphate (PI3P).
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As a second messenger, PI3P activates Akt and phos-
phatidylinositol-dependent kinase 1.Akt plays a very import-
ant role in regulating cell size, growth, proliferation, survival,
and sugar metabolism. When Akt is activated, it phosphory-
lates TSC2, which relieves the inhibition of Rheb (Ras homo-
log enriched in brain) by TSC1/2, and Rheb activates mTOR
(mammalian target of rapamycin). mTOR is an important ser-
ine/threonine protein kinase,which activates downstream target
proteins to regulate cell growth, metabolism, and protein syn-
thesis[31]. Recent studies have shown the PI3K-AKT signaling
pathway was related to proliferation,differentiation and apop-
tosis of chondrocyte. Feng, et al. found that Artesunate also in-
hibited chondrocyte proliferation and accelerates cell apoptosis
and autophagy via suppression of thePI3K/AKT/mTOR signal-
ing pathway [32]. Zhang reported that over-expression of FN1
contributes to fracture healing by activation of the TGF-p/PI3K/
Akt signaling pathway [33]. The family with sequence similarity
3A (FAM3A),a mitochondrial protein that plays an important
role for cellular adaptation to stress and cell survival, activated
PI3K/Akt/mTOR pathway in IL-1B-treated chondrocytes, and
blockade of PI3K/Akt/mTOR pathway with specific inhibitors,
wortmannin and LY294002, diminished FAM3A effect on IL-1p-
induced chondrocyte apoptosis, hence demonstrating that FA-
M3A attenuates IL-1B-induced chondrocyte apoptosis through
activating the pro-survival PI3K/Akt/mTOR pathway[34].Chen
et al. reported that addition of specific PI3K inhibitor LY294002
to culture of condyle chondrocytes could inhibit chondrocyte
proliferation relative to the control and increased chondrocyte
hypertrophy and type II collagenase expression .But, there were
few reports about could differentiation of MSCs into chondro-

cyte [35].

Conclusion
In this study, we induced the chondrogenesis
of hMSCs with TGF-B3, uninduced group as control group
and adding specific PI3K inhibitor LY294002 group as com-
parison group.At days 4, 7, 14, and 21, the cells were collected
and the expressions of PI3K, AKT and mTOR were detected by
qRT-PCR and Western blot. For PI3K gene expression, the qRT-
PCR results showed that the relative expression of [GF-33 group
was significantly higher than that of the blank control group
(P<0.05), and the expression reached the highest on the 14th
day of induction. Otherwise, the relative expression of PI3K
was significantly down-regulated with signal pathway inhibitor
added (P<0.01),especially at 14th and 21st day. The WB analysis

result was as the same as the expression of mRNA.With regard
to downstream gene AKT and mTOR, qRT-PCR results showed
that the expression of AKT and mTOR in TGF-B3 group in-
creased compared with the control group (P<0.05),but it was not
positively correlated with induction time. For TGF-B3+LY29004
group, the expression of AKT and mTOR was down-regulated
by addition of LY294002 , and at 21st day the mRNAexpression
level of Akt was extremely significantly decreased vs TGF-3
group (P<0.01).However, there was a significantly betweenT-
GF-B3+LY29004 group andTGF-B3 group for mTOR mRNA ex-
pression(P<0.05) .WB results showed that the protein expression
of Akt was almost as the same as mRNA exprssion. For mTOR,
theprotein expression in TGF-B3+LY29004 group was signifi-
cantly decreased compared with TGF-B3 group only after 21 days
induction. These results indicated that as the downstream genes
of PI3K, the expression of Akt and mTOR was further down-reg-
ulated and delayed after PI3K was inhibited. In this paper, the re-
sults suggested that TGF-B3 induced differentiation of hMSCs
into chondroblasts maybeby acting PI3K/AKT/mTOR signaling
pathway. However, there still need more researches to verify the
role of PI3K/AKT/mTOR signaling pathway during the differen-
tiation of hMSCs into chondroblasts.
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