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Abstract: Induction of chondrogenic differentiation from MSCs are necessary for qualification as sources of seed 

cells for cartilage tissue engineering。Our previous research showed IFN-β maybe as a helper of TGF-βto promote 

chondrogenesis of hMSCs. In this paper, we investigated the expression of PI3K/AKT during the chondrogenic 

differentiation of hMSCs，hMSCs were divided into Blank control group, TGF-β3 group and TGF-β3+IFN-β1a 

group and then were induced into cartilage pellets respectively . At day 4,7,14,21, the pellets were collected and 

qRT-PCR and Western blotting were used to detect the relative expression of PI3K and AKT. The qPCR results 

showed that the mRNA expression levels of PI3K and AKT were up-regulated by TGF-β3 induced. Furthermore, the 

synergetic effect of TGF-β3 and IFN-β1a would up-regulate the mRNA expression levels of PI3K and AKT 

significantly. The Western blotting results showed that TGF-β3 also could up-regulate the expression of PI3K 
protein and with IFN-β1a the expression level increased significantly. However, according to AKT protein, TGF-β3 

maybe only could up-regulate AKT(S473) expression, and with IFN-β1a the AKT(T308) expression could be 

up-regulated .These results showed that the synergetic effect of TGF-β3 and IFN-β1a could up-regulate the gene 

expression in PI3K/AKT signaling pathway  and then promote hMSCs chondrogenic differentiation. 

 

Keywords: PI3K/AKT Signaling Pathway, hMSCs, Chondrogenic Differentiation 
 

1. Introduction 

Over the past few years, progress has been made in the 

study on osteogenesis of mesenchymal stem cells 

(MSCs) and regulation of chondrogenic differentiation 
[1,2]. Directed induction of osteogenesis and 

chondrogenic differentiation from MSCs are necessary 

for qualification as sources of seed cells for bone and 

cartilage tissue engineering [3,4]. This area has become 

a focus in regenerative medicine, tissue engineering, 

and wound healing research.  

 

Osteogenesis and chondrogenic differentiation depend 

heavily on cytokines and growth factors, and a number 

of such factors have been studied in the field of 

cartilage tissue engineering. These include 
transforming growth factors 1 and 3 (TGF-β1 and 

TGF-β3),morphogenic proteins (BMP),  fibroblast 

growth factor 2 (FGF-2), Insulin-like growth factor I 

(IGF-I), vascular endothelial growth 

factor(VFGF),Epidermal growth factor (EGF), 

hepatocyte growth factor （HGF）, platelet-derived 

growth factor（PDGF）[5-10]。These factors first bind 

to their cognate receptors on the stem cell membrane 

and thus trigger the cellular signaling pathways such as 

Wnt/β-catenin, MAPK/ERK and Notch, resulting in 

activation of downstream signaling molecules and 

regulate expression of the cartilage-related genes 

Sox-9,RUNX-2,Oct-4,Nanog, ultimately affecting 

capability of chondrogenic differentiation[11-15]. With 

the recent increases in our knowledge regarding the 

actions of various growth factors, some less important 
growth factors have been ruled out and more 

interactions among growth factors continue to be 

discovered. We have previously reported that 

combination of recombinant IFN-β and TGF-β 

significantly can promote differentiation of MSCs into 

chondrocyte. However, the mechanisms underlying its 

effects are currently under investigation [16].  

 

PI3K-Akt Pathway is an important intracellular signal 

transduction pathway contributes cell functions such as 

growth, proliferation, differentiation, metabolism, 
cytoskeletal arrangement, protein synthesis and 

degradation, apoptosis, and the cell cycle. The Key 

proteins involved in this pathway are 

phosphatidylinositol 3-kinase (PI3K) and Akt/Protein 

Kinase B. Growth factors can bind to receptor tyrosine 

kinase (RTKs) and activate PI3K, which 

phosphorylates phosphatidylinositol-4,5-bisphosphate 

(PIP2) to generate 

phosphatidylinositol-3,4,5-bisphosphate (PIP3). PIP3 

bind to proteins AKT and PDK1, then PDK1 

phosphorylates AKT at T308 to activate AKT. AKT 
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can phosphate transcription factors to promote cell 

proliferation and growth. [17-19] 

 
In this paper, we investigated the expression of PI3K 

and Akt during hMSCs chondrogenic differentiation 

along with treatment of IFN-β to verify if the IFN-β 

mediate PI3K/AKT signaling pathway to promote 

hMSCs chondrogenic differentiation.  

 

2. Methods 

2.1 hMSCs culture 

hMSCs (provided by Cyagen Bioscience 

Inc.,Guangzhou, China) were seeded in 25ml culture 

flask in low glucose DMEM (Gibco, Grand Island, SÁ) 
containing 10% fetal bovine serum (Gibco), 100 U/mL 

penicillin, and 100 μg/mL streptomycin (Gibco). 

Passaged the cells when they grow to 80% according to 

the conventional methods.  

 
2.2 Induction of chondrogenic differentiation from 
hMSCs with IFN-β 

hMSCs at passage 5 were collected and divided to 

three groups: control, TGF-β3, and TGF-β3+ IFN-β1a. 

The compositions of these culture groups are as follows: 
1) control medium: basal chondrogenic medium [high 

glucose DMEM  containing 100 U/mL penicillin and 

100μg/mL streptomycin, 100nM dexamethasone, 50 

mg/ml ascorbic acid-2-phosphate, 100 mg/ml sodium 

pyruvate, 40 mg/ml proline and 1% insulin, 

transferring sodium selenite mix] (Cyagen Bioscience 
Inc); 2) TGF-β3 group medium: control medium + 10 

ng/ml TGF-β3; 3) TGF-β3+ IFN-β1a group medium: 

control medium + 10 ng/ml TGF-β3 + 100 ng/ml 

IFN-β1. All of the cell groups were cultured in 15ml 

centrifuge tubes with loose caps (for air exchange) 

were cultured in a CO2 incubator (37°C, 5% CO2). 

After 24 h of incubation, the tubes were flicked at 

bottom to loosen the cartilage pellet until it became 

suspended in the culture medium. Culture medium was 

changed every 3 days in this manner. 

 

2.3 RNA extraction and quantitative RT-PCR 

analysis 

At days 4, 7, 14, and 21 of chondrogenic differentiation, 

cell pellets from each group were harvested for 

qRT-PCR analysis. Total RNA was acquired using the 

RNeasy Mini Kit (Qiagen, Hilden, Germany) and 

reverse transcribed using a SuperScript III First-Strand 

Synthesis System Kit (Invitrogen, Carlsbad, SÁ). 

Primers are listed in Table 1 and iQ SYBR Green 

Supermix (Bio-Rad, Hercules, CA) was performed for 

qRT-PCR analysis. Relative expression of each target 

mRNA was calculated by 2-ΔΔCt method. 

 

Table 1 Sequences of the primers for real-time PCR 

Primer name      Primer sequence（5′–3′） 

PI3K-F1：5’ AAAGGCGGCTTGAAAGGT 

PI3K-R1：5’ GACGATCTCCAATTCCCAAA 

AKT1-F1：5’ ATCGCTTCTTTGCCGGTATC 

AKT1-R1：5’ CTTGGTCAGGTGGTGTGATG 

18s-F：       5’ CCTGGATACCGCAGCTAGGA 

18s-R：      5’ GCGGCGCAATACGAATGCCCC 

 

2.4 Protein extraction and Western blot  

At days 4, 7, 14, and 21, Total protein from each 

chondrogenic differentiation group were extracted 

respectively for Western blot. The protein 

concentration was detected using BCA kit (Thermo 

Fisher Scientific). Approximately 10-30 μg protein 
samples/well run on SDS-PAGE and transferred to an 

Immobilon-P membrane (Millipore Corp., Bedford, 

MA). Membranes were probed with primary antibodies: 

anti-PI3K (Abcam, Cambridge, UK), anti-AKT(T308) 

and anti-AKT(S473) (Abcam, Cambridge, UK). 

Anti-GAPDH (Abcam) as reference. Immunoblotted 

bands were visualized using ECL reagents (GE, 

Buckinghamshire, UK). The signal intensity of each 

target protein was quantified using densitometry and 

normalized to that of GAPDH. 

 

2.5 Statistics 

Parametric data are presented as means ± SD from  

 

three replicate samples. Difference compared using 

two-way ANOVA or a Student’s t-test (p < 0.05 was 

considered statistically significant).  

 

3. Results 

3.1. PI3K mRNA expression in hMSCs during 

chondrogenic differentiation 

PI3K is a key gene in PI3K/AKT signaling pathway. 

Here, we first assessed PI3K mRNA expression in 

hMSCs during chondrogenic differentiation. As shown 

in Figure 1, at the 4 points in time post-induction, PI3K 

expression was higher in the TGF-β3 group than in the 

control group (P<0.05), and peak expression was 

observed at day 21 after induction. These results 

indicate that the PI3K/AKY signaling pathway is 

activated during chondrogenic differentiation of 

hMSCs. In comparison, PI3K expression at all 4 points 
in time was the highest in the TGF-β3+ IFN-β1a group, 

higher than both the control group (P<0.01) and 
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TGF-β3 group. We also found PI3K expression to be 

upregulated as induction time went on, so that on day 

21 post-induction, PI3K expression in TGF-β3+ 
IFN-β1a group was twice that in the TGF-β3 group. 

These results suggest that during chondrogenic 

differentiation from hMSCs, TGF-β3 may activate the 

PI3K/AKT signaling pathway. This effect of TGF-β3 
may be rendered more intense by addition of IFN-β1a. 

 
Fig.1 qRT-PCR result of PI3K gene during the chondrogenic differentiation of hMSCs  

**P < 0.01,*P< 0.05 

 

3.2. AKT mRNA expression in hMSCs during 

chondrogenic differentiation 

AKT is a gene downstream of PI3K in the PI3K/AKT 

signaling pathway. For this reason, after assessing 

PI3K expression during chondrogenic differentiation of 

hMSCs, we further examined AKT mRNA expression. 

As shown in Figure 2, at 4 points in time 
post-induction, AKT mRNA expression was higher in 

both the TGF-β3 and TGF-β3+ IFN-β1a groups than in 

the control group (P<0.05). AKT expression levels 

increased over time. AKT expression in both treatment 

groups was significantly higher than in the control 

group on day 7 post-induction (P<0.01), and this 

difference was greater on day 14 post-induction. These 

results further indicate that, during chondrogenic 

differentiation of hMSCs, PI3K gene activation may 

cause further activation of its downstream AKT gene 

after induction. TGF-β3+ IFN-β1a treatment induced 
higher AKT expression than TGF-β2 alone, especially 

at 21 days post-induction (P<0.01). These results also 

indicate that IFN-β1a may amplify the effect of 

TGF-β3 in promoting PI3K/AKT signaling pathway. 

 
Fig.2 qRT-PCR result of AKT gene during the chondrogenic differentiation of hMSCs.  

**P < 0.01,*P< 0.05 

 

3.3. Expression of key gene products in hMSCs 

during chondrogenic differentiation 

After obtaining the results of two key genes in the 

PI3K/AKT signaling pathway, PI3K and AKT, we 

used Western blot to determine the concentrations of 

protein products in these two genes. As shown in 
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Figure 3B, at all points in time except for day 7 

post-induction, PI3K protein expression was higher in 

the TGF-β3 group than in the control group (P<0.05). 
In the TGF-β3+ IFN-β1a group, however, PI3K protein 

expression was higher than in the control group at all 4 

points in time post-induction (P<0.01). At some points 

in time, it was also higher than in the TGF-β3 group. 

PI3K protein expression increased over time and 

peaked on day 21 post-induction for TGF-β3+ IFN-β1a 

group, which was almost twice that in the TGF-β3 

group (1.89×, P<0.01), which was similar to the 

observed in mRNA expression level. 

 

Because activation of AKT protein is characterized by 
phosphorylation at Ser473 and Thr308, we determined 

protein expression levels of AKT(T308) and 

AKT(S473). The intensity of expression of these two 

proteins is shown in Figure 3C and D, respectively. 

AKT(S473) expression during induction was higher in 

both TGF-β3 and TGF-β3+ IFN-β1a groups compared 

to the control group (P<0.05), the expression levels 

increased over time. When compared to the TGF-β3+ 
IFN-β1a group had higher AKT(S473) expression on 

day 14 post-induction than the TGF-β3 group (P<0.01). 

AKT(T308) expression was higher in the TGF-β3+ 

IFN-β1a group than in either the control or TGF-β3 

groups on day 14 post-induction. On day 21 

post-induction, AKT(T308) protein expression in 

TGF-β3+ IFN-β1a group was twice that in the TGF-β3 

group (2.03×, P<0.01). These results indicate that 

TGF-β3 mainly upregulates AKT(S473) expression 

while IFN-β1a may work synergistically with TGF-β3 

in promoting AKT(T308) protein expression. The 
results of PI3K, AKT(S473), and AKT(T308) protein 

expression during induction of hMSC differentiation 

into chondroblasts indicate that IFN-β1a may work 

together with TGF-β3 to activate the PI3K/AKT 

signaling pathway. 

 
(A)                                (B) 

 
(C)                                (D) 

Fig. 4-2 Western blotting result of PI3K and AKT in hMSCs. 
A: Western blot results; B: IOD analysis of PI3K; C: IOD analysis of AKT(S473) ;(D): IOD analysis of (T308); Ⅰ: 
Control group; Ⅱ: TGF-β3 group; Ⅲ: TGF-β3+ IFN-β1a group 
 **P <0.01, *P <0.05 

 

4. Discussion 

Recent studies have shown the PI3K-AKT signaling 
pathway to be closely related to proliferation and 

differentiation of stem cells. The specific PI3K 

inhibitor LY294002 has been shown to trap embryonic 

stem cells in the G1/G2 phase. Knockout of the 

negative regulator of PI3K pathway PTEN has been 

shown to be associated with increased ES proliferation 

[20]. It has also been reported that Delta-like 1 can 

inhibit differentiation of mouse embryonic cells 

ATDC5 into preadipocytes and osteoblasts by blocking 

the PI3K-AKT pathway [21]. Ke et al. found that 

asperosaponin, an active component of the Traditional 

Chinese Herbal Medicine Dipsacaceae, can activate the 
PI3K-AKT signaling pathway to promote 

differentiation of bone marrow stromal stem cells into 

osteoblasts in ovariectomized rats [22]. A study on the 

differentiation of human MSCs into osteoblasts showed 

that specific PI3K inhibitor LY294002 inhibited human 

MSCs proliferation while promoting their 

differentiation toward osteoblasts and mineralization. 

Li et al. reported similar findings: They found addition 

of specific PI3K inhibitor LY294002 to culture of 

condyle chondrocytes could inhibit chondrocyte 



 
 

 
Expression of PI3K/AKT Signaling Pathway in IFN-β-induced Differentiation of Human Mesenchymal Stem 
Cells into Chondroblasts 

 

 

http://www.ijSciences.com           Volume 8 – August 2019 (08) 

 

27 

proliferation relative to the control (P=0.00208, day 7), 

and increased chondrocyte hypertrophy and type II 

collagenase expression (P=0.00349) [23]. 
 

IFN-β has anti-viral and immune-regulating effects, 

and it can block IFN-γ synthesis, inhibit the release of 

cytokines harmful to oligodendrocytes, decrease T cell 

proliferation, enhance activity of regulatory T cells, 

and suppress antigen-presenting cell MHC-II 

expression [24]. IFN-β is commonly used in clinical 

settings for multiple sclerosis and other diseases of the 

nervous system. Recent studies have reported on the 

use of interferons to induce cell differentiation. 

Irudayam et al. demonstrated that IFN-α can stimulate 
the STAT-JAK pathway, resulting in increased 

differentiation of pluripotent stem cells [25]. Diao et al. 

showed that type I IFN increased the number of smooth 

muscle cells in an in vitro study [26]. In an in vitro 

study, Hirsch et al. found that low concentrations of 

IFN-β could reduce apoptosis of neural progenitor cells 

and had direct protective effect on cells in central 

nervous system, suggesting that it may be suitable for 

treatment of multiple sclerosis [27]. Matall et al. 

reported that type I and type II IFNs could promote 

division of hematopoietic stem cells, and IFN-γ 

signaling enhanced myeloid differentiation of 
hematopoietic stem cells [28]. We previously reported 

that the combination of recombinant IFN-β and TGF-β 

significantly promoted differentiation of human bone 

marrow stromal stem cells into chondroblasts.  

 

In the current study, we collected samples on days 4, 7, 

14, and 21 post-induction and used qRT-PCR to 

measure PI3K and AKT mRNA expression in the 

control, TGF-β3, and TGF-β3+ IFN-β1a groups. We 

also used Western blot to measure expression of their 

protein products. qPCR results showed 
TGF-β3-induced PI3K and AKT mRNA expression to 

be higher than in the control group, and this effect was 

enhanced by addition of IFN-β1a. Likewise, TGF-β3 

induced PI3K protein expression, and this effect was 

amplified by addition of IFN-β1a. Regarding AKT 

protein expression, however, TGF-β3 alone mainly 

upregulated AKT(S473) expression, while addition of 

IFN-β1a promoted AKT(T308) expression. These 

results suggest that TGF-β3 and IFN-β1a may work in 

a synergistic manner in upregulating expression of key 

genes in the PI3K/AKT signaling pathway, which 
directs differentiation of hMSCs toward chondroblasts. 
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