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TWIST1 promotes cell viability and migration,  
but inhibits apoptosis in MC3T3 cells via  
regulating PI3K and p16 pathways
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Abstract: Background: Osteoporosis, a disease of the skeleton, results in an increased risk of fracture. Its characters 
are the loss of bone mass and degeneration of bone microstructure. This study was aimed to demonstrate an 
essential function of Twist-related protein 1 (TWIST1)-on osteoporosis. Methods: The expression of TWIST1 
was overexpressed or silenced by specific transfection in MC3T3 cells and then were confirmed by real-time 
polymerase chain reaction (RT-PCR) and Western blot. The cell viability and cell migration were determined by 3-(4, 
5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) and Transwell cell migration assay, respectively. 
Furthermore, cell apoptosis was analyzed by flow cytometry, and the protein expression of phosphatidyl inositide 
3-kinases (PI3K) or p16 pathways related proteins was measured. Results: Here, this study showed that MC3T3 
cells viability and migration were significantly increased by TWIST1 overexpression compared to the control group 
(P<0.05), but the cell apoptosis was statistically decreased (P<0.05). However, while TWIST1 silencing, the cells 
viability and migration were significantly appeared to be decreased, accompanied by apoptosis increasing (P<0.05). 
Furthermore, the protein expression of PI3K and protein kinase B (p-Akt) were significantly increased (P<0.05), but 
p16 and phosphorylate retinoblastoma protein (p-RB) were significantly decreased (P<0.05). Conclusions: These 
results highlight the importance of TWIST1 to the target of treating osteoporosis. TWIST1 could promote cell viability 
and migration, but inhibit apoptosis in MC3T3 cells via regulating PI3K and p16 pathways.
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Introduction

New bone formation may be desirable in clini-
cal settings, such as in osteoblast, osteoporo-
sis, and skeletal deformities [1]. Drugs that  
promote bone formation are thus in demand 
[2]. The further study of mechanism of osteo-
blast proliferation and other biological behav-
iors can help understanding the pathogenesis 
of osteoporosis, which is essential to provide 
theoretical basis for research and develop- 
ment of treatment for osteoporosis [3].

Twist-related protein1 (TWIST1) is one member 
of the Basic helix-loop-helix- (bHLH) transcrip-
tion factor family, which is associated with the 
development of the skeleton [4]. TWIST1 plays 
an important role in cellular determination, and 
is related to the proliferation and differentiation 

of several lineages containing myogenesis [5], 
osteogenesis [6], neurogenesis [7] and cardio-
genesis [8]. Mouse TWIST1 has been demon-
strated to be a negative regulator of mouse 
embryonic calvarium gene activation [9, 10]. 
Based on spatial and temporal genetic dele-
tions of TWIST1 in the developing of mouse 
head, TWIST1 was related to a variety of func-
tions during craniofacial development. Related 
to the migration of MC3T3 cells derived from 
mouse embryonic calvarium, TWIST1 is direct-
ed into the first branchial arch and proliferation 
of first arch derivatives [11-13]. In addition, it 
has been reported that TWIST1 expression is 
increased in the early stages of mouse osteo-
blast cell lines, and decreased in the later stag-
es of osteoblast [14]. Moreover, TWIST1 nega-
tively regulates osteoblast differentiation [8, 
15, 16]. 
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However, the functional role of TWIST1 in ost- 
eoblast MC3T3 cells viability, migration, and 
apoptosis is not clear. Therefore, we report that 
TWIST1 gene can promote MC3T3 cells viability 
and migration, and inhibit apoptosis, which is 
via the phosphatidyl inositide 3-kinases (PI3K) 
and p16 pathways.

Material and methods

Cell culture

The MC3T3 cell line was purchased from the 
American Type Culture Collection (ATCC, Cali- 
fornia, USA) and was maintained in α-modified 
Eagle’s Minimum Essential Medium (EMEM, 
Gibco, Life technologies, USA) complete medi-
um supplemented with 10% fetal bovine ser- 
um (FBS, Gibco, Life Technologies, USA) [17]. 
The MC3T3 cells were cultured in 96 well-plates 
(Corning, USA) at initial seeding cell densities  
of 1×106 cells/ml under controlled condition of 
temperature (37°C) a humidified atmosphere 
of 5% CO2. Medium was replaced with fresh 
medium every 2-3 days. 

Lentivirus vectors construction

Lentivirus-encoded small hairpin RNAs (shR-
NAs), retroviral vector (pBABE-puro), and pBABE- 
puro-TWIST1 were purchased from Invitrogen 
(California, USA). 5’-GCCAGGTACATCGACTTCC- 
TCT-3’ and 5’-TCCATCCTCCAGACCGAGAAGG-3’ 
are the two sense strand sequences for the 
TWIST1 shRNAs. The transfection was per-
formed by using Lipofectamine 2000 (Invi- 
trogen, USA). In a small volume of serum-free 
Dulbecco’s Modified Eagle Medium (DMEM, 
Gibco, Life technology, USA), cells were cul-
tured with lentivirus for 4 h at 37°C. Then, add-
ing 10% DMEM, the cells were continued to 
place in an incubator for 24 h for the following 
experiments. 

Cell viability

Cell viability was determined using MTT colori-
metric methods. Logarithmic growth phase 
cells were collected, and suspended with cul-
ture medium. Cells were seeded in a 96 well 
plate at a density of 2.5×105 cells/ml, and 100 
μl cell suspension was added to each well in 96 
well plates, then cultured in condition of tem-
perature (37°C) a humidified atmosphere of  
5% CO2 for various days. For colorimetric assay, 

10 μl MTT was added to each well at different 
time points (1 d, 2 d, 3 d, and 4 d), incubated  
in 37°C 5% CO2 for 4 h, and detected at 492  
nm by microplate reader (Thermo, USA). Three 
independent experiments were repeated.

Cell migration

Using a modified two-chamber migration assay 
with a pore size of 8 mm, cell migration was 
performed [18]. For migration assay, MC3T3 
cells were seeded on the upper compartment 
of 24-well Transwell culture chamber suspend-
ing in 200 ml serum-free medium, and 600 ml 
complete medium was added to the lower com-
partment. After incubating for 12 h at 37°C, 
cells were fixed with methanol. Under the filter 
with a cotton swab, non-traversed cells were 
carefully intercepted on the upper surface of 
the filter, while traversed cells were on the  
lower side of the filter which were stained with 
crystal violet, and then were counted.

Cell apoptosis

To identify and quantify the apoptotic cells, flow 
cytometry analysis was performed by using 
Annexin V-FITC/prodium iodide (PI) apoptosis 
detection kit (Shanghai Kaifang Biotechnology, 
Shanghai, China). The MC3T3 cells (100,000 
cells/well) were seeded in 6 well-plates. Treated 
cells were washed twice with precool phos-
phate buffered saline (PBS) and resuspended 
in buffer. According to the manufacturer’s 
instruction, the adherent and floating cells  
were combined and treated, and then mea-
sured by flow cytometer (Beckman Coulter, 
USA). 

Real-time polymerase chain reaction (RT-PCR)

Total RNA was extracted from transfected cells 
by using TRIzol reagent (Invitrogen, USA) and 
treated with DNaseI (Promega, USA). Using the 
Multiscribe RT kit (Applied Biosystems) and 
random hexamers or oligo (dT), reverse tran-
scription was performed. The reverse transc- 
ription was performed in condition of 10 min  
at 25°C, followed by 30 min at 48°C, and 5 min 
at 95°C. The sequences of the primers were  
as follows, TWIST1 forward primer: 5’TCCG- 
CAGTCTTACGAGGAGC’3, reverse primer: 5’GC- 
TTGAGGGTCTGAATCTTGCT’3. GAPDH forward 
primer: 5’GCACCGTCAAGGCTGAGAAC’3, reve- 
rse primer: 5’TGGTGAAGACGCCAGTGGA’3.
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TWIST1 promotes MC3T3 cells viability

As shown in Figure 1A, the results suggested 
that the expression level of TWIST1 in MC3T3 

Western blot

Total protein was isolated from MC3T3 cells 
after transfection by using RIA lysis buffer 

(Sangon Biotech, Shanghai, China) 
supplemented with protease inhi- 
bitors (Sangon Biotech, Shanghai, 
China). The protein concentra- 
tion was determined by using the 
BCA™ Protein Assay Kit (Sigma, 
USA). According to the manuf- 
acturer’s instructions, a 10-12% 
sodium dodecyl sulfate (SDS)-
polyacryla-mide gel electrophore-
sis (PAGE) was established to  
use as the western blot system. 
Rabbit-anti-mouse TWIST1 anti-
body was purchased from Univ-bio 
(Shanghai, China); GAPDH, p-Akt, 
PI3K, and Retinoblastoma pro- 
tein (p-RB) antibody was all pur-
chased from Sigma (Sigma, USA). 
Preparing the primary antibodies 
was used with 5% blocking buf- 
fer at a dilution of 1:1,000. The 
first perform was incubated with 
the primary antibody at 4°C over-
night, followed by wash buffer,  
and then bonding with secondary 
antibody which was marked by 
horseradish peroxidase (HRP, Tak- 
ara, Dalian, China) for 1 h at room 
temperature. After wash, PVDF 
were transferred into the Bio-Rad 
ChemiDoc™ XRS system. After 
capturing the signals, the quanti-
fied intensity of the bands was 
analyzed by using the Image  
Lab™ Software (Bio-Rad, Shang- 
hai, China).

Statistical analysis

Three independent experiments 
were repeated. The values are  
presented as the mean of ± stan-
dard deviation (SD). SPSS 19.0 
statistical software (SPSS Inc., 
Chicago, IL, USA) was used to per-
form statistical analyses. By us- 
ing a one-way analysis of variance 
(ANOVA), the P-values were calcu-
lated. A P-value of <0.05 was con-
sidered statistically significant.

Results

Figure 1. The expression level of TWIST1 overexpression or silencing. 
The MC3T3 cells were cultured with lentivirus or the corresponding 
negative control, and then the expression level of TWIST1 was analyzed 
by RT-PCR and Western blot. A: TWIST1 was overexpressed by pBABE-
TWIST1 (P<0.05). B: The expression level of TWIST1 was silenced by 
shRNA (P<0.01). MC3T3, mouse calvaria-derived cells; TWIST1, Twist-
related protein 1; shRNA, small hairpin RNA; RT-PCR, real-time poly-
merase chain reaction. *P<0.05 or **P<0.01 compared to the control.

Figure 2. The effects of TWIST1 on cell viability. MC3T3 cells viability 
was assessed by MTT after transfection. The TWIST1-retroviral vector 
(pBABE-TWIST1) overexpression significantly increased cells viability, 
while shTWIST1 silencing decreased cells proliferation. MC3T3, mouse 
calvaria-derived cells; MTT, 3-(4,5-dimethly-2-thiazolyl)-2,5-di phenyl-
2-H-tetrazolium bromide; shTWST1, small hairpin TWIST1. *P<0.05 
compared to the control.
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(1 d, 2 d, 3 d and 4 d) after transfection in 
MC3T3 cells. Results showed that TWIST1  
overexpression could significantly promote 
 the viability of MC3T3 cells, but TWIST1 silence 
could suppress the MC3T3 cells viability 
(P<0.05, Figure 2).

TWIST1 promotes MC3T3 cells migration

To investigate the effects of TWIST1 expres- 
sion on MC3T3 cell migration, Transwell experi-
ments were performed. Figure 3 showed that 
the MC3T3 cells migration was effectively inc- 
reased by TWIST1 overexpression compared  
to the control group (P<0.05). While making 
TWIST1 silencing, the capacity of MC3T3 cells 
migration was significantly decreased (P<0.05).

TWIST1 inhibits MC3T3 cells apoptosis

To explore the effects of TWIST1 expression  
on MC3T3 cell apoptosis, flow cytometry were 
performed. As shown in Figure 4, the results 
showed that the overexpression of TWIST1 sta-
tistically decreased the cell apoptosis (P<0.05). 
Without TWIST1 expression, the proportion  
of cell apoptosis was significantly increased 
(P<0.05).

TWIST1 regulates the protein expressions in 
PI3K and p16 pathways

PI3K and p16 are important activators for  
cell apoptosis. To investigate the influence of 
TWIST1 expression on the protein expression 
PI3K and p16 pathways associated proteins, 
we carried out Western blot. Figure 5 showed 
that the protein expression level of PI3K and 
p-Akt was significantly increased (P<0.05), fol-
lowed by p16 and p-RB expression level statis- 
tically decreased (P<0.05). However, while the 
TWIST1 silencing, PI3K and p-Akt expression 
level was significantly decreased (P<0.05), with 
p16 and p-RB significantly increased (P<0.05). 
The results demonstrated that TWIST1 could 
activate PI3K pathway, but suppress p16 signal 
pathway.

Discussion

In this study, under TWIST1 overexpression, the 
MC3T3 cell viability and migration was inc- 
reased, but apoptotic cells was statistically 
decreased. While the TWIST1 silencing, the 
MC3T3 cell viability and migration were signifi-

cells was significantly increased by TWIST1 
overexpression compared to the control group 
(P<0.05), but was statistically decreased by 
TWIST1 silencing (P<0.01, Figure 1B). To exam-
ine the effects of MC3T3 on cell via- 
bility under TWIST1 overexpression or silence, 
MTT was performed at different time points  

Figure 3. MC3T3 cells migration assay under TWIST 1 
overexpression or silencing. pBABE-TWIST1 overex-
pression significantly increased numbers of migrat-
ed cells (P<0.05). Compared to sh-TWIST1 silencing, 
numbers of migrated cells were reduced (P<0.05). 
MC3T3, the mouse calvaria-derived cells; TWIST1, 
Twist-related protein1; shTWIST1, small hairpin-
TWIST1. *P<0.05 compared to the control.

Figure 4. Apoptotic cells assay via TWIST1 overex-
pression or silencing. The TWIST1-retrovial vector 
(pBABE-TWIST1) overexpression decreased apop-
totic cells. However, for the sh-TWIST1 silencing, 
the apoptotic cells was above the average (P<0.05). 
TWIST1, Twist-related protein1; shTWIST1, small 
hairpin-TWIST1. *P<0.05 compared to the control.
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ed subunits p16 and p-BR by the overexpres-
sion of TWIST1, in an immature osteoblast cell 
line (MC3T3-E1) derived from mouse calvaria 
[33]. It shows that PI3K/Akt signaling has a 
positive feedback loop to induce osteogen- 
esis, and expression and activity of TWIST1 
need to induce by PI3K/Akt signaling. However, 
this mechanism is unclear, because the phos-
phorylation of TWIST1 was not activated dire- 
ctly by Akt. In this paper, we have shown that 
PI3K/Akt signaling is required for the TWIST1 
expression in MC3T3 cells in vitro. 

Furthermore, we have shown that this signa- 
ling is influenced by P16 pathways. There was  
a tremendous increase in the expression of  
the osteocyte specific TWIST1, accompanied 
by a decrease in expression of the p16, indicat-
ing that TWIST1 down-regulates the expres- 
sion of p16. As our results pointed out that  
we have measured the expression level of  
p16, and it remains possible that p16 protein 
was suppressed and complete elimination of 
all p16 protein expression might completely 

cantly decreased, but cell apoptosis was mark-
edly increased. The protein expression level of 
PI3K and p-Akt was significantly increased, but 
p16 and p-RB expression level was obviously 
decreased by TWIST1 overexpression. On con-
dition of TWIST1 silencing, these results were 
reversed. These results indicated TWIST1 over-
expression could inhibit apoptosis, but promote 
the viability and migration of MC3T3 cells, and 
the mechanism might be by regulating PI3K 
and p16 pathways. 

TWIST1 has been reported to regulate cellular 
processes including proliferation [19], migra-
tion [20], apoptosis [21, 22] and protein trans-
port [23, 24]. For example, Dijkers et al. found 
that cell was chiefly regulated by activation  
of their pro-apoptotic target gene [25]. Ho, K., 
S. et al. suggested that the cell proliferation 
was activated by a number of mechanisms, 
including inhibition of the TWIST1 expression 
[26, 27]. Consequently, it is necessary to 
explore the mechanisms of regulation to the 
cell functional role in the osteogenesis by 

Figure 5. The protein expression of PI3K and p16 pathways. The pBABE-
TWIST1 overexpression increased PI3K protein expression accompany-
ing with decreased p16 protein expression (P<0.05). In the sh-TWIST1 
silencing, PI3K protein expression decreased combining with p16 
protein expression rising (P<0.05), GAPDH was the internal reference  
protein. PI3K, phosphatidyl inositide 3-kinases; shTWIST1, small hair-
pin-TWIST1; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; t-
Akt, the total protein kinase B. *P<0.05 compared to the internal refer-
ence.

TWIST1. Here, we investigated  
the effect on cell viability, migra-
tion and apoptosis by TWIST1  
overexpression or silencing. We 
found TWIST1 overexpression co- 
uld promote cell viability, migra-
tion, and inhibit cell apoptosis.  
We also found the progress of 
TWIST1 expression was via PI3K or 
P16 pathways.

Previous study have shown that 
PI3K plays an important role in 
osteogenesis and protein expr- 
ession [28]. Endochondral bone 
growth is suppressed by inhibi- 
tion of PI3K/Akt signaling [29,  
30]. There is also substantial evi-
dence that PI3K/Akt signaling is 
required for osteogenesis in vitro 
cell culture studies. Osteogenesis  
requires PI3K/Akt signaling in cul-
tures of MC3T3 osteoblast pre- 
cursor cells [31]. This is also con-
firmed by osteogenesis of murine 
bone marrow-derived MSCs and  
in MC3T3 cells [32]. PI3K/Akt is 
required early in the transcrip- 
tional activation of osteogenesis  
in mouse cells. For example, the 
expression of PI3K was upregulat-
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developing dermis. Dev Biol 1995; 172: 280-
292.

[8] Lee MS, Lowe GN, Strong DD, Wergedal JE and 
Glackin CA. TWIST, a basic helix-loop-helix tran-
scription factor, can regulate the human osteo-
genic lineage. J Cell Biochem 1999; 75: 566-
577.

[9] Zhou Y, Huang Z, Wu S, Zang X, Liu M and Shi 
J. miR-33a is up-regulated in chemoresistant 
osteosarcoma and promotes osteosarcoma 
cell resistance to cisplatin by down-regulating 
TWIST. J Exp Clin Cancer Res 2014; 33: 12.

[10] Qin Q, Xu Y, He T, Qin C and Xu J. Normal and 
disease-related biological functions of Twist1 
and underlying molecular mechanisms. Cell 
Res 2012; 22: 90-106.

[11] Soo K, O’Rourke MP, Khoo PL, Steiner KA, 
Wong N, Behringer RR and Tam PP. Twist func-
tion is required for the morphogenesis of the 
cephalic neural tube and the differentiation of 
the cranial neural crest cells in the mouse em-
bryo. Dev Biol 2002; 247: 251-270.

[12] Bildsoe H, Loebel DA, Jones VJ, Chen YT, Beh-
ringer RR and Tam PP. Requirement for Twist1 
in frontonasal and skull vault development in 
the mouse embryo. Dev Biol 2009; 331: 176-
188.

[13] Yin G, Chen R, Alvero AB, Fu HH, Holmberg J, 
Glackin C, Rutherford T and Mor G. TWISTing 
stemness, inflammation and proliferation of 
epithelial ovarian cancer cells through MI-
R199A2/214. Oncogene 2010; 29: 3545-
3553.

[14] Khanbabaei H, Teimoori A and Mohammadi M. 
The interplay between microRNAs and Twist1 
transcription factor: a systematic review. Tu-
mor Biol 2016; 37: 7007-19.

[15] Murray SS, Glackin CA, Winters KA, Gazit D, 
Kahn AJ and Murray EJ. Expression of helix-
loop-helix regulatory genes during differentia-
tion of mouse osteoblastic cells. J Bone Miner 
Res 1992; 7: 1131-1138.

[16] Xie YK, Huo SF, Zhang G, Zhang F, Lian ZP, Tang 
XI and Jin C. CDA-2 induces cell differentiation 
through suppressing Twist/SLUG signaling via 
miR-124 in glioma. J Neurooncol 2012; 110: 
179-186.

[17] Liu T, Zou W, Shi G, Xu J, Zhang F, Xiao J  
and Wang Y. Hypoxia-induced MTA1 promotes 
MC3T3 osteoblast growth but suppresses 
MC3T3 osteoblast differentiation. Eur J Med 
Res 2015; 20: 10.

[18] Bai J, Mei P, Zhang C, Chen F, Li C, Pan Z, Liu H 
and Zheng J. BRG1 is a prognostic marker and 
potential therapeutic target in human breast 
cancer. PLoS One 2013; 8: e59772.

[19] Renjie W and Haiqian L. MiR-132, miR-15a 
and miR-16 synergistically inhibit pituitary tu-
mor cell proliferation, invasion and migration 

suppress biomineral deposition. Although, the 
preliminary data presented here, convincingly 
that p16 inhibits MC3T3 osteogenesis and 
PI3K/Akt signaling is pro-osteogenic [34]. Our 
results suggested PI3K/Akt signaling is 
required for MC3T3 proliferation and migration, 
during the progression of which TWIST1 expres-
sion increases, but p16 pathways contributes 
to the suppression of osteogenesis. This study 
indicated a therapeutic approach of the target 
for treating osteogenesis.  

In conclusion, this study highlights the essen-
tial role of TWIST1 in the target of treating 
osteoporosis. TWIST1 could regulate PI3K and 
p16 pathways to promote cell viability and 
migration, but inhibit apoptosis in MC3T3 cells. 
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