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Introduction

Epithelial–mesenchymal transition (EMT) is a significant 
event for invasion and metastasis of cancer cells. In this 
process, epithelial-derived cancer cells display decreased 
epithelial properties such as cell–cell junctions and apical–
basolateral polarity and gains mesenchymal cell pheno-
type with enhanced invasive properties. The hallmarks of 
EMT are downregulation of epithelial markers such as 
E-cadherin and upregulation of mesenchymal markers 
such as N-cadherin and vimentin.1,2 EMT can be regulated 
by several signaling pathways including SMADs, signal 

transducers and activators of transcription (STATs), 
phosphoinositide 3-kinase (PI3K)/Akt, and mitogen-acti-
vated protein (MAP) kinases.2,3
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Mitogen-activated protein kinases (MAPKs) are 
expressed in all cell types and highly activated in cancer 
cells. This pathway has an ability to regulate a variety of 
physiological processes such as cell growth, metabolism, 
and cell death. To date, six distinct groups of MAPKs have 
been identified in mammals: the extracellular signal– 
regulated kinases p38 MAPKs p38α/β/γ/δ, extracellular 
signal–regulated protein kinase (ERK)1/2, ERK3/4, 
ERK5, ERK7/8, and the c-Jun N-terminal kinase (JNK) 
1/2/3.4 Especially, p38 MAPK pathway has been impli-
cated in the distinct stages of metastasis.4,5 The effects of 
p38 MAPK pathway on metastasis can be mediated via its 
interaction with different pathways. Estrada et al. reported 
that the crosstalk between ERK and p38 pathways medi-
ates migration and proliferation of melanoma cells.6 
Staples et al.7 indicated that the crosstalk between the p38 
MAPK and JNK pathways mediated by MAP Kinase 
Phosphatase-1 plays a critical role in determining the fate 
of cancer cells with exposed DNA damaging agents such 
as ultra violet (UV) radiation and cisplatin.

Roles of the crosstalk between p38 MAPK and PI3K/
Akt pathways in various cellular events are well known. 
Zarubin and Han8 indicated that the crosstalk between p38 
and PI3K/Akt pathways has a regulatory role in the orches-
tration of myoblast differentiation. Furthermore, Shen 
et al.9 demonstrated that the crosstalk between p38 MAPK 
and PI3K/Akt pathways mediates endothelial NO synthase 
(eNOS) activation in endothelial cells. The emerging evi-
dence of the interaction between p38 and PI3K/Akt path-
ways plays a critical role in physiological processes in 
cells and let us to think that this crosstalk might implicate 
in several stages of carcinogenesis. In our previous study, 
we reported that SATB2, which is a transcription factor 
and binds to AT-rich DNA sequences in nuclear matrix 
attachment regions is a novel regulator in EMT and inva-
sion in non-small-cell lung carcinoma (NSCLC) cells. 
Therefore, in this study, we aimed to examine whether the 
crosstalk between p38 and PI3K/Akt pathways could 
mediate EMT process by regulating SATB2 expression in 
NSCLC cells.

Materials and methods

Cell culture and reagents

A549 and H1650 NSCLC cell lines were used in this study. 
A549 cells were grown in Dulbecco’s modified Eagle’s 
medium (DMEM), H1650 cells were cultured in RPMI 
1640, and DMEM and RPMI 1640 were supplemented 
with 10% fetal bovine serum (FBS), 100 mg/mL penicillin, 
50 mg/mL streptomycin, and 1 mM glutamine at 37°C in 
5% CO2. SB203580 (specific p38 MAPK inhibitor) and 
LY294002 (a specific inhibitor of PI3K/Akt pathway) 
were purchased from BioVision(Milpitas, CA, USA). 
Antibodies of E-cadherin, N-cadherin, vimentin, Snail, 
Zeb1, and glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) were purchased from Cell Signaling Technology 
(Beverly, MA, USA). Antibodies of SATB2, Slug, and 
Twist were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA).

3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay

A549 cells were seeded at 2 × 103 cells per well in 96-well 
tissue culture plates and incubated for 24 h in culture 
medium with 10% serum. Then, the cells were treated with 
p38 inhibitor SB203580 (500 nM) or dimethyl sulfoxide 
(DMSO) for 24 h, and cell viability was measured using 
Vybrant® MTT Cell Proliferation Assay Kit according to 
the manufacturer’s instructions (Thermo Fischer Scientific, 
Waltham, MA, USA). Formazan formation was quantified 
spectrophotometrically at 560 nm wavelength using a 
microplate reader.

Transient transfection

Expression vectors for the continuous active Akt (CA-Akt) 
were used in this study. A549 cells were seeded at a den-
sity of 2 × 105 cells per well in six-well plates and were 
transfected with the CA-Akt or mock vectors using 
Lipofectamine 2000 (Thermo Fischer Scientific, Carlsbad, 
CA, USA) according to the manufacturer’s instructions; 
24 h after transfection, the medium was removed and cells 
were incubated in serum-free medium for an additional 
24 h. Cell lysate preparation and western blot analysis 
were performed as described below.

Small interfering RNA transfection

A549 cells were transfected with SATB2 small interfering 
RNA (siRNA; 20 nM) or control siRNA (20 nM) using 
Lipofactamine2000 transfection reagent according to the 
manufacturer’s instructions; 24 h after transfection, cells 
were incubated in culture medium with 10% serum for an 
additional 24 h. Then, cell lysate preparation and western 
blot analysis were performed as described below.

Western blotting

The cell lysates were prepared in ice-cold radioimmuno-
precipitation assay (RIPA) lysis solution. Western blot 
analysis was performed as previously described.10

Wound-healing assay

The effects of inhibition of p38 on migration capability of 
A549 cells were assessed using a wound-healing assay. 
The cells were grown to 90% confluence on the six-well 
plate, washed with phosphate-buffered saline (PBS), and 
cultured for an additional 24 h with serum-free medium. 
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The confluent cell monolayers were manually wounded by 
scraping the cells with a 20 μL pipette tip. To remove cell 
debris, the cells were washed with serum-free medium 
three times. Then, the cells were cultured for 24 h in serum-
free medium with DMSO or p38 inhibitor SB203580 
(500 nM). Photos were taken at 0, 16, and 24 h.

Cell invasion assay

The invasiveness of cells was evaluated by a Matrigel 
invasion chambers (BD Biosciences, San Jose, CA, USA) 
with 8-mm membrane pores. The media was removed and 
the cells were trypsinized and counted by hemocytometer 
and Trypan blue staining; 1.25 × 105 cells were seeded on 
upper chamber in serum-free media and treated with 
SB2035802 (500 nM) or DMSO for 24 h. In the lower 
chamber, 10% serum-added media plus SB2035802 
(500 nM) was used as a chemoattractant. The cells were 
allowed to migrate for 24 h at 37°C. After incubation for 
24 h, non-invaded cells on the upper side of the Transwell 
were removed with cotton swabs, and the invasive cells on 
bottom side of the Transwell were fixed with 100%metha-
nol. Then, they were stained with 0.1% crystal violet solu-
tion and were counted under a light microscope in five 
random microscopic fields (magnification, 20×).

Statistical analysis

A statistical analysis was performed using a SPSS 17.0 
version. Paired t-test was used to determine significance of 
the difference among the comparisons and p values less 
than 0.05 were considered statistically significant.

Results

The crosstalk between p38 and Akt signaling 
pathways might determine epithelial characters 
and SATB2 expression of NSCLC cells

It has been shown that the crosstalk between p38 and Akt 
signaling pathways implicates in several cellular processes 
in endothelial cells, macrophages, and myeloid cells, but 
there is no report showing the relationship between this 
crosstalk and induction of EMT for NSCLC cells. Therefore, 
we first examined the activation levels of p38 and Akt in 
A549 and H1650 cells in normal medium conditions. As 
shown in Figure 1(a), the level of active p38 is significantly 
higher in A549 cells than H1650 cells; However, activation 
level of Akt is lower in A549 cells compared to H1650 cells, 
indicating that there is a crosstalk between p38 and Akt path-
ways in NSCLC cells. Then, we wanted to compare the 
expressions levels of E-cadherin and SATB2 in A549 and 
H1650 cells by western blot analysis. Interestingly, we found 
that expression levels of SATB2 and E-cadherin are associ-
ated with p38-Akt crosstalk in A549 and H1650 cells, 

suggesting that the crosstalk between p38 and Akt signaling 
pathways might determine epithelial characters and SATB2 
expression of NSCLC cells (Figure 1(b)).

Inhibition of p38 leads to increased Akt 
activation and upregulation of SATB2 
expression

Because of the results that we mentioned above, we hypoth-
esized that elevated activation of p38 could leads to decrease 
in activation of Akt and SATB2 expression in NSCLC cells. 
Therefore, we inhibited p38 activation by SB203580 
(500 nM) in A549 cells which have high levels of activated 
p38. As expected, we observed that SB203580 treatment in 
A549 cells resulted in a decrease in p-p38 (phosphorylated-
p38) level and an increase in p-Akt (phosphorylated-Akt) 
level (Figure 2). Thereafter, we wanted to explain why inhibi-
tion of p38 increases level of p-Akt. Thus, we examined the 
effect of p38 inhibition on expression level of phosphatase 
and tensin homolog (PTEN), which is a negative regulator for 
Akt activation. As shown in Figure 2, p38 inhibition strongly 
downregulated PTEN expression in A549 cells. To determine 
the effect of p38 inhibition on SATB2 expression, we evalu-
ated the protein level of SATB2 in A549 cells treated with 
SB203580, and we found that p38 inhibition in A549 cells 
leads to upregulation of SATB2 expression (Figure 2). These 
results indicated that p38 inhibition can induce activation of 
p-Akt and SATB2 expression by downregulating PTEN 
expression. Then, we hypothesized that only increased activa-
tion of Akt might induce SATB2 expression in A549 cells. 
Therefore, we used A549 cells transfected with CA-Akt or 
mock vector. After 24 h from transfection, we evaluated the 
protein levels of p-Akt, Akt, SATB2, and GAPDH in A549 
cells by western blot analysis. As expected, increased activa-
tion of Akt strongly induced SATB2 expression in A549 cells, 
indicating that there is a positive correlation between the level 
of p-Akt and SATB2 expression in NSCLC cells. Furthermore, 
we treated A549 cells with LY294002 that can make PI3K/
Akt signaling pathway inactive. Inactivation of PI3K/Akt 
signaling pathway leads to downregulation of SATB2 expres-
sion, indicating that SATB2 expression is regulated by PI3K/
Akt pathway in NSCLC cells.

p38 activation is required for maintenance of 
mesenchymal phenotype of NSCLC cells

In our recently published study, it has been showed that low 
expression of SATB2 is critical for acquisition of mesenchy-
mal phenotype in NSCLC cells.10 Furthermore, our results 
clearly indicated that there is a potent association between 
the expression of SATB2 and E-cadherin, and p38 inhibition 
strongly induces SATB2 expression of NSCLC cells in this 
study (Figure 1(b)). Therefore, we wanted to examine the 
effects of p38 inhibition on expression of epithelial and 
mesenchymal markers in A549 cells. As shown in Figure 
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3(a), suppression of p38 activation by SB203580 resulted in 
dramatic reduction and induction of E-cadherin, N-cadherin, 
and vimentin in A549 cells. After showing the effect of p38 
inhibition on EMT markers, we determined the protein lev-
els of EMT-associated transcription factors Snail, Slug, 
Zeb1, and Twist1 in the same lysate, and we found that p38 
inhibition causes significant induction of the protein levels 
of Snail and Twist1 and dramatic downregulation in that of 
Slug and Zeb1. These results clearly demonstrate that p38 
activation has an important role in the maintenance of mes-
enchymal phenotype by regulating the expressions of EMT-
associated transcription factors in NSCLC cells. Next, we 
wondered whether p38 inhibition would interfere with 

capacities of migration and invasion of A549 cells. 
Therefore, wound-healing and invasion assays were per-
formed to measure the effects of p38 inhibition on migration 
and invasion of A549 cells. As shown in Figure 3(c), wound 
size was photographed at 0, 16, and 24 h. After 16 and 24 h 
of SB203580 treatment, p38 inhibition decreased migration 
capacity of A549 cells compared to untreated control group. 
p38 inhibition also caused to decrease invasion capacity of 
A549 cells at the rate of 40% (Figure 3(d)). These results 
clearly indicate that p38 activation plays a critical role in 
migration and invasion of NSCLC cells. Furthermore, to 
confirm the possibility of cell death induced by SB203580 
treatment affects on cellular migration and invasion, we  

Figure 1.  The crosstalk between p38 and Akt signaling pathways might determine epithelial characters and SATB2 expression of 
NSCLC cells. (a) A549 and H1650 cells are cultured with normal growth medium containing 10% FBS, and then, cellular lysates 
were prepared in RIPA buffer and equal amount of proteins was fractionated using 10% polyacrylamide gel; blots were labeled with 
p-p38-, p38-, p-Akt-, and Akt-specific antibodies. The band intensities on films were quantified by densitometric analysis using Image 
Studio Lite Ver 5.2, and values of bands were normalized against p38 or Akt. To calculate fold inductions, the expression values of 
bands were divided by that of controls. (b) The same cellular lysates were fractionated using 10% polyacrylamide gel, and blots were 
labeled with E-cadherin-, SATB2- and GAPDH-specific antibodies. The band intensities on films were quantified by densitometric 
analysis using Image Studio Lite Ver 5.2, and values of bands were normalized against GAPDH. To calculate fold inductions, the 
expression values of bands were divided by those of controls.
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performed 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay. Interestingly, we observed 
that p38 inhibition by SB203580 treatment in A549 cells 
leads to the increase in cell proliferation at the rate of 19% 
(Figure 3(e)).

SATB2 knockdown prevented the effect of p38 
inhibition on EMT in A549 cells

Since p38 inhibition reversed EMT in A549 cells via 
upregulation of SATB2 expression, we wondered whether 
SATB2 downregulation can prevent the effect of p38 inhi-
bition on EMT in A549 cells. To answer this question, we 
first transfected A549 cells with SATB2 siRNA or non-
targeting control siRNA and observed the expression of 
SATB2 and E-cadherin. SATB2 knockdown alone resulted 
in downregulation of E-cadherin in A549 cells (Figure 
4(a)). Next, we treated SATB2-knockdowned A549 cells 

with SB203580 for 24 h. As shown in Figure 4(b), siRNA-
mediated knockdown of SATB2 abolished increased 
E-cadherin expression induced by p38 inhibition and pre-
vented downregulations of N-cadherin and Vimentin via 
p38 inhibition as well. These results first showed that p38 
controls EMT process by regulating SATB2 expression in 
NSCLC cells. After showing the role of SATB2 expres-
sion in effects of p38 inhibition on EMT, we determined 
the protein levels of EMT-associated transcription factors 
Slug and Zeb1 in the same lysate and found that SATB2 
knockdown abrogated downregulations of Slug and Zeb1 
induced by p38 inhibition (Figure 4(c)).

Discussion

EMT is a both physiological and pathological process and 
plays a crucial role in biological events such as embryonic 
development, tissue repair, fibrosis, and carcinogenesis. 

Figure 2.  Inhibition of p38 leads to increased Akt activation and upregulation of SATB2 expression. (a) A549 cells were treated 
with SB203580 (500 nM) or DMSO in serum-free medium for 24 h. Cellular lysates were prepared in RIPA buffer and equal amount 
of proteins was fractionated using 10% polyacrylamide gel, and blots were labeled with p-p38-, p38-, p-Akt-, Akt-, PTEN-, SATB2-, 
and GAPDH-specific antibodies. (b) A549 cells were transfected with continuous active Akt (CA-Akt) vector or mock vector for 
24 h. Cellular lysates were prepared in RIPA buffer and equal amount of proteins were fractionated using 10% polyacrylamide gel; 
blots were labeled with p-Akt-, Akt-, SATB2-, and GAPDH-specific antibodies. (c) A549 cells treated with LY294002 (20 nM) or 
DMSO in serum-free medium for 24 h. Cellular lysates were prepared in RIPA buffer and equal amount of proteins was fractionated 
using 10% polyacrylamide gel, and blots were labeled with p-Akt-, Akt-, SATB2-, and GAPDH-specific antibodies. The band 
intensities on films were quantified by densitometric analysis using Image Studio Lite Ver 5.2, and values of bands were normalized 
against p38 or Akt or GAPDH. To calculate fold inductions, the expression values of bands were divided by that of controls.
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Figure 3.  p38 activation is required for maintenance of mesenchymal phenotype of NSCLC cells. (a) A549 cells were treated with 
SB203580 (500 nM) or DMSO in serum-free medium for 24 h. Cellular lysates were prepared in RIPA buffer and equal amount of 
proteins were fractionated using 10% polyacrylamide gel, and blots were labeled with SATB2-, E-cadherin-, N-cadherin-, vimentin-, and 
GAPDH-specific antibodies. (b) The same cellular lysates were fractionated using 10% polyacrylamide gel, and blots were labeled with 
Snail-, Twist-, Slug-, Zeb1-, and GAPDH-specific antibodies. The band intensities on films were quantified by densitometric analysis 
using Image Studio Lite Ver 5.2, and values of bands were normalized against p38 or Akt or GAPDH. To calculate fold inductions, 
the expression values of bands were divided by those of controls. (c) A549 cells seeded into six-well plates at 80%–90% confluency. 
The wound was scratched using 200 μL pipette tip. To remove cell debris, the cells were washed with serum-free medium for three 
times, and the cells were treated with SB203580 (500 nM) or DMSO in serum-free medium. Wound size at 0, 16, and 24 h was 
photographed under the phase-contrast microscope with 20× magnification. (d) A549 cells were trypsinized and seeded into Matrigel-
coated Transwell chambers and treated with SB203580 (500 nM) or left DMSO for 24 h in serum medium. At the end of incubation 
time, invading cells were fixed, stained, and counted from the independent field per chamber (*p < 0.05). (e) A549 cells were seeded 
into 96-well tissue culture plates, and the cells were treated with p38 inhibitor SB203580 (500 nM) or DMSO for 24 h and cell viability 
was measured using Vybrant® MTT Cell Proliferation Assay Kit according to the manufacturer’s instructions. Formazan formation was 
quantified spectrophotometrically at 560 nM wavelength using a microplate reader (*p < 0.05).
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Normally, epithelial cells have a tight cell–cell junctions, 
apico-basal polarity, and weak migratory ability. During 
EMT process, it enables epithelial cells to acquire mesenchy-
mal cell traits, including weakened cell–cell junctions, loss 
of apico-basal polarity, and increased migratory ability.1,11,12 
Since EMT is a complex event, and controlled by a wide 
variety of transcription factors and signaling pathways, it is 
not surprising that the crosstalks between this signaling path-
ways could implicate in regulation of EMT process. 
Emerging evidences have recently demonstrated that cross-
talks between several pathways play a critical role in the 
regulation of EMT.11,13–15 However, underlying mechanisms 
of the crosstalks between several signaling pathways 
involved in EMT are still unknown. It is well known that 
there is a crosstalk between p38 and Akt signaling pathways, 
and this crosstalk is involved in physiological processes such 
as myoblast differentiation.8,9,16,17 Since it has not been 
reported that whether the crosstalk between p38 and Akt 
signaling pathways is involved in the regulation of EMT, we 
aimed to illuminate the effects of this crosstalk on the regula-
tion of EMT process in NSCLC cells in this study.

In our recently published study, we showed that downregu-
lation of SATB2 is critical for induction of EMT and invasion 
of NSCLC cells.10 Therefore, we first examined SATB2 
expression as well as E-cadherin expression to evaluate epithe-
lial-mesenchymal character of A549 and H1650 NSCLC cells, 
and these cells were used as a model in our study. As shown in 
Figure 1(b), E-cadherin and SATB2 are upregulated in H1650 

cells compared to A549 cells. To determine whether there is a 
crosstalk between p38 and Akt pathways in these cells, we ana-
lyzed the expression levels of p-p38, p38, p-Akt, and Akt in 
normal living conditions of these cells. Consequently, we first 
showed that there is the crosstalk between p38 and Akt signal-
ing pathway in NSCLC cells. These results are in good agree-
ment with the publications which showed that there is this 
crosstalk in several cell lines.8,9 Then, we hypothesized that this 
crosstalk might determine epithelial-mesenchymal character of 
NSCLC cells such as A549 and H1650 cell lines that have a 
distinct epithelial character.

Previous studies showed that p38 has a regulatory effect 
on Akt signaling pathway by modulating PTEN expres-
sion.9,16 Thus, we thought to interfere the crosstalk between 
p38 and Akt pathways with inactivation of p38 pathway via 
SB203580 to determine the effects of this crosstalk on 
NSCLC cells. As expected, p38 inhibition resulted in 
decreased PTEN expression and subsequently increased 
Akt activation in NSCLC cells (Figure 2(a)). These results 
are in good agreement with the publications which showed 
that p38 has a regulatory role on Akt pathways by modulat-
ing PTEN expression.9,16–18 Previous study showed that 
inhibition of p38 blocks the upregulation of Satb2 in sympa-
thetic neuron cells during cholinergic transdifferentiation.19 
However, we found that p38 inhibition strongly induced 
SATB2 expression in NSCLC cells. It has not been reported 
that there is the crosstalk between p38 and Akt pathways in 
sympathetic neuron cells. Therefore, lack of this crosstalk in 

Figure 4.  SATB2 knockdown prevented the effect of p38 inhibition on EMT in A549 cells. (a) A549 cells were transfected with 
SATB2 siRNA or non-targeting control siRNA (15 nM) for 24 h, cellular lysates were prepared in RIPA buffer and equal amount of 
proteins were fractionated using 10% polyacrylamide gel, and blots were labeled with SATB2-, E-cadherin-, and GAPDH-specific 
antibodies. (b) A549 cells were transfected with SATB2 siRNA or non-targeting control siRNA (15 nM) for 24 h. Then, cells were 
treated with SB203580 (500 nM) or DMSO in serum-free medium and cellular lysates were prepared in RIPA buffer and equal 
amount of protein was fractionated using 10% polyacrylamide gel; blots were labeled with E-cadherin-, N-cadherin-, vimentin-, and 
GAPDH-specific antibodies. (c) The same cellular lysates were fractionated using 10% polyacrylamide gel, and blots were labeled 
with Slug-, Zeb1-, and GAPDH-specific antibodies. The band intensities on films were quantified by densitometric analysis using 
Image Studio Lite Ver 5.2, and values of bands were normalized against GAPDH. To calculate fold inductions, the expression values 
of bands were divided by that of controls.
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sympathetic neuron cells may be a reason of the diversity in 
the association between p38 activation and SATB2 expres-
sion. Furthermore, we wondered whether activation or inac-
tivation of Akt could regulate SATB2 expression in NSCLC 
cells. It was observed that enhanced activation of Akt 
induced SATB2 expression while inactivation of Akt path-
way induced by LY294002 leads to downregulation of 
SATB2 expression, indicating that SATB2 expression is 
tightly regulated by Akt in NSCLC cells.

It has been described that p38 activation is required for 
the induction of EMT in epithelial cells.1,3,20–22 Under the 
light of these, p38 inhibition in A549 cells is logical to evalu-
ate whether the crosstalk between p38 and Akt pathways has 
a regulatory role in EMT of NSCLC. As shown in Figure 
3(a), just like we anticipated, we observed that p38 inhibition 
dramatically reversed EMT in NSCLC cells by upregulating 
SATB2 expression. Previously, we reported that SATB2 
seems to be responsible for suppression of expression of 
these EMT-related transcription factors.10 We found that p38 
inhibition resulted in the obvious downregulations of Slug 
and Zeb1, related to especially EMT in NSCLC. However, 
p38 inhibition upregulated expressions of Snail and Twist. It 
is known that Snail and Twist are positively regulated by Akt 
signaling pathway.23–26 Therefore, increased activation of 
Akt via p38 inhibition might induce expression of Snail and 
Twist in NSCLC cells. Moreover, p38 inhibition decreased 
migration and invasion of NSCLC while increased NSCLC 
proliferation (Figure 3(c)–(e)). It is well known that cancer 
cells display a phenotype with decreased proliferation and 
increased capacities of migration and invasion during 
EMT.27–30 Thus, the reversion of EMT induced by inhibition 
of p38 may be a reason to explain why p38 inhibition 
enhances cell proliferation in NSCLC cells. Finally, we won-
dered whether SATB2 downregulation could prevent the 
effect of p38 inhibition on EMT in NSCLC cells. Here, we 
first report that SATB2 knockdown abrogated the effect of 
p38 inhibition on EMT in NSCLC cells via especially Slug 
expression in this study (Figure 4(a) and (b)).

In conclusion, these results strongly indicate that 
SATB2 has a key importance in EMT regulation by the 
crosstalk between p38 and Akt pathways in NSCLC cells. 
Our findings will contribute to illuminate the molecular 
mechanisms of the EMT process that has a critical signifi-
cance for lung cancer metastasis. Consequently, these 
results should be considered when using p38 and Akt 
inhibitors as anticancer drugs in lung cancer therapy.

Acknowledgements

The authors would like to thank Dr Ozes for CA-Akt overexpres-
sion vector.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
This work was supported by grants (114S007 and 215Z283) from 
TUBITAK.

References

	 1.	 Lamouille S, Xu J and Derynck R. Molecular mechanisms 
of epithelial-mesenchymal transition. Nat Rev Mol Cell Biol 
2014; 15: 178–196.

	 2.	 Xu J, Lamouille S and Derynck R. TGF-beta-induced 
epithelial to mesenchymal transition. Cell Res 2009; 19: 
156–172.

	 3.	 Zhang YE. Non-smad pathways in TGF-beta signaling. Cell 
Res 2009; 19: 128–139.

	 4.	 Grossi V, Peserico A, Tezil T, et al. P38α MAPK pathway: 
a key factor in colorectal cancer therapy and chemoresist-
ance. World J Gastroenterol 2014; 20: 9744–9758.

	 5.	 Cuenda A and Rousseau S. P38 MAP-kinases pathway 
regulation, function and role in human diseases. Biochim 
Biophys Acta 2007; 1773: 1358–1375.

	 6.	 Estrada Y, Dong J and Ossowski L. Positive crosstalk 
between ERK and p38 in melanoma stimulates migration 
and in vivo proliferation. Pigment Cell Melanoma Res 2009; 
22: 66–76.

	 7.	 Staples CJ, Owens DM, Maier JV, et al. Cross-talk between 
the p38α and JNK MAPK pathways mediated by MAP 
kinase phosphatase-1 determines cellular sensitivity to UV 
radiation. J Biol Chem 2011; 286: 17398.

	 8.	 Zarubin T and Han J. Activation and signaling of the p38 
map kinase pathway. Cell Res 2005; 15: 11–18.

	 9.	 Shen YH, Zhang L, Gan Y, et al. Up-regulation of PTEN 
(phosphatase and tensin homolog deleted on chromosome 
ten) mediates p38 MAPK stress signal-induced inhibition of 
insulin signaling. A cross-talk between stress signaling and 
insulin signaling in resistin-treated human endothelial cells. 
J Biol Chem 2006; 281: 7727–7736.

	10.	 Kucuksayan H, Ozes ON and Akca H. Downregulation of 
SATB2 is critical for induction of epithelial-to-mesenchy-
mal transition and invasion of NSCLC cells. Lung Cancer 
2016; 98: 122–129.

	11.	 Zucchini-Pascal N, Peyre L and Rahmani R. Crosstalk 
between beta-catenin and snail in the induction of epithelial 
to mesenchymal transition in hepatocarcinoma: role of the 
ERK1/2 pathway. Int J Mol Sci 2013; 14: 20768–20792.

	12.	 Nieto MA, Huang Ruby Y-J, Jackson Rebecca A, et al. 
EMT. Cell 2016; 166: 21–45.

	13.	 Peng X, Luo Z, Kang Q, et al. FOXQ1 mediates the cross-
talk between TGF-β and Wnt signaling pathways in the pro-
gression of colorectal cancer. Cancer Biol Ther 2015; 16: 
1099–1109.

	14.	 Lindsey S and Langhans SA. Crosstalk of oncogenic sign-
aling pathways during epithelial-mesenchymal transition. 
Front Oncol 2014; 4: 358.

	15.	 Zhang J, Tian XJ and Xing J. Signal transduction pathways 
of EMT induced by TGF-β, SHH, and WNT and their cross-
talks. J Clin Med 2016; 5: 41.

	16.	 Shen YH, Zhang L, Utama B, et al. Human cytomegalovirus 
inhibits Akt-mediated eNOS activation through upregulating 



Kucuksayan and Akca	 9

PTEN (phosphatase and tensin homolog deleted on chromo-
some 10). Cardiovasc Res 2006; 69: 502–511.

	17.	 Liao Y and Hung MC. Regulation of the activity of p38 
mitogen-activated protein kinase by Akt in cancer and 
adenoviral protein E1A-mediated sensitization to apoptosis. 
Mol Cell Biol 2003; 23: 6836–6848.

	18.	 Murashov AK, Haq IU, Hill C, et al. Crosstalk between p38, 
Hsp25 and Akt in spinal motor neurons after sciatic nerve 
injury. Brain Res Mol Brain Res 2001; 93: 199–208.

	19.	 Loy B, Apostolova G, Dorn R, et al. P38α and p38β mito-
gen-activated protein kinases determine cholinergic trans-
differentiation of sympathetic neurons. J Neurosci 2011; 31: 
12059–12067.

	20.	 Bhowmick NA, Zent R, Ghiassi M, et al. Integrin beta 1 
signaling is necessary for transforming growth factor-beta 
activation of p38MAPK and epithelial plasticity. J Biol 
Chem 2001; 276: 46707–46713.

	21.	 Yu L, Hebert MC and Zhang YE. TGF-beta receptor-acti-
vated p38 MAP kinase mediates Smad-independent TGF-
beta responses. EMBO J 2002; 21: 3749–3759.

	22.	 Koul HK, Pal M and Koul S. Role of p38 MAP kinase signal 
transduction in solid tumors. Genes Cancer 2013; 4: 342–359.

	23.	 Wang H, Fang R, Wang XF, et al. Stabilization of Snail 
through AKT/GSK-3β signaling pathway is required for 

TNF-α-induced epithelial-mesenchymal transition in pros-
tate cancer PC3 cells. Eur J Pharmacol 2013; 714: 48–55.

	24.	 Yao C, Li P, Song H, et al. CXCL12/CXCR4 axis upregu-
lates twist to induce EMT in human glioblastoma. Mol 
Neurobiol 2016; 53: 3948–3953.

	25.	 Li K, Xu B, Xu G, et al. CCR7 regulates twist to induce 
the epithelial-mesenchymal transition in pancreatic ductal 
adenocarcinoma. Tumour Biol 2016; 37: 419–424.

	26.	 Xu W, Yang Z and Lu N. A new role for the PI3K/Akt sign-
aling pathway in the epithelial-mesenchymal transition. Cell 
Adh Migr 2015; 9: 317–324.

	27.	 Evdokimova V, Tognon C, Ng T, et al. Reduced prolifera-
tion and enhanced migration: two sides of the same coin? 
Molecular mechanisms of metastatic progression by YB-1. 
Cell Cycle 2009; 8: 2901–2906.

	28.	 Tsai JH and Yang J. Epithelial-mesenchymal plasticity in 
carcinoma metastasis. Genes Dev 2013; 27: 2192–2206.

	29.	 Larue L and Bellacosa A. Epithelial-mesenchymal transi-
tion in development and cancer: role of phosphatidylinositol 
3' kinase/AKT pathways. Oncogene 2005; 24: 7443–7454.

	30.	 Hugo HJ, Pereira L, Suryadinata R, et al. Direct repression 
of MYB by ZEB1 suppresses proliferation and epithelial 
gene expression during epithelial-to-mesenchymal transition 
of breast cancer cells. Breast Cancer Res 2013; 15: R113.




