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Abstract
Objective: To observe the impact of activation and inhibition of mitogen activated protein kinases (MAPK)/extracellular signal-
regulated protein kinase (ERK) signaling pathway on the proliferation and apoptosis of cutaneous squamous cell carcinoma
(SCC). cells and investigate the interaction mechanism between MAPK/ERK signaling pathway and tumor suppressor gene P53
in SCC.
Methods: Human A431 cells were cultured and divided into MAPK/ERK inhibition groups with low-, medium- and high-
concentration of inhibitors (PD98059 + DMSO), MAPK/ERK activation groups with low-, medium- and high-concentration of
stimuli (IGF + PBS) and blank control group (DMSO). The cell proliferation in vitro was detected by MTT assay, with the cell
apoptosis detected by flow cytometry (FCM) and the protein expression of P-ERK and P53 detected by western blot in each
group.
Results: The A431 cell proliferation was inhibited by different concentrations of PD98059 with a clear concentration - effect
and time - effect relationship (p < .05); and the cell proliferation was promoted by the different concentrations of IGF with a clear
concentration - effect and time - effect relationship (p < .05). The FCM results showed a significant increase in the apoptosis rate
of A431 cells which were treated with PD98059, with a clear concentration - effect relationship (p < .05); while the apoptosis
rate was decreased significantly after A431 cells were treated with IGF, also with a concentration - effect relationship (p < .05).
The western blot results showed that the expression of P-ERK protein was decreased but the expression of P53 was increased
after A431 cells were treated with PD98059. With the concentration of PD98059 going up, the decrease in P-ERK and the
increase in P53 were more significant (p < .05); while the expression of P-ERK protein was increased but the expression of P53
was decreased after A431 cells were treated with IGF. With the concentration of IGF going up, the increase in P-ERK and the
decrease in P53 were more significant (p < .05). According to Pearson correlation analysis, the expression of P53 was negatively
correlated to that of P-ERK (p < .05).
Conclusions: After MAPK/ERK signaling pathway was activated by IGF in A431 cells, the expression of pro-apoptotic factor
P53 was decreased with the ability of cell proliferation enhanced and the ability of apoptosis reduced. However, after the
inhibition of MAPK/ERK signaling pathway, the expression of pro-apoptotic factor P53 was increased with the ability of cell
proliferation reduced and the ability of apoptosis increased.
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The occurrence and development of malignant tumors was
related to a series of changes in the activity of signaling
molecules. Among them, the continuous activation of mito-
gen activated protein kinases (MAPK)/extracellular signal-
regulated protein kinase (ERK) signaling pathway is a sig-
nificant mark that is responsible for multiple human tumors.
The abnormal activation of MARK/ERK signaling pathway
can lead to the loss of cell apoptosis and differentiation abil-
ities, promote cell malignant transformation and abnormal
proliferation and generate tumors consequently.[1] There-
fore, targeted destruction of any segment in the pathway can
block it and inhibit the proliferation of tumor cells. The
research team and other scholars found in some in-vitro
and in-vivo studies on certain tumor cells, some anti-tumor
drugs used to treat tumor cells can cause the activation and
transcription of MAPK/ERK signaling pathway and simul-
taneously activate P53-dependent apoptosis pathway to pro-
mote the apoptosis of tumor cells.[2–6] Therefore, it is worth
exploring the role of MAPK/ERK signaling pathway and
tumor suppressor gene P53 in the balance of proliferation
and apoptosis in malignant tumors, which poses a new chal-
lenge for the study of MAPK/ERK signaling pathway. Cur-
rently, there are few reports of researches on the role of
MAPK/ERK signaling pathway and P53 in cutaneous squa-
mous cell carcinoma (SCC). Therefore, this study was de-
signed to observe the impact of the activation and inhibition
of MAPK/ERK signaling pathway on the proliferation and
apoptosis of SCC cells, explore the interaction mechanism
between MAPK/ERK signaling pathway and tumor sup-
pressor gene P53 in SCC by applying stimuli (e.g., insulin-
like growth factor, IGF) and inhibitors (e.g., PD98059) to
intervening A431 cells. It is of great significance to supple-
ment the pathogenesis and the therapeutic strategy of SCC.

1 Materials and methods

1.1 Materials and reagents

IGF-1 was purchased from Shenzhen Jingmei Biotechnol-
ogy Co., Ltd., and PD98059 was from Promega, USA. Fe-
tal bovine serum (FBS), dulbecco modified eagle medium
(DMEM) high glucose medium, pancreatin and radio-
immunoprecipitation assay (RIPA) lysis buffer were prod-
ucts of Invitrogen, USA. Annexin-V-FITC apoptosis detec-
tion kits were made by Nanjing KeyGEN BioTECH Co.,
Ltd., and methylthiazoletrazolium (MTT) was purchased
from Sigma company (USA). Rabbit Anti-Mouse p53
(BA0521) and P-ERK primary antibodies were purchased
from Wuhan Boster Biological Technology Co., Ltd., and
enhanced chemilumnescence (ECL) kits and bicinchoninic
acid (BCA) kits were made by Amersham Life Sciences
(USA). 96-well reaction plates were purchased from Roche
(Germany).

1.2 Cell culture

Human cutaneous SCC A431 cell strains [provided by Nan-
tong Biomics Biotechnologies Co., Ltd., Product Code:
CRL-1555, from ATCC (USA)] were adherently cultured in
DMEM (High Glucose) complete medium (containing 10%
fetal bovine serum, 100 u/ml penicillin and 100 µg/ml strep-
tomycin) and placed into an incubator (condition: 37°C, sat-
urated humidity and 5% CO2). The medium was replaced
every day or every two days. Cells proliferated adherently
in monolayer until covering the bottom of the cell culture
flask, they would be digested by 0.25% trypsin solution into
individual cells. Cells in the logarithmic phase were taken
and prepared for the experiment.

1.3 Experimental methods

In this experiment, human A431 cells were divided into
MAPK/ERK inhibition groups with low-, medium- and
high-concentration of inhibitors (PD98059 + DMSO),
MAPK/ERK activation groups with low-, medium- and
high-concentration of activators (IGF + PBS) and blank con-
trol group (DMSO). MAPK/ERK inhibition groups can be
subdivided according to the concentration of PD98059: 25
µmol/L, 50 µmol/L and 100 µmol/L; MAPK/ERK activa-
tion groups were subdivided according to the concentration
of IGF: 40 ng/ml, 80 ng/ml and 120 ng/ml.

1.3.1 MTT assay of cell proliferation in vitro

A431 cells in a good state and in the logarithmic phase were
taken and inoculated in 96-well cell culture plates with a
seeding density of 1 × 104 cells/well, the volume of medium
in each well was 200 µl. After A431 cells were adherent
for 24 h, they were added by different concentrations of
PD98059 or IGF, and placed into the incubator (37°C, 5%
CO2) to be cultured for 24 h, 48 h and 72 h. At each time
point, 20 µl of MTT solution (5 mg/ml) was added to each
well, incubated for 4 h at 37°C, with the supernatant dis-
carded. 150 µl of DMSO was added to each well. After
oscillation for 10 minutes, OD value of A490 nm was mea-
sured by the microplate reader. The experiment was made
three times, and the results were averaged and recorded.
No-drug addition cell groups were considered as blank con-
trol groups to calculate proliferation inhibition rate (PIR) =
(1 - OD of treatment group/OD of blank control group) ×
100%]; and survival rate (SR) = OD of treatment group/OD
of blank control group × 100%. SR of blank control group
was 100%.
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1.3.2 The detection of cell apoptosis by flow cytometry
(FCM)

FCM was used to detect cell apoptosis of A431 cells in a
good state in 48 h after adding PD98059 or IGF. The exper-
iment was totally repeated for 3 times. The specific steps
were as follows: Each group of cells was treated with 0.2%
trypsin solution and collected by means of centrifugation,
washed twice with pre-cooling PBS at 4°C to adjust the
concentration to 1 × 106 ml. 100 µl of cells was taken to
suspend in a 5-ml round-bottom tube, mixed with 5 µl of
Annexin V-FITC, added by 5 µl of propodium iodide (PI),
blended and incubated in a light-proof place at room tem-
perature for 15 min. Subsequently, these cells were resus-
pended in 400 µl of PBS, filtered by a 400-mesh sieve and
added into the flow cytometer for the detection of cell apop-
tosis. The excitation wavelength (Ex) was 488 nm, and the
emission wavelength (Em) = 530 nm. After obtaining the
apoptosis data, ModFit LT software was used for the rela-
tive quantitative analysis of cell apoptosis.

1.3.3 The detection of FAS

Western blot was used to detect protein expressions of P53
and P-ERK in A431 cells in a good state in 48 h after adding
PD98059 or IGF. The total cellular protein in each group
was extracted by RIPA lysis buffer. According to the in-
struction of BCA kit, the total protein content was mea-
sured. Later, these proteins were sub-packaged, and placed
in an -80°C refrigerator for stand-by. 50 µg of proteins was
taken from each group and boiled for 10 min for degenera-
tion. Subsequently, sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) was performed to separate
proteins. After the end of SDS-PAGE, proteins were trans-
ferred from SDS-PAGE gel to the nitrocellulose filter mem-
brane by electrophoretic transfer. Nitrocellulose filter mem-
brane was blocked overnight at 4°C in PBST containing
10% skim milk. Afterwards, NC membrane was fully rinsed
out with PBST (10 min × 3), and then added by Rabbit Anti-
Mouse p53, P-ERK (diluted under the ratio of 1:300) and

Rabbit Anti-Mouse β-actin antibodies (diluted under the ra-
tio of 1:800) respectively, incubated for 2 h at 37°C. These
proteins were fully rinsed out with PBST again (10 min ×
3), and then added by Goat Anti-Rabbit IgG (diluted un-
der the ratio of 1:1,000), incubated for 2 h at 37°C. Fully
rinsed out with PBST (10 min × 3 times) for the third time,
enhanced chemilumnescence (ECL kit, made by Amersham
Life sciences of United States) was applied to this experi-
ment. Image J, a software for grayscale analysis, was used
to make a semiquantitative analysis of results from western
blot detection. Each sample was made in triplicate.

1.4 Statistical methods

SPSS 13.0 statistical software was used to make a statisti-
cal analysis, and the measurement data were represented by
mean ± standard deviation (x̄ ± s). Variance analysis and
Pearson correlation analysis were applied to the comparison
between groups, and the difference p < .05 was of statistical
significance.

2 Results
2.1 The impact of the activation or inhibition of

MAPK/ERK signaling pathway on cell prolifer-
ation

MTT results showed that the proliferation of A431 cells
was inhibited by different concentrations of MAPK/ERK
inhibitor PD98059 at different times. With the increase in
the concentration of PD98059 and the time of duration, PIR
was gradually increased in a concentration - effect and time
- effect relationship (p < .05, see Table 1).

The cell proliferation was improved after A431 cells were
treated with IGF (a type of MAPK/ERK signaling pathway
stimuli) at different concentrations at different times. With
the increase in the concentration of IGF and the time of du-
ration, SR was gradually increased in a concentration - ef-
fect and time - effect relationship (p < .05, see Table 2).

Table 1: The effect of PD98059 on PIR of A431 cell
 

 

PD98059 

concentration  

24 h  48h  72h 

OD PIR/%  OD PIR/%  OD PIR/% 

0 μmol/L  0.521 ± 0.008  0   0.674 ± 0.024  0   0.881 ± 0.036  0  

25 μmol/L  0.428 ± 0.004  17.83 ± 0.51*  0.469 ± 0.014  30.32 ± 0.45*   0.420 ± 0.010  52.27 ± 1.26*  

50 μmol/L  0.401 ± 0.006  23.04 ± 0.37*  0.386 ± 0.017  42.66 ± 0.65*   0.328 ± 0.017  62.78 ± 0.68*  

100 μmol/L  0.329 ± 0.024  36.86 ± 3.63*  0.232 ± 0.026  65.69 ± 2.70*   0.197 ± 0.007  77.59 ± 0.26*  

F value  205.105   1,132.190   6,507.833  

p value  .000   .000   .000  

Note. *In comparison with blank control group, p < .05 
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Table 2: The effect of IGF on SR of A431 cells
 

 

PD98059 

concentration  

24 h  48h  72h 

OD SR/%  OD SR/%  OD SR/% 

0 ng/ml  0.447 ± 0.058  100   0.648 ± 0.082  100   0.816 ± 0.067  100  

40 ng/L  0.462 ± 0.058  103.53 ± 1.90*   0.711 ± 0.083  109.79 ± 2.92*   0.990 ± 0.074  121.29 ± 1.14*  

80 ng/L  0.486 ± 0.057  108.84 ± 1.34*   0.803 ± 0.098  124.04 ± 3.09*   1.1656 ± 0.078  142.89 ± 2.12*  

120 ng/L  0.514 ± 0.057  115.18 ± 2.25*   0.887 ± 0.077  137.41 ± 5.60*   1.378 ± 0.059  169.18 ± 9.16*  

F value  3,450.039   961.224   748.993  

p value  .000   .000   .000  

Note. *In comparison with blank control group, p < .05 

 2.2 The impact of the activation or inhibition of
MAPK/ERK signaling pathway on cell apopto-
sis

FCM detection results showed that MAPK/ERK signaling
pathway inhibitor PD98059 acted on A431 cells, and the
apoptosis rate was significantly increased. With the increase
of PD98059 concentration, the apoptosis rate was signifi-
cantly increased, showing a concentration - effect relation-
ship. The difference between each treatment group and
blank control group was statistically significant (p < .05).
Additionally, the apoptosis rate of A431 cells was signif-
icantly decreased when MAPK/ERK pathway stimuli IGF
acted on them. With the increase of IGF concentration, the
apoptosis rate was significantly reduced, showing a concen-
tration - effect relationship. There was statistically signifi-
cant difference in the apoptosis rate between medium- and
high-concentration groups and blank control groups (see Ta-
ble 3).

Table 3: A431 cell apoptosis induced by PD98059/IGF
 

 

Item  Apoptosis rate  

PD98059   

0 μmol/L  19.33 ± 4.08  

25 μmol/L  25.90 ± 0.46*  

50 μmol/L  33.87 ± 2.89*  

100 μmol/L  39.40 ± 1.95*  

F value  32.155  

p value  .000  

IGF   

0 ng/ml  19.33 ± 4.08  

40 ng/ml  16.13 ± 2.12  

80 ng/ml  12.40 ± 1.75*  

120 ng/ml  9.40 ± 0.87*  

F value  9.019  

p value  .000  

Note. *In comparison with blank control group, p < .05  

 

2.3 Protein expressions of FAS P53 and P-ERK

2.3.1 Western blot was used to detect protein expressions
of P-ERK and P53 in each (PD98059 + DMSO)
group

The expression of P-ERK protein was decreased and the
expression of P53 protein was increased in A431 cells
treated with different concentrations of MAPK/ERK sig-
naling pathway inhibitor PD98059. With the concentra-
tion of PD98059 going up, the expression of P-ERK pro-
tein was obviously decreased and the expression of P53 pro-
tein was apparently enhanced. In comparison with blank
control group, the difference was of statistical significance
(FP −ERK = 82.376, FP 53 = 737.821, p < .05) (see Figure
1 and Table 4).

Figure 1: Protein expressions of P-ERK and P53 in each
(PD98059 + DMSO) group
1: Blank control group; 2: IGF low-concentration group; 3:
IGF medium-concentration group; 4: IGF
high-concentration group
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Table 4: The impact of different concentrations of PD98059 on protein expressions of P-ERK and P53 in A431 cells (x̄ ±
s)

 

 

PD98059  The expression of P-ERK/β-actin protein  The expression of P53/β-actin protein  

0 μmol/L  0.887 ± 0.070  0.155 ± 0.006  

25 μmol/L  0.725 ± 0.037*  0.436 ± 0.014* 

50 μmol/L  0.548 ± 0.066*  0.843 ± 0.134*  

100 μmol/L  0.247 ± 0.018*  0.998 ± 0.038*  

F value  82.376  737.821  

p value  .000  .000  

Note. *In comparison with blank control group, p < .05  

 

Table 5: The impact of different concentrations of IGF on protein expressions of P-ERK and P53 in A431 cells (x̄ ± s)
 

 

IGF  The expression of P-ERK/β-actin protein  The expression of P53/β-actin protein  

0 ng/ml  0.138 ± 0.017  0.785 ± 0.039  

40 ng/ml  0.416 ± 0.032*  0.521 ± 0.044* 

80 ng/ml  0.641 ± 0.029*  0.328 ± 0.029*  

120 ng/ml  0.909 ± 0.016*  0.208 ± 0.006*  

F value  534.577  174.292  

p value  .000  .000  

Note. *In comparison with blank control group, p < .05  

 

Figure 2: Protein expressions of P-ERK and P53 in each
(IGF + DMSO) group
1: Blank control group; 2: IGF low-concentration group; 3:
IGF medium-concentration group; 4: IGF
high-concentration group

2.3.2 Western blot was used to detect protein expressions
of P-ERK and P53 in each (IGF + DMSO) group

The expression of P-ERK protein was enhanced and the
expression of P53 protein was decreased in A431 cells
treated with different concentrations of MAPK/ERK signal-
ing pathway stimuli IGF. With the concentration of IGF go-

ing up, the expression of P-ERK protein was obviously en-
hanced and the expression of P53 protein was apparently
decreased. In comparison with blank control group, the dif-
ference was of statistical significance (FP −ERK = 534.577,
FP 53 = 174.292, p < .05) (see Figure 2 and Table 5).

2.3.3 Correlation analysis of protein expressions of P53
and P-ERK in A431 cells in each group

It was observed that the expression of P-ERK protein was
decreased but the expression of P53 was increased after
A431 cells were treated with PD98059. According to Pear-
son correlation analysis, the expression of P53 was neg-
atively correlated to that of P-ERK (rP D98059 = -0.955,
pP D98059 = .040). With the expression of P-ERK protein
increased, the expression of P53 was decreased after A431
cells were treated with IGF. According to Pearson correla-
tion analysis, the expression of P53 was negatively corre-
lated to that of P-ERK (rIGF = -0.987, pIGF = .010).

3 Discussion
The occurrence and development of malignant tumors is re-
lated to many factors, among which the abnormal decrease
in apoptosis ability and abnormal enhancement in prolif-
eration ability is considered to be one of the key factors.
MAPK/ERK signaling pathway, an important transmitter
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that can transduce cell surface signals to the nucleus, plays
an important role in the regulation of the proliferation and
programmed cell death in most of cells.

In this study, MAPK/ERK signaling pathway stimuli IGF
was used to act on cutaneous SCC A431 cells and the ex-
pression of P-ERK protein was increased. With the in-
crease in the concentration of IGF, the expression of P-ERK
protein was increased significantly, and the difference was
statistically significant compared with blank control group
(p < .05). However, MAPK/ERK signaling pathway in-
hibitor PD98059 was used to act on A431 cells and the ex-
pression of P-ERK protein was decreased. With the increase
in the concentration of PD98059, the expression of P-ERK
protein was decreased significantly, and the difference was
statistically significant compared with blank control group
(p < .05). The results confirmed that IGF and PD98059
could be used as stimuli and inhibitors of MAPK/ERK sig-
naling pathway respectively for subsequent experiments.

In this experiment, different concentrations of MAPK/ERK
signaling pathway stimuli IGF and inhibitor PD98059 was
used to act on cutaneous SCC A431 cells. MTT assay
and FCM were applied to the detection of cell proliferation
and apoptosis. Consequently, the results showed that, after
inducing the activation of MAPK/ERK signaling pathway,
IGF can enhance the ability of cell proliferation and reduce
the ability of apoptosis in A431 cells. With the increase in
the concentration of IGF and the time of duration, SR was
gradually increased and PIR was accordingly decreased in
a concentration - effect and time - effect relationship. Af-
ter inducing the inhibition of MAPK/ERK signaling path-
way, PD98059 can reduce the ability of cell proliferation
and enhance the ability of apoptosis in A431 cells. With
the increase in the concentration of PD98059 and the time
of duration, the inhibition rate of cell proliferation and the
apoptosis rate were increased accordingly, showing a con-
centration - effect and time - effect relationship. The results
were consistent with those in other tumor researches con-
ducted by other researchers, namely, the continuous activa-
tion of MAPK/ERK signaling pathway can lead to the loss
of SCC cell apoptosis and differentiation abilities, promote
abnormal proliferation and generate tumors. Meanwhile, in-
hibiting the activation of this pathway can suppress SCC cell
proliferation, enhance the apoptosis ability and restrain tu-
mor growth.

As the expression of P-ERK was identified to be at a high
level in many tumor tissues,[7] in the current chemother-
apy for malignant tumors in clinical practice, a large num-
ber of drugs were designed to suppress tumor growth by
inhibiting the activation of ERK. For instance, after breast
cancer cell line SKBR-3 was treated with all-trans retinoic
acid (A-TRA), the phosphorylation level of ERK was re-
duced, which leaded to SKBR-3 cell cycle arrest at G0/G1
and resulted in the inhibition of SKBR-3 cell growth.[8] For

another example, Lin et al.[9] found in the research on
human colon cancer HT-29 cell line, lycopene can inhibit
the expression of matrix metalloproteinase (MMP-7) and
the invasion of HT-29 cells by inhibiting the activation of
P-ERK. Nevertheless, Chang et al.[10] found in their re-
search, mesothelin protein was highly expressed in ovar-
ian cancer and associated with poor prognosis. Mesothe-
lin can up-regulate the expression of MMP-7 by activating
MAPK/ERK pathway, so that migration and invasion abili-
ties of ovarian cancer cells were accordingly improved. In
the in-vitro study, the expression of MMP-7 was inhibited
by the application of ERK1/2 inhibitors. In the in-vivo ex-
periment on animals, MAPK/ERK inhibitors were applied
to mice, and the results showed that it can reduce the ex-
pression of MMP-7 in tumor tissues, delay tumor growth
and prolong the survival of mice. Therefore, Chang et al.[10]

believed that blocking mesothelin-related MAPK/ERK sig-
naling pathway was of great significance to the treatment
of ovarian cancer. In addition, phase I pharmacokinetic
and pharmacodynamic research of MAPK/ERK pathway
inhibitor PD-032590 has been applied to patients with ad-
vanced cancer.[11]

As a typical tumor suppressor gene, wild-type p53 can
reduce the ratio of Bcl-2/Bax, decrease mitochondrial
membrane potential and activate the apoptotic executioner
caspase-3 to cause cell apoptosis by down-regulating the in-
hibitor of apoptosis Bcl-2 and up-regulating pro-apoptotic
factor Bax.

In this study, western blot detection results showed that
MAPK/ERK signaling pathway stimuli IGF was used
to act on A431 cells and the expression of P53 pro-
tein was decreased. With the increase in the con-
centration of IGF, the expression of P53 protein was
decreased significantly, and the difference was statis-
tically significant compared with blank control group
(p < .05). However, MAPK/ERK signaling pathway in-
hibitor PD98059 was used to act on A431 cells and the ex-
pression of P53 protein was increased. With the increase
in the concentration of PD98059, the expression of P53
protein was increased significantly, and the difference was
statistically significant compared with blank control group
(p < .05). Meanwhile, the expression of P-ERK was neg-
atively correlated to that of P53 in each group. Combined
with the results of MTT assay and FCM in this study, the
authors believe that when P-ERK is maintained at a certain
level in SCC, if IGF further activates MAPK/ERK signaling
pathway, the level of pro-apoptotic factor P53 protein will
be decreased, so that the function of inducing cell differen-
tiation and apoptosis will be inhibited, resulting in abnor-
mal cell proliferation and tumor generation. Conversely, if
PD98059 is used to block the activation of MAPK/ERK sig-
naling pathway, the pro-apoptotic factor P53 protein will be
increased, leading to cell differentiation and apoptosis and
the inhibition of tumor growth.
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Therefore, it is of great significance to clarify the interaction
mechanism between MAPK/ERK signaling pathway and tu-
mor suppressor gene P53 in SCC to supplement the patho-
genesis and the therapeutic strategy of SCC.
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