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Abstract:    Objective: Mitogen-activated protein kinases (MAPKs) are correlated with a more malignant phenotype in 
many cancers. This study was designed to evaluate the predictive value of the expression of MAPK phosphatase-1 
(MKP-1) and phosphorylated extracellular signal-regulated kinase 1/2 (p-ERK1/2), as the key regulatory mechanism of 
the MAPKs, in lung squamous cell carcinoma (SCC). Methods: We assessed the expressions of MKP-1 and p-ERK1/2 
in twenty subjects at different differentiation degree of SCC and five normal lungs by immunohistochemistry and 
real-time reverse transcriptase polymerase chain reaction (RT-PCR) analysis. Results: Immunohistochemistry and 
real-time RT-PCR assay showed that the expression of MKP-1 was gradually decreased as tissue type went from 
normal lung tissues to increasingly undifferentiated carcinoma, and it was negatively correlated with tumor differen-
tiation (P<0.01). However, the expression of p-ERK1/2 or ERK1/2 was gradually increased as tissue type went from 
normal lung tissues to increasingly undifferentiated carcinoma, and it was positively correlated with tumor differentia-
tion (P<0.01). Conclusions: Our data indicates the relevance of MKP-1 and p-ERK1/2 in SCC as a potential positive and 
negative prognostic factor. The imbalanced expression of MKP-1 and p-ERK1/2 may play a role in the development of 
SCC and these two molecules may be new targets for the therapy and prognosis of SCC. 
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1  Introduction 
 

Lung cancer continues to be the main cause of 
cancer-related deaths worldwide, with more than one 
million deaths every year (Jemal et al., 2009). The 
majority of lung cancers (85%) are non-small cell 

lung cancers (NSCLCs), which include squamous cell 
carcinoma (SCC) and adenocarcinoma (Herbst et al., 
2008). The pathogenesis of SCC involves the 
accumulation of genetic and epigenetic alterations in 
a long multi-step process, partly owing to the 
continuing exposure to carcinogens such as tobacco 
smoke. Few changes that occur during the 
pathogenesis of SCC have been identified. In recent 
years, studies have shown that intracellular signal 
transduction pathways play an important role in the 
occurrence or development of tumors, through which 
numerous extracellular stimulations mediate cell 
proliferation, apoptosis, and invasion. 
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Mitogen-activated protein kinases (MAPKs) are 
widespread intracellular protein kinases that act in the 
regulation of cellular functions, including gene 
transcription, protein translation, cytoskeletal 
remodeling, endocytosis, cell metabolism, cell 
proliferation, and survival (Bogoyevitch, 2006; 
Bogoyevitch and Arthur, 2008). These processes are 
regulated by protein-protein interactions spatially and 
temporarily, generating specific cell behavior 
(Murphy and Blenis, 2006). MAPKs in mammals can 
be grouped into three structural families, the c-jun 
NH2-terminal kinase (JNK), p38 kinase, and 
extracellular signal-regulated kinase (ERK) (Johnson 
and Lapadat, 2002; Roux and Blenis, 2004). The 
MAPK superfamily consists of several serine/ 
threonine protein kinases, which can phosphorylate 
considerable downstream effectors when activated, 
including cytoskeletal proteins, transcription factors, 
and other phosphoproteins, to play an important role 
in varieties of cellular functions ranging from 
migration, proliferation, to synthesis of fibrosis 
(Chang and Karin, 2001). The MAPK pathway has 
been shown to be extremely relevant in human 
carcinogenesis (Dunn et al., 2003). One of the MAPK 
pathways that is the best studied and understood is the 
ERK pathway, which lies on the downstream of the 
cellular proto-oncogene Ras and is involved in a wide 
range of cellular activities including cell differentiation, 
proliferation, and survival (Shaul and Seger, 2007). 
The ERK signaling has been shown to play an 
essential role in tumorigenesis and tumor metastasis 
(Ward et al., 2001; Hu et al., 2010). Activated or 
elevated ERK expression has been detected in a great 
number of human tumors, including the lung 
(Blackhall et al., 2003; Mukohara et al., 2003), 
kidney (Huang et al., 2008), breast (Adeyinka et al., 
2002; Eralp et al., 2008; Chen et al., 2009), liver 
(Gailhouste et al., 2010), and prostate (Moro et al., 
2007) tumors, and so on. Sustained activation of ERK 
has been a requirement for angiogenesis (Mavria et 
al., 2006). MAPK phosphatases (MKPs) are a family 
of protein phosphatases, which inactivate MAPKs by 
dephosphorylation of threonine and/or tyrosine 
residues. MAPK signaling is integrated at the level of 
regulation by MKPs through a negative feedback 
mechanism (Farooq and Zhou, 2004; Dickinson and 
Keyse, 2006). MKP-1 is a most important one (Wada 
and Penninger, 2004; Bermudez et al., 2010). It is 

encoded by an early response gene, which is 
temporarily induced by mitogens and stress signals 
such as cytokines, serum, and heat shock (Wong et al., 
2005). MKP-1 is a nuclear phosphatase that is 
required for cell growth and proliferation and is 
expressed in various malignancies (Denkert et al., 
2002; Tsujita et al., 2005). In general, MKP-1 
deactivates phosphorylated ERK 1/2 (p-ERK1/2) by 
phosphorylation, playing the negative feedback 
regulation, and it can directly affect the amount and 
the duration of ERK.  

In this study, the objective was to examine the 
relationship between MKP-1, p-ERK1/2, and tumor 
differentiation of SCC to find potential positive or 
negative prognostic factors and new molecular targets 
for lung cancer therapy. 

 
 

2  Materials and methods 

2.1  Patients 

Surgical specimens of human lung SCC and 
normal lung tissues were collected from 20 subjects 
from the Second Affiliated Hospital, School of 
Medicine, Zhejiang University, China. The subjects 
were all native Chinese patients, including 15 males 
and 5 females. Written-signed informed consent was 
obtained from each subject. The inclusion criteria 
included: 34–71 years old, active or previous smokers, 
the stage of ΙB or IIB, no prior chemotherapy or ra-
diotherapy treatment before tissue samples obtained, 
surgery as the initial treatment, gemcitabine- and 
cisplatin-based chemotherapy for four times after 
surgery. The study was approved by the Ethical 
Committee of the Second Affiliated Hospital of 
Zhejiang University. We also obtained five normal 
samples from tissues distant from the tumor or adja-
cent tissues to the tumor of the subjects studied. The 
specimens were fixed in 10% formalin and embedded 
in paraffin. Hematoxylin and eosin (H&E) staining 
was performed for tumor morphology assessment. 
Two pathologists in our group evaluated the SCC.  

2.2  Histologic staining and immunohistochemistry 

Specimens were preserved in 4% paraformal-
dehyde for 24 h. Histologic staining and immuno-
histochemistry were performed on 8-μm sections of 
the paraffin-embedded tissues. Sections were then 
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deparaffinized and rehydrated. For histological 
analysis, some sections were stained with 3 g/L cresyl 
violet (VWR International, Buffalo Grove, IL, USA). 
For immunohistochemistry, other sections were 
treated with 10.2 mmol/L sodium citrate buffer (pH 
6.1) at 95 °C for 20 min. Then these sections were 
rinsed in 0.01 mol/L phosphate buffer solution (PBS) 
containing 3 g/L Triton X-100 (PBS-T, pH 7.4), 
immersed in 2% normal goat serum in PBS at 37 °C 
for 2 h, and incubated with polyclone MKP-1 anti-
body (Santa Cruz Biotechnology, USA) or polyclone 
p-ERK1/2 antibody (Santa Cruz Biotechnology, USA) 
in PBS containing 0.01 g/ml bovine serum albumin 
overnight at 4 °C. After washing three times with PBS, 
there sections were incubated in biotinylated goat- 
anti-rabbit IgG (Boster) in PBS for 2 h at room tem-
perature, then washed in PBS-T three times, and in-
cubated in avidin-biotin-peroxidase complex solution 
(ABC, Boster) at room temperature for 2 h, followed 
by rinsing with PBS-T three times again. Immu-
nolabeling was visualized with 0.5 g/L diaminoben-
zidine (DAB) and 0.3% H2O2 in PBS. After staining, 
the sections were counterstained by hematoxylin. The 
sections were then dehydrated by ethanol and xylene 
before coverslips with Permount. As a negative con-
trol, rat IgG (Biomeda Corporation, USA) was used 
instead of primary antibody. 

2.3  Real-time reverse transcriptase polymerase 
chain reaction (RT-PCR) analyses of MKP-1 and 
ERK1/2  

Total RNA was extracted from the specimens 
using the TRIzol reagent kit (Invitrogen, USA) fol-
lowing the manufacturer’s procedures. RNA concen-
tration was measured spectrophotometrically for re-
verse transcription, and the cDNA synthesis reaction 
system (20 μl) on a FTC2000 (Funglyn, Canada) 
contained 2 μg of total RNA. The reaction mixture 
included 4 μl 5× RT-buffer, 5 mmol/L deoxyribonu-
cleotide (dNTPs), 2.5 μmol/L Oligo (dT), and 20 U 
RNase inhibitor. Then the samples were incubated at 
70 °C for 5 min to anneal the hexamers. After 200 U 
of Moloney murine leukemia virus (M-MLV) reverse 
transcriptase (Promega, USA) was added, the samples 
were incubated at 42 °C for 60 min. The reaction was 
stopped through heating at 72 °C for 10 min. For 
real-time RT-PCR, the reaction mixture (40 μl) con-
sisted of 4 μl cDNA, 35.2 μl SYBR® Premix Ex 

Taq™ (TaKaRa, China), 0.5 μl of 5 U Taq DNA 
polymerase, and 0.3 μl of 20 pmol/μl MKP-1 or 
ERK1/2 primer (Invitrogen, USA). The cDNA was 
denatured by heating at 94 °C for 3 min, followed by 
40 cycles of three-step PCR (10 s at 94 °C, 30 s at  
62 °C, and 30 s at 72 °C), before fluorescence meas-
urement at 72 °C. Meanwhile, the primers were used 
for the housekeeping gene, glyceraldehyde-3-  
phosphate dehydrogenase (GAPDH), in real-time 
RT-PCR to amplify GAPDH (forward: 5′-CTGCT 
CCTCCTGTTCGACAGT-3′, reverse: 5′-CCGTT 
GACTCCGACCTTCAC-3′) as an internal control of 
MKP-1 (forward: 5′-CGATGCCTATGACCTGGTC 
AAGA-3′, reverse: 5′-CTGCGCTCAAAGTCCAGC 
AACT-3′) and ERK1/2 (forward: 5′-CCATTGGG 
TTGTGGAGGCAATG-3′, reverse: 5′-CACTCTGG 
GGATCAGTAAGGAC-3′). 

2.4  Image analysis and statistics 

The sections were examined using UTHSCSA 
Image Tools 3.0 (School of Medicine, University of 
Texas at San Antonio, TX, USA) at 400× magnifica-
tion. The optical densities and numbers of the MKP-1 
and p-ERK1/2 positive cells were determined. The 
probability taken to indicate significant differences 
was 95%. The means±standard deviation (SD) for all 
data were calculated. SPSS® Version 12.0 statistical 
software (SPSS Inc., St. Louis, MO, USA) was used 
for statistical analysis. The Mann-Whitney U-test was 
taken to evaluate the significance of any difference 
between the groups. 

 
 
3  Results 

3.1  Histologic staining and immunohistochemistry 

MKP-1 and p-ERK1/2 immunostainings were 
found both in the nucleus and cytoplasm. However, in 
the normal bronchial epithelium, some ciliated and 
endothelial cells showed MKP-1 for both nuclear and 
cytoplasmic staining cases studied. The staining score 
of MKP-1 was gradually decreased as tissue type 
went from normal lung tissues to increasingly undif-
ferentiated (Fig. 1; Table 1). One-way analysis of 
variance (ANOVA) showed that MKP-1 expression 
was associated with tumor differentiation (P<0.01). 
Furthermore, by pairwise comparison, MKP-1 ex-
pression decreased when the degree of differentiation 
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was reduced (P<0.01), but there was no significant 
difference between normal lung tissues and well dif-
ferentiated tissues in this protein’s expression. We 
also assessed the expression of p-ERK1/2 in type II 
cell hyperplasia in alveolar fields close to the tumor 
and found that the staining score of p-ERK1/2 gradu-
ally increased from normal lung tissues to increas-
ingly undifferentiated (Fig. 2; Table 2), and p-ERK1/2 
expression was associated with tumor differentiation 
(P<0.01). Pairwise comparison showed that the ex-
pression increased when the degree of differentiation 
was less (P<0.01). 

3.2  Real-time RT-PCR analysis of MKP-1 and 
ERK1/2 

The real-time RT-PCR results showed that the 
MKP-1 mRNA level gradually decreased from nor-
mal lung tissues to carcinoma and was negatively 
correlated with tumor differentiation, as indicated by 
the increased ΔCT values (comparative threshold 
cycle (CT) method). However, the expression of 
ERK1/2 was gradually increased from normal lung 
tissues to carcinoma, and it was positively correlated 
with tumor differentiation (Table 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3  Impact of molecular markers on survival 
 
The survival time was calculated from the day of 

surgical resection. Spearman’s correlation coefficient 
of MKP-1 expression and prognosis was 0.589 
(P<0.01), showing a positive correlation, which in-
dicates that MKP-1 expression was a positive prog-
nostic factor for patients with lung SCC. The corre-
lation between p-ERK expression and prognosis was 
negative, and the Spearman’s correlation coefficient 
was 0.693 (P<0.01), indicating p-ERK1/2 expression 
was an adverse prognostic factor. 
 
 
4  Discussion 
 

The MAPK pathway is one of the most crucial 
intracellular signaling cascades conserved from yeast 
to mammals (Widmann et al., 1999). Cells are always 
responsive to physiological stimuli and environ-
mental cues, such as hormones, growth factors, cy-
tokines, and stress including radiation, ischemic in-
jury, and osmotic shock, through activation of 
MAPKs (Chang and Karin, 2001). ERK, at the end of  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Immunohistochemistry staining scores for 
p-ERK1/2 in tumor differentiation 

Group n 
Median 

staining score 
P* 

Normal lung tissue 5 0.55  

Well differentiation 3 0.94 <0.01

Moderate differentiation 10 1.32 <0.01

Poor differentiation 7 1.80 <0.01

* Compared to the normal lung tissue group 

Table 1  Immunohistochemistry staining scores for 
MKP-1 in tumor differentiation 

Group n 
Median 

staining score
P* 

Normal lung tissue 5 1.90  

Well differentiation 3 1.68 <0.01

Moderate differentiation 10 1.03 <0.01

Poor differentiation 7 0.72 <0.01

* Compared to the normal lung tissue group 

Table 3  Relative quantification of MKP-1 and ERK1/2 mRNA levels using the comparative CT method followed by 
real-time RT-PCR 

Average CT Fold difference 2–ΔΔCT 
Group 

MKP-1  ERK1/2  GAPDH MKP-1  ERK1/2 

Poor differentiation 24.87 21.19 17.89 0.51 3.14 

Moderate differentiation 25.93 23.00 19.25 0.62 2.30 

Well differentiation 26.03 23.84 19.56 0.72 1.59 

Normal lung tissue 24.13 23.08 18.13 1.00 1.00 

ΔCT=CT (MKP-1 or ERK1/2)–CT (GAPDH), ΔΔCT=ΔCT–ΔCT (control) 
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Fig. 1  Immunohistochemistry staining for MKP-1 in tumor differentiation 
(a) Normal lung tissue; (b) Well differentiation; (c) Moderate differentiation; (d) Poor differentiation 

(a) (b) 

(c) (d) 

Fig. 2  Immunohistochemistry staining for p-ERK1/2 in tumor differentiation 
(a) Normal lung tissue; (b) Well differentiation; (c) Moderate differentiation; (d) Poor differentiation 

(a) (b) 

(c) (d)
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the MAPK pathway, is activated by growth factor, 
ionic rays, and hydrogen dioxide, and changes into 
p-ERK1/2. p-ERK enters the cell nucleus, and stimu-
lates the transcription and expression of related genes 
by acting at transcription factors such as c-Myc, ac-
tivator protein-1 (AP-1), and nuclear factor-kappa B 
(NF-κB), thus playing an important role in cell 
growth, development, split, death, and malignant 
transformation. MAPK dephosphorylation and deac-
tivation are carried out by some phosphatases, of 
which MKP-1 is the most important (Dickinson and 
Keyse, 2006; Owens and Keyse, 2007). MKP-1 de-
activates p-ERK1/2 by phosphorylation, for negative 
feedback regulation, and it can directly affect the 
amount and duration of ERK. Our studies have shown 
that the imbalanced expression of MKP-1 and ERK 
may be one of the important reasons for the occur-
rence and development of tumors. Greenberg et al. 
(2002) reported the activation of p38 in a small 
number of NSCLC patients, but they did not consider 
the activation of ERK in their study. Serini et al. 
(2008) silenced the expression of MKP-1 through the 
RNA interference, which blocks the apoptosis of 
malignant cells induced by ducosahexenoic acid, so 
that the mechanism may be relevant to the increased 
expression of MKP-1 and the decreased expression of 
ERK. It is thus clear that the dynamic balance be-
tween MKP-1 and p-ERK1/2 has a great influence on 
cell survival and apoptosis. However, concerning 
SCC, the most common form of lung cancer, the 
specific mechanism has not been reported. 

In this work, we describe the differential ex-
pression of MKP-1 in different stages of SCC. We 
found high expression of the MKP-1 protein in nor-
mal lung tissue and low expression in SCC. And with 
the development of cancer stages, the level of MKP-1 
expression decreased. Inversely, p-ERK1/2 showed a 
low expression in normal lung tissue and a high ex-
pression in lung cancer tissue, and had an ascending 
tendency with the development of cancer stages. 
Meanwhile, both of MKP-1 and p-ERK1/2 were cor-
related with prognosis. In summary, MKP-1 and 
p-ERK1/2 showed an inverse and positive correlation 
in tumor differentiation of SCC. Thus, we suggest that, 
with the development of SCC, the expression of the 
MKP-1 protein decreases, leading the deactivation of 
p-ERK1/2 to be reduced. The increased expression of 
the p-ERK1/2 protein inhibits apoptosis and promotes 

proliferation of cancer cells, leading to the develop-
ment of cancer.  

This study showed a low expression of the 
MKP-1 protein and high expression of the p-ERK1/2 
protein in SCC. The present study provides an ex-
perimental foundation for therapeutic strategy that 
RNA interference technology, or other relevant 
methods could be used to increase the level of MKP-1 
and decrease the level of p-ERK1/2, subsequently, 
leading to apoptosis of cancer cells. 
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