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Abstract: In our previous work, apoptosis signal-regulating kinase 1 (ASK1), a member of the mitogen-activated 
protein kinase (MAPK) kinase family has been proved to be associated with the pro-apoptosis effect of tight junction 
protein claudin-6 in breast cancer. However, its expression in cervical carcinoma has not been reported. The ASK1 
and claudin-6 expression in cervical carcinoma tissues and adjacent non-neoplastic tissues was examined by im-
munohistochemistry. The mRNA and protein expression of ASK1 and claudin-6 in cervical cancer carcinoma cells 
was detected by reverse transcription (RT)-PCR and western blot. The expression level of ASK1 was down-regulated 
in cervical carcinoma tissues compared with the adjacent non-neoplastic tissues and positively correlated with the 
level of claudin-6 in cervical carcinoma cells and tissues. Our present study reveals that ASK1 protein expression 
altered between human cervical carcinoma and adjacent non-neoplastic tissues. The expression of ASK1 is corre-
lated with the level of claudin-6 in cervical carcinoma cells and tissues.
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Introduction

Apoptosis signal-regulating kinase 1 (ASK1) is 
a mitogen-activated protein (MAP) kinase which 
is required for apoptosis induced by TNF, oxida-
tive stress and endoplasmic reticulum (ER) 
stress [1]. ASK1 induces cell apoptosis through 
activating the c-Jun N-terminal kinase (JNK) 
and p38 MAP kinase signaling cascades in 
human epithelial cells [2]. Additionally, ASK1 
appears to be a pivotal component not only in 
stress-induced cell apoptosis but also in a 
broad range of biological activities in order for 
cells to adapt to or oppose various stresses [3, 
4]. In the early stage of our work, ASK1 has 
been proved to be associated with the pro-
apoptosis effect of tight junction protein clau-
din-6 in breast cancer [5]. However, the expres-
sion of ASK1 in cervical carcinoma and its cor-
relation with claudin-6 has not been discussed 
until now.

Tight junctions exist in the junctional complex-
es of epithelial and endothelial cells and play 

crucial roles in cell polarity, adhesion and per-
meability [6]. It is revealed that the expression 
of claudin proteins which are the main protein 
components of tight junction are often altered 
in human tumors [7]. In our earlier study, we 
have identified that claudin-6, a tight junctional 
protein, as a potential breast cancer suppres-
sor gene, which contributed to the apoptosis of 
breast cancer cells [8]. In addition, we found 
that the expression level of claudin-6 is corre-
lated with the level of ASK1 in breast cancer [5]. 
However, to date, it is unknown about the ASK1 
and claudin-6 expression and the relationship 
between ASK1 and claudin-6 in cervical carci-
noma. Therefore, in this research, the expres-
sion of ASK1 and claudin-6 in cervical carcino-
ma cells and tissues was investigated. 

Patients and methods

Patients

Paraffin blocks from fifty specimens of cervical 
carcinoma and fifty specimens of histologically 
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normal cervical tissue adjacent to the neo-
plasms were collected from patients being 
treated at the First Hospital of Jilin University 
during the period between July 2011 and June 
2013. The patients’ medical records were 
reviewed to determine their age and gender. 
There are 36 cases of squamous cell carcino-
ma, 14 cases of endocervical adenocarcinoma. 
Sections of the tumor were analyzed to identify 
the histological grade, and the presence or 
absence of regional lymph node metastasis. 
Twenty-six tumors had well differentiated histo-
logical appearance, another twenty-four tumors 
were of moderately and poor differentiated. For 
the use of these clinical materials for research 
purposes, prior patient’s consent and approval 
from the Institute Research Ethics Committee 
was obtained. All the cancer cases were classi-
fied and staged according to the International 
Federation of Gynecology and Obstetrics (FIGO) 
staging system for cervical carcinoma. 

Immunohistochemistry

Immunohistochemistry was performed as 
described elsewhere [9]. Tissue sections were 
immunostained with claudin-6 antibodies 
(Santa Cruz Biotechnology Inc) and ASK1 anti-
bodies (Bioworld Technology) were used. The 
negative controls were handled in the same 
way except PBS instead of primary antibody. 
Diaminobenzidine (DAB) was used for color 
development. Claudin-6 expression is indicat-
ed in brown and is expressed in the membrane 
of cervical carcinoma cells and ASK1 is indi-
cated in brown and is expressed in the cyto-
plasm of cervical carcinoma cells. Scoring was 
performed as follows: negative (-), < 10% posi-
tive tumor cells; positive (+), ≥ 10% positive 
tumor cells. Positive or negative reactions were 
determined in five random fields of each sam-
ple with image processing software Image-Pro 
Plus 6.0.

Cell lines and transfection protocol 

HeLa and C33A, human cervical carcinoma cell 
lines were cultured at 37°C in a humidified 5% 
CO2 atmosphere in Dulbecco’s modified Eagle’s 
medium (DMEM) (GIBCO, Gibco BRL, Carlsbad, 
California, USA) supplemented with 10% fetal 
bovine serum (FBS) (Hyclone, Japan), 10 mmol/l 
HEPES. Full-length human claudin-6 cDNA frag-
ment [coding region from nucleotide 1 to 685 
(claudin-6 1-685), Genebank accession no. 

NM-021195] was amplified by KeyGEN BioTECH 
Company. The 0.685 kb fragments, digested by 
XhoI/EcoRI, were ligated into the response 
plasmid p-EGFP-C1 (+) to create the expression 
vector p-EGFP (+)-claudin-6. The final construct 
was confirmed by direct sequence analysis. We 
amplified the cloned claudin-6 expression vec-
tor and purified this plasmid DNA fragment 
according to Current Protocol in Molecular 
Biology. Five micrograms of each plasmid was 
transfected into cells using X-Fect Transfection 
Reagent (TaKaRa, Japan). G418 (Sigma, St. 
Louis, Missouri, USA)-resistant clones were 
expanded in culture as a monoclonal popula-
tion. Cells transfected with an empty vector 
p-EGFP-C1 (+) were used as a vector control. 

Reverse transcription polymerase chain reac-
tion 

Measurement of ASK1 and claudin-6 mRNA 
expression by semi quantitative RT-PCR. Total 
RNA was isolated from 5 × 106 cells using 
TRIzol reagent (Invitrogen, Carlsbad, California, 
USA). The reverse transcription reaction was 
performed with 5 mg of total RNA using M-MuLV 
reverse transcriptase (TaKaRa, Japan) at 42°C 
for 60 min, and 0.5 mg cDNA was used for 
RT-PCR. The PCR step was performed using 
Taq DNA polymerase (TaKaRa, Japan). As an 
internal control, human GAPDH was amplified 
to ensure cDNA quality and quantity for each 
RT-PCR reaction. The specific primer sequenc-
es of GAPDH were: 5’-TGTTGCCATCAATGACCC- 
CTT-3’ (sense) and 5’-CTCCACGACGTACTCAG- 
CG-3’ (antisense), ASK1 primer sequences 
were: 5’-TTCACACAAAACGGATGTAACATT-3’ (sen- 
se) and 5’-CCTAAACAGTTATGGTCACATTTTGG-3’ 
(antisense) and claudin-6 primer sequences 
were: 5’-TTCATCGGCAACAGCATCGT-3’ (sense) 
and 5’-GGTTATAGAAGTCCCGGATGA-3’ (anti-
sense). Triplicate independent PCR reactions 
were carried out to ensure the reproducibility of 
expression. The result was analyzed by Quantity 
One 4.4.1 software (Bio-Rad Laboratories Inc, 
Hercules, California, USA). 

Western blot analysis 

Cells grown on dishes were rinsed with 0.01 
mol/l phosphate-buffered saline (PBS) three 
times, scraped in 450 ml of lysis buffer (1 
mmol/l NaHCO3 and 10 mmol/l phenylmethyl 
sulfonylfluoride) and collected in micro-centri-
fuge tubes. The protein concentration of each 
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sample was determined using a BCA Protein 
Assay Kit (Pierce Chemical Co., Rockford, 
Illinois, USA). Twenty micrograms of denatured 
total protein was subsequently applied to one 
end of 10% SDS polyacrylamide gels sub-
merged in a suitable buffer. Electrophoresis 
was terminated when the dyestuff had run to 
the edge of the other end of the gel. The pro-
teins on the gel were then transferred onto a 
nitrocellulose membrane (Millipore, Temecular, 
California, USA). The membrane was blocked 
with 5% defatted milk (in 25 mmol/l Tris, pH 
8.0, 125 mmol/l NaCl, 0.1% Tween 20) over-
night at room temperature and incubated with 
1:1000 diluted anti-β-actin (Santa Cruz 
Biotechnologies, California, USA), anti-clau-
din-6 (Santa Cruz Biotechnologies) and anti-
ASK1 (Santa Cruz Biotechnologies) antibodies 
at room temperature for 1 h. After washing, the 
membrane was reacted with horse radish per-

oxidase-conjugated secondary antibodies at 
room temperature for 1 h and washed again. 
Finally the immunoreactive bands were visual-
ized using an ECL western blotting system (GE, 
Fairfield, Connecticut, USA). 

Statistical analyses

Origin 7.5 (Origin Lab Corp, Northampton, MA) 
laboratory data analysis software and image 
processing software (Image-Pro Plus6.0) were 
used to quantitate data. All data were expressed 
as mean ± SD. The Chi-square test/Chi-Square 
Goodness-of-Fit Test was used to determine 
the prognostic significance value for disease 
progression of each factor alone. One-way 
analysis of variance was employed with SPSS 
version 13.0 software to determine the 
significance of differences across treatment 
groups, and P < 0.05 was considered significant. 

Figure 1. Immunohistochemical demonstration of ASK1 and claudin-6 protein expression in human cervical carci-
noma and adjacent tissue (A). ASK1 was highly expressed in the cytoplasm of epithelial cells adjacent to cervical 
carcinoma but was expressed at low levels in cancer tissue itself (B, C). The strong expression of claudin-6 in the 
membrane of tissues adjacent to human cervical carcinoma compared to low expression of claudin-6 in human 
cervical carcinoma tissues (D). (Original magnification × 400).



Apoptosis signal-regulating kinase 1 in cervical carcinoma 

5538 Int J Clin Exp Pathol 2015;8(5):5535-5541

Results

Expression of ASK1 and claudin-6 in adjacent 
non-neoplastic tissues and cervical carcinoma 
tissues

The expression of ASK1 and claudin-6 in adja-
cent non-neopalstic cervical tissues and cervi-
cal carcinoma was examined by immunohisto-
chemistry. The expression of ASK1 and clau-
din-6 in cervical carcinoma tissues was signifi-
cantly lower than adjacent tissues (Figure 1). 
Positive expression of ASK1 protein was found 
in 46.0% (23/50) of cervical carcinoma tissues 
and in 64.0% (32/50) of adjacent tissues 
(Table 1). The expression rate of ASK1 in cervi-
cal carcinoma tissues was lower than the rate 
in adjacent tissues (The Chi-square test/Chi-
Square Goodness-of-Fit Test, P = 0.032 < 0.05) 
and the expression of ASK1 was not correlated 
with age (P = 1.000), histological grade (P =  
1.000), or lymph node metastasis (P = 0.437).

Positive expression of claudin-6 protein was 
found in 26.0% (13/50) of cervical carcinoma 
tissues and in 64% (37/50) of adjacent non-
neoplastic tissues, the expression of claudin-6 
was not correlated with age (P = 1.000), histo-

logical grade (P = 0.275), but correlated with 
lymph node metastasis (P < 0.05) (Table 1). 

ASK1 and claudin-6 may be simultaneously 
expressed in adjacent non-neoplastic tissues 
and cervical carcinoma

We investigated the correlation between ASK1 
and claudin-6 expression in cervical adjacent 
non-neoplastic tissues and carcinoma tissues 
using The Chi-square test/Chi-Square Good- 
ness-of-Fit Test. We found that the expression 
of ASK1 was positively correlated with the 
expression of claudin-6 in adjacent non-neo-
plastic tissues (The Chi-square test/Chi-Square 
Goodness-of-Fit Test, φ = 0.781, P < 0.01) and 
cervical carcinoma tissues (The Chi-square 
test/Chi-Square Goodness-of-Fit Test, φ =  
0.693, P < 0.01). The detailed results of the 
analysis are described in Tables 2 and 3.

Claudin-6 enhances the expression of ASK1 in 
cervical carcinoma cells

After transfection with p-EGFP (+)/claudin-6, 
G418-resistant HeLa and C33A clones were 
expanded in culture as monoclonal popula-
tions. Two of HeLa and C33A clones were 

Table 1. Expression of ASK1 and claudin-6 in cervical carcinoma patients
Item n ASK1 (+) ASK1 (-) P n Claudin-6 (+) Claudin-6 (-) P
cervical carcinoma tissue 50 23 27 < 0.05 50 13 37 < 0.001
Adjacent tissue 50 32 18 50 37 13
Age (year)
    ≤ 60 23 11 12 1.000* 23 6 17 1.000*
    > 60 27 12 15 27 7 20
Histological grade
    Well -differentiated 26 13 13 1.000* 26 8 18 0.275*
    Moderately and poor Differentiated 24 10 14 24 5 19
Lymph node metastasis
    + 10 4 6 0.437* 10 3 7 < 0.05
    - 40 19 21 40 10 30
*No statistical significance.

Table 2. Correlation between the expression 
of ASK1 and claudin-6 in non-neoplastic 
cervical tissues
Item ASK1 (+)  ASK1 (-) φ* P
claudin-6 (+) 25 12 0.781 < 0.01
claudin-6 (-) 7 6
*φ Phi coefficient.

Table 3. Correlation between the expression 
of ASK1 and claudin-6 in cervical carcinoma 
patients
Item ASK1 (+)  ASK1 (-) φ* P
claudin-6 (+) 8 5 0.672 < 0.01
claudin-6 (-) 15 22
*φ Phi coefficient.
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selected to examine claudin-6 expression by 
quantitative RT-PCR, western blot analysis. 
These clones were named C1 and C2. The 
ASK1 and claudin-6 expression in cervical car-
cinoma cell line was examined. HeLa and C33A 
cells which expressed claudin-6 stably have a 
higher level of ASK1 expression than vector 
group. Quantitative RT-PCR and western blot 
analysis showed that the level of ASK1 mRNA 
and protein positively correlated with the level 
of claudin-6 mRNA and protein (Figure 2).

Discussion 

To date, c-Jun N-terminal kinases (JNK) and 
p38 MAP kinases have been characterized as 
regulators of several cellular functions includ-
ing cell apoptosis [10]. Apoptosis signal-regu-
lating kinase 1 (ASK1), a ubiquitously expressed 
MAPK kinase (MAP3K), can activate the JNK 
and p38 signaling pathways and is required for 
both oxidative stress and cytokine-induced 
apoptosis [11, 12].

Several studies have discussed the role of 
ASK1 in tumorigenesis [13, 14]. For instance, 
ASK1 has been shown to participate in both 
colon and skin tumorigenesis through the regu-
lation of apoptosis [15, 16]. Phosphorylation of 
ASK1 on Ser-83 can induce the apoptosis 
of pancreatic cancer cell and the activation of 
ASK1-JNK signaling leads to the apoptosis in 

human bladder cancer T24 cells [17]. In addi-
tion, ASK1 affects multiple cellular functions, 
such as survival, differentiation, and the innate 
immune response [18, 19]. It is revealed that 
over-expression of ASK1 could inhibit the adi-
pocytic differentiation process of the Malignant 
fibrous histiocytomas (MFHs) cells [20]. In sum-
mary, these observations indicate that ASK1 is 
involved in tumorigenesis and may function as 
a tumor suppressor by exerting proapoptotic 
activity in these aggressive tumors [21]. 

Similarly, it is reported that the activation of the 
p38 MAPK and JNK pathway is required for the 
induction of apoptosis in cervical carcinoma 
cells [22]. However, no reported study has 
examined the expression of ASK1 in cervical 
carcinoma. In our study, the ASK1 expression is 
significantly down-regulated in cervical carci-
noma compared with the adjacent non-neo-
plastic cervical tissues, and the correlation 
between the expression of ASK1 and claudin-6 
in cervical carcinoma was observed, suggest-
ing that the pro-apoptosis effect of claudin-6 
on cervical carcinoma cells may related with 
the ASK signal pathway.

In summary, our data revealed that ASK1 is 
down-regulated in cervical carcinoma tissues 
compared with the adjacent non-neoplastic tis-
sues and the expression of ASK1 in cervical 
carcinoma is correlated with the claudin-6 in 

Figure 2. Claudin-6 up-regulates the expression of ASK1 in cervical carcinoma cells. A. RT-PCR assay examined the 
mRNA levels of ASK1 and claudin-6 in HeLa cells. B. RT-PCR assay examined the mRNA levels of ASK1 and claudin-6 
in C33A cells. C. Western blot assay detected ASK1 and claudin-6 protein expression in HeLa cells. D. Western blot 
assay detected ASK1 and claudin-6 protein expression in C33A cells.
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cervical carcinoma cells and tissues. Our 
observation suggested that ASK1 is a likely 
candidate for a tumor-suppressor gene in cervi-
cal carcinoma. However, our present study 
could not explain the role of ASK1 in the pro-
gression of cervical carcinoma and the mecha-
nisms by which claudin-6 regulates the expres-
sion of ASK1 in cervical carcinoma cells. 
Further studies will address the exact molecu-
lar mechanisms by which ASK1 induces the 
apoptosis of cervical carcinoma cells. 

In conclusion, this study reveals that ASK1 
expression was obviously down-regulated in 
cervical carcinoma. Additionally, the expression 
of ASK1 is positively correlated with claudin-6 
expression in cervical carcinoma tissues and 
cells.
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