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Abstract. Ovarian cancer is a serious threat to women's 
health. Multidrug resistance is a major cause of post‑treatment 
relapse, metastasis, and even mortality. This characteristic 
severely restricts the survival of patients with ovarian cancer. 
Integrin α‑6 (ITGA6) is a member of the adhesion molecule 
family that conducts signals through interactions between the 
extracellular domain and the matrix, serving important roles 
in cell adhesion‑mediated drug resistance, which is considered 
to have a critical function in ovarian cancer drug resistance. 
The association between ITGA6 and ovarian cancer multidrug 
resistance has been investigated only rarely, to the best of our 
knowledge. Using RT‑qPCR and immunohistochemistry, it was 
identified that ITGA6 is a central drug resistance gene, and that 
its expression was upregulated in cisplatin‑resistant SKOV3 
(SKOV3/DDP2), cisplatin‑resistant A2780 (A2780/DDP) cells, 
and in 54 cases of drug‑resistant tissues, as compared with 
in the controls. Furthermore, bioinformatics and text mining 
performed by Coremine Medical (http://www.coremine.
com/medical/#search) confirmed that ITGA6 was significantly 
associated with ovarian cancer and drug resistance. Additionally, 
the high expression of ITGA6 is associated with a poor outcome. 
The present study provides the basis for further understanding 
the role of ITGA6 in the regulation of drug resistance in ovarian 
cancer, and demonstrates that it could be a potential marker for 
the prognosis of ovarian cancer.

Introduction

Ovarian cancer is a malignant tumor that represents a serious 
threat to women's health, and has the highest mortality among 

all gynecological tumors (1). Although platinum‑based chemo-
therapy is often effective in reducing tumor size in ovarian 
cancer, the majority of cases recur or metastasize due to the 
development of drug resistance (2). Drug resistance is a major 
cause of post‑treatment relapse, metastasis, and even mortality, 
and thus it is a primary obstacle to the survival of patients with 
ovarian cancer. The development of ovarian cancer multi‑resis-
tance is complex, including abnormal cell proliferation, 
apoptosis, cell growth and invasion, epithelial‑mesenchymal 
transition (3), tumor angiogenesis, the prevention of intracel-
lular drug accumulation  (4), intervention in DNA damage 
repair (5), and associated signaling pathways (6).

In recent years, the influence of cytokines present in 
the tumor microenvironment on resistance has been widely 
reported. Interactions between tumor cell adhesion molecules 
(CAM) and the extracellular matrix (ECM) have important 
effects on tumor drug resistance (7). Integrins are members of 
the adhesion molecules family, and through signaling cascades 
initiated by interactions between the extracellular domains and 
the matrix, the intracellular domains and various signaling 
molecules, these molecules serve important roles in regulating 
cell survival, proliferation, adhesion, differentiation and apop-
tosis (8). Previous studies have demonstrated that, when cells 
undergo malignant transformation, the integrin configurations 
on the cell surface and/or their expression levels also change, 
ultimately affecting tumor cell growth, differentiation, apoptosis 
and adhesion (8‑10). ITGA6 is a member of the integrin family, 
that inhibits DNA damage and enhances DNA repair, which ulti-
mately enhances the drug‑resistance of tumor cells (11) such as 
human acute myeloid leukemia (12) and breast cancer (13). In the 
present study, it was investigated whether ITGA6 is a molecule 
that potentially controls multi‑drug resistance. Exploring the full 
range of functions performed by ITGA6 is an important strategy 
for addressing the challenge of drug resistance in ovarian cancer.

Materials and methods

Cell culture. The Human ovarian cancer cell lines SKOV3 and 
A2780 were cultured generated in our lab (14). The stable cispl-
atin‑resistant cell lines SKOV3/DDP and A2780/DDP were 
established from the parental SKOV3 and A2780 cell lines, 
respectively, by continuous exposure of the cells to increasing 
concentrations of cisplatin and maintenance in RPMI‑1640 
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media (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 10% fetal bovine serum (Corning, 
Inc., Corning, NY, USA) and 2 µmol/l L‑glutamine, at 37˚C in 
a humidified (95%) atmosphere containing 5% CO2.

Patients and samples. Formalin‑fixed, paraffin‑embedded 
tissue specimens from 54 patients with stage Ic‑IV ovarian 
[International Federation of Gynecology and Obstetrics 
(FIGO) Stage] (15) serous adeno carcinoma were collected 
from the Department of Gynecologic Oncology, Affiliated 
Tumor Hospital of Guangxi Medical University from April 
2005 to December 2012. The Ethics Committees of Guangxi 
Medical University approved the study protocol, and all 
patients received an explanation of the aims of the study and 
provided signed informed consent. All patients had undergone 
cytoreductive surgeries prior to the study and the diagnosis of 
ovarian serous adenocarcinoma was confirmed by two pathol-
ogists. Patients received platinum‑paclitaxel chemotherapy 
for ≥6 cycles following surgery. Classification of the response 
to primary chemotherapy was designated as either sensitive 
(S, complete remission and relapse >6 months after stopping 
chemotherapy) or resistant (R, complete remission and relapse 
<6 months after stopping chemotherapy). The clinical data for 
the S (n=29) and R groups (n=25) are listed in Table I.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RNA was extracted using an RNeasy® Mini Kit 
(Qiagen GmbH, Hilden, Germany), according to the manufac-
turer's protocol. First‑strand cDNA was synthesized using 1 µg 
total RNA using a Transcriptor First Strand cDNA Synthesis 
kit (Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Primer sequences were generated according 
to ITGA6 gene cDNA sequences in Genbank. The ITGA6 
gene‑specific primers were as following: forward: 5'‑CAG​
TGG​AGC​CGT​GGT​TTT​G‑3', and reverse: 5'‑CCA​CCG​CCA​
CAT​CAT​AGC​C‑3' (product length 113 bp). GAPDH was used 
as control, the primer sequences are forward 5'‑GTC​AAG​GCT​
GAG​AAC​GGG​A‑3', and reverse 5'‑AAA​TGA​GCC​CCA​GCC​
TTC​TC‑3' (product length, 225 bp). RT‑qPCR was completed 
with a One Step SYBR PrimeScript Plus RT‑PCR kit (Takara 
Bio, Inc., Otsu, Japan) and a total volume of 20 µl, using an 
ABI 7500 Real‑Time PCR System (Thermo Fisher Scientific, 
Inc.). The conditions were as follows: 95˚C for 10 min and 
40 cycles of two‑step PCR (95˚C for 30  sec and 60˚C for 
30 sec). Average fold changes were calculated according to 
differences in the quantification cycles (Cq) between pairs of 
samples to be compared. The 2‑ΔΔCq method (16) was used for 
data quantification.

Immunohistochemistry. Formalin‑fixed, paraffin‑embedded 
tissue sections (4 µm) were deparaffinized in xylene and rehy-
drated through a graded ethanol series, followed by antigen 
retrieval endogenous peroxidase. The primary antibody 
included a mouse monoclonal antibody against human ITGA6 
(Abcam, Cambridge, UK; cat. no.  ab181551; 1:150; 4˚C, 
incubated overnight), secondary antibody (cat. no. KIT‑5001; 
MaxVision™ HRP‑Polymer anti‑Mouse IHC kit; 1:1; 37˚C, 
incubated for 60 min) was purchased from Fuzhou Maixin 
Biotech Co, Ltd, Fuzhou, China. Negative controls were 
generated by substituting the primary antibody with PBS. All 

slides were evaluated independently by two pathologists. A 
total of 5 microscopic fields (Olympus Corporation, Tokyo, 
Japan IX71/IX81, confocal, natural light x400) per slide were 
selected for the evaluation of ITGA6 staining. Any section 
that demonstrated a detectable membranous and/or cyto-
plasmic positivity was defined as positive. The intensity of 
immunostaining was graded as follows: 0, weak; 1+, moderate; 
2+, strong; and 3+, very strong. The area of positive cancer 
cells (%) in each microscopic field was categorized as follows: 
1+, 0‑10%; 2+, 11‑50%; 3+, 51‑75%; and 4+, 75‑100%. The 
score for each section was calculated by multiplying the scores 
for both the staining intensity and the area of positive cells. 
Scores of 0‑3 were designated as ‘low expression’; scores of 
4‑12 were designated as ‘high expression’.

A Kaplan‑Meier plot ter  data por ta l  (kmplot.
com/analysis/index.php?p=service&cancer=ovar) was used 
to access 1,583 ovarian carcinoma cases. The ITGA6 mRNA 
expression data in the Kaplan‑Meier plotter database were 
divided by a median into high and low expression groups. 
The associations between ITGA6 mRNA expression and the 
overall survival (OS) and the progression‑free survival (PFS) 
were analyzed. Text mining performed by Coremine Medical 
software (www.coremine.com) was used to elucidate the asso-
ciations of ITGA6 with drug resistance in ovarian cancer.

Statistical analysis. All data were analyzed using SPSS 
v.19.0 for Windows statistical software package (IBM Corp., 
Armonk, NY, USA). The RT‑qPCR data are presented as 
the mean ± standard deviation, or as the median, and were 
analyzed with the Student's t‑test and a chi‑squared test. 
Associated factors of drug resistance were analyzed using the 
multivariable logistic regression method. Survival curves were 
constructed and compared using the Kaplan‑Meier method 
and the log‑rank test, and a Cox proportional hazards model 
analysis was performed to study the influence of various 
factors on the survival time of patients with ovarian epithelial 
carcinoma. P<0.05 was considered to indicate a statistically 
significant difference.

Results

ITGA6 is associated with drug resistance in ovarian cancer. 
RT‑qPCR analysis indicated that the expression of ITGA6 
is upregulated in SKOV3/DDP2 and A2780/DDP cells, 
in comparison with the parental cell expression profiles 
(P<0.05; Fig. 1). Immunohistochemistry analysis, performed 
on a total of 54 ovarian cancer tissues (25 drug resistant 
and 29 drug sensitive tissues), indicated that ITGA6 was 
predominantly located in the cell membrane (Fig. 2). The 
percentage of chemo‑resistant cases expressing ITGA6 was 
60.0% (15/25), but the expression of ITGA6 in chemo‑sensi-
tive tissues was 31.0% (9/29) (P<0.05), indicating that the 
expression of ITGA6 was increased in chemo‑resistant 
tissues (Table I).

Besides, text mining performed by Coremine Medical 
software using the gene names and ‘ovarian neoplasms’, and 
‘drug resistance’ as keywords in co‑occurrence analysis, it 
was identified that ITGA6 is significantly associated with 
ovarian cancer and drug resistance, in addition to being 
involved in numerous biological processes, including cell 
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adhesion, cell‑matrix adhesion, epithelial‑mesenchymal 
transition (EMT), apoptotic processes and cell proliferation 
(P<0.01; Fig. 3).

High expression levels of ITGA6 correlate with the survival 
of patients with ovarian cancer. Associations between 
ITGA6 and various clinical factors were analyzed, based on 
protein expression evaluated through immunohistochem-
istry. As depicted in Fig. 4, patients with ovarian cancer and 
high ITGA6 expression exhibited a poorer PFS (P=0.012) 
and an OS (P=0.017), compared with patients exhibiting low 
ITGA6 expression, as determined by Kaplan‑Meier survival 
curves. This was further confirmed using the univariate Cox 
regression analysis method (HR=2.25, 95% CI, 1.15‑4.42 
for PFS; HR=2.80, 95% CI, 1.15‑6.80 for OS). However, the 
associations of ITGA6 with age, FIGO stage, histological 
type, grade, primary surgery type, serum CA125 levels 
and lymph node metastasis were not statistically significant 
(P≥0.05; Table I).

The clinical importance of ITGA6 in ovarian cancer was 
further investigated using Kaplan‑Meier analysis, with a cohort 

comprising 1,583 ovarian carcinoma cases. Consistent with the 
results obtained from the 54 patients with ovarian cancer, high 
expression of ITGA6 in 1,583 patients with ovarian cancer 
from the Kaplan‑Meier cohort was significantly associated 
with poorer OS (P=0.008, HR=0.83 95% CI, 0.73‑0.95; Fig. 5), 
but not significantly associated with PFS (P=0.30, HR=0.93 
95% CI, 0.82‑1.06; Fig. 6).

Discussion

Ovarian cancer is a type of malignancy with the highest 
mortality rate among all gynecological tumors (1). Paclitaxel 
plus platinum‑based chemotherapy is the current standard 
treatment strategy for ovarian cancer, with cisplatin as the 
preferred agent (2). Although platinum‑based chemotherapy 
is often effective in reducing tumor size in ovarian cancer, the 
majority of cases present with recurrence or metastasis due to 
the development of drug resistance (17). Therefore, cisplatin 
resistance remains a serious obstacle that greatly affects 
patient survival. One of the causes of tumor recurrence is 
the frequent acquisition of drug resistant phenotypes during 
long‑term chemotherapy. Thus, the identification of potential 
multi‑drug resistance genes and their functions may be one 
effective strategy to meet the challenges of drug‑resistant 
ovarian cancer.

A previous study demonstrated that the combination of 
ovarian cancer cells and ECM can increase the susceptibility 
of cancer cells to chemotherapy drugs; this mechanism was 
designated cell adhesion‑mediated drug resistance (CAM‑DR), 
and is principally mediated by adhesion molecules (18).

Integrins are an important family among cell surface adhe-
sion molecules. They are transmembrane proteins comprised 
of two glycoprotein α and β subunits, that may also serve 
as receptors for various ECM components (8,19). Previous 
studies have reported that integrins can regulate cell growth, 
differentiation and metastasis through transmembrane signal 
transduction pathways  (17). The growth and metastasis of 
tumor cells are closely associated with drug resistance, 

Figure 1. mRNA expression of ITGA6 in ovarian cancer cells. Relative expres-
sion of genes in SKOV3, cisplatin‑resistant SKOV3 cells (SKOV3/DDP), 
A2780 cells and cisplatin resistant A2780 cells (A2780/DDP). **P<0.01. 
ITGA6, integrin α‑6.

Table I. Association of ITGA6 with clinic‑pathological param-
eters in 54 cases of ovarian cancer tissues.

	 ITGA6
Characteristics	 positive/negative	 P‑value

Total no.	 24/30
Age (years) 		  0.808
  <50	 12/16
  ≥50	 12/14
Stage		  0.695
  I/II	   5/5
  III/IV	 19/25
Histotype		  0.325
  Serous	 12/11
  Other	 12/19
Grade		  0.594
  G1‑2	   8/8
  G3	 16/22
Serum ca125 (U/ml)		  0.901
  <400	 10/12
  ≥400	 14/18
Primary surgery		  0.300
  Optimal	 11/18
  Suboptimal	 13/12
Lymph node metastasis		  0.614
  Yes	 16/8
  No	   8/12
Chemosensitivity		  0.033a

  Sensitive	   9/20
  Resistant	 15/10

aP<0.05; ITGA6, integrin α‑6.
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and metastatic tumor cells are more likely to become drug 
resistant (9,20,21).

The association between integrins and drug resistance has 
attracted global attention. Prior studies have demonstrated 
that integrins are highly expressed in drug‑resistant tumor 
cells, including esophageal cancer (17), myeloid leukemia (12) 

and colon cancer  (18). It was demonstrated that ITGA6 is 
significantly dysregulated in drug resistant ovarian cancer 
cells and tissues (22), and that it is overexpressed in ovarian 
cancer SKOV3/DDP2 cells, compared with in SKOV3 cells; 
these expression trends were the same as those observed in 
A2780/DDP and A2780 cells. Immunohistochemical analysis 

Figure 3. Schematic diagram of the linear associations between ITGA6, drug resistance and ovarian cancer, as determined using Coremine Medical software. 
ITGA6, integrin α‑6.

Figure 2. Immunohistochemistry analysis of protein expression in 54 ovarian cancer tissues. Representative staining images from chemo‑resistant and 
chemo‑sensitive tissues are presented, at a magnification of x400. ITGA6, integrin α‑6.
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of a series of ovarian cancer cases demonstrated that ITGA6 
expression is closely associated with ovarian cancer drug 
resistance. Another study reported that, when the ECM is 
combined with integrins, it can activate the downstream 
Akt2 signaling pathway, resulting in the activation of various 
downstream factors involved in regulating cell function and 
promoting survival (9). The signaling pathway linking integ-
rins and the ECM is critical to cell homeostasis and survival. 
The lack of cell adhesion leads to disordered integrin signaling 
pathways (including the PI3K/AKT, MEK/ERK, FAK and 
NF‑κB pathways), ultimately inducing cell apoptosis and 
drug‑resistance (9,23). ITGA6 not only mediates interactions 
with the ECM, but it also drives intracellular signaling events 
of the tumor microenvironment and inside the tumor cell, 
promoting the metastasis and infiltration (13). Bioinformatics 
and text mining data indicated that ITGA6 is associated with 
drug resistance in ovarian cancer, which is consistent with the 
results obtained by the present study. This involves numerous 
biological processes, including cell adhesion, EMT, cell‑matrix 
adhesion, apoptotic processes and cell proliferation. Thus, 
ITGA6 was selected for further studies into whether there are 
potential important genes associated with the regulation of 
drug resistance in ovarian cancer, as the available data indi-
cated that the ECM and the integrin family are critical to the 
development of ovarian cancer cell resistance.

Associations between ITGA6 and cancer prognosis have 
been poorly investigated previously, with only a limited 
number of studies conducted and all reporting that its high 
expression was associated with a significantly poorer OS 
in patients with colorectal  (24) and prostate cancer  (25). 
Yamakawa et al  (12) demonstrated that ITGA6 is associ-
ated with drug resistance through increasing cell adhesion, 
resulting in a poor prognosis for patients with acute myeloid 
leukemia. According to the Kaplan‑Meier analysis data 

Figure 4. The association of ITGA6 protein expression with prognosis in 
54 patients with ovarian cancer, as determined by the Kaplan‑Meier survival 
curves. HR, hazard ratio; ITGA6, integrin α‑6; OS, overall survival; PFS, 
progression‑free survival.

Figure 6. Associations between gene expression and prognosis in 1,307 
patients with ovarian cancer from the Kaplan‑Meier analysis cohort, as 
determined by Kaplan‑Meier survival curves. High expression of ITGA6 was 
not significantly associated with PFS. HR, hazard ratio; ITGA6, integrin α‑6; 
PFS, progression‑free survival.

Figure 5. Associations between gene expression and prognosis in 1,583 
patients with ovarian cancer from the Kaplan‑Meier analysis cohort, as 
determined by Kaplan‑Meier survival curves. High expression of ITGA6 
was significantly associated with poorer OS. HR, hazard ratio; ITGA6, inte-
grin α‑6; OS, overall survival.
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used in the present study, patients with ovarian cancer with 
high ITGA6 expression exhibited a significantly poorer 
OS. Additionally, 59 patients with ovarian cancer and high 
ITGA6 expression, who were enrolled in the present study, 
exhibited significantly a poorer PFS and OS.

Taken together, these studies indicated that ITGA6 expres-
sion is closely associated with multi‑drug resistance in ovarian 
cancer. Therefore, we hypothesized that the mechanism 
underlying the involvement of ITGA6 in ovarian epithelial 
carcinoma drug‑resistance may mediating CAM‑DR.

In conclusion, based on bioinformatics analysis and molec-
ular biology data, the present study demonstrated that ITGA6 
may function as a regulatory gene in ovarian cancer cells, 
participating in the development of multi‑drug resistance, 
and may be a prognostic risk factor for patients with OS. The 
investigation of IGTA6 expression in the present study may be 
involved in the regulation of drug resistance and prognosis in 
ovarian cancer cells; however, further studies are required to 
confirm the present findings.
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