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Expression of integrin 31 and its significance in
squamous cell carcinoma of the cervix
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Abstract. The aim of the present study was to examine the
expression of integrin 1 in squamous cell carcinoma (SCC)
of the cervix and its association with the clinicopathological
features of patients. The expression of integrin 1 in 87 SCC
cervical tissues and 32 normal cervical tissues was detected
using an enzyme-linked immunosorbent assay, western blot
analysis and the immunohistochemical streptavidin-perox-
idase method. Integrin 1 expression was greater in SCC
cervical tissues compared with that in normal cervical tissues
(P<0.05), and its mean expression level in the SCC cervical
tissues was also markedly higher compared with that in the
normal cervical tissues (P<0.05). In terms of the association
between the expression of integrin 31 with clinicopathological
features, patients with stage IIA SCC had higher integrin 1
positive rates compared with patients with stage I SCC
(P<0.05). The integrin B1 positive rates in SCC tissues with
histological grade 3 were also significantly higher than
that in the SCC tissues with histological grade 1 (P<0.05).
Furthermore, patients with cervical SCC with lymph node
metastasis showed increased integrin 1 positive expression
compared with those without lymph node metastasis (P<0.05).
In conclusion, the expression of integrin 1 protein in cervical
SCC tissues was significantly higher than that in the normal
cervical tissues, and it increased with the clinical stage and the
degree of malignancy.

Introduction

Cervical cancer is a common gynecological cancer and,
in recent years, the frequency has increased, particularly in
younger individuals (1,2). Squamous cell carcinoma (SCC) of
the cervix is one of the most common pathological types of
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cervical cancer. Local invasion and lymph node metastasis
is the primary disseminating mechanism in cervical cancer,
and the main cause of mortality. There are numerous factors
that affect the prognosis of cervical cancer, including clinical
staging, pathological type, tumor size, invasion depth, lymph
node metastasis, patient age and body condition (3). At
present, the mechanisms underlying cervical cancer invasion
and metastasis are not yet clearly understood. Certain factors
that are involved in tumor invasion and metastasis have been
identified, including adhesion molecules. Adhesion molecules
are glycoproteins located on the cell surface or in the cell
matrix. Following the binding of the receptor to the ligand,
they are involved in numerous cellular processes, including
cell-cell adhesion, cell-matrix adhesion, cell recognition, acti-
vation and signal transduction, as well as the promotion of cell
proliferation, differentiation, stretching and movement. This
is the molecular basis of a series of important physiological
and pathological processes, including the immune response,
inflammation, tumor metastasis and wound healing.

There are several classes of adhesion molecules, including
integrins, laminins and collagens (4). Integrins are important
in tumor growth, differentiation and metastasis by mediating
cell-cell or cell-extracellular matrix adhesion and signal
transduction (5). Integrin p1, a subunit of integrins, is involved
in the regulation of various physiological and pathological
processes. Integrin 1 regulates cell growth and differentiation
and promotes cell migration, proliferation and information
delivery, as well as induces the expression of tumor-associated
genes. Thus, it may be involved in tumor invasion and metas-
tasis (6,7). In the present study, the association between the
expression of integrin $1 in SCC cervical tissues as well as
tumor invasion and metastasis was investigated, in order to
provide a basis for the diagnosis and prognosis of SCC of the
cervix.

Patients and methods

Patients and tumor samples. A total of 87 patients with
SCC of the cervix (between 23 and 71 years of age; mean
age 41.84 years) undergoing radical hysterectomy and pelvic
lymphadenectomy at the Department of Gynecology, Affiliated
Hospital of Luzhou Medical College (Luzhou, Sichuan, China),
between January 2010 and June 2012, were included in the
present study. The present study was conducted in accordance
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with The Declaration of Helsinki and with approval from
the Ethics Committee of Luzhou Medical College. Written
informed consent was obtained from all participants.

Tumor specimens were obtained from the macroscopic
lesions of the excised tissues immediately following surgery.
Approximately 1x1x0.5 cm® samples were collected in sterile
freezing tubes and frozen in liquid nitrogen until analysis. The
remaining tissue was sent to the Department of Pathology
at the Affiliated Hospital of Luzhou Medical College for
routine pathological examination. It was confirmed histo-
pathologically that 24 patients had pelvic lymph node
metastasis, whilst 63 patients did not have pelvic lymph node
metastasis. According to the clinical staging established by
the International Federation of Gynecology and Obstetrics
(2009), patients can be clinically staged as stage I Bl (n=23),
stage I B2 (n=27), stage II Al (n=24) and stage II A2 (n=13).
Patients can also be classified as G1 (n=43), G2 (n=21) and
G3 (n=23) histological types. Normal cervical tissues from
32 patients who underwent hysterectomy at the same period
due to uterine fibroids were collected as the control group. The
patients in the control group were between 37 and 67 years
of age and had a mean age of 44.02 years. Normal specimens
were also sampled at a volume of ~1x1x0.5cm? from the
columnar junction site of the cervix immediately following
surgery, collected in sterile freezing tubes and frozen in liquid
nitrogen until analysis. The remaining tissue was also sent to
the Department of Pathology for routine pathological exami-
nation. No statistical difference in the mean age between the
two groups was observed (P>0.05).

Total protein extraction and enzyme-linked immunosorbent
assay (ELISA). Tumor tissues and normal cervical tissues were
homogenized in ice-cold extraction buffer using a Polytron®
homogenizer (Kinematica, Lucerne, Switzerland) at 89,000 x g
for 1 min, followed by centrifugation at 15,000 x g for 20 min at
4°C. The supernatant was then collected and its protein concen-
tration was measured using a bicinchoninic acid (BCA) Protein
Assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA).

Integrin 1 expression levels in the tumor tissue extracts
and the normal cervical tissue extracts were detected using
the double antibody sandwich ELISA method. The absorbance
at 450 nm was read using a Bio-Rad Microplate Reader 550
(Bio-Rad, Hercules, CA, USA) and analyzed using the Skanit
Software 2.2.1. The relative concentration of integrin p1 was
calculated by plotting its optical density (OD) value on a stan-
dard curve.

Western blot analysis. The quantity of integrin 1 in tissue
extracts was evaluated using western blot analysis. Equal
amounts of total protein extracts were loaded onto an
SDS-PAGE and the proteins were separated. The proteins
were then transferred onto a nitrocellulose membrane and
treated with mouse anti-human integrin f1 monoclonal
antibody (1:100; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), followed by incubation with horseradish
peroxidase-conjugated goat anti-mouse immunoglobulin G
(1:5,000; OriGene Technologies Inc., Beijing, China). 3-actin
(1:2,000; Kang Chen Co., Ltd., Shanghai, China) was used as
an internal reference. The specific bands of integrin f1 and
[(-actin on the membranes were detected using an enhanced
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chemiluminescent method (Pierce Co., Ltd., Waltham, MA,
USA) according to the manufacturer's instructions. The bands
were scanned using a gel-imaging system (Bio-Rad 2000;
Bio-Rad) and analyzed using Quantity One software. The OD
value of the integrin Bl protein was calibrated against that of
[-actin, in order to calculate the expression level of integrin 31
in the tissue extracts.

Immunohistochemistry. Surgical specimens were fixed with
4% phosphate-buffered paraformaldehyde and embedded in
paraffin, prior to being cut into 4-um sections. The sections were
deparaffinized and heated in antigen retrieval buffer (10 mM
citric acid; pH 6.0) at 98°C for 20 min. The sections were cooled
naturally to room temperature prior to being incubated with
mouse anti-human integrin 1 monoclonal antibody (1:50) or
phosphate-buffered saline as a negative control at 4°C overnight.
Then, the sections were treated using a streptavidin-peroxidase
(SP) kit according to the manufacturer's instructions. Counter
staining was performed using hematoxylin (Dako, Glostrup,
Denmark) and then observed under a light microscope (Olympus
Co., Ltd., Tokyo, Japan). The specimens were considered to be
positive for integrin 1 if punctate cellular granules of brown
were observed in the cytoplasm or the cellular membrane, and if
the proportion of the positive cells was at least >10%, as previ-
ously described (with slight modifications) (8). Five fields were
randomly selected and scanned at high power (magnification,
x400) and were used to calculate the mean proportion of positive
cells. According to the proportion of positive cells identified,
the specimens were classified as follows: <10% -; 10-25% +;
25-50% ++ and =50% +++.

Statistical analysis. Statistical analysis was performed using the
SPSS v11.5 statistical software (SPSS, Inc., Chicago, IL, USA).
The Chi-square test and t-tests were used in the present study.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Total protein content. SCC cervical tissues and normal cervical
tissues were cut into sections, followed by cell homogenization.
The total cellular protein was extracted and the protein content
was detected with a microplate reader using the BCA method.
As shown in Table I, the mean total protein content in SCC
cervical extracts and normal cervical extracts was 7.47+0.38
and 3.59+0.23 pg/ml, respectively, with a significant difference
observed between the two groups (P<0.05).

ELISA. The concentration of integrin 1 in the SCC and the
normal cervical extracts was detected using ELISA and the
results are shown in Table II. The mean integrin 1 concentra-
tion in the SCC cervical extracts was 28.74+1.62 ng/ml, which
was markedly higher than that in the normal cervical extracts
(17.15+1.38 ng/ml; P<0.05).

Western blot analysis. Integrin 1 expression was also detected
in tissue extracts using western blotting. Integrin 1 expression
was found to be elevated in SCC cervical tissues compared with
that in normal cervical tissues (Fig. 1). The bands were analyzed
using Image Quat4.4 analysis software and integrin 31 exhib-
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Table I. Total protein content in the SCC cervical extracts and the normal cervical extracts.

Highest value Lowest value Mean total protein

Tissue Total cases (n) (ng/ml) (ng/ml) content (x+sd)
SCC cervical tissue 87 8.05 6.97 7.47+0.38*
Normal cervical tissue 32 3.94 3.01 3.59+0.23

*P<0.05, comparison of mean total protein contents between SCC and normal cervical extracts. SCC, squamous cell carcinoma.

Table II. Integrin $1 concentration in the SCC cervical extracts and normal cervical extracts.

Mean integrin 1

Lowest value Highest value concentration

Group Total cases (n) (ng/ml) (ng/ml) (ng/ml; x+sd)
SCC 87 22.36 34.17 28.74+1.62°
Normal control 32 10.29 20.31 17.15+1.38

*P<0.05, comparison of mean integrin 31 concentrations between SCC and normal cervical extracts. SCC, squamous cell carcinoma.

Table III. Quantitative analysis of the integrin 31 expression bands in the two groups.

Groups Total cases (n) Positive cases (n) Positive rate (%) Expression levels (x+sd)
SCC 87 79 91 0.98+0.11°
Normal control 32 5 16 0.45+0.15

“P<0.05, statistical difference vs. the normal control group. SCC, squamous cell carcinoma.

Integrin 1

[-actin

Figure 1. Integrin 1 expression in (1) normal and (2) squamous cell carci-
noma cervical tissues detected using western blot analysis.

ited a significantly increased expression in SCC cervical tissues
(0.98+0.11) compared with that in normal cervical tissues
(0.45+0.15; P=0.029; Table III).

Immunohistochemistry. Due to the high expression of inte-
grin 31 in SCC cervical tissues, its location was also determined
using immunohistochemical analysis. Moderate to strong cyto-
plasmic immunoreactivity for integrin 31 was identified in the
foci of the SCC samples. It was primarily located in the cancer
cells and no expression was observed in the mesenchymal
cells (Fig. 2). Integrin 1 expression was distributed unevenly
in the cancer nest, with strong expression observed around the
edges and weak expression in the center. In the 87 specimens,
83 of the samples expressed integrin 1, accounting for 95.4%.
Uniform cytoplasmic expression of integrin 1 was observed

in the lymph node with metastasis, however, not in the lymph
node without metastasis. By contrast, only two cases showed
a weak expression of integrin Bl in the 32 cases of normal
cervical tissues (6.25%), which was significantly less than that
in SCC tissues (P=0.005; Table IV).

Association between integrin Bl and clinicopathological
factors. No significant association was identified between
integrin 1 expression and patient age (P=0.082). However,
integrin Bl expression was significantly correlated with
the clinical stage, histological type and lymph node metas-
tasis. All 37 SCC stage ITA cases were integrin fl-positive,
whilst 46 out of the 50 cases of SCC in stage I were integrin
p1-positive, which was significantly different (P=0.034). In
terms of histological types, the integrin pl-positive rate in G3
(100%; 23/23), G2 (95.24%; 20/21) and G1 (93.02%; 40/43)
was significantly different from each other (P=0.016). In the
patients with lymph node metastasis 100% of the cases (24/24)
were integrin f1-positive, however, only 93.65% were integrin
P1-positive in the patients without lymph node metastasis,
which was significantly different (P=0.029; Table V).

Discussion

Cervical cancer is the second most common type of malignant
tumor in females. It results from the abnormal proliferation
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Table I'V. Number of positive cells expressing integrin f1 in the two groups.

Integrin 31 expression

Group Total cases (n) - + ++ 4+
SCC 87 4 8 44 31
Normal control 32 30 2 0 0

Proportion of positive cells identified were classified as follows: <10% -; 10-25% +; 25-50% ++ and =50% +++. SCC, squamous cell carcinoma.

Table V. Association between integrin 1 expression and clinicopathological parameters in patients with squamous cell carci-
noma.

Integrin 31 expression

Variable Patient (n) - + ++ +++ P-value
Age (years)
=40 55 3 5 28 19 0.082
<40 32 1 3 16 12
Clinical staging
I 50 4 1 31 14 0.034
A 37 0 7 13 17
Histological type
Well (G1) 43 3 5 26 9 0016
Moderate (G2) 21 1 1 11 8
Poor (G3) 23 0 2 7 14
Pelvic lymph node metastasis
Positive 24 0 4 9 11 0.029
Negative 63 4 4 25 20

Figure 2. Expression of integrin p1 in (A) normal and (B) squamous cell carcinoma cervical tissues (the arrow indicates the expression of integrin f1).
Streptavidin-peroxidase staining (magnification, x200).

of differentiated cells, which are genetically unstable. Local class of cell adhesion molecules composed of an a subunit and
invasion and lymph node metastasis is the main mechanism  a 3 subunit, connected by a non-covalent bond. Integrin 31
for metastasis in cervical cancer (9). Cell adhesion molecules  is a receptor that is widely distributed on the surface of a
are important in the development of cervical cancer. They bind  number of different cell types, and it affects cell morphology,
to their ligand in the extracellular matrix and mediate cell-cell ~ proliferation, differentiation, migration and the synthesis of
and cell-extracellular matrix communications, and, therefore,  certain macromolecules through binding to its ligand in the
they are important factors in the communication between cells  extracellular matrix. It is also involved in cell signal transduc-
and the surrounding tissues (10). Integrins are an important  tion and regulates tumor angiogenesis and other physiological
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and pathological processes. Thus, integrin Bl is important in
maintaining the integrity of tissues and promoting cell prolif-
eration, invasion and metastasis of tumors (11-13). Integrin 1
is also involved in cell matrix degradation, abnormal adhe-
sion and numerous other processes through the transmission
of cellular signals, the regulation of cytoskeleton and the
alteration of gene expression, and therefore is closely associ-
ated with tumor invasion (14).

In the present study, ELISA was used to detect the
expression of integrin 1 protein in SCC and normal cervical
extracts. It was found that the expression of integrin (31
protein in SCC cervical tissues was significantly higher
than that in normal cervical tissues (P=0.034). Furthermore,
western blotting was used to determine the expression
of integrin 1 protein in SCC tissues and normal cervical
tissues. The positive rate of integrin 1 protein in normal
cervical tissues compared with SCC cervical tissues was
significantly different (16% vs. 91%, respectively; P=0.029),
which indicates that the overexpression of integrin 1 protein
may promote cervical epithelial cells to enter into the cell
cycle and overproliferate and thereby lead to tumor forma-
tion. Certain studies have demonstrated that the increased
expression of integrin B1 leads to the migration of stem
cells out of the basement membrane and entrance into the
cell cycle, subsequently promoting cell proliferation and
migration, as well as the transmission of cellular signals,
resulting in tumorigenesis (15-17). Song et al (18) found that
the expression of integrin 1 during the S phase of the cell
cycle was significantly higher than that during the G1 phase,
suggesting that integrin 1 may promote cell proliferation.
The increased binding of integrin B1 to its ligand in the
extracellular matrix may enhance cell signaling pathways,
including p53 and EGF, as well as other signaling pathways.
This may promote abnormal cell proliferation and affect
the control of cell growth and differentiation, consequently
leading to tumor growth (19-21). In the present study, using
ELISA and western blot analysis, it was found that the
expression of integrin 1 protein was greater in SCC cervical
tissues. The increased expression of integrin B1 protein in
cervical cancer also enhances the adhesion of tumor cells
to the extracellular matrix, facilitating tumor cell migration
through the basement membrane and into the surrounding
tissue. As a result, invasion and metastasis occurs.

Detection of integrin 1 using the SP immunohisto-
chemical method revealed that the expression of integrin
Bl protein in stage IIA SCC was significantly higher than
that in stage I (P=0.011). It was also significantly different
between that in SCC with histological type G3 and Gl
(P=0.025). Patients with pelvic lymph node metastasis had a
significantly higher positive rate of expression of integrin 31
compared with patients without pelvic lymph node metastasis
(P=0.044). All these results demonstrated that integrin §1
expression in SCC was associated with the clinical stage,
histological type and lymph node metastasis, indicating
that the occurrence and development of SCC is closely
associated with integrin pl. With the stimulation of certain
factors, the abnormally increased integrin 1 binds to its
ligand in the basement membrane and promotes the release
of matrix metalloproteinases (MMPs) and other components
from tumor cells, which damage and degrade the basement
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membrane, allowing tumor cells to break through the base-
ment membrane and infiltrate into the stroma (22,23). Our
previous study revealed that in the extracellular matrix of
SCC, the expression of MMP-2, which is known to degrade
the extracellular matrix, increased significantly (24).
Furthermore, microvessel density in tumor tissues was also
enhanced, providing nutritional support for tumor cells,
which contributes to the invasion and metastasis of tumor
cells into the surrounding normal tissues.

Integrins are associated with the occurrence and develop-
ment of various types of tumor (25,26). The present study
revealed, using an ELISA assay, that the levels of integrin 1
protein in SCC tissues increased, and this was confirmed
using western blot analysis and polymerase chain reaction.
Using the immunohistochemical SP method it was found
that, along with the increase of clinical stage and pathological
grade as well as the occurrence of lymph node metastasis,
the expression of integrin 1 protein also increased, which
is consistent with previous results (27). This indicates that
during the occurrence and development of SCC, the increased
expression of integrin f1 may promote lesion development.

In conclusion, the expression of integrin 1 protein
increased abnormally in SCC, suggesting that integrin 1 is
important in the development of cervical cancer. Therefore,
detection of the integrin (31 protein may be a useful indicator
for assessing the progress, therapeutic efficacy and prognosis
of SCC of the cervix.
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