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Abstract. — OBJECTIVE: To analyze the influ-
ence of Integrin aVB6 on proliferation and apop-
tosis of cervical cancer cells.

PATIENTS AND METHODS: Fifty-two patients
with benign cervical lesions, 55 cervical cancer
patients, and 20 healthy controls were select-
ed as research subjects. The positive expres-
sion rate of Integrin aVB6 was detected in cer-
vical tissue samples by immunohistochemistry.
The relative expressions of the proliferation-re-
lated proteins, p53, PCNA, Ki-67, and TIPE2,
and the apoptosis-related proteins, Cyto-C, AlF,
caspase-3, Bag-1, Bcl-2, and p-Akt were mea-
sured by Western blot.

RESULTS: The positive rate of Integrin aVp6
expression was higher in tissue from cervical
cancer patients than in the other two groups
(p < 0.05). The levels of expression of p53, PC-
NA, and Ki-67 in the cervical cancer group were
higher, while the levels of TIPE2 were lower
compared with the other two groups (p < 0.05).
The levels of expression of Bag-1 and Bcl-2 were
higher in the cervical cancer group, but Cyto-C,
AIF, caspase-3, and p-Akt were lower compared
with the other two groups (p < 0.05). Compared
with cervical cancer patients with negative Inte-
grin aVB6 expression, patients with positive In-
tegrin aVpB6 expression had different expression
levels of the proliferation- and apoptosis-relat-
ed proteins, and the differences were statistical-
ly significant (p < 0.05).

CONCLUSIONS: High expression of Integrin
aVp6 is an important cause of active prolifera-
tion and impaired apoptosis in cervical cancer.
Integrin aVp6 is a promising target for the treat-
ment of cervical cancer.
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Introduction

The progression of cervical cancer is closely
related to the active proliferation and impaired
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apoptosis of tumor cells'. The integrin family
of proteins directly participates in the occur-
rence and development of various tumors and
may play a key role in regulating the balance of
proliferation and apoptosis®>. There are various
subsets of integrins. Integrin aVB6 was verified
to be involved in changes of tumor behavior
in ovarian cancer and gastric cancer’. Integrin
aVpo6 is only expressed embryologically and in
epitheliogenic malignant tumors. Studies found
that Integrin aVP6 could promote the prolifer-
ation and invasion of colorectal cancer cells,
inhibit the mitochondrial apoptosis pathway, and
promote malignant proliferation of tumor cells*.
Cell assays confirmed that Integrin aVPB6 was
highly expressed in cervical cancer cell lines,
and that cells with overexpression of Integrin
aVP6 actively proliferated, had vigorous mitotic
activity, and had enhanced invasion and migra-
tion ability. In addition, apoptosis decreased after
tumor cells were transfected by overexpression or
silencing aV6 vector constructs®. Based on these
observations, the aim of this report was to further
analyze the expression levels of Integrin aVp6 in
human cervical tissue and compare proliferation-
and apoptosis-related proteins in samples from
benign cervical tumor patients, cervical cancer
patients, and healthy controls to determine the
significance of Integrin aVP6 on the occurrence
and development of cervical cancer.

Patients and Methods

Patients

A total of 107 patients with primary diagnosis
of cervical pathological changes were consecu-
tively selected among patients admitted from Ju-
ly 2013 to July 2015. The study was approved by
our institution. Exclusion criteria: (1) Malignant
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tumors in other organs/systems; (2) Severe liver
and kidney dysfunction; (3) Pregnant or breast-
feeding women; (4) Incomplete medical history.
Fifty-two cases with benign lesions and 55 cases
with cervical cancer were confirmed by cervical
biopsy and pathological diagnosis. Patients with
benign lesions were aged from 39-69 years old,
with average age of 54.28 + 7.91 years. Patients
with cervical cancer were aged from 39-70 years
old, with average age of 56.15 + 8.29 years.
Additionally, 20 healthy female subjects who
were examined in the hospital during the same
period were selected. The healthy subjects were
aged from 35-72 years old, with average age of
56.19 + 7.58 years. The differences in baseline
parameters between the three groups were not
statistically significant (p > 0.05).

Determination of Integrin
aVp6 Expression

Cervical tissue from patients with benign
lesions and cervical cancer, and from healthy
controls was harvested from the cervix at the
3 o’clock position and frozen at —80°C until
use. Integrin aVP6 expression in specimens was
detected with immunohistochemistry. The re-
agents included the EnVision kit (Boster En-
gineering co., Ltd., Wuhan), Diaminobenzidine
kit (Kangyuan Biotechnology Institute, Hefei),
and rabbit anti-human Integrin aV6 monoclonal
antibody (Leihao Information Technology co.,
Ltd., Shanghai). Experiments were performed
according to the manufacturer’s instructions. For
evaluation of the results, positive staining was
shown as yellow or tan granules in the cytoplasm.
If < 5% of cells were positive, a score of 0 was
assigned, 5%— 25% was 1, 26%— 50% was 2,
51%— 75% was 3, and > 75% was 4. For color,
0 (colorless), 1 (light yellow), 2 (yellow), 3 (tan).
Tallying of the scores: 0—1 (-), 2-3 (&), 4-5 (1),
6-7 (+ +). (+) refers to positive, (+ +) represents
strong positive, and the rest are negative.

Expression of Proteins Related to
Proliferation and Apoptosis

The relative expression of the proliferation-re-
lated proteins, p53, proliferative cell nuclear an-
tigen (PCNA), Ki-67, and tumor necrosis factor
induced protein 8§ like protein 2 (TIPE2) were
measured by Western blot. The levels of the
apoptosis-related proteins, cytochrome C (Cy-
to-C), apoptosis inducing factor (AIF), caspase-3,
Bag-1, Bcl-2, and p-Akt were also measured by
Western blot. Samples were homogenized after

adding protein lysis solution, and suspensions
were centrifuged at 1200 g for 20 min followed
by collection of the supernatant. For Western
blot, samples were separated by vertical electro-
phoresis, transferred to membranes, blocked with
non-fat milk, incubated with specific primary and
secondary antibodies, and washed. Color devel-
opment, exposure, and analysis were then carried
out. The expression levels of proteins in the con-
trol samples were set as the standard amount of
100, and the relative levels of proteins in patients
with cervical cancer and benign lesions were
calculated.

Statistical Analysis

Data were analyzed with SPSS 23.0 (SPSS
Inc., Chicago, IL, USA) software. Measurement
data are presented as mean + standard deviation.
Comparisons between two groups were by z-test,
and comparisons among three groups were by
single factor ANOVA. The least significant dif-
ference (LSD) method was used to test compari-
sons in pairs. p < 0.05 was considered statistically
significant.

Results

Comparison of Integrin aV}6 Expression

As shown in Figure 1, the positive rate of In-
tegrin aVP6 expression in samples from cervical
cancer patients was significantly higher than in
the other two groups (p < 0.05).
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Figure 1. Comparison of the positive rate of Integrin
aVB6 expression in cervical tissue among the three
groups.
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Table I. Comparison of expression of proliferation-related proteins in cervical tissue among the three groups.

PCNA Ki-67

TIPE2

Group p53
Cervical cancer group 219.84 +27.43**
Cervical benign lesion group 118.36 £ 16.75
Healthy control group 100 +£9.23

192.63 £ 21.39*
115.77 £ 17.53

221.37 +23.65**
123.28 = 15.05
100 + 10.94

23.74 £ 3.12%*
91.39+£8.43

100 + 11.27 100 +12.73

Note: *, compared with healthy control group, p < 0.05; #, compared with cervical benign lesion group, p < 0.05.

Comparison of Expression of Prolifera-
tion-related Proteins

The protein expression levels of p53, PCNA,
and Ki-67 in samples from the cervical cancer
group were higher, while TIPE2 expression was
lower compared with the other two groups (p <
0.05) (Table I).

Comparison of Expression of
Apoptosis-Related Proteins

The levels of Bag-1 and Bcl-2 were higher
in samples from the cervical cancer group, but
Cyto-C, AIF, caspase-3, and p-Akt were lower
compared with the other two groups ((E < 0.05)
(Table II).

Comparison of Expression of
Proliferation- and Apoptosis-related
Proteins Between Cervical Cancer
Patients with Positive or Negative
Integrin aV36 Expression

Cervical cancer patients with positive Integrin
aVB6 expression had higher levels of the prolifer-
ation-related proteins, p53, PCNA, and Ki-67, and
lower levels of TIPE2 compared with those with
negative expression (p < 0.05). Furthermore, cer-
vical cancer patients with positive Integrin aVp6
expression had higher expression of the apopto-
sis-related proteins, Bag-1 and Bcl-2, and lower
expression of Cyto-C, AIF, caspase-3, and p-Akt
compared with those with negative expression (p
< 0.05) (Table III).

Discussion

Cervical cancer is a common malignant tumor
among women. Activation of oncogenes and in-
activation of tumor suppressor genes play import-
ant roles in the disease occurrence and develop-
ment. Imbalances of proliferation/apoptosis are a
fundamental aspect of tumor progression and me-
tastasis. Studies have confirmed that the integrin
family of proteins is directly associated with the
occurrence of malignant tumors and can mediate
several biological processes such as adherence
and signal transduction between tumors and host
cells®. Integrin aVf6 influences the biological be-
havior of cells by affecting interactions between
cells or between cells and the extracellular matrix
(ECM)’. Research on ovarian cancer found that
Integrin aVP6 could induce angiogenesis and
regulate the invasion of tumor cells®. Integrin
aVP6 was also highly expressed in gastric cancer
cells and the expression level was closely related
to TNM stage’. Some scholars speculated that
it also exerts a key role in cell proliferation and
apoptosis of cervical cancer'.

In the present work we concluded that the
positive expression rate of Integrin aVB6 was sig-
nificantly increased in cervical cancer patients,
demonstrating that the expression of Integrin
aVP6 is an important mechanism of malignant
transformation of cervical cells. Integrin aVp6
can promote matrix metalloproteinases 9 to de-
grade basement membrane components and the

Table Il. Comparison of the relative expressions of apoptosis-related proteins in cervical tissue among the three groups.

Group Cyto-C AlIF Caspase-3 Bag-1 Bcl-2 p-Akt

Cervical cancer group 32,37 £3.09% 2127 £2.09% 2947 +3.15* 219.36 +24.73* 234.33 £25.47* 30.46 & 3.72**
Cervical benign lesion group  96.29 + 8.04* 98.54 +7.12* 96.93 +£8.16%  113.27 £ 17.44* 12921 +£ 18.54* 95.74 £ 8.19*

Healthy control group 100+10.63  100+9.37 100+ 11.53 100 +9.38 100 £ 11.53 100+ 10.28

Note: *, vs. Healthy control group, p < 0.05; #, vs. Cervical benign lesion group, p < 0.05.
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Table lll. Comparison of expression of proliferation- and apoptosis-related proteins between cervical cancer patients with

positive or negative Integrin o V6 expression.

Group aVP6 positive expression aVP6 negative expression t P
p53 285.64 +£35.62 185.76 + 42.51 6.529 0.025
PCNA 246.42 +36.29 165.93 +38.42 6.638 0.023
Ki-67 275.96 + 34.95 195.47 + 37.66 6.427 0.027
TIPE2 16.53 + 6.35 34.58 £12.52 5.296 0.035
Cyto-C 19.86 + 5.82 45.62 £16.23 5.532 0.031
AIF 16.95 £ 4.62 28.97 +£9.82 5.648 0.028
Caspase-3 21.53+£7.52 39.86 + 13.63 6.127 0.030
Bag-1 286.95 + 42.63 177.52 + 53.62 6.432 0.024
Bel-2 312.52 +36.95 156.35 £ 45.82 7.125 0.015
p-Akt 14.62 + 5.65 43.28 +18.52 6.935 0.008

ECM, which provides the conditions for tumor
cells metastasis''. P53, PCNA, Ki-67, and TIPE2
are currently the most widely studied prolifer-
ation-related genes'?. P53 mutations frequently
occur in humans, which result in promoting ex-
cessive proliferation of cancer cells”. PCNA is a
nucleoprotein required for DNA synthesis, and its
levels positively correlate with cell proliferation'.
Ki-67 is a marker of cellular proliferation and is
an important indicator for predicting tumor out-
come. High expression of Ki-67 in patients with
thyroid cancer is an independent risk factor for
survival outcome®. TIPE2 is a negative regulator
of immune function, and its low expression is
associated with poor prognosis of cancer treat-
ment'. In the present study, p53, PCNA, and Ki-
67 protein expression in cervical cancer patients
were higher than in the other two groups, while
TIPE2 protein expression was lower. These data
indicate that patients with cervical cancer have
impaired expression and regulation of prolifera-
tion-related proteins, which is an important cause
of rapid proliferation of tumor cells.

The study of expression of apoptosis-related
proteins found that patients with cervical cancer
had increased levels of Bag-1 and Bcl-2, but re-
duced levels of Cyto-C, AIF, caspase 3, and p-Akt.
Bel-2 is a typical anti-apoptotic gene'. Bag-1,
which is an anti-apoptotic protein that associates
with Bcl-2, can inhibit apoptosis alone or through
binding with Bcl-2"®. Cyto-C is a mitochondrial
enzyme that mediates apoptosis”®. AIF plays an
important role during the execution process of
apoptosis®’. Caspase-3 mediated apoptosis and is
activated by Cyto-C*. P-Akt is the hub and key
downstream effector molecule of the PI-3K/Akt
signaling pathway. Studies identified this signaling
pathway as a key pathway involved in the execu-
tion of tumor cell apoptosis?. P-Akt levels can
accurately reflect the apoptotic activity of tumor

cells®. The above findings suggest that pro-apop-
totic proteins are suppressed in cervical cancer
cells, while anti-apoptotic genes are induced.

The levels of the proliferation-related proteins,
pS3, PCNA, and Ki-67 in cervical cancer pa-
tients with positive Integrin aVB6 expression
were higher than in patients with negative expres-
sion. TIPE2 protein expression in patients with
positive Integrin aVB6 expression was lower than
in patients with negative expression; the levels of
the apoptosis-related proteins, Bag-1 and Bcl-2,
were higher than in patients with negative protein
expression. The levels of Cyto-C, AIF, caspase-3,
and p-Akt were lower than in patients with nega-
tive protein expression.

Conclusions

Abnormal expression of Integrin aVP6 was
closely related to proliferation and apoptosis of
cervical cancer cells. The high expression of
Integrin aVP6 is an important cause of active
proliferation and impaired apoptosis of cervical
cancer cells. Integrin aV6 is expected to become
a new target for disease treatment.
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