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Abstract: Ovarian cancer was one of the most common malignant tumors in female reproductive organs. Moreover,

epithelial ovarian cancer showed the highest mortality rate in gynecological tumors, posing serious threats to women’s

life and health. Transient Receptor Potential Cation Channel Subfamily V Member 2 (TRPV2) and matrix

metalloproteinase-2 MMP-2 have been found to play important roles in regulating the pathogenesis of most tumors,

but there were few studies exploring the relationships of TRPV2 and MMP-2 in OC. Therefore, we evaluated the

expression of TRPV2 and MMP-2 proteins in cancer tissues and adjacent normal tissues of OC patients.

Immunohistochemistry was used to analyze the expressions of TRPV2 and MMP-2 in cancer tissues (N = 70) and

adjacent normal tissues (N = 70) of OC patients, and the correlation of TRPV2 and MMP-2 with the occurrence and

development of OC was analyzed with the combination of clinicopathological parameters of OC patients. The results

showed that the expressions of TRPV2 and MMP-2 in OC tissues were significantly higher than those in adjacent

normal tissues, and there were significant differences in TRPV2 and MMP-2 expressions in terms of tumor stage,

differentiation, and lymph node metastasis of OC. Taken together, our results showed that protein expressions of

TRPV2 and MMP-2 were closely related associated with the occurrence and development of OC.

Introduction

Ovarian cancer (OC) was one of the most common malignant
tumors in the female reproductive system, with morbidity
ranking third place in gynecologic malignancies (second
only to cervical cancer and endometrial adenocarcinoma)
and mortality ranking first place in gynecological tumors.
Therefore, OC was considered a serious threat to women’s
life and health (Webb and Jordan, 2017; Stewart et al.,
2019). OC was difficult to be confirmed due to the special
location (deep in the pelvic cavity) and the small size of the
ovary, as well as the fact that OC is hidden in pathogenetic
condition and difficult in early diagnosis. In addition, OC
was suggested to be related to gynecological diseases,
genetics, environment, and hormones; but the etiology of
OC has been not clear yet (Roett and Evans, 2009; Kujawa
and Lisowska, 2015). At present, the general principle for
the treatment of OC was dominated by surgery, with the
combination of chemotherapy and other means for
comprehensive treatment. With the progress of science and

technology, targeted therapy was believed to play a key role
in the clinical treatment of OC in recent years. Generally
speaking, patients diagnosed at the early stage could be
completely cured by surgery combined with other
treatments, but the recurrence rate was still higher.
Therefore, it was of great concern to clarify the pathogenesis
of OC and to explore the occurrence and development
processes from the molecular level, in order to carry out the
molecular-targeted therapy (Dong et al., 2014).

Organisms could sense the changes of the external
environment sensitively, mainly depending on some special
proteins on the epidermis, especially the transient receptor
potential channel proteins (TRPs) on the cell membrane
(Kojima and Nagasawa, 2014). When stimulated by physical
and chemical factors, TRPs could maintain the body’s
homeostasis by regulating the intracellular environment. As
a member of the TRPs family, TRPV2 was a calcium
channel protein. In recent years, it has been found that
TRPV2 played crucial roles in neuron development, cardiac
function regulation, immune response, and tumorigenesis
(Iwata and Matsumura, 2019; Zhang et al., 2016). Zoppoli et
al. carried out an in-depth study on the TRPV2 calcium
channel gene in gastric cancer (GC) patients, differential
gene expression was compared between the gastric tissue of
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GC patients and the normal gastric tissue, and the results
showed that patients with a high expression level of TRPV2
had shorter overall survival, and the TRPV2 expression
increased according to tumor stage, revealing that TRPV2 may
be used as a biomarker or a potential target for further study
(Zoppoli et al., 2019). Additionally, TRPV2 was also highly
expressed in melanoma, esophageal cancer, prostate cancer,
and breast cancer, but TRPV2 expression has not been
reported in OC. Therefore, the TRPV2 expression in OC was
detected in the study, and the relationship between the TRPV2
expression and OC was analyzed with the combination of the
clinicopathological characteristics of OC patients (Zheng et al.,
2019; Kudou et al., 2019; Oulidi et al., 2013).

Matrix metalloproteinases (MMP), a large family, have
the capability of decomposing extracellular matrix and of
contributing to cell migration and invasion; thus, MMP was
widely concerned in the occurrence and development of
tumors. At present, there were more in-depth studies on the
relationships of MMP-2 and MMP-9 with tumors.
Furthermore, MMP-2 has been reported to be highly
expressed in bladder cancer, pancreatic cancer, lung cancer,
and liver cancer, indicating that MMP-2 may be related to
tumorigenesis, but with the failure of defining the
relationship between MMP-2 and OC (Ghosh et al., 2017;
Han et al., 2019).

Materials and Methods

Sample source
From February 2019 to March 2020, 70 pairs of specimens were
selected from OC patients confirmed by pathologic diagnosis
admitted to Affiliated Hospital of Hebei University, including
70 cancer tissue specimens and 70 adjacent normal tissue
specimens (3 cm away from the cancer tissues).

Inclusion criteria: (1) Postoperative pathological
diagnosis of primary OC; (2) No treatment before the
operation, including radiotherapy and chemotherapy; (3)
Complete case data and follow-up data; (4) No other tumor
diseases or immune system diseases; and (5) Informed
consent of family members. Exclusion criteria: (1) Relevant
treatments before operation; (2) History of other malignant
tumors; and (3) Incomplete follow-up data.

All the 70 patients were newly diagnosed, with an average
age of 48.5 years old, ranging from 24 to 72 years old.
According to the 7th edition of the American Joint
Committee on Cancer (AJCC) staging system, there were 28
patients in Stage I and Stage II, and 42 patients in Stage III
and Stage IV. The OC tissues and the adjacent normal
tissues obtained by surgical excision were placed in 4%
paraformaldehyde for immunohistochemistry (IHC).

Main instruments and reagents
Ultra-Thin Semiautomatic Microtome

1. DHG Series Heating and Drying Oven (Shanghai
Jinghong Experimental Equipment Co., Ltd.)

2. Electro-heating standing-temperature cultivator (Tianjin
Taisite Instrument Co., Ltd.)

3. Ultra-pure water system (Heal Force Co., Hong Kong)

4. Microscope Model (OLYMPUS, Japan)

5. Microscope photograph system (OLYMPUS, Japan)

6. TRPV2 antibody (Boster Biological Technology Co., Ltd.)

7. MMP-2 antibody (Wuhan Servicebio Technology
Co., Ltd.)

8. HRP-labeled goat anti-rabbit IgG (Beijing Solarbio
Science & Technology Co., Ltd.)

9. Absolute alcohol (Sinopharm Chemical Reagent Co., Ltd.)

10. Hematoxylin (Sinopharm Chemical Reagent Co., Ltd.)

11. Goat serum (Beijing Solarbio Science & Technology
Co., Ltd.)

12. Color-developing solution (Beijing Solarbio Science &
Technology Co., Ltd.)

13. Hydrogen peroxide (Beijing Solarbio Science &
Technology Co., Ltd.)

Experimental Method

The tissue samples fixed in 4% paraformaldehyde were
dehydrated and soaked in wax. The tissue samples were
embedded into paraffin blocks by an embedding machine; the
paraffin blocks were cut into 3–4 μm slices, followed by
unfolding and baking. The slices were subjected to dewaxing to
replace paraffin with water and antigen retrieval and incubated
with 3% hydrogen peroxide for 25 min. After serum blocking,
TRPV2 and MMP-2 primary antibodies (1:1000 dilution,
BA4959, Boster; and 1:500 dilution, GB11130, Servicebio) were
added for incubation overnight at 4°C; and after PBS washing,
secondary antibodies (1:1000 dilution; G1213, Servicebio) were
added for incubation at room temperature for 50 min. DAB
color-developing solution was dripped to cover the tissue
samples. Hematoxylin (G1004-100, Servicebio) was used for
redyeing for 2 min, followed by dehydrating and sealing. The
prepared sections were observed with the use of a microscope
carrier. The target protein was stained brown–yellow. Each
section was photographed at three different fields of vision,
and the photographs were preserved. The Image-Pro Plus
software was used to analyze the optical density (OD) of each
photograph, and the average OD was calculated.

Statistical analysis
SPSS 20.0 was used for data analysis, and the results were
expressed as mean ± SD. Chi-square test was applied to
enumeration data. A p-value less than 0.05 was considered
to be statistically significant (*p < 0.05, **p < 0.01, and ***p
< 0.001). GraphPad Prism 8.0 software was used for charting.

Ethical approval
The study was approved by the Institutional Ethics
Committee (No. HDFY-LL-2020-021) of Affiliated Hospital
of Hebei University, and written informed consent was
obtained from all participants.

Results

Analysis of TRPV2 expression in ovarian cancer
To study the relationship between the expression of TRPV2
protein and ovarian cancer, the expression levels of TRPV2
protein in 70 pairs of OC tissues and adjacent normal
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tissues were analyzed, as well as the average OD. The results
showed that TRPV2 protein was highly expressed in cancer
tissues and was 9 times as much as that in adjacent normal
tissues (Fig. 1).

Analysis of MMP-2 expression in ovarian cancer
In order to explore whether MMP-2 is differentially expressed
in ovarian cancer tissues and adjacent tissues, the MMP-2
protein expression in OC tissues and adjacent normal
tissues were analyzed. The results showed that the
expression of MMP-2 protein in cancer tissue was 4.7 times
as much as that in adjacent normal tissues (Fig. 2).

Relationships between TRPV2 and MMP-2 expressions in
ovarian cancer and the clinicopathological characteristics of
ovarian cancer patients
To further collect the clinicopathological information of
patients and explore the relationship between TRPV2, MMP-
2, and ovarian cancer. Combined with basic information of
OC patients, the relationships between the expression levels
of TRPV2 and MMP-2 and the clinicopathological
characteristics were analyzed (Tabs. 1 and 2). The results
showed that the expressions of TRPV2 and MMP-2 were
significantly different in terms of tumor stage, tumor
differentiation, and lymph node metastasis (LNM) of OC.

Discussion

As a malignant tumor with high mortality in gynecological
diseases, OC was advanced in most patients by the time of

confirmed diagnosis due to the unclear early symptoms and
the lack of effective early diagnosis methods. The 5-year
survival rate of patients receiving early effective treatments
was about 80%, while the 5-year survival rate of patients
with advanced OC was only about 20%. Therefore, it was
particularly important to carry out early diagnosis and early
treatment of OC (Menon et al., 2018). In recent years,
molecular targeted therapy has attracted people’s attention,
and an increasing number of studies found that the targeted
therapy could accurately intervene in the occurrence and
development of diseases and played a good role in the
prevention and treatment of diseases. In our study, proteins
that may be differentially expressed and may play a
regulatory role in OC were detected from the molecular
level, hoping to clarify the occurrence process of OC at the
molecular mechanism level and to provide theoretical basis
and practical significance for the accurately targeted therapy
of OC (Au et al., 2015).

The organism could sense the external stimulation
mainly depending on the ion channel protein on the cell
membrane. There were 7 subfamilies in the TRP channel,
and the most studied one was the TRPV subfamily, among
which the roles of TRPV2 have been widely reported. As
found by a previous study, TRPV2 played a key role in
cardiac structure and function and participated in the
compensatory mechanism of the heart to pathological and
exercise-induced stress. These results were helpful to lay the
foundation for the subsequent studies on the TRPV2 as a
cardiac drug target (Aguettaz et al., 2017). It has been
confirmed that TRPV1 and TRPV2 were also involved in

FIGURE 1. TRPV2 protein expressions in ovarian cancer tissues and adjacent normal tissues.
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FIGURE 2. MMP-2 protein in ovarian cancer tissues and adjacent normal tissues.

TABLE 1

Correlation analysis between the TRPV2 expression and clinicopathological characteristics in ovarian cancer

Clinicopathological characteristics N TRPV2 (positive rate)

High expression Low expression χ2 p

Age

<48 23 16 (69.6%) 7 (30.4%) 3.28 0.07

≥48 47 35 (74.5%) 12 (25.5%)

Tumor size

<5 cm 38 22 (57.9%) 16 (42.1%) 0.85 0.47

≥5 cm 32 21 (65.6%) 11 (34.4%)

Clinical stages

I + II 28 18 (64.2%) 10 (35.7%) 5.26 0.03

III + IV 42 39 (92.9%) 3 (7.1%)

Degree of differentiation

Well/moderately–differentiated 41 38 (92.7%) 3 (7.3%) 2.81 0.009

Poorly-differentiated 29 20 (68.9%) 9 (31.1%)

LNM

Yes 38 33 (86.8%) 5 (13.2%) 0.54 0.02

No 32 26 (81.3%) 6 (18.7%)
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the pathogenesis of myocardial infarction and ensured the
myocardial tolerance to ischemia-reperfusion, thus
participating in the pathogenesis of cardiomyopathy
(Gorbunov et al., 2019). It was found that the functional
expression of TRPV2 was altered by culturing multiple
myeloma cells in a high-calcium environment, and TRPV2
was revealed to be involved in osteolysis (Bai et al., 2018).
In esophageal squamous cell carcinoma (ESCC), TRPV2 had
the role of regulating the tumor progression by affecting
WNT/β-catenin signal transduction, and over-expression of
TRPV2 was found to be related to poor prognosis of ESCC
patients, revealing that TRPV2 may be a new therapeutic
target and biomarker for ESCC (Kudou et al., 2019). Our
study also found that TRPV2 was highly expressed in OC,
which was consistent with the above-mentioned study,
speculating that TRPV2 may be used as a new target for the
prevention and treatment of OC in the future. As a member
of the MMP family, MMP-2 mainly had the roles of
degrading extracellular matrix and participating in signal
transduction, while the first step of tumor metastasis was
ECM degradation, contributing to tumor cell migration and
invasion. Therefore, in this study, the expression of MMP-2
was also detected in OC tissues and adjacent normal tissues,
and we found that the expression of MMP-2 in cancer
tissues was significantly higher than that in adjacent normal
tissues, indicating that MMP-2 may also play crucial roles in
the occurrence and development of OC. Our findings were
consistent with many studies; it has been reported that
abnormally high expressions of MMP-2 were found in
breast cancer, liver cancer, lung cancer, pancreatic cancer,
and GC (Gogebakan et al., 2014; Wu et al., 2018; Wang et
al., 2018; Avădanei et al., 2013; Zhang et al., 2019). At the
same time, we also found that the differential expressions of

TRPV2 and MMP-2 were closely related to tumor stage,
tumor differentiation, and LNM in OC patients. These
results may provide a theoretical basis and practical
significance for the early cure of OC and the search for
targeted therapy drugs.

In addition, the relationship between TRPV2 and MMP-
2 has been reported. For example, Monet et al. (2010) found
that inhibition of TRPV2 expression with RNA interference
could inhibit the growth and invasion of prostate cancer
xenograft in nude mice and decreased the expressions of
MMP-2 and MMP-9 (Monet et al., 2010). Liu and Wang
(2013) demonstrated that transfection of the TRPV2 gene
into bladder cancer cells could promote the migration and
invasion of bladder cancer cells, and it was speculated that
TRPV2 might play the role through MMP-2 mediation. In
rheumatoid arthritis, it was found that TRPV2 stimulation
could effectively inhibit the expressions of MMP-2 and
MMP-3, which may provide a new therapy for the
treatment of rheumatoid arthritis (Laragione et al., 2015). In
the future, we would further explore the possible interaction
and relationship between TRPV2 and MMP-2 in OC in
order to provide new ideas and new methods for the early
cure of OC.

Availability of Data and Materials: The datasets used or
analysed during the current study are available from the
corresponding author on reasonable request.
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Conflicts of Interest: The authors declare that they have no
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TABLE 2

Correlation analysis between the MMP-2 expression and clinicopathological characteristics in ovarian cancer

Clinicopathological characteristics N MMP-2 (positive rate)

High expression Low expression χ2 p

Age

<48 23 19 (82.6%) 4 (17.4%) 4.28 0.71

≥48 47 29 (61.7%) 18 (38.3%)

Tumor size

<5 cm 38 25 (65.8%) 13 (34.2%) 2.16 0.34

≥5 cm 32 28 (87.5%) 4 (12.5%)

Clinical stages

I + II 28 20 (71.4%) 8 (28.6%) 6.61 0.017

III + IV 42 39 (92.9%) 3 (7.1%)

Degree of differentiation

Well/moderately–differentiated 41 38 (92.7%) 3 (7.3%) 3.21 0.012

Poorly-differentiated 29 20 (69%) 9 (31%)

LNM

Yes 38 32 (84.2%) 6 (15.8%) 0.99 0.035

No 32 22 (68.8%) 10 (31.2%)
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