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Correlation of OGR1 with proliferation and
apoptosis of breast cancer cells
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Abstract. Effects of ovarian cancer G-protein-coupled
receptor 1 (OGR1) protein on proliferation and apoptosis of
breast cancer cells, as well as its molecular mechanism were
investigated. The MCF-7 cell line highly expressed OGR1
was constructed by transient transfection of eukaryotic expres-
sion vector using breast cancer cells. At the same time, cells
were transfected with empty vector as controls. The effects
of highly expressed OGR1 on cell growth, proliferation,
apoptosis and other abilities were identified. In addition, the
effects of highly expressed OGRI1 on serine-threonine kinase
(AKT), p53 and other genes were studied. It was proved in
apoptosis experiment that highly expressed OGR1 protein in
breast cancer cells could effectively increase the proportion of
apoptosis of cells. Cell proliferation experiment revealed that
the growth and proliferation abilities of breast cancer cells
with highly expressed OGR1 were inhibited to some extent,
compared with those of breast cancer cells with low expres-
sion of OGR1. Results of western blotting showed that the
gene and protein expression levels of p53 in breast cancer cells
with highly expressed OGR1 were increased. There was no
significant difference in protein expression of AKT between
breast cancer cells with low expression of OGR1 and those
with highly expressed OGR1. However, the protein content
of phosphorylated-AKT (p-AKT) in breast cancer cells with
highly expressed OGR1 was lower than that in breast cancer
cells with low expression of OGR1. The proliferation and
apoptosis of breast cancer cells are influenced by the changes
of OGRI1 expression, which are correlated with the gene
expression levels of AKT and p53 to some extent, but the
detailed molecular mechanism requires additional study.
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Introduction

According to the statistics of the American Cancer Society,
in 2015, there were more than 230,000 new cases of breast
cancer diagnosed in the United States, and approximately
40,000 patients died of breast cancer (1). It is estimated
that one in eight women will develop breast cancer in their
lifetime, and it is also estimated that approximately one in
37 women with breast cancer will die of the disease, most of
whom are aged over 45 years. The survival rate of patients
with non-metastatic breast cancer is relatively high (98.5%),
but that of patients with metastatic breast cancer is notably
decreased (24%) (2,3). Among patients with metastatic breast
cancer, approximately 20-30% of them have metastases of
cancer cells to lung tissue, liver and other sites, which then
develop into lung cancer and liver cancer, ultimately leading to
death of the patient (4-6). Breast cancer metastases to the brain
are observed in approximately 10-20% of women, resulting in
a decrease in life expectancy by 8-30 months (7-11). There are
many causes of breast cancer, among which one of the more
important risk factors is individual gene mutations including
p53 and phosphatase and tensin homolog deleted on chromo-
some ten protein (PTEN) genes. The study was approved
by the Ethics Committee of Dongying People's Hospital
(Dongying, China).

As a member of G protein coupled receptor family, ovarian
cancer G-protein-coupled receptor 1 (OGR1) is named for its
first discovery in ovarian cancer cell line HEY. The expres-
sion of OGR1 messenger ribonucleic acid (mRNA) is detected
in many normal tissues. The function and ligand of OGR1
have not been unified. Some studies have proved that OGR1
has proton sensing function, with proton as its ligand (12).
Other studies have demonstrated that OGR1 is able to sense
changes in proton concentration and maintain the balance of
cell potential of hydrogen (pH) microenvironment and bone
metabolism. It has been claimed that OGR1 can inhibit the
growth and proliferation of cancer cells. Moreover, it has been
reported that OGR1 can inhibit the metastasis of tumor cells
in mice.

To investigate the function of OGRI1, the physiolo-
gical function of breast cancer cells was studied through
constructing highly expressed OGRI1 via transient transfec-
tion of eukaryotic vector using breast cancer cells as the
material in this study.
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Figure 1. Expression of OGR1 in MCF-7 cells. (A) Detection of OGR1 expression in cells via western blotting. (B) Expression levels of OGR1 protein in
different cells at different time points. (C) Expression levels of OGR1 mRNA in different cells at different time points. “P<0.05, the difference between two
groups is significant; “P<0.0035, the difference is very significant; *P<0.001, the difference is extremely significant.

Materials and methods

Cell culture. MCF-7 cells were cultured according to conven-
tional cell culture methods. Well-grown cells in logarithmic
growth phase were used for experiments. After the cells were
transfected with pIRESpuro3 vector and pIRESpuro3-OGR1
using Lipofectamine 2000, the culture medium was replaced
and the cells continued to be cultured for a certain period
of time for detection. The two groups of cells were named
W-MCF-7 and O-MCF-7, respectively.

Detection of cell proliferation activity. According to the
operation manual, single cell suspension was prepared and
inoculated into the culture plate with 100 ul cell suspension
(approximately 5x10° cells) per well. Cell Counting Kit-8
(CCKS8) was adopted for determination of cell proliferation
activity at a specific time after transfection.

RT-qPCR detection. According to the instructions, total
RNA was extracted using TRIzol (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) from the cultured Michigan
Cancer Foundation-7 (MCF-7) cells, purified and reversely
transcribed to obtain complementary deoxyribonucleic acid
(cDNA) with TagMan microRNA reverse transcription kit
(Thermo Fisher Scientific, Inc.). The expression levels of
OGRI, serine-threonine kinase (AKT), p5S3 and other genes
were analyzed via qPCR. All reactions were repeated for at
least three times. The expression of mRNA was standardized
by B-actin. Calculation of all expression levels was conducted
by 2-2%°4 method (13). All primer pair sequences are summa-
rized in Table I.

Detection of protein expression level in cells via western
blotting. The cells that have been cultured for a certain
period of time were collected for extraction of total protein in
accordance with the use requirements of the kit (total protein
extraction kit; Invent Biotechnologies Inc., Plymouth, MN,
USA). Protein extracted per lane (10 ul) was subjected to 10 %
gel electrophoresis and then transferred onto the polyvinylidene
fluoride (PVDF) membrane, followed by blocking with 5%

Table I. Primers used in fluorescence quantitative qPCR assay.

Name Primer pair
OGR1 F: AAAGCCAATCAGTGTGGGTATGG
R: AGGATCTAGGCATCACTGGTGGT
AKT  F: GTGCTGGAGGACAATGACTA
R: AGCAGCCCTGAAAGCAAGGA
p53 F: CTGAGGTTGGCTCTGACTGTACCACCATCC
R:CTCATTCAGCTCTCGGAACATCTCGAAGCG
B-actin F: CTTCCTTCCTGGGCATG

R: GTCTTTGCGGATGTCCAC

F, forward; R, reverse.

milk at 20°C for 1.5 h. According to the instructions, the
mouse anti-human p53, AKT, phosphorylated-AKT (p-AKT)
and P-actin monoclonal antibodies (1:400; cat. nos. sc-47698,
sc-81434, sc-81433, 58673 all from Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) were added, respectively, for reaction.
After the membrane was washed, horseradish peroxidase
(HRP)-labeled second goat anti-mouse polyclonal antibody
(1:1,200; cat. no. sc-2005; Santa Cruz Biotechnology, Inc.)
was added for color development, and the gel imaging analysis
system was used for scanning.

Detection of cell apoptosis. For detection of apoptosis, cells
cultured for different time were collected and washed with
phosphate buffered saline (PBS) three times. The concentration
was adjusted to 5x10°/ml. Staining was conducted according to
the instructions of apoptosis detection kit. BD FACSCalibur
(BD Biosciences, Franklin Lakes, NJ, USA) was applied for
detection of apoptotic cells.

Statistical analysis. t-test was used for intergroup analysis,
and P<0.05 was considered to indicate a statistically signifi-
cant difference.
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Figure 2. Apoptosis detection. (A) Detection of early and late apoptosis of W-MCF-7 and O-MCF-7 cells by flow cytometry. (B) Early apoptosis rates
of W-MCF-7 and O-MCF-7 cells. (C) Later apoptosis rates of W-MCF-7 and O-MCF-7 cells after detection of transfection for a given time. "P<0.05, the
difference between two groups is significant; “P<0.005, the difference is very significant; *P<0.001, the difference is extremely significant.

Results

Expression levels of OGR 1 in the two groups of cells. The
relative expression levels of OGR1 mRNA at 24,48 and 72 h
in W-MCF-7 cells were 0.38+0.06, 0.46+0.08 and 0.42+0.06,
respectively, while those in O-MCF-7 cells were 0.63+0.05,
0.70+0.03 and 0.70+0.02, respectively. The relative expression
levels of OGRI1 protein at 24, 48 and 72 h were 0.15+0.04,
0.20+0.07 and 0.18+0.13, respectively, in W-MCF-7 cells, and
0.24+0.11,0.44+0.09 and 0.58+0.08, respectively, in O-MCF-7
cells. The above results indicated successful transfection of
O-MCF-7 cells and successfully high expression of OGR1
protein (Fig. 1).

Detection of apoptosis by flow cytometry. According to
the results of flow cytometry, at 24, 48 and 72 h, the early
apoptosis rates of W-MCF-7 cells were 0.144+0.03, 0.17+0.02
and 0.19+0.05%, respectively, while those of cells transfected
with O-MCF-7 were 0.24+0.04, 0.28+0.05 and 0.46+0.03%,
respectively, and the late apoptosis rates of W-MCF-7 cells
were 0.04+0.03, 0.07+0.02 and 0.08+0.02%, respectively,
while those of O-MCF-7 cells were 0.22+0.07, 0.25+0.07
and 0.42+0.04%, respectively. The apoptosis rate was
markedly decreased in W-MCF-7 group, compared with that
in O-MCF-7 group, with a significant difference. Thus it can
be seen that OGR 1 can regulate apoptosis through the signal
pathway (Fig. 2).
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Figure 3. Effects of transfection in vitro at different time points on the
proliferation of MCF-7 cells. "P<0.05, the difference between two groups is
significant; “P<0.005, the difference is very significant.

Detection of cell proliferation. At 24, 48 and 72 h, the rela-
tive proliferative levels of W-MCF-7 cells were 1.24+0.06,
1.35+0.04 and 1.43+0.03, respectively, while those of O-MCF-7
cells were 0.95+0.02, 0.87+0.02 and 0.83+0.03, respectively,
suggesting that the upregulation of OGR1 expression can
regulate cell proliferation through signal transduction (Fig. 3).

Detection of changes in gene expression via RT-qPCR. At
24,48 and 72 h, the relative expression levels of p53 mRNA
in W-MCF-7 cells were 0.50+0.07, 0.48+0.05 and 0.45+0.04,
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Figure 4. Detection of mRNA relative expression levels of p53 and AKT in cells via fluorescence quantitative PCR. (A) Relative expression levels of p53
mRNA in the two groups of cells at different time points. (B) Relative expression levels of AKT mRNA in the two groups of cells at different time points. ns,
no significant difference between the two groups (P>0.05). "P<0.05, the difference between two groups is significant; *P>0.03, the difference is no significant;

$P<0.001, the difference is extremely significant.
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Figure 5. Detection of protein expression. (A) Detection of expression levels of various proteins in W-MCF-7 cells and O-MCEF-7 cells. (B) Expression levels of
p53 in the two groups of cells after transfection for a given time. (C) Protein expression levels of AKT in W-MCF-7 cells and O-MCEF-7 cells after transfection
for a given time. (D) Protein expression levels of p-AKT in W-MCF-7 cells and O-MCEF-7 cells after transfection for a certain time. ns, no significant difference
between the two groups (P>0.05). "P<0.05, the difference between two groups is significant; "P>0.05, the difference is no significant; *P<0.001, the difference

is extremely significant.

respectively, while those in O-MCF-7 cells were 0.67+0.06,
0.77+£0.05 and 0.78+0.07, respectively. However, the mRNA
content of AKT displayed no remarkable difference between
the two groups (Fig. 4).

Effects of p53 and AKT protein expression levels. At 24 and
48 and 72 h, the relative expression levels of p53 in W-MCF-7
cells were 0.28+0.06, 0.30+0.03 and 0.31+0.03, respectively,
while those in O-MCF-7 cells were 0.42+0.05, 0.47+0.04 and
0.51+0.05, respectively. However, the AKT protein content
showed no obvious difference between the two groups.
The relative expression levels of p-AKT at 24, 48 and 72 h
in W-MCEF-7 cells were 10+0.03, 0.09+0.02 and 0.09+0.01,
respectively, and those in O-MCF-7 cells were 0.14+0.02,
0.18+0.040 and 0.21+0.03, respectively (Fig. 5).

Discussion

Breast cancer is a major cancer in women that seriously
threatens women's health. In particular, breast cancer metas-
tasis can cause serious consequences, leading to higher
recurrence and mortality rates. The occurrence of breast
cancer is associated with a variety of factors, such as envi-
ronment, personal life state and heredity, and it involves the
intermolecular information transmission within cells, and
extracellular or intercellular interactions and signal trans-
mission. The gradual transmission and interactions of these
signals alter migration, infiltration and growth processes of
tumor cells. Tumor cell growth is a dynamic process regulated
and controlled by multiple factors. In this study, the effects
of OGR1 on the proliferation and apoptosis of breast cancer
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cells were explored, and the possible mechanism of its action
is preliminarily discussed.

The results of apoptosis experiment demonstrated that the
highly expressed OGR1 in breast cancer cells could effectively
enhance apoptosis. Cell proliferation experiment displayed that
the growth and proliferation abilities of breast cancer cells with
highly expressed OGR1 were inhibited to some extent,compared
with those of breast cancer cells with low expression of OGRI.
According to some research, OGR1 deficiency in prostate cancer
model of transgenic mice reduces tumor formation (14,15). The
expression of OGR1 in metastatic tumors was lower than that
in primary prostate cancer tissues. Li et al reported that OGR1
inhibits cell migration through molecular signal transduction
pathway in MCF-7 breast cells (16). Recent research has also
indicated that OGR1 can activate calcium sensitive protease
and its downstream signaling molecules such as Bid, Bax and
caspase-3, thus inducing chondrocyte apoptosis in rats (17).
These results manifested that OGR1 may act as an inhibitory
factor for tumor metastasis. However, the anti-tumor effect of
OGRI needs to be further investigated.

Results of western blotting displayed that the gene and
protein expression levels of p53 in breast cancer cells with
highly expressed OGR1 were also increased. According to
current studies, p53 is a very important tumor suppressor
gene in human body, which can inhibit cell cycle progression,
mediate cell cycle arrest, inhibit cell proliferation, promote
cell senescence and regulate cell apoptosis, thus playing an
important role in inhibiting the development of tumors. At
the same time, some studies have revealed that regulation of
p53 on cell metabolic activity is also an important means of
its anti-tumor effect. The decreased p53 gene in human body
will increase the occurrence and development of tumors. The
results suggest that OGR1 protein and p53 protein interact
with each other, transmit information, and further regulate the
expression and activity control of downstream or other related
proteins, thereby manipulating tumor cells.

Furthermore, the findings of this study indicated that no
obvious difference in protein expression of AKT between
breast cancer cells with low expressio of OGRI1 and those with
highly expressed OGR1 was found, but the protein content of
p-AKT in the latter was reduced. The latest research findings
have revealed that the activated AKT protein can regulate
the survival state (18) and specific physiological function of
cells (19,20) through multiple signaling pathways. Besides,
p53 regulates nitric oxide synthase in endothelial cells to
regulate tumor angiogenesis (21,22). Finally, AKT can interact
with phosphatidylinositol 3-kinase (PI3K) to participate in
the invasion and migration of tumor cells (23,24), which is
consistent with the fact that OGR1 can inhibit the migration of
breast cancer cells (16). Previous research on prostate cancer
has manifested that the migration ability of cancer cells with
highly expressed OGRI is inhibited (25).

The results of this study indicated that the expression level
of OGR1, which has an effect on the proliferation and apoptosis
of breast cancer cells, may be related to the expression levels of
p-AKT and p53, and it regulates the expression of related genes,
thus influencing the function of breast cancer cells. However,
the risk factors of breast cancer are very complicated. The
growth of tumor cells is a physiological mechanism regulated
by multiple networks. Further studies on the pathogenesis of
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breast cancer will contribute to understanding the pathogenesis
of tumors in a more detail way, providing support for better
diagnostic and therapeutic applications.
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