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G protein-coupled receptors (GPRs) are highly related to
oncogenesis and cancer metastasis. G protein-coupled re-
ceptor 137 (GPR137) was initially reported as a novel
orphan GPR about 10 years ago. Some orphan GPRs have
been implicated in human cancers. The aim of this study is
to investigate the role of GPR137 in human colon cancer.
Expression levels of GRP137 were analyzed in different
colon cancer cell lines by quantitative polymerase chain re-
action and western blot analysis. Lentivirus-mediated short
hairpin RNA was specifically designed to knock down
GPR137 expression in colon cancer cells. Cell viability was
measured by methylthiazoletetrazolium and colony forp
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Introduction

Colorectal cancer is one of the major causes that are respon-
sible for cancer death in both male and female population in
the United States of America [1]. Through careful investiga-
tion, researchers estimated that there were up to 102,480 new
cases and 50,830 deaths of colorectal cancer in the year of
2013 [2]. Although various therapeutic approaches such as

been applied in patients, the
in finding an effectiyggan

uses for genetic mutation can be various. It
by virus infection, exposure to cancerogenic
ysical factors, family hereditary factors, and

impair self-repairing capability of DNA, suppress
tumor gene and activate oncogenes [6,7]. These genetic
utations accumulate, and then lead to malfunction of
signal transduction pathways. As a consequence, cell prolif-
eration is altered and normal cell apoptosis stops, which dir-
ectly underlies tumorigenesis [8].

G protein-coupled receptor (GPR) is one of the most im-
portant signal transduction mediators that are related to
physiological and pathological condition of a cell [9]. The
expression of GPR is abundant in endocrine, cardiovascular,
gastroenteric, immune, reproductive tissue and organs [10],
and has impact on cancer progress. To investigate the rela-
tionship between GPR expression and cancer incidence,
morbidity and mortality rate, much research work has been
done [11-14]. According to the results of our survey,
orphan GPR49 has been identified in both colon and ovarian
cancers. Furthermore, its over-expression was related to later
stage of colon and ovarian primary tumors, for knock-down
of GPR49 gene could induce cell apoptosis [15]. Orphan
GPR55 has been implicated in the tumorigenesis of several
cancers, such as cholangiocarcinoma, breast cancer, glio-
blastoma, prostate and ovarian cancer, which suggests that
GPR55 may be a potential target for cancer therapy [16].
These studies inspire us to explore the possible existence of
another orphan GPR that could influence cancer cell growth.
GPR137 was initially identified as a novel orphan GPR in
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various neural system tissues a decade ago [17] and it shares
identity with a prostate-specific odorant-like GPCR-encod-
ing gene (PSGR). However, little is known about the bio-
logical role of GPR137 in human diseases, particularly in
cancers.

In this study, to explore the role of GPR137 in human
colon cancer, its expression was first detected in multiple
human colon cancer cell lines. It was found that GPR137
was ubiquitously expressed in different colon cancer cell
lines. Among them, HCT116 and RKO colon cell lines were
chosen as our research targets. Specific knockdown of
GPR137 by RNA interference (RNAi) remarkably inhibited
colon cancer cell growth and cell cycle progression. Our
results suggested that silencing of GPR137 might be a novel
therapeutic method for colon cancer in the future.

Materials and Methods

Cell culture

Human colon cancer cell lines (DLD-1, RKO, SW1116,
SW480 and SW620) were maintained in RPMI-1640
(Hyclone, Logan, USA) supplemented with 10% fetal calf
serum (FBS). Human colon cancer cell lines (HCT116 and
HT-29) were maintained in MCCOYS’5A (Sigma, St Loui,
USA) supplemented with 10% FBS. Human embrygfi
kidney cell hne (HEK293T) was maintained in D M

a humidified 5% C02/95% air atmos
were obtained from the Cell Bank of
Sciences (Shanghai, China).

Construction and infection of le
The lentivirus vecto

A for control (non-
silencing) is 5'-C CCGGCCAAGGAAGTGCAATT
GCATACTCGAGTATGBAATTGCACTTCCTTGGTTTT
TGTTAAT-3'. Then thes&oligonucleotides were inserted
into the pFH-L plasmid (Shanghai Hollybio, Shanghai,
China) respectively. These lentiviral vectors expressing
shRNA were all confirmed by DNA sequencing before
being transfected into HEK293T cells together with virus-
packaging-related vectors pVSVG-I and pCMVARS.92
plasmids [18,19]. Lentivirus was subsequently harvested at
72 h post-transfection, centrifuged to get supernatants, and
then filtered before purification using ultracentrifugation.
HCT116 cells (5 x 10 cells/well) were seeded in 6 well
plates and infected with Lv-shGPR137 lentivirus or
Lv-shCon lentivirus at multiplicity of infection (MOI) of 20.
And RKO cells (5 x 10 cells/well) were infected with
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lentivirus at MOI of 15. After infection for 72 h, fluores-
cence microscopy was used to observe the infection effi-
ciency.

Quantitative polymerase chain reaction

For both cell lines (HCT116 and RKO), 5 days after lenti-
virus infection, cells were lysed to extract RNA [20].
Quantitative polymerase chain reaction (qPCR) was per-
formed on Bio-Rad Connet Real-Time PCR platform
(Hercules, USA). The qPCR reaction system consisted of
10 ul of 2 x SYBR premix@ex 7ag, 0.4 pl forward and
reverse primers, respectively puM), 5 ul cDNA, and
42wl ddH20 [21]. For 3 the primers are
5'-ACCTGGGGAACAAAGE (forward) and
5'- TAGGACCGAGAGGC everse) respect-
ively. For B-actin, them
AAAGAC-3' (fo

GGTGTAACGCAA
yrocedure started with initial
, and then denatured at 95°C

t analysis

s-transduced cells were lysed in 2 x sodium
cyl sulfate (SDS) sample buffer (100 mM Tris-HCI, pH
8, 10 mM EDTA, 4% SDS, and 10% Glycine) on ice for
30 min, and were then separated by 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis by placing
30 wg protein in each lane of the gels at 50 V for 3 h. Then,
the proteins were transferred onto PVDF membrane for 1.5 h
with 300 mA before being incubated with indicated primary
antibodies at 4°C overnight and horseradish peroxidase-
conjugated secondary antibodies at room temperature for 2 h
[22]. GAPDH protein was used as a loading control.

Methylthiazoletetrazolium assay

The methylthiazoletetrazolium (MTT) assay is a colorimet-
ric assay for assessing cell viability. NAD(P)H-dependent
cellular oxidoreductase enzymes are capable of reducing the
tetrazolium dye MTT to its insoluble formazan, which has a
purple color [23]. After infection for 96 h, HCT116 (3 x
10° cells/well) and RKO (2.5 x 10 cells/well) were seeded
into 96 well plates, respectively. The number of viable cells
was measured at indicated time points (1, 2, 3, 4, and
5 days), when 20 pl of 5 mg/ml MTT solution was added
into each well. After incubation for 4 h, the MTT solution
was aspirated off and replaced with 100 .l of acidic isopro-
panol (10% SDS, 5% isopropanol and 0.01 M HCI). The
absorbance of each plate was measured at 595 nm using a
spectrophotometer.
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Colony formation assay

Lentivirus-transduced cells were seeded into a 6-well plate at
a concentration of 300 cells/well and maintained at 37°C for
9 or 8 days (HCT116 and RKO, respectively). The culture
media were changed every 2—3 days. When the colonies
were formed, the plate was washed and fixed, stained with
crystals purple for 20 min, and sequentially washed three
times with ddH,O. The number of colonies (>50 cells/
colony) were counted.

Flow cytometry analysis

The relative proportions of cells in the G/Gy, S, and G,/M
phases of the cell cycle were determined by flow cytometry.
In brief, cells were collected by centrifugation at 200 g for
5 min, washed with phosphate buffered saline (PBS), and
fixed in 75% ethanol. Then the fixed cells were resuspended
in propidium iodide/RNase/PBS buffer for incubation in
dark (37°C, 30 min). The stained cells were analyzed by a
FACs caliber II sorter and Cell Quest FACS system (BD
Biosciences, San Diego, USA).

Statistical analysis
Data were presented as the mean + standard deviations (SD)
from at least three independent experiments performed in trip;
licate. Statistical significance was conducted with Stude;
t-test. P < 0.05 was considered statistically significant.

Ethical approval statement
All experimental research reported in the 1l been
performed with the approval of Institution ics Cormiittee
of China-Japan Union Hospital of Jilin Uni
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Figure 1. Expression levels of GPR137 in various colon cancer cell lines
(B) Western blot analysis of GPR137 protein in seven colon cancer cell lines.

HT-29, RKO, SW1116, SW480, and SW620) were first
carefully cultured after which quantitative PCR and western
blot analysis were performed. As shown in Fig. 1A,
GPR137 was widely expressed in all seven cell lines, in
which RKO cell line was highlighted with the highest
GPR137 mRNA level. Western blot analysis further con-
firmed the ubiquitous expression of GPR137 protein in all
seven cell lines (Fig. 1B). These results suggested that
GPR137 expression may be related to colon tumorigenesis
in some way. Therefore, we chose RKO cell line along
with HCT116 cell line for thg subsequent ‘loss of function’
investigation.

The GPR137 expression le
lent1v1rus-med1at '

egulated by
and RKO cells

v-shGPR137) was designed and
and RKO cells, respectively. In add-
-specific gene-silencing effect of the
[24,25], a control shRNA (Lv-shCon) was
used to infect both cell lines. As a result, a
ssion of green fluorescence protein (GFP)
) after infection for 72 h was observed under fluores-

that the efficiency of lentivirus infection was stable and sub-
stantial. Next, to demonstrate the knockdown efficiency of
the lentivirus system, quantitative PCR and western blot ana-
lysis were performed 5 days after infection. The mRNA
levels of GPR137 in Lv-shCon groups were almost the same
as control (Con) groups in both cell types, whereas
Lv-shGPR137 groups showed a dramatic 70.9% and 79.7%
reduction in HCT116 and RKO cells, respectively, compared
with Lv-shCon group (P < 0.01; Fig. 2B,E). As shown in
Fig. 2C,F, the protein levels of GPR137 were also obviously

ol g e O -

(A) qPCR analysis of GPR137 mRNA in seven colon cancer cell lines.
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Figure 2. Lentiviral infection efficiency and knockdown efficiency Representative images of HCT116 (A) and RKO (D) cells after lentiviral infection,
respectively. qPCR analysis of GPR/37 mRNA in HCT116 (B) and RKO (E) cells after lentiviral infection, respectively. Western blot analysis of GPR137
protein in HCT116 (C) and RKO (F) cells after lentiviral infection, respectively. **P < 0.01, compared with Lv-shCon.

down-regulated in both cell types after GPR137 knockdown.  expression in colon cancer cells. Therefore, it is feasible to
These results suggested that the lentivirus-mediated knock-  use Lv-shGPR137 as a down-regulator to examine its role in
down system is highly effective to shut down GPR137  colon cancer cells.
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(E) cells with three different treatments (Con, Lv-shCon, and Lv-shGPR137), re
HCT116 (C) and RKO (F) cells with three different treatments (Con, Lv-shCon,

with Lv-shCon.

GRP137 knockdown
To see if the lentivirus-mediated GPR1
tential inhibitory effect on cell growth
infected cell lines were routinely obse
MTT assay and colony formation ag

measured at indi i g diter infection
of HCT116

00 £ 07020) had a 26.6% drop
ells, the results are largely similar to
those of HCT116 ce here the OD values of non-
infected, Lv-shCon and$”Lv-shGPR137 groups were
0.715 £+ 0.015, 0.703 + 0.019, and 0.590 + 0.018, respect-
ively. On day 5, the difference between GPR137-silenced
cells and non-infected cells was more remarkable. This indi-
cated that silencing of GPR137 had a general growth-
suppressing effect on both HCT116 and RKO colon cancer
cells, which further suggested that both GPR137 high-
expression and low-expression cell lines could strongly react
to the knockdown of GPR137, marking its essential role in
maintaining the normal viability of human colon cancer
cells.

In addition, it was also shown in the result of colony for-
mation assay. Compared with the Lv-shCon infected group,

C HCT116 Con Lv-shCon Lv-shGPR137

Crysial violet

Six-well plate |

Lv-shGPR137

Crystal violet

Optical density at 595 nm of HCT116 (A) and
of colonies formed in HCT116 (B) and RKO
entafive images of single colony and total colonies in
), respectively. **P < 0.01, ***P < 0.001, compared

BR137-silenced group of HCT116 cells showed an
ous 60.7% shrink in colony numbers (P < 0.01;

g. 3B,C), while the colony numbers of RKO cells shrunk
by about 36.0% (Con: 107.7 + 3.1, Lv-shCon: 109.3 + 6.5,
Lv-shGPR137: 70.0 + 3.6) (P < 0.01; Fig. 3E,F). The sig-
nificant drop of survival rate in both cell lines indicated that
inhibition of GPR137 could cause the suppression of growth
in colon cancer cells, which further suggested that GPR137
might be indispensable for colon cancer growth and under-
scored the potential therapy of preventing the abnormal
growth of these tumorigenic cells.

GPR137-silencing inhibited cell growth by arresting cell

cycle progression

Flow cytometry method was employed to distinguish cells
from different stages of the cell cycle. As shown in Fig. 4A,
the cell population of Go/G; phase in HCT116 cells infected
with specific GPR137-targeted lentivirus (63.76% +

0.59%) was markedly increased compared with those of the
non-infected (55.16% + 0.75%) and Lv-shCon infected
cells (54.79% =+ 0.73%; P < 0.001), whereas the cell per-
centages of S phase and G,/M phase were significantly
decreased in HCT116 cells after GPR137 knockdown (P <
0.01). For RKO cells, the results are largely similar to those
of HCT116 cells, where the cell population of G¢/G; phase
was significantly increased after GPR137 knockdown, and
the cell numbers in S phase and G,/M phase were
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**P < 0.01, ***P < 0.001, compared with Lv-shCon.

concomitantly decreased (P << 0.01). These results sug-
gested that knockdown of GPR137 might cause cell arrest at
Go/G; phase, subsequently contributing to the suppressj
of cell proliferation. This evidence demonstrates the fung
of GPR137 in regulating colon cancer cell prolifezatio
stopping cells to ‘go further on’ to the S phage.

Discussion

cancer is a heated andipsospective research topic.

GPRs belong to the@largest family of transmembrane
receptors responsible fof¥signal transduction including
GPR40, GPR125, etc [26]. Recent studies demonstrated that
many GPRs play a role in the tumorigenesis and metastasis
of multiple human cancers [27]. Among them, GPR137 was
found to behave as a biomarker in breast cancer [28]. In add-
ition, the expression level of GPRs was shown to play a
regulating role in the metastasis stage or level of cancer. For
example, in the case of GPR49, its expression was revealed
to have a positive correlation with the stage of colon and
ovarian cancer: the higher the expression is, the later the
stage of the cancer is [15]. In this study, we first investigated
whether GPR137 is a commonly expressed gene in various
colorectal cancer cells. Our data indicated that, in all the cell
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ed, the expression of GPR137 is ubiquitous.
tivirus-based shRNA expression systems

cancer cell lines (HCT116 and RKO) in order to
investigate the possibility of GPR137 being a thera-

cdiated knockdown system we constructed is effective in
silencing GPR137 at both the gene and protein levels, which
is also useful to examine its role in the tumorigenesis of
colorectal cancer. After the specific knockdown of GPR137,
the viability and colony-formation ability of both two colon
cancer cell lines were considerably down-regulated, which
suggested that GPR137 plays an essential role in colon
cancer growth. Furthermore, results of cell cycle analysis
revealed more about how GPR137 influenced cell survival
rate. After GPR137 silencing, both HCT116 and RKO cells
were substantially arrested in the G¢/G; phage of the cell
cycle. And, the populations of cells in S phase and G,/M
phase were concomitantly reduced. Since S phage is the
most important step in cell mitosis, these GPR137-silenced
cells could not continue their proliferation, and thus the via-
bility was down-regulated. This could be a hint for research-
ers to investigate the molecular pathways of the inhibition
process.

In conclusion, our work first revealed that GPR137 is
highly expressed in several types of colorectal cancer cells,
and we successfully constructed a specific GPR137-targeted
lentivirus system to knockdown this gene and found that
GPR137 silencing remarkably inhibited cell growth along
with Gy/G-phage arrest. Knocking down GPR137 gene is
highly efficient to suppress the abnormally fast growth of
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colon cancer cells and may be a promising therapeutic protein-coupled receptor 30 (GPR30) and accompanied by enhanced migra-

approach for colorectal cancer.
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