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Background: Nasopharyngeal carcinoma (NPC) is a poorly differentiated malignant tumor, and
S-fluorouracil (5-FU) is one of the most effective chemotherapeutic drugs used for the treatment
of NPC. Abnormal expression of RGS17 had been shown to improve the sensitivity of many
cancers to chemotherapy; however, the effects of RGS17 on NPC remain unclear.

Methods: We cultured NPC cell lines and altered the RGS17 expression with vector. Subsequently
colony formation assays and CCKS8 cell viability assay was used to test the proliferation of NPC
cells, flow cytometry was used to determine the percentage of apoptotic cells, MMP kit and flow
cytometry was used to measure the mitochondrial membrane potential, and a xenograft tumour model
was attached to investigate the effects of RGS17 on the growth of NPC cells in vivo. Additionally,
RT-PCR and western blot was induced to examine the expression of RGS17 and the mechanism.
Results: Here, we report for the first time that RGS17 is downregulated in NPC cell lines and
that RGS17 overexpression significantly reduces cell proliferation, decreases the mitochondrial
membrane potential, and induces cell apoptosis in NPC cells. In vivo, RGS17 also inhibits the
tumorigenicity of NPC. In addition, RGS17 could significantly improve the sensitivity of NPC
cells to 5-FU. Furthermore, investigation into the underlying mechanisms showed that RGS17
upregulated the levels of IRE1a., p53, and active caspase-3 and cleaved PARP.

Conclusion: These results indicate that RGS17 could play important roles in the proliferation,
apoptosis, and chemotherapeutic sensitivity of NPC cells.

Keywords: nasopharyngeal carcinoma, RGS17, cell apoptosis, mitochondrial membrane
potential, fluorouracil chemotherapy

Introduction

Nasopharyngeal carcinoma (NPC) is associated with infection caused by a ubiquitous
human herpesvirus, the Epstein—Barr virus (EBV),! and it is more prevalent in Southern
China, South Asia, North Africa, and the Arctic than in other parts of the world.” Gen-
erally, traditional radiation therapy has been the most common treatment for NPC;?
however, the 5-year survival rate of patients with NPC is only approximately 60% in
both adults and children.* The molecular pathogenesis of NPC is a complicated pro-
cess including the inactivation of tumor suppressor genes (TSGs). Thus, it is critical
to identify novel TSGs and their related molecular mechanisms to search for more
effective therapeutic strategies for the treatment of NPC.

G protein-coupled receptors (GPCRs) are the largest class of proteins in the human
genome, and they are signal transducers. G proteins are heterotrimers consisting of o
and Py subunits. The regulators of G protein signaling (RGS) proteins bind directly to
the Go subunits to regulate the signaling functions of Go..’ The mammalian family of
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RGS proteins is characterized by the RGS homology (RH)
domain and contains more than 30 members that are divided
into eight subfamilies according to the shared sequence
identities found outside the RH domain.®* RGS17, an RGS
member, could regulate Gou functioning and accelerate the
rate of GTPase activity by the Go. subunits.’

Previous studies have shown that RGS17 expression is
downregulated in patients with acute myelogenous lymphoma
(AML) and ovarian cancer, in whom RGS17 acts as a TSG
and improves the sensitivity of the cancer to chemotherapy
agents. However, the function of RGS17 in patients with
NPC is unclear. In this study, we used NPC cells and a mouse
model to investigate the roles played by RGS17 in NPC, and
we preliminarily explored the underlying mechanism.

Materials and methods

Cell lines and culture conditions

Human immortalized nasopharyngeal NP69 cells and three
NPC cell lines (CNE2, CNE1, and HNE1) were obtained
from Sun Yat-sen University (Guangzhou, China). The use
of'the cell lines has been approved by the Qingdao University
Ethics Committee. The cell lines were maintained at 37°C in
RPMI 1640 (Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% FBS.

RNA extraction and semiquantitative
RT-PCR

Total RNA was extracted using the TRIzol reagent (Thermo
Fisher Scientific, Waltham, MA, USA) and dissolved in
diethyl pyrocarbonate (DEPC)-treated water according to
the manufacturer’s instructions. Reverse transcription was
performed with 1 pg total RNA. The mRNA expression
levels of RGS17 were determined by semiquantitative RT-
PCR with the GoTaq polymerase (Promega Corporation,
Fitchburg, WI, USA). The transcription of the principal gene
B-actin (forward primer, CATCCTCACCCTGAAGTACCC;
reverse primer, AGCCTGGATGCAACGTACATG) was
used as the internal control. Specific primers were designed
according to the RGS17 sequence (RGS17 forward primer,
AAGGCAGCAGTCCCAAAATG; RGS17 reverse primer,
CCCGCATTTTCCCCT CTTTC).

Protein extraction and Western blot

Cells were harvested from the culture dishes and lysed in
RIPA buffer (Beyotime, Hangzhou, Zhejiang, China) supple-
mented with protease inhibitors. The transfected cell proteins
were collected and stored at —80°C after being centrifuged
at 12,000x g for 15 minutes. Protein content was determined
using bicinchoninic acid assay (BCA; Thermo Fisher

Scientific). Cell lysates (40 g protein/line) were separated
ona 15% Tris-Tricine Ready Gel SDS-PAGE and transferred
on to a nitrocellulose membrane (Bio-Rad Laboratories Inc.,
Hercules, CA, USA). After being blocked in 5% skim milk
for 1 hour, the blotted membranes were incubated overnight
at 4°C with the appropriate primary antibodies and then
incubated with horseradish peroxidase — labeled secondary
antibody (1:2,000; Cell Signaling Technology, Danvers, MA,
USA) for 1 hour. The proteins were detected with chemilumi-
nescent autoradiography (ECL Kit; Thermo Fisher Scientific).
The band densities of the Western blots were quantified using
Quantity One V4.62 software (Bio-Rad Laboratories Inc.).

Colony formation assays

For the colony formation assays, 1,000 cells were planted in
a 10 cm diameter dish and allowed to grow for 2 weeks at
37°Cin 5% CO,. The surviving colonies (=50 cells/colony)
were counted under a microscope after Giemsa staining. The
experiments were performed in triplicate.

Cell viability assay

The cell viability assay was performed using the CCKS8 Detec-
tion Kit (Dojindo, Kumamoto, Japan) according to the manu-
facturer’s instructions. Cells were seeded in a 96-well plate at
a density of 4,000 cells/well. The absorbance was measured
on a microplate reader (Synergy H4 Hybrid Reader; BioTek
Instruments, Inc., Winooski, VT, USA) at a wavelength of
450 nm. The experiments were performed in triplicate.

Cell apoptosis analysis

Flow cytometry was used to determine the percentage of
apoptotic cells using the Pharmingen Annexin V-Fluorescein
Isothiocyanate (FITC) Apoptosis Detection Kit I (BD
Pharmingen, San Jose, CA, USA) according to the manu-
facturer’s instructions. Briefly, 5x10° cells were seeded
into a six-well plate. After attachment overnight, 2.5 mg/L
S-fluorouracil (5-FU) was added at the concentrations indi-
cated, and the cells were incubated for 24 hours. All cells,
including the cells floating in the culture medium, were
harvested. The cells were incubated with FITC Annexin V
and propidium iodide (PI) for 15 minutes and then analyzed
with a FACSCalibur Flow Cytometer (BD Biosystems,
Heidelberg, Germany).

Measurement of the mitochondrial
membrane potential (MMP)

An MMP Assay Kit (BestBio Co., Jiangsu, China) with
5,5’,6,6’-tetrachloro-1,1",3,3’-tetraethyl-imidacarbocyanine
iodide (JC-1) was used to determine the MMP. First,

submit your manuscript

7592

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

RGS17 inhibits tumorigenesis and improves 5-fluorouracil sensitivity

5x10° cells were seeded into a six-well plate. After attachment
overnight, 2.5 mg/L 5-FU was added, and the cells were incu-
bated for 24 hours. The cells were collected and then incu-
bated with 0.5 mL of JC-1 working solution for 20 minutes
at 37°C before being washed twice, suspended in JC-1 buffer
solution, and analyzed by flow cytometry (BD Biosystems).
The experiments were performed in triplicate.

In vivo subcutaneous tumor model

All of the in vivo experimental protocols were approved
by the animal care committee of Qingdao University. The
guideline of the experiment for the welfare of the animals was
followed by Institutional Animal Care and Use Committee
(IACUC) of Qingdao University. First, 5x10° cells were
injected subcutaneously into the flank of 5-week-old female
BALB/c nude mice (six mice per group). Tumor volume was
calculated by the following formula:

Short-axis diameter X Long-axis diameter
2

Tumors that formed in vivo were collected and embed-
ded in paraffin for evaluation by immunohistochemistry
(IHC). Proliferating cell nuclear antigen (PCNA) staining
and RGS17 staining were performed by the pathology
department.

Statistical analyses

Statistical analyses were performed using GraphPad Prism?7
software (GraphPad Software, Inc., La Jolla, CA, USA).
The data were analyzed using Student’s #-tests. For all
experiments, P-values <0.05 were considered statistically
significant.

Results
RGS 17 was downregulated in NPC

cell lines

First, we characterized the expression levels of RGS17 in
human immortalized nasopharyngeal NP69 cells and three
NPC cell lines (CNE2, CNE1, and HNE1). The Western blot
results showed that NP69 cells exhibited a higher expres-
sion level of RGS17 (Figure S1A) than the levels observed
in the three NPC cell lines, indicating that RGS17 might be
downregulated in most NPC cell lines. To further investigate
the biofunction of RGS17, we transfected CNE1 and HNE
cells with the RGS17 expression plasmid. All the transfected
cell lines were confirmed by semiquantitative RT-PCR
(Figure S1B) and Western blotting (Figure S1C).

RGS |17 inhibited colony formation and

proliferation of NPC cells in vitro

First, we investigated the effects of RGS17 expression on
the proliferation of CNE1 and HNE cells in vitro by colony
formation assays and cell viability assays, respectively.
Colony formation assays showed that compared to control
cells, cells overexpressing RGS17 formed significantly fewer
colonies (Figure 1A and B). Similarly, the cell viability
assays revealed that RGS17 significantly suppressed the
proliferation of NPC cells (Figure 1C and D). These data
indicate that RGS17 could suppress the colony formation
and proliferation of NPC cells.

RGS|17 affected the apoptosis and MMP

of NPC cells in vitro

Then, we evaluated the role of RGS17 expression on the
apoptosis of NPC cells. The results revealed that the rate of
spontaneous apoptosis of cells overexpressing RSG17 were
significantly higher than that of cells transfected with the
pCMVo6-vector (Figure 2A and B).

RGS17 enhanced the apoptosis of NPC cells. A decrease in
the MMP is one of the establishing events of early apoptosis.
We then tested the proportion of cells in early apoptosis by
determining the proportion of cells with a lower MMP. Com-
pared with cells transfected with the pCMV6-vector, there
was a significantly higher percentage of pPCMV6-RGS17 cells
in early apoptosis (Figure 2C and D), indicating that RGS17
could enhance the proportion of cells in early apoptosis by
decreasing the MMP.

RGS |17 inhibited tumor growth in vivo

To strengthen our conclusion, we investigated the effects of
RGS17 on the growth of NPC cells in vivo in a xenograft
tumor model. Approximately 1x107 cells were injected sub-
cutaneously into BALB/c nude mice (six mice per group).
The average tumor size of pCMV6-RGS17 group was
significantly smaller than that of the pCMV6-vector group
(Figure 3A and B).

Tumors formed in vivo were acquired and embedded
in paraffin for evaluation by IHC. The proportion of cells
positive for PCNA, a cell proliferation marker, was higher
in the pCMVe6-vector group than in the pCMV6-RGS17
group (Figure 3C).

RGS 17 increased the sensitivity of NPC
cells to 5-FU

Since 5-FU is one of the most common chemotherapeu-
tic drugs used in the clinical treatment of NPC patients,
we further investigated the influence of RGS17 on the
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Figure |1 RGSI17 inhibited the proliferation of NPC cells.
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Abbreviation: NPC, nasopharyngeal carcinoma.

proliferation, apoptosis, and MMP of NPC cells treated
with 5-FU.

Our results showed that RGS17 overexpression signifi-
cantly inhibited the proliferation, promoted the apoptosis,
and increased the MMP of NPC cells treated with 5-FU
(Figure 4A—H). These data suggest that RGS17 overexpres-
sion could increase the sensitivity of NPC cells to 5-FU.

The potential mechanism of the
inhibitory effects of RGS17 on NPC cells
As indicated above, RGS17 could act as a TSG in NPC cells
by inhibiting proliferation and inducing apoptosis. Therefore,
we investigated the potential mechanisms underlying the
inhibitory effects of RGS17 on NPC cells.

The results showed that RGS17 upregulated the expres-
sion of the endoplasmic reticulum (ER) stress response sensor
IREla (Figure 5A and B). Since the IRE1o. pathway plays
important roles in the regulation of cell apoptosis,® we then
examined the expression levels of key regulators of the apop-
totic pathway. Some proapoptotic proteins, including p53,
cleaved PARP, and cleaved caspase-3, were all upregulated
in cells transfected with RGS17 (Figure SA and B).

Discussion

In this study, our results showed that RGS17 was downregu-
lated in NPC cells. RGS17 expression could be precisely
regulated by various factors such as DNA copy number
alterations, DNA hypermethylation, miRNA inhibition,
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Abbreviations: IHC, immunohistochemistry; NPC, nasopharyngeal carcinoma; PCNA, proliferating cell nuclear antigen.

and protein degradation. Different patterns of regulation of
RGS17 expression have been reported in various cancers.
For instance, a significant reduction in the number of DNA
copies and hypermethylation of the regulatory region of
the RGS17 gene were observed in hepatocellular carci-
noma (HCC) cells.” Furthermore, in breast cancer cells,
RGS17 was identified as a direct and functional target of
miR-32.1

An increasing number of studies have revealed that RGS
proteins could play important roles in the progression of
various cancers such as RGS1 in melanoma,'! RGS2 in breast
cancer,'” RGS3 in lung cancer,'”” RGS5 in acute myeloid
leukemia,'* RGS8 in breast cancer,'> RGS19 in ovarian
cancer,'® and RGS20 in melanoma.'” These studies identified
unique RGS-related targets that have the potential to lead
to advances in cancer treatment, including new avenues
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to explore to identify novel anticancer therapies and drug
options for patients with cancer.

In this study, we revealed that RGS17 may act as a tumor
suppressor in NPC cells. Overexpression of RGS17 in CNE1
or HNEI cells significantly attenuated cell viability and the
colony-forming ability and induced cell apoptosis. It has
been reported that cell proliferation is affected by the cross-
talk among apoptosis, autophagy, and necroptosis.'® For
instance, Feng et al® reported that the knockdown of YY1

expression resulted in cell viability inhibition by blocking
autophagy rather than influencing apoptosis. These results
indicated that RGS17 might also inhibit cell viability and
the colony-forming ability through other pathways such as
autophagy or necroptosis, which is a suggestion that needs
to be further investigated. The mechanisms underlying
NPC tumorigenesis are complex, involving aberrations
in a large variety of signaling pathways that are related
to multiple abnormalities including the upregulation of
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cellular proliferation, abnormal cell adhesion, and aberra-
tions in cell apoptosis.?® Further in vitro studies need to be
conducted to determine the mechanisms by which RGS17
acts in NPC tumorigenesis. In ovarian cancer, knockdown
of RGS17 is sufficient to increase cell survival and decrease
cell sensitivity to drug treatment, while the overexpression
of RGS17 leads to increased sensitivity to chemotherapeutic
agents.?! In our study, RSG17 increased the sensitivity of
NPC cells to the chemotherapeutic agent 5-FU.

The ER is a dynamic tubular network involved in meta-
bolic processes. When cells encounter difficult conditions
such as ER stress, they can activate a series of complemen-
tary adaptive mechanisms. If ER stress is not mitigated and
homeostasis is not restored, cell apoptosis occurs.?? Interest-
ingly, one of the three major ER stress sensors, IRElo, was
upregulated in NPC cells overexpressing RGS17. IREla
could degrade certain mRNAs and activate the “alarm stress
pathways” driven by JNK that play important roles in cell
apoptosis.”? Furthermore, p53 is a key regulator of apoptosis,
controlling the transcription of many apoptosis-related genes,
and our research revealed that RGS17 also upregulates the
expression of p53. All these results suggest that RGS17 acts
as a tumor suppressor and might have the potential to become
a new therapeutic target in the treatment of NPC. However,
further study is still needed to reveal the precise mechanisms
by which RGS17 acts in NPC tumorigenesis.

As the expression levels of RGS17 at the gene and
protein levels have not been fully investigated, con-
tradictory findings may be reported. Conversely, the
aforementioned databases have demonstrated a different
correlation between RGS17 mRNA/protein expression
and prognoses in HCC,? non-small cell lung cancer,*
acute myeloid leukemia,? and breast cancer.!” Therefore,
further investigation is required to understand these dif-
fering expression profiles.
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Figure S| Analysis of RGSI7 expression levels in the human immortalized nasopharyngeal cell line NP69 and three NPC cell lines. (A) The expression levels of RGSI7 in
the NP69 cells and the three NPC cell lines (CNE2, CNEI, and HNEI) according to Western blotting. (B) The RGS|7 expression level in transfected cells was evaluated by
reverse transcription PCR in CNEI and HNEI cells. (C) The RGS17 expression levels in transfected cells were confirmed by Western blotting in CNEI and HNEI cells.
Abbreviation: NPC, nasopharyngeal carcinoma.
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