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Glutamate metabotropic receptor 4 (GRM4) has been correlated with the pathogenesis of osteosarcoma. The
objective of this study was to explore the underlying molecular mechanism of GRM4 in osteosarcoma.

The expression levels of GRM4 in four human osteosarcoma cell lines and hFOB1.19 cells were examined by
real-time quantitative PCR (RT-gPCR). The U20S cells of the highest GRM4 expression were transfected with
lentivirus-mediated small interfering RNA (siRNA). The differentially expressed genes (DEGs) after GRM4 gene
silencing were screened through RNA sequencing, and analyzed by bioinformatics. Additionally, the transcrip-
tion factors (TFs) targeting GRM4 were predicted and the downstream protein-protein interaction (PPI) net-
work was constructed using the bioinformatics approach.

A total of 51 significant DEGs were obtained, including 14 upregulated and 37 downregulated DEGs. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the DEGs indicated that four sig-
nificant enrichment pathways were obtained. A total of six TFs that could be involved in the transcriptional
regulation of GRM4 were detected. The results showed that 182 genes in the PPl network were significantly
enriched in 14 pathways. The chemokines and chemokine receptors were found to be significantly enriched in
three pathways.

The DEGs in the four significant enrichment pathways might participate in the development and progression
of osteosarcoma through GRM4. The results revealed that EGR1 and CTCF are probably involved in the tran-
scriptional regulation of GRM4, which participates in the progress of osteosarcoma by interacting with chemo-
kines and their receptors.
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Background
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Material and Methods

Osteosarcoma (0S) is the most prevalent primary malignant
tumor of mesenchymal origin, arising in the metaphysis of
long bone primarily affecting children and adolescents [1].
Neoadjuvant chemotherapy and surgical techniques have im-
proved the 5-year survival rate to up to 70% in OS patients,
however, the overall 5-year survival rate is around 20% to
30% in OS patients with metastatic disease at diagnosis, and
the treatment protocol is controversial as the exact molecu-
lar mechanism of the development and progression of OS is
not entirely clear [2,3]. Therefore, it is necessary to explore
the molecular mechanisms of OS in order to improve thera-
peutic treatments.

The mGluRs are G-protein-coupled receptors, activated by the
ligands that stimulate secondary messengers, including inositol
triphosphate, diacylglycerol, and cyclic AMP (cAMP), to generate
the signaling effect [4] and are mainly involved in maintaining
the stability of the intracellular environment of the central ner-
vous system. According to sequence similarity, pharmacology,
and signal transduction mechanism, the mGluRs can be subdi-
vided into three groups [5]. Group | (mGluR1 and mGluR5) has
been shown to activate the phospholipase C pathway, leading
to the hydrolysis of phosphatidylinositol and mobilization of
intracellular Ca?. Group Il (mGluR2 and mGluR3) and group
Il (mGluR4, mGluR6, mGluR7, and mGluR8) couple negative-
ly with adenylyl cyclase, suppressing the formation of cAMP,
and further inhibiting protein kinase A [5,6].

Mounting evidence has revealed that GRM4 is correlated with
poor prognosis in various cancers such as colorectal cancer [7],
malignant glioma [8], rhabdomyosarcoma, and multiple myelo-
ma [9]. Recently, a genome-wide association study suggested
that mGluR4 may be involved in the pathogenesis of OS [10].
Moreover, in our previous study, we identified that the mGluR4
expression level was higher than that of normal bone tissues,
and high expression of mGluR4 was positively correlated with
higher Enneking stage, tumor metastasis, and poor progno-
sis in OS patients [11]. However, another study reported that
the expression of mGluR4 was positively correlated with good
prognosis in OS [12]. Unfortunately, the oncogenic details of
the mechanism of GRM4 remains largely unknown. Therefore,
in this study, we first selected the human OS cells with the
highest expression of GRM4 from four human OS cell lines
and hFOB1.19. Then the GRM4 gene was silenced via lentivi-
rus-mediated siRNA. Next, the DEGs between U20S cells and
GRM4-siRNA cells were observed by RNA sequencing. Finally,
we explored the underlying molecular mechanism of GRM4
based on bioinformatics approach.
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Cell culture

The human OS cell lines HOS, MG-63, U20S, and Saos-2, the
human osteoblast cell lines hFOB1.19, and human renal epi-
thelial 293T cells were obtained from the Shanghai Cell Bank
(Shanghai, China), and cultured in Dulbecco’s modified Eagle’s
medium (DMEM, NY, USA) supplemented with 10% fetal bovine
serum (FBS), 100 pg/mL streptomycin and 100 U/mL penicil-
lin. All the cells were incubated at 37°C and 5% CO, in a hu-
midified atmosphere.

Real-time quantitative PCR

Total RNA was extracted from cultured cells using BiooPure™
RNA Isolation reagent (Bioo Scientific, TX, USA) for reverse
transcription and ¢cDNA was synthesized using the K1622
RevertAidTMFirst Strand cDNA Synthesis Kit (Fermentas) ac-
cording to the manufacturer’s instruction. Real-time PCR was
performed using Maxima SYBR Green/Rox qPCR master Mix
(2x) (Fermentas) on an ABI Stepone Plus (USA) using the fol-
lowing primers:

GRM4-F, 5’-TGAGGGTGCTGTCACGATCC-3’;

GRM4-R, 5’-ACGTGGCTGCCCTTCTTGAG-3’;

B-actin-F, 5’-~ACAGAGCCTCGCCTTTGCCGAT-3’;

B-actin-R, 5’-CTTGCACATGCCGGAGCCGTT-3".

After 10 minutes at 95°C, DNA polymerase was activated, the
cycling parameters were set as follows: one cycle of 95°C for
10 minutes, 40 cycles consisting of denaturation at 95°C for
15 seconds, annealing at 60°C for 30 seconds, and extension
at 72°C for 15 seconds. B-actin was used as an endogenous
reference for normalization. Gene expression was calculated
using the 2724t method.

Design and synthesis of sequences of siRNAs and selection
for the best silencing effect sequence of siRNA

Three coding regions corresponding to targeting the GRM4
were designed as siRNA target sequences under the guide
of siRNA designing software offered by Genscript. These in-
terfering sequences targeting the GRM4 mRNA (GeneBank
accession: NM_000841) were designed and named siRNA-1
(GACCTTCAATGAGAATGGA), siRNA-2 (CACCTTAGAATAGAGCGGA)
and siRNA-3 (CCCATCATCAAGCTTGAGT), whose coding regions
corresponded directly to the GRM4 mRNA starting at 1889,
1998, and 2229 respectively. And a negative control sequence
(NC-siRNA) was also designed. Based on the sequence of siR-
NAs and NC-siRNA (Table 1), the transcription templates of siR-
NAs specific for GRM4 were chemically synthesized by Sagene
Co., Ltd. (Guangzhou, China). Following that, transfections were
performed with Lipofectamine™ 2000 Reagent (Invitrogen)
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Table 1. Sequences of specific siRNAs and negative control siRNA targeting GRM4 gene.

Name Sense strand

Positive-sense strand

S A
Anti-sense strand
Positive-sense strand

SR A B
Anti-sense strand
Positive-sense strand

SR N A I
Anti-sense strand
Positive-sense strand

NC-SIRNA  oooeomsmmmmmomm oo

Anti-sense strand

Sequence

5’-GACCUUCAAUGAGAAUGGATT-3’

5’-ACGUGACACGUUCGGAGAATT-3’

according to the manufacturer’s instruction. In order to detect
the silencing effects of different siRNA sequences, the expres-
sion of GRM4 mRNA was determined using RT-qPCR.

Construction of lentivirus vectors, transfection and
selection for stable transfectants

The siRNA (GACCTTCAATGAGAATGGA) targeting the GRM4 mRNA
(GeneBank accession: NM_000841) was designed, and scram-
bled shRNA sequence (TTCTCCGAACGTGTCACGTTTC) was used as
a negative control (NC-siRNA). Based on the sequence of siRNA,
the short hairpin RNA (shRNA) specific for GRM4 was designed
and chemically synthesized by Sagene Co., Ltd. (Guangzhou,
China). The sequence of shRNA was inserted into the BamHI
and EcoRlI sites of the pGLV3/H1/GFP+Puro Vector (Hyclone,
Shanghai, China). The accuracy of the recombinant vectors was
confirmed by restriction enzyme analysis and sequencing, namely
GRM4-siRNA. Recombinant lentivirus vectors and negative con-
trol lentivirus vectors were produced by co-transfecting with the
lenti-X™ HTX Packaging System (Catalog No. 631247, Clontech,
USA) in 293T cells according to the manufacturer’s instruction.
The lentiviruses were harvested at 48 hours post-transfection,
then centrifuged and filtered through 0.45 pm cellulose acetate
filters. The infectious titer was determined by hole-by-dilution
titer assay. For transfection, U20S cells were seeded into six-
well plates at a density of 5.0x10° per well supplemented with
5 pg/mL Polybrene (Sagene Co., Ltd., Guangzhou, China), and
transfected with recombinant GRM4-siRNA and NC-siRNA len-
tivirus at a multiplicity of infection (MOI) of 3, respectively. At
72 hours post-transfection, stable GRM4 knockdown cell clones
were obtained by 5 pg/mL puromycin (Amersoco) selection. The
individual puromycin-resistant clones were picked and then
identified for GRM4 expression by RT-qPCR and western blot.

Western blot

The cultured cells were lysed with pre-cooling 4°C lysis buffer
(0.004% bromophenol blue, 125 mM Tris-HCl (pH 6.8), 10%
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2-mercaptoethanol, 4% sodium dodecyl sulfate, and 20% glyc-
erol) for 60 minutes on ice. The protein concentration was de-
tected using the bicinchoninic acid assay (BCA) method, and
then placed in boiling water for 10 minutes. The same amount
of protein (20 pg) from each sample per well underwent 12%
SDS-PAGE and then was transferred onto a polyvinylidene
difluoride (PVDF) membrane and blocked with TBST contain-
ing 5% dried skim milk for 60 minutes at room temperature.
The PVDF membranes were incubated with rabbit polyclonal
antibody of GRM4 (1: 1,000) overnight at 4°C and then with
horseradish peroxidase-labeled goat anti-rabbit 1gG (1: 5,000)
for 60 minutes at room temperature. The result was observed
after exposure of x-ray radiographs, development and fixation.
Detection was performed with Uvipro image analysis system.
All values were normalized against GAPDH values.

Preparation of cDNA library and RNA sequencing

Total RNA was isolated from U20S cells and U20S cells with
GRM4 stable knockdown with TRIzol Reagent according to
the manufacturer’s instruction (Invitrogen). Libraries were
prepared according to the standard Illumina mRNA library
preparation (lllumina). Purified mRNA was fragmented in
fragmentation buffer. Using these short fragments as tem-
plates, random hexamer primers were used to synthesize the
first-strand cDNA. The second-strand cDNA was synthesized
by using buffer, dNTPs, DNA polymerase |, and RNase H. The
short double-stranded cDNAs were purified with QiaQuick
PCR extraction kit (Qiagen) and resolved with EB buffer for
end repair, and addition of an “A” base, and the short frag-
ments were ligated to lllumina sequencing adaptors. Next,
DNA fragments with selected size were gel-purified with
QiaQuick PCR extraction kit (Qiagen) and amplified by PCR.
Constructed libraries were sequenced using lllumina HiSeq™
2000 sequencing machine and the sequencing strategy was
paired-end sequencing.
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Processing of RNA sequencing data

The raw reads were filtered to generate clean reads and then
saved in the high-quality fastq format. The raw reads were
filtered on the basis of the following criteria: Reads with se-
quencing adaptors were removed, nucleotides with low-quality
score were removed, artificial reads were discarded, and reads
shorter than 50 were removed. The clean reads were used for
subsequent analysis, and then aligned to the reference tran-
scriptome sequences and reference genome by Bowtie2 and
Tophat 2 [13]; reads matched with reference rRNA sequences
were also mapped and discarded.

Testing of differentially expressed genes and pathway
enrichment analysis

The expression of genes was measured and normalized
using fragments per kilobase of exon per mapped million
fragments (FPKM). The DEGs between U20S cells and U20S
cells with GRM4 stable knockdown were identified by edg-
er [14]. The selection criteria are the p-value <0.05 and fold
change >2, and biological coefficient of variation (BCV)=0.4
according to the edgeR Users Guide. The p-value <0.05 and
DEGs count >2 were used as cutoff criterion to identify the
significantly enriched KEGG pathways by the DAVID bioin-
formatics tool.

Prediction of transcription factors and construction of PPI
network

Based on the human TF-gene pairs obtained from the UCSC da-
tabase, we used the bioinformatics method to select TFs that
targeted the regulation of GRM4. PPIs were extracted via re-
trieving high-confidence protein interactions with GRM4 from
the Search Tool for the Retrieval of Interacting Genes database
(STRING) [15]. The combined score >0.9 was set as the thresh-
old for construction of PPI network, and the corresponding net-
work was visualized using Cytoscape software [16].

Functional annotation and pathway analysis of the genes
identified by the PPI network

The DAVID bioinformatics tool was used to perform Gene
Ontology (GO) and KEGG pathway analysis of the genes iden-
tified via the PPI network. The screening criterions to select
the significant enrichment GO terms or KEGG pathways were
set as p-value <0.05 and enriched genes count >2.

Statistical analysis
Statistical analysis was performed with SPSS 19.0 software

(SPSS Inc., USA). All experiments were repeated in triplicate
and data are expressed as mean * standard deviation. The
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t-test was used for comparison between two groups. A value
of p<0.05 was considered statistically significant.

Results

Screening the cell lines with the highest expression
of GRM4 from OS cell lines and the human osteoblast
hFOB1.19 cells and expressions of GRM4 after GRM4
silencing in U20S cells

RT-qPCR showed that relative high expression of GRM4 was
observed in OS cell lines MG-63, U20S, HOS, and Saos-2 com-
pared with human osteoblasts hFOB1.19 cell lines, and the ex-
pression of GRM4 in U20S cells was the highest (Figure 1A).
Compared with those cells transfected with NC-siRNA, the
GRM4 mRNA level in U20S cells that were transfected with
siRNA-1, siRNA-2, and siRNA-3 were significantly reduced by
75%, 50%, and 68% respectively (Figure 1B). Therefore, the
silencing effect of siRNA-1 was the best among the three se-
quences. Stable transformants were obtained by puromycin
selection, and then identified by RT-qgPCR and western blot.
The results indicated that the GRM4 mRNA level in U20S cells
that transfected with GRM4-siRNA lentivirus were significant-
ly reduced by 80%, compared with those transfected with
NC-siRNA lentivirus (p=0.000, Figure 1C). The protein level of
GRM4 was also significantly inhibited by GRM4-siRNA lentivi-
rus transfection (Figure 1D).

Characterization of RNA sequencing data and analysis of
differently expressed genes

U20S cells and GRM4-siRNA cells were used for RNA sequenc-
ing. After mapping the data to reference genome, 40.3 mil-
lion and 26.3 million reads pairs were obtained in U20S cells
and GRM4-siRNA cells respectively. The normalized expres-
sion level of each gene was measured by FPKM and the gene
expression between the samples were highly correlated with
Pearson correlation coefficient with a value of 0.8018. A to-
tal of 51 significant DEGs were obtained, including 14 upreg-
ulated and 37 downregulated DEGs. The clustering analysis
showed that the DEGs of U20S cells were distinct from that
of GRM4-siRNA cells (Figure 2).

Pathway enrichment analysis of differentially expressed
genes

In total, there were four significant enrichment pathways
(Table 2), including transcriptional misregulation in cancers,
PPAR signaling pathway, complement and coagulation cas-
cades, and rheumatoid arthritis.
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Figure 1. Expressions of GRM4 mRNA in OS cell lines and the human osteoblast hFOB1.19 cells and expressions of GRM4 after GRM4
silencing in U20S cells. (A) GRM4 mRNA in each cell line was detected by RT-qPCR. (B) Expressions of GRM4 mRNA after
GRM4 silencing by three siRNAs in U20S cells. (C) The mRNA level of GRM4 was significantly reduced in GRM4-siRNA treated
group compared with NC-siRNA treated group, * p=0.000. (D) Western blot revealing that the protein levels of GRM4 was
significantly inhibited by GRM4-siRNA lentivirus transfection.

TFs involved in the regulation of GRM4 and functional
enrichment analysis of the genes identified by PPI
network

A total of six TFs that could be involved in the transcription-
al regulation of GRM4 were detected using the UCSC data-
base. The results showed that 182 genes in PPl network were
significantly enriched in 14 pathways (Figure 3, Table 3). The
182 genes were then classified according to the relevant bio-
logical functions of cellular component (CC), molecular func-
tion (MF), and biological progress (BP) (Figure 4). In our pres-
ent study, the chemokines and chemokine receptors (CXCL1-3,
5-6, 9-13, 16; CXCR1-6; CCR1-10, 25, 27-28; and CCL5, 16,
19-21, 25, 27-28) were found to be significantly enriched in
chemokine signaling pathway, cytokine-cytokine receptor in-
teraction, and intestinal immune network for IgA production.
Moreover, in the GO category of MF, the chemokines and che-
mokine receptors were mainly enriched in the chemokine re-
ceptor binding, chemokine activity, chemokine receptor activ-
ity, chemokine binding, C-C chemokine receptor activity, C-C
chemokine binding and cytokine activity.
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Discussion

The combined effects of environmental and genetic factors
contribute to the development of OS, especially within a ge-
netic background. The molecular mechanism leading to tumor-
igenesis or development of OS is unclear. In the past, stud-
ies of GRM4 primarily focused on the functions of the central
nervous system. Up until now, accumulating evidence has in-
dicated that GRM4 plays a crucial role in OS tumorigenesis or
progression. Hence, we analyzed the DEGs after GRM4 silenc-
ing in U20S cells by RNA sequencing.

Four significant enrichment pathways were obtained in our
present study. Past research has revealed that TRAF1 was in-
volved in the regulation of differentiation, stress responses,
cell survival, and proliferation [17]. The function of TRAF1 is
believed to have a disparate role in cancer cell apoptosis and
survival [18]. In previous studies, the functions of MMP1 and
MMP3 have been reported. MMP1 has been identified as a
prognostic candidate marker for various types of malignan-
cies. Furthermore, high levels of MMP1 expression has been
indicated to have important roles in OS and metastasis to the
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Figure 2. Heat map and unsupervised hierarchical clustering analysis.

lung [19], and have poor prognosis in OS patients [20]. MMP3
expression can be detected in various types of malignant cells.
High expression of MMP3 was implicated in migration, inva-
sion and metastasis in malignant tumors, including OS [21].
Nowadays, accumulating evidence has revealed that HMGA2
is involved in the development and progression of tumor by
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regulating the stemness of cancer stem cell, tumor cell me-
tastasis, and epithelial-mesenchymal transition (EMT) [22].
Additionally, as a tumor oncogene, the expressions of HMGA2
are associated with Enneking stage, tumor size, lung metasta-
sis, proliferation, and apoptosis in OS cells [23,24]. The expres-
sion of HMGCS2 is downregulated in Myc-dependent colon and
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Table 2. KEGG pathway analysis of differentially expressed genes.

Term Pathway Count P-value Genes
hsa05202 Transcriptional misregulation in cancers 3 0.021946 TRAF1, MMP3, HMGA2
""" hsa03320  PPARsignaling pathway 2 0024251 MMPLHMGCS2
""" hsa04610  Complement and coagulation cascades 2 0028817 CA,C4B
""" hsa05323  Rheumatoidarthrits 2 0037374 MMPLMMP3

TNC. SRS,
B\ee e

ENENENENT
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A
SSgSSEiEREs
& © © 5 & & ©

Figure 3. Integrated network of TF-target and PPI. The TFs implicated in the transcriptional regulation of GRM4 and the proteins
interacted with GRM4 are presented in green nodes and pink nodes, respectively.
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rectum cancers [25]. Even so, high expression of HMGCS2 was As we all know, TFs are essential for the regulation of gene
correlated with advanced tumor, which indicated worse prog- expression, which can provide better clues on the underlying
nosis for local recurrence-free survival, metastasis-free survival, regulatory mechanisms for the targeting genes. Next, we pre-
and disease-free survival in rectal cancer [26]. The coagulation dicted TFs that regulated GRM4 and constructed PPIs based
and complement cascades were involved in the development on bioinformatics methods. The six identified TFs, EGR1 and
of tumor [27]. Nevertheless, until now, the role of coagulation- CTCF in particular, were involved in the transcriptional regu-
related genes CFl and C4B in tumors remained unclear. The lation of GRM4. As transcription factors, EGR1 and CTCF are
DEGs in the four significant enrichment pathways might be frequently involved in the regulation of cell differentiation,
involved in the development and progression of OS via GRM4. development, proliferation, and apoptosis [28,29]. Expression

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Pang Y. et al.:

Mechanism of GRM4 in osteosarcoma LABO RATO RY R ES EARCH

© Med Sci Monit Basic Res, 2018; 24: 16-25

Table 3. KEGG pathway significantly enriched by the genes associated with GRM4.

Term Pathway Count P-value

hsa04080 Neuroactive ligand-receptor interaction 71 5.47E-55
"""" hsa04062 Chemokine signaling pathway* 50 39636
"""" hsa04060 ~ Cytokine-cytokine receptor interaction® 37 2096E-16
"""" hsa04742  Tastetransducon 17 32113
"""" hsa04540  Gapjuncton 15 140807
"""" hsa04916 ~ Melanogenesis 12 95305
"""" hsa04914  Progesterone-mediated oocyte maturaton 11 13604
"""" hsa04020  Calcium signaling pathway 14 131E03
"""" hsa04672 Intestinalimmune network for IgA production* 7 000238142
 hsa05414  Dilated cardiomyopathy 9 0.004256388
 hsaoso12 GnRH signaling pathway 9 0.006242908
 hsa04114 Oocyte meiosis 9 0.012242439
 hsaos6l0 Complement and coagulation cascades 7 0.012870673
 hsa0s270 Vascular smooth muscle contraction 9 0.013554099

* Pathways significantly enriched by chemokines and chemokine receptors.
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Figure 4. GO analysis of the 182 genes identifed in PPl network. The enriched genes associated with GRM4 were categorized according
to the relevant biological functions of molecular function, cellular component and biological process.
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of EGR1 has been shown to be downregulated in several tu-
mor cells, and forced expression of EGR1 inhibited migration
and invasion but did not prevent growth in OS cell [30]. As a
tumor suppressor candidate, CTCF may contribute to carcino-
genesis directly or indirectly [31].

Furthermore, in the present study, 14 significant pathways were
obtained based on the DAVID tool from 182 genes in the PPI
network. Interestingly, based on the GO and pathway enrich-
ment analysis of the 182 genes in the PPI network, we found
that GRM4 is probably involved in tumorigenesis or progression
of OS through the interactions with the chemokines and che-
mokine receptors. Approximately 50 chemokines and 20 che-
mokine receptors have been identified in humans. According
to the pattern of cysteine residues, chemokines and chemo-
kine receptors are divided into four families: C, CC, CXC, and
CX3C, where C represents the cysteine and X represents non-
cysteine amino acids. Actually, several researches have indi-
cated that chemokines and chemokine receptors were related
to the progression, migration, invasion, and metastasis in var-
ious tumors [32]. On the contrary, the role of most of the re-
maining identified genes (such as ADCY1-9, and TAS2R1, 3-5,
16, 39-43, and 60) in tumors remained unclear. For instance,
several research studies have indicated that the interaction of
chemokines and chemokine receptors were involved in tumori-
genesis and progression of cancers. CCL5 contributes to OS an-
giogenesis by stimulating the expression of VEGF [33]. The ex-
pression of CXCL5 was upregulated in OS and high expression
of CXCL5 was implicated in migration and invasion in OS [34].
The chemokine-chemokine receptor axis was involved in the
control of tumor angiogenesis, growth, invasion, and metas-
tasis. The interaction of CCL5/CCR5 facilitated migration via
ovp3 integrin in OS [35]. Reportedly, CXCL12/CXCR4 axis was
implicated in the pulmonary metastasis of 0S [36,37], and fa-
cilitated OS cells migration via the Wnt/B-catenin and AKT sig-
naling pathway [38]. The IL-8/CXCR1/Akt signaling pathway
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might participate in the process to improve chemotherapy sen-
sitivity in OS after CXCR1 silencing [39]. Taken together, most
of the chemokines and chemokine receptors were involved in
the progression, migration, invasion, and metastasis of var-
ious tumors. The expression of chemokines and chemokine
receptors is changed in many malignant tumors by either ac-
tivating the oncogenes or inactivating the tumor suppressor
genes. Any such change can subsequently lead to anomalous
chemokine receptor signaling and thus affect the normal reg-
ulation of the chemokines [32]. This is in conformity with our
finding that the chemokines and chemokine receptors were
mainly enriched in the chemokine receptor binding, chemo-
kine activity, chemokine receptor activity, chemokine binding,
C-C chemokine receptor activity, C-C chemokine binding and
cytokine activity in the GO category of MF. Unfortunately, the
expression of the chemokines and chemokine receptors in our
findings has no significant change after GRM4 silencing. This is
might be due to the fact that the GRM4 gene plays a different
role in different OS cell lines or different developmental stage.

Conclusions

This study identified the DEGs and related significant enrich-
ment pathways in U20S cells after GRM4 silencing. Moreover,
as a role of tumor suppressor, EGR1 and CTCF may participate
in the transcriptional regulation of GRM4, which is involved
in the tumorigenesis or progression of OS by interacting with
the downstream chemokines and their receptors. This research
may provide new insight into the underlying molecular mech-
anisms of GRM4 in OS. However, further experiments are war-
ranted to confirm these results.

Conflict of interest

None.

8. Takano T, Lin JH, Arcuino G et al: Glutamate release promotes growth of
malignant gliomas. Nat Med, 2001; 7(9): 1010-15

9. Stepulak A, Luksch H, Gebhardt C et al: Expression of glutamate receptor
subunits in human cancers. Histochem Cell Biol, 2009; 132(4): 435-45

10. Savage SA, Mirabello L, Wang Z et al: Genome-wide association study
identifies two susceptibility loci for osteosarcoma. Nat Genet, 2013; 45(7):
799-803

11. Yang W, Maolin H, Jinmin Z, Zhe W: High expression of metabotropic glu-
tamate receptor 4: Correlation with clinicopathologic characteristics and
prognosis of osteosarcoma. J Cancer Res Clin Oncol, 2014; 140(3): 419-26

12. Wang S, Wei X, Chen B et al: Expression of metabotropic glutamate recep-
tor 4 in osteosarcoma. Mol Clin Oncol, 2016; 4(1): 65-69

13. Trapnell C, Roberts A, Goff L et al: Differential gene and transcript expres-
sion analysis of RNA-seq experiments with TopHat and Cufflinks. Nat Protoc,
2012; 7(3): 562-78

14. Robinson MD, McCarthy DJ, Smyth GK: edgeR: A Bioconductor package for dif-
ferential expression analysis of digital gene expression data. Bioinformatics,
2010; 26(1): 139-40

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



Pang Y. et al.:
Mechanism of GRM4 in osteosarcoma
© Med Sci Monit Basic Res, 2018; 24: 16-25

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Franceschini A, Szklarczyk D, Frankild S et al: STRING v9.1: Protein-protein
interaction networks, with increased coverage and integration. Nucleic
Acids Res, 2013; 41(Database issue): D808-15

Smoot ME, Ono K, Ruscheinski J et al: Cytoscape 2.8: New features for data
integration and network visualization. Bioinformatics, 2011; 27(3): 431-32

Chung JY, Park YC, Ye H, Wu H: All TRAFs are not created equal: common
and distinct molecular mechanisms of TRAF-mediated signal transduction.
J Cell Sci, 2002; 115(Pt 4): 679-88

Rajandram R, Bennett NC, Wang Z et al: Patient samples of renal cell car-
cinoma show reduced expression of TRAF1 compared with normal kidney
and functional studies in vitro indicate TRAF1 promotes apoptosis: Potential
for targeted therapy. Pathology, 2012; 44(5): 453-59

Husmann K, Arlt MJ, Muff R et al: Matrix Metalloproteinase 1 promotes tu-
mor formation and lung metastasis in an intratibial injection osteosarco-
ma mouse model. Biochim Biophys Acta, 2013; 1832(2): 347-54

Uchibori M, Nishida Y, Nagasaka T et al: Increased expression of membrane-
type matrix metalloproteinase-1 is correlated with poor prognosis in pa-
tients with osteosarcoma. Int J Oncol, 2006; 28(1): 33-42

Huang JF, Du WX, Chen JJ: Elevated expression of matrix metalloprotein-
ase-3 in human osteosarcoma and its association with tumor metastasis.
J BUON, 2016; 21(1): 235-43

Liu Z, Wu K, Yang Z, Wu A: High-mobility group A2 overexpression is an
unfavorable prognostic biomarker for nasopharyngeal carcinoma patients.
Mol Cell Biochem, 2015; 409(1-2): 155-62

He QY, Wang GC, Zhang H et al: miR-106a-5p suppresses the proliferation,
migration, and invasion of osteosarcoma cells by targeting HMGA2. DNA
Cell Biolo, 2016; 35(9): 506-20

Liu W, Xu G, Liu H, Li T: MicroRNA-490-3p regulates cell proliferation and
apoptosis by targeting HMGA?2 in osteosarcoma. FEBS Lett, 2015; 589(20
Pt B): 3148-53

Camarero N, Mascaro C, Mayordomo C et al: Ketogenic HMGCS2 Is a c-Myc
target gene expressed in differentiated cells of human colonic epithelium
and down-regulated in colon cancer. Mol Cancer Res, 2006; 4(9): 645-53

Lee YE, He HL, Shiue YL et al: The prognostic impact of lipid biosynthesis-
associated markers, HSD17B2 and HMGCS2, in rectal cancer treated with
neoadjuvant concurrent chemoradiotherapy. Tumour Biol, 2015; 36(10):
7675-83

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

LABORATORY RESEARCH

Pitteri SJ, Kelly-Spratt KS, Gurley KE et al: Tumor microenvironment-derived
proteins dominate the plasma proteome response during breast cancer in-
duction and progression. Cancer Res, 2011; 71(15): 5090-100

Baek SJ, Kim JS, Moore SM et al: Cyclooxygenase inhibitors induce the ex-
pression of the tumor suppressor gene EGR-1, which results in the up-reg-
ulation of NAG-1, an antitumorigenic protein. Mol Pharmacol, 2005; 67(2):
356-64

Fiorentino FP, Giordano A: The tumor suppressor role of CTCF. J Cell Physiol,
2012; 227(2): 479-92

Matsunoshita Y, ljiri K, Ishidou Y et al: Suppression of osteosarcoma cell
invasion by chemotherapy is mediated by urokinase plasminogen activa-
tor activity via up-regulation of EGR1. PLoS One, 2011; 6(1): e16234

Rasko JE, Klenova EM, Leon J et al: Cell growth inhibition by the multifunc-
tional multivalent zinc-finger factor CTCF. Cancer Res, 2001; 61(16): 6002-7

Sarvaiya PJ, Guo D, Ulasov | et al: Chemokines in tumor progression and
metastasis. Oncotarget, 2013; 4(12): 2171-85

Wang SW, Liu SC, Sun HL et al: CCL5/CCR5 axis induces vascular endothe-
lial growth factor-mediated tumor angiogenesis in human osteosarcoma
microenvironment. Carcinogenesis, 2015; 36(1): 104-14

Dang H, Wu W, Wang B et al: CXCL5 plays a promoting role in osteosar-
coma cell migration and invasion in autocrine- and paracrine-dependent
manners. Oncol Res, 2017; 25(2): 177-86

Wang SW, Wu HH, Liu SC et al: CCL5 and CCR5 interaction promotes cell
motility in human osteosarcoma. PLoS One, 2012; 7(4): 35101

Kim SY, Lee CH, Midura BV et al: Inhibition of the CXCR4/CXCL12 chemo-
kine pathway reduces the development of murine pulmonary metastases.
Clin Exp Metastasis, 2008; 25(3): 201-11

Portella L, Vitale R, De Luca S et al: Preclinical development of a novel class
of CXCR4 antagonist impairing solid tumors growth and metastases. PLoS
One, 2013; 8(9): e74548
Lu Y, Hu B, Guan GF et al: SDF-1/CXCR4 promotes F5M2 osteosarcoma
cell migration by activating the Wnt/beta-catenin signaling pathway. Med
Oncol, 2015; 32(7): 194

Han XG, Du L, Qiao H et al: CXCR1 knockdown improves the sensitivity of
osteosarcoma to cisplatin. Cancer Lett, 2015; 369(2): 405-15

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



