Original Article

Technology in Cancer Research &
Treatment

The Analysis of Differentially Expressed Valme 9: -1

© The Author(s) 2020

circRNAs Under the Antiproliferative Effect s e e missions
DOI: 10.1177/1533033820964215

From 5-Fluorouracil on Osteosarcoma Cells journals.sagepub.com/homelct
®SAGE

AijJun Huang, MM', LiPing Chen, MM?, YiMing Wang, MD',
ShuQiang Ma, MD', Song Jin, MD', Hanzhou Cai, BMSc',
Xingzhong Huang, BMSc', Hongbo Zhang, MD',

ZengRong Wang, BMSc', Kun Lin, MM', and Fangsiyu Lin, MM’

Abstract

Background: 5-fluorouracil (5-FU) is a widely used drug for cancer treatment, but its effect and underlying mechanisms on
osteosarcoma (OS) cells remain unclear. Methods: U20S and MG63 cells were treated with 0, 50, 100, and 500 pM 5-FU. MTS and
flow cytometry were used to examine the effect of 5-FU on cell viability and apoptosis, respectively. Circular RNA (circRNA)
expression was detected using RNA sequencing and quantitative real-time PCR (qPCR). Differentially expressed circRNAs were
further subjected to the Kyoto Encyclopedia of Genes and Genomes (KEGG) and gene ontology (GO) analysis to predict their
functions. A circRNA-miRNA-mRNA interaction network was generated to analyze the regulatory networks of 5-FU-induced dif-
ferentially expressed circRNAs. Western blotting (VWB) was used to verify the protein in the downstream of circRNAs. Results: 5-FU
inhibited the cell viability of the MG63 cells in a concentration-dependent manner. The most significant effect was observed in the
cells treated with 500 uM 5-FU. Apoptosis was also increased in the MG63 cells after 500 1M 5-FU treatment for 3 days. RNA
sequencing results showed that |83 differentially expressed circRNAs (172 upregulated and | | downregulated) in 5-FU—treated
cells. KEGG and GO analysis showed that the differentially expressed circRNAs were primarily enriched in proliferation-,
apoptosis-, and metabolism-related functions. qPCR was used to verify the most upregulated and downregulated circRNAs. The
circRNA-miRNA-mRNA interaction network showed that these 8 circRNAs had a sizable regulatory network that links a series of
genes involved in tumor suppression. Conclusion: 5-FU treatment resulted in the differentially expressed circRNAs that were
proliferation- and apoptosis-associated and were involved in the 5-FU—induced inhibition of tumor proliferation in OS cells.
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survival for local patients with OS is approximately 70%.!
However, the 5-year survival rate in patients with recurrent
OS and lung metastases is significantly reduced to 30%.?
Research concerning treatment for and mechanisms of OS is
still warranted.

5-fluorouracil (5-FU) is a chemotherapy drug that is widely
used for the treatment of serial tumors, including colorectal
cancer, gastrointestinal cancer, breast cancer, and head/neck
cance.”® Studies have shown that 5-FU inhibits the prolifera-
tion of the OS U20S cell line.’ However, the mechanism
of 5-FU’s inhibitory effect on OS has not been entirely
characterized.

Circular RNA (circRNA), which is a newly identified class
of endogenous RNA, forms a covalent closed-loop structure by
head-to-tail contact, which is a cyclical product of mRNA pre-
cursor mRNA, and act as miRNA sponges. In contrast to the
traditional linear RNA, the circRNA is a highly stable circular
form that does not have a typical 5’ cap and 3’ polyA tail.®’
CircRNAs are widely expressed in many types of tumors,
including OS, and play a significant role in regulating tumor
genesis, progression, chemotherapy, and resistance.'®'? It has
also been suggested that the circRNA is involved in regulating
the OS proliferation, apoptosis, migration, and invasion.'*!3
However, it is yet to be reported whether the circRNA is
involved in the therapeutic effect of 5-FU in chemotherapy.

The present study, in which a high-throughput sequencing
was used, investigated the changes in the expression profile of
the circRNAs in OS cells following 5-FU treatment. Hence,
this study provided deep insights concerning the effects of 5-
FU on OS cell behavior and its underlying mechanisms.

Materials and Methods

Cell Culture

The 2 OS cell lines, U20S and MG63, were purchased from
Cellcook Inc. (Guangzhou, China). The cells were cultured at
37°C in Dulbecco’s Modified Eagle Medium (DMEM; Invitro-
gen, CA, USA) containing 10% fetal bovine serum (FBS; Invi-
trogen, CA, USA) in a humidified incubator containing 5%
carbon dioxide (CO»).

Cell Viability (MTS Assay)

The cells were cultured in a 96-well plate at a density of 0.5 x
10 cells/well for 16 h. Then, the cells were treated with 0, 50,
100, or 500 uM 5-FU (Aladdin, Shanghai, China). After 1, 2,
and 3 d, the cells were collected and analyzed using the 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sul-
fophenyl)-2H-tetrazolium (MTS) assay, according to the
manufacturer’s instructions (Promega, Beijing, China).

Flow Cytometry

The 6-well plates seeded with cells at a density of 0.3 x 10° cells/
well were cultured for 16 h. Here, the cells were incubated with
500 pM 5-FU and with no 5-FU (negative control or NC). After

3 d, the cells were collected and centrifuged. Approximately
1 x 10° cells were resuspended in phosphate-buffered saline
(PBS) and incubated with annexin V5 and propidium iodide
(PI) for flow cytometry and imaging for 15 min at room tem-
perature in the dark. Apoptosis was then analyzed using the BD
LSR II flow cytometry (BD Biosciences, CA, USA).

Total RNA Isolation and Sequencing

Total RNA was isolated from the cells, which were treated with
500 uM 5-FU for 3 d and without 5-FU treatment, and then was
treated with the TRIzol reagent (Invitrogen, CA, USA) accord-
ing to the standard protocol. Total RNA quality was assessed
using an Agilent 2100 Bioanalyzer (Agilent, CA, USA). Before
RNA-sequencing (RNA-seq), DNase I (Epicentre, WI, USA)
was added to the total RNA mixture to remove the contaminant
DNAs. Next, a Ribo-zero™ rRNA Removal Kit (Epicentre, WI,
USA) was used to remove the ribosomal RNAs (rRNA). RNase
R digestion (Epicentre, WI, USA) was subsequently performed
to digest the linear RNAs. CircRNA libraries were finally gen-
erated using the NEBNext® Ultra™ Directional RNA Library
Prep Kit for Illumina® (NEB, MA, USA) following the manu-
facturer’s instructions. Next, the RNA-seq library was
sequenced using the HiSeq 2500 platform (Illumina, CA, USA).

Quantitative Real-Time PCR (qPCR)

gPCR was performed to identify the dysregulation in the cir-
cRNA and mRNA expression. For this aim, total RNAs iso-
lated previously were converted into cDNAs by reverse
transcription using the PrimeScript RT Master Mix (Takara,
Dalian, China) and random primers. Divergent primers were
designed to specifically target the back splicing site of each
circRNA (Table 1). cDNAs were then amplified using the
SYBR Premix Ex Taq II (Takara, Dalian, China) according
to the manufacture’s recommendations. GAPDH was used for
circRNA and mRNA quantification. PCR was accomplished
by incubating the reaction mixture at an initial melting at 95°C
for 3 min, followed by melting at 40 cycles at 95°C for 15 s, and
a final elongation at 60°C for 30 s. The relative expression of
the circRNAs and mRNAs were calculated using the 2"44¢
method. The experiments were repeated in 3 times.

Bioinformatics

After RNA-seq was completed, the reads generated by the
Illumina sequencer were filtered, and the resulting clean data
were aligned to the human GRCh37/hgl9 reference genome
with the Burrows-Wheeler Alignment Tool (version 0.7.13).
The circRNAs were predicted and annotated using the CIRI
software. For the quantification of the circRNA expression, the
circRNA reads were calculated in the reads per kilobase mil-
lion (RPKM) unit. Reads for the NC and 5-FU groups were
then normalized to the total number of reads. Differentially
expressed circRNAs were identified as those with a fold change
oflog2 (5-FU/NC) >1 and an adjusted P-value of < 0.05, which
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Table 1. Primers Used in the Study.

Primer name Sequence (5°-37)

hsa_circ_0001013F TAGCTGGGATTACAGGACCT
hsa_circ_0001013R TGACTTGACTCGGTCCAGAT
hsa_circ_0034616F CCATGATGGTAGAATCTAGGTGGA
hsa_circ_0034616R GCCGTTCTGGCCTAAAGGTA
hsa_circ_00116639 ACCATGGAGAAGCATAAAGAGGAT
hsa_circ_00116639 TGCTGGTGTTTTCCTCTCGT
hsa_circ_ FAM172AF ACTACCGCACTGAAAGAGTC
hsa_circ FAM172AR ACAGTCTGGCTAACATGGTG
hsa_circ_0005694F GAAGGCTGCTGTTGGAGGAG
hsa_circ_0005694R CACCCGGAGGTAACTGACAC
hsa_circ_0007386F TGTACTTTGCCAACAAGAAGAGA
hsa_circ_0007386R ATGTTCAGGTTTCCCGGCTG
hsa_circ_0008362F CAGCCCATTACTCAGGATGAC
hsa_circ_0008362R CACCATCTGGACGGAACTGG
hsa_circ_0073817F GGTGACTGGTCTAAGGTGCT
hsa_circ_0073817R TCGCAATCTTCCCAGCTTGT
CCND2-F TGCAGAAGGACATCCAACCC
CCND2-R AGTTGCAGATGGGACTTCGG
BCL2-F GGTGGGGTCATGTGTGTGG
BCL2-R CGGTTCAGGTACTCAGTCATCC
BAX-F CCCGAGAGGTCTTTTTCCGAG
BAX-R GCCTTGAGCACCAGTTTGC
GAPDH-F GAGTCAACGGATTTGGTCGT
GAPDH-R GACAAGCTTCCCGTTCTCAG

was adjusted using the Benjamini—-Hochberg approach to con-
trol the false discovery rate (FDR).

Besides, heatmaps were drawn using the Cluster 3.0 soft-
ware (USA) to demonstrate the circRNAs that were differen-
tially expressed between the NC and 5-FU cells. The GO and
KEGG enrichment analysis were performed by a web based
software toolkit, GOEAST, and the online database (http://
www.genome.jp/kegg/), respectively. Default parameters were
used for the GO analysis. An adjusted P-value of < 0.05 and a
gene count of > 2 were set as the criteria for the KEGG
analysis.

Additionally, an R software package was used to predict the
miRNA targets of the 4 most upregulated and 4 most down-
regulated circRNAs and their candidate downstream target
mRNAs to construct circRNAs—miRNAs—mRNA interaction
networks. Then, the networks were drawn using the Cytoscape
software (version 2.8.3, http://www.cytoscape.org/).

Western Blotting

Total proteins were extracted using a protein extraction buffer
(#MDL91201; MDL, Beijing, China) following the manufac-
turer’s instructions. The protein concentration was determined
using the bicinchoninic acid assay (BCA). Total proteins from
each group were separated on 10%—15% SDS-PAGE gels and
transferred onto 0.22 pum polyvinylidene fluoride (PVDF)
membranes (Millipore, MA, USA). The gels were incubated
at room temperature with diluted primary antibodies and stored
overnight at 4°C. Then, they were washed 3 times with PBS for
10 min and incubated at room temperature with diluted

secondary antibodies for 2 h. The final development of the
immune complexes was performed using the ChemiDoc MP
chemiluminescence imaging system (#170-8280; Bio-Rad,
CA, USA) using the manufacturer’s instructions. Actin was
used as an internal standard. Band intensities from at least 3
different biological replicates were used for the statistical anal-
ysis using the Image-Pro Plus software (version 6.0). In the WB
analysis, anti-CCND2 (#67048-1-1g; Proteintech, IL, USA,;
1:2000), anti-BCL2 (#3498; CST, MA, USA; 1:1000), and
anti-BAX (#50599-2-1g; Proteintech; 1:1000) were employed
as the antibodies.

Statistical Analysis

Data were expressed as mean + standard deviation (SD) and
analyzed with SPSS (version 19.0) (SPSS Inc., IL, USA). The
student’s #-test was used to compare the differences between
the 2 groups. Comparisons among more than 3 groups were
analyzed with one-way analysis of variance (ANOVA) with
Bonferroni post-hoc test. A p-value of < 0.05 was considered
statistically significant.

Results

5-FU Inhibited the OS Cell Activity and Promoted the Cell
Apoptosis

The effects of different concentrations of 5-FU (0, 50, 100, and
500 uM) on the U20S and MG63 cell proliferation were exam-
ined by performing the MTS assay. The viability of the MG63
cells treated with 5-FU for 3 d was significantly lower than that
of the NC. The viability was significantly lower in the cells
treated with 500 uM 5-FU compared to those treated with
100 uM 5-FU, and in the cells treated with 100 uM 5-FU
compared to those treated with 50 uM 5-FU (Figure 1A). Nev-
ertheless, the viability of the U20S cells treated with or without
5-FU was not significantly different; therefore, the MG63 cells
were selected for further evaluations. Cytometry analysis was
done to analyze the apoptosis in the MG63 cells after 3 d of
treatment with 500 uM 5-FU. The results indicated that apop-
tosis levels were higher in the MG63 cells with 5-FU treatment
than that of no 5-FU treatment (Figure 1B and C).

Overview of circRNA Profile Affected by 5-FU Treatment
in the MG63 Cells

RNA-seq was performed to detect the changes in the expres-
sion profile of the circRNAs of the MG63 cells after 500 pM 5-
FU treatment for 3 d. The results showed that a total of 183
circRNAs were differentially expressed in the treated cells. Of
these, 172 were upregulated, and 11 were downregulated
(Figure 2A). The length of the differentially expressed cir-
cRNAs was mostly restricted in the 0-1500 nt range. The
length of the circRNAs was concentrated in the 300-nt range
(Figure 2B). The upregulated and downregulated circRNAs
were then sorted by chromosomal location. The results
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Figure 1. The effects of 5-fluorouracil (5-FU) on cell activity and apoptosis in the osteosarcoma (OS) cells. (A) Cell activity was determined by
the MTS assay in U20S and MG63 cells treated with 0, 50, 100, and 500 pM of 5-FU for 1, 2, and 3 d. (B) The result of flow cytometry showed a
more substantial proportion of apoptotic MG63 cells treated with 5-FU for 3 d.
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Figure 2. RNA-seq data showed the differentially expressed circRNAs in the 5-fluorouracil (5-FU) treated MG63 cells. (A) Hierarchical clustering
analysis showed the circRNAs that were differentially expressed between 5-FU treated and untreated MG63 cells. The blue and the red color
represented downregulation and upregulation, respectively. The length (B) and chromosome distribution (C) of the differentially expressed circRNAs.
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Figure 3. The functional analysis of differentially expressed circRNAs’ target mRNAs. The KEGG (A) and GO (B) analyses were used to
predict the function of the differentially expressed circRNAs’ target mRNAs.

Table 2. Differentially Expressed circRNAs in the 5-FU-treated Cells.

log2 Ratio Up-Down-Regulation

circRNA_ID circBase_ID GenelD (5-FU/NC) (MG63_5FU/MG63_NC) P value FDR
chr2:61339657|61345251 hsa_circ_0001013  KIAA1841 4.477 Up 1.35E-07 3.49E-05
chr15:41001223|41021022  hsa_circ_0034616  RADS1 3.946 Up 2.89E-05 0.002512506
chr22:41568503|41569788  hsa_circ_00116639 EP300 3.946 Up 2.89E-05 0.002490466
chr5:93410351|93413070 hsa_circ. FAM172A FAMI172A 3.776 Up 0.000107295 0.005720446
chr5:179134133|179137066  hsa_circ_0075298  CANX 3.776 Up 0.000107295 0.005689524
chr14:97299804(97327072  hsa_circ_0000566  VRK1 3.776 Up 0.000107295 0.005658935
chr5:131006156[131013565  hsa_circ_0073858  FNIP1 3.651 Up 8.00E-06 0.001006675
chr8:42183488|42186732 hsa_circ_0001793 IKBKB 3.584 Up 0.000390998 0.011248359
chr5:353845|376831 hsa_circ_0005694  AHRR —2.367 Down 0.000804728 0.021393988
chr2:36668401|36669878 hsa_circ_0007386  CRIM1 —2.361 Down 9.95E-06 0.001204462
chr10:103427643|103436193 hsa_circ_0008362 FBXW4 —1.896 Down 2.80E-05 0.002495628
chr5:129019813|129040084  hsa_circ_0073817  ADAMTSI19 —1.859 Down 0.000145255 0.007345091
chrl:1747195|1770677 hsa_circ_0008702  GNBI —1.683 Down 0.000875896 0.02322308
chr16:68155890/68160513  hsa_circ_0000711  NFATC3 —-1.317 Down 0.000250884 0.011832558
chr4:37633007|37640126 hsa_circ_0001400 RELLI —1.162 Down 0.00530814  0.048439864
chr9:14987891|14990343 hsa_circ_0004356  RP11-54D18.3 —1.113 Down 2.05E-13 2.51E-10

indicated that the upregulated circRNAs were present mostly
on the chromosomes, whereas the downregulated circRNAs
were almost distributed, except chromosomes 7, 19, X, and Y
(Figure 2C).

The KEGG and GO analyses were used to predict the func-
tions of the differentially expressed circRNAs’ target mRNAs.
The KEGG analysis showed that differentially expressed cir-
cRNAs were primarily enriched in proliferation-, apoptosis-,
and nucleic acid metabolism-related pathways, such as cell
cycle, endocytosis, and MAPK signaling (Figure 3A).

Similarly, the GO analysis showed that differentially expressed
circRNAs were primarily enriched in terms of proliferation,
apoptosis, and nucleic acid metabolism (Figure 3B).

Validation of the Differentially Expressed circRNAs

Table 2 showed the 4 most upregulated and downregulated
circRNAs as ranked by a fold change. Among these dif-
ferentially expressed circRNAs, the most upregulated was
the hsa_circ_0001013, followed by hsa_circ_0034616,
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Figure 4. qPCR analysis verified the 4 upregulated and 4 downregulated circRNAs in 5-fluorouracil (5-FU) treated or untreated MG63 cells. NC
= untreated MG63 cells, 5-FU = 5-FU treated MG63 cells. Asterisks indicated significance at **** p < 0.0001; *** p < 0.001; ** p < 0.01;
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hsa_circ_00116639, and hsa_circ_FAMI172A. On the other
hand, the 4 most downregulated circRNAs were the hsa_
circ_0005694, hsa_circ_0007386, hsa_circ_0008362, and
hsa_circ_0073817 (Table 2). qPCR results showed that expres-
sion of hsa_circ_0001013, hsa_circ_0034616, hsa_
circ_00116639, and hsa_circ. FAM172A in the MG63 cells
treated with 500 puM 5-FU for 3 d was significantly higher
compared to the NC. The expressions of hsa_circ_0005694,
hsa_circ_0007386, hsa_circ_0008362, and hsa_circ_0073817
were downregulated in the cells treated with 5-FU compared
to those found in the NC (Figure 4).

Networks of Differentially Expressed circRNAs in OS Cell
Proliferation and Apoptosis

The target miRNAs of the 8 circRNAs that were most upregu-
lated and downregulated were predicted. The miRNAs were
correlated with the target mRNAs associated with cell prolif-
eration and apoptosis to identify the circRNA-miRNA-mRNA
networks. It was found that the cell proliferation network of the
differentially expressed circRNAs contained a total of 122
miRNAs and 145 mRNAs (Figure 5 and Table S1), and the
apoptosis network contained 79 miRNAs and 51 mRNAs
(Figure 6 and Table S2).

Validation of the mRNA From Downstream
of the 3 Selected circRNAs by qPCR and WB

Here, the downstream of hsa_circ_0005694, hsa_circ_0073817
and hsa_circ_0001013 was selected for further study due to the
genes that participated in cell proliferation and apoptosis. The
status of the base pairing of circRNA, miRNA, and mRNA was
shown in Figure 7. The qPCR and WB of the mRNAs in the
downstream of the circRNAs also showed that the changes of

the mRNA expressions were consistent with the circRNAs,
which were upstream of the miRNAs (Figure 8). These results
could also verify the relationship between the circRNA,
miRNA, and mRNA, as the hypothesis shown in Figure 7.

Discussion

The present study demonstrated that 500 uM 5-FU inhibited
MG®63 cell proliferation and promoted apoptosis. A compari-
son of the circRNA sequencing results showed the differential
expression levels in 500 uM 5-FU treated cells and the
untreated cells. The potential function of differentially
expressed circRNAs predicted by the KEGG and GO analyses
indicated the associations with cell proliferation-, apoptosis-,
and metabolism-related functions. The 4 most upregulated and
4 most downregulated circRNAs were verified by qPCR. The
circRNA-miRNA-mRNA interaction network and the cell pro-
liferation- and apoptosis-related mRNAs analysis revealed that
the significant differentially expressed circRNAs could be
associated with cell proliferation and apoptosis in OS.

5-FU treatment has been widely used in colorectal cancer
and shown significant therapeutic effects.'® Moreover, 5-FU is
often used as a positive control to study the antitumor effect of
other drugs in 0S.”!” However, the studies have mainly
focused on U20S cells, and few studies have demonstrated the
antitumor effects of 5-FU in MG63 cells.

The present study provided evidence that 500 uM 5-FU
treatment for 3 d inhibited MG63 cell proliferation and pro-
moted apoptosis. RNA-seq data showed that the circRNAs
were differentially expressed after 500 pM 5-FU treatment for
3 d. The circRNA targets were primarily enriched in the pro-
liferation functions, such as cell cycle and the MAPK signaling
pathway, and the apoptotic pathways, such as endocytosis and
metabolic pathways. These results were consistent with the
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hsa_circ_0005694, hsa_circ_0073817 and hsa_circ_0001013, which could interacted with mRNA through base pairing with miRNA.
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Figure 8. The results of qPCR and WB analyses of the mRNA from downstream of 3 pair selected circRNAs, including hsa_circ_0005694,
hsa_circ_0073817 and hsa_circ_0001013. NC = untreated MG63 cells, 5-FU = 5-FU treated MG63 cells. Asterisks indicated significance at

ek p < 0.0001; ** p < 0.01.

previous antitumor studies, similarly using 5-FU, for example,
5-FU induced cellular DNA synthesis, 2/M phase arrest, and
apoptosis.'® The MAPK pathway was also found as a vital
tumor suppressor pathway in 0S,'” and the MAPK activation

induced the apoptosis in OS cells.?’ In other tumors, 5-FU also
inhibited the MAPK-related pathways and tumor activity,”'
and increased the chemosensitivity to 5-FU.?" In another study,
the mechanism of the anti-tumor effect of 5-FU was revealed
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via the inhibition of thymidylate synthase and incorporating its
metabolites into RNA and DNA, thereby disrupting processing
and function of normal RNA and DNA.? Moreover, some
changes in the endocytic signals were associated with cancer
behavior.”** Therefore, it was hypothesized that the anti-
tumor effects of 5-FU observed in the present study, and the
changes in circRNA’s expression profile might be related to
associated proliferation and apoptosis pathways. A previous
study has shown that some dysregulated circRNAs gave rise
to sustained proliferative signaling and evasion of proliferation
suppressors in multiple cancers.?*

Accumulating evidence has also indicated a crucial role of
circRNA in regulating OS cell proliferation. For example, Yan-
bin and Jing demonstrated that the circ_101356/circ_0004846,
termed as circSAMDA4, was preferentially expressed in OS tis-
sues and could facilitate OS cell proliferation.”> Another work
presented that the circ0001564 was significantly overexpressed
in OS tissue and cell lines, and knockdown of the circ_001564
could inhibit OS cell proliferation and apoptosis by sponging
the miR-29¢-3p."* Moreover, it was found that the circNT5C2
accelerated OS cell proliferation and metastasis by targeting
the miR-448.'° These previous studies found that the interac-
tion between the circRNAs and the miRNAs was significant.

The present study also verified the expressions of the
4 most upregulated (hsa_circ_0005694, hsa_circ_0007386,
hsa_circ_0008362, and hsa_circ_0073817) and 4 most down-
regulated (hsa_circ_0001013, hsa_circ_0034616, hsa_
circ_00116639, and hsa_circ_FAM172A) circRNAs. The
expressions and functions of these circRNAs have not yet been
reported in the literature. However, a study by Wang et al.
identified that IncRNA MIAT competed with critical RNAs
to target miR-150-5p, thus regulating OS cell function.?® Wu
et al. confirmed the involvement of hsa_circ_0000263 in mod-
ulating downstream target genes of miR-150-5p.%’ In our study,
miR-150-5p was also predicted to be the target of hsa_
circ_0005694, which was downregulated in MG63 cells after
500 uM 5-FU treatment for 3 d. Thus, has_circ_0005694 and
hsa_circ_0000263 might compete with IncRNA MIAT to tar-
get miR-150-5p, thereby regulating the function of OS cells
undergoing 5-FU treatment.

Zhou et al. also demonstrated that hsa-let-7 g was highly
expressed in OS tissues, and high expression of hsa-let-7¢g
promoted OS occurrence by downregulating the HOXB1 and
activating the NF-kB pathway.?® In our study, hsa-let-7 g was
predicted to be the target of hsa_circ_0001013, which was
upregulated in the MG63 cells treated with 500 uM 5-FU for
3 d. Thus, hsa_circ_0001013 could also be a critical factor in
the regulation of the HOXBI1 and activation of the NF-kB path-
way during the 5-FU treatment.

The regulatory networks of the differentially expressed cir-
cRNAs suggested a role in proliferation and apoptosis-related
processes. Ye et al. reported that miR-18a-5p was recognized
as a functional target of FER1L4, which plays a crucial role in
modulation of cell apoptosis and epithelial-mesenchymal tran-
sition,?” in OS. In this study, miR-18a-5p was also predicted as
a target of hsa_circ_0034616 and hsa_circ_0008362, which

were upregulated and downregulated, respectively, in the
MG63 cells with 500 uM 5-FUtreatment for 3 d. In light of
previous research, it could be hypothesized that the upregulated
and downregulated circRNAs could work in unison to control
the cell apoptosis process during the 5-FU treatment by inter-
acting with the same miRNAs. The miR-125a-5p/VEGFA and
the hsa-miR-132-3p/MAPKI1 regulatory relationships in the
cell proliferation network were verified in other studies to pro-
mote tumor growth.**>! Besides, interactions between hsa-
182-5p/BCL2 and hsa-miR-193a-3p/MCL1 in the apoptotic
network induced tumor cell apoptosis and had tumor-
suppressive effects.>*>* A previous study showed that let-7d-
overexpression reduced cell proliferation by decreasing
CCND2, encoding cyclin D2, which is strongly expressed in
human granulosa cell tumors.***> The expression of Bax and
Bcl-2 could be regulated in contrary by B-caryophyllene in
MG63 cell via reactive oxygen species (ROS)-induced apopto-
tic mitochondrial pathway.>® Therefore, in our study, the net-
work constructed with the obtained results verified the
interaction of circRNAs, miRNAs, and mRNA. The relation-
ship between the circRNAs, miRNAs, and mRNAs, and the
expression changes of them were also verified by qPCR and
WB in our present study. Enhanced relationships between cir-
cRNAs, miRNAs, and mRNA during 5-FU treatment induced
cell proliferation and apoptosis further indicated the role of
critical circRNA expression in the 5-FU induced inhibition of
OS proliferation.

In summary, although this study did not explicitly analyze
the function of specific circRNAs, current sequencing and
bioinformatics analysis results showed that the circRNA was
associated with 5-FU induced inhibition of OS proliferation.
The circRNAs were differentially expressed in 5-FU treated
cells compared to the untreated cells. Notably, the most differ-
entially expressed circRNAs had a large proliferation- and
apoptosis-related regulatory network, further indicating their
important role in 5-FU induced inhibition of OS proliferation.
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