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ABSTRACT

Circular RNAs(circRNAs)are associatedwith chemoresistancein many cancers.However, the function of
circ_0005198in the temozolomide (TMZ) resistance of glioma has not been well elucidated.Here, we
demonstrated that circ_0005198was considerablyup-regulated in glioma tissues, serum samplesand TMZ
resistant glioma cells. Silencingof circ_0005198restrained TMZ resistance,restricted the proliferation and
facilitated the apoptosis of TMZresistant glioma cells. MiR-198 could be spongedby circ_0005198and we
demonstratedthat the effect of circ_0005198n the progressionof TMZresistant glioma cellswas attributed
to the inhibition of miR-198 activity. Moreover, TRIM14was a target of miR-198 and silencing of TRIM1:
hindered TMZ resistanceand suppres®d the progressionof TMZresistant glioma cells, while TRIM14over-
expressionrescuedthe inhibiting effect of miR-198 over-expression.We concludethat circ_0005198miR-198
TRIM14regulatory pathway is critical to TMZresistanceof glioma.

INTRODUCTION

Glioma originates from the neuroglial stem or
progenitor cells and is a malignancy with strong
aggressivenesfl]. With the advancement of surgery
related technologies and neoadjuvant chemical therapy,
the mortality rate of glioma has considerably decrbase
and the prognosis has improvgd]. Unfortunately,
prognosis remains poor for patients enhancing
resistance to chemotherapeutic drugs. Increasing
evidence has shown that glioma stem cells (GSCs)
account for tumor proliferation even after chemotherapy
[3]. For this reason, delving into the molecular
pathogenesis of glioma and the mechanism of
chemoresistance acquisition will facilitate the

advancement of personalized medicine as well as
targeted therapies.

Circular RNAs (circRNAs) refer to one type of
ermdogenous nowoding RNAs and present in the form
of closed loops which cannot code protgih Existing
researches reported that circRNAs participate in a wide
variety of physiological and pathophysiological
procedures (e.g., concocting modulating altéviea
splicing, sponging microRNA (miRNA), as well as
regulating the interactions and genetic expression of
proteirRNA) [5i 7]. Moreover, abnormally expressed
circRNAs are implicated with the progression of
various tumord8, 9]. For instance, circ_00168®@wd
facilitate colorectal carcinoma proliferation and
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migration and mediate its chemoresistanfH].
Moreover, circRBM33 could regulate 4 to facilitate
gastric cancer progressiofil]. Circ_0005198 was
mapped to chrl3:250722%077915 with a spliced
length of 592 nt and involved in the regulation of
invading, migrating, apoptotic, and proliferating
processesn glioma [12]. However, its effect in the
chemoresistance of glioma is still worth further
exploration.

Recent data has also demonstrated keg effect of
circRNAs in the development of cancers by sponging
microRNAs and regulating RNA binding proteins [13,
14]. We have predicted thamiR-198 has putative
binding sites of ikc_0005198 based on our search in
Circular RNA Interactome hftps://circinteractome.
nia.nih.gov/index.html MiR-198 was verified involved

in the progression of malignant melanoma [15]. Also,
Liu et al. reported that mi298 could inhibit the
development of papgdry thyroid carcinoma [16].
Neverthelessthe role of miR-198 in regulating the
biological processes of gliomal&gely unexplored

Tripartite motifcontaining 14 (TRIM14), consisting of
a Bbox, a coileecoil region and a @erminal
PRYSPRY region, wolves in cell apoptosis, cell cycle
regulation and viral respong&7]. We speculated that
TRIM14 isthe putativetarget of miR198 based on the
website database TargetScahnttd://www.targetscan.
org/). Previous studieslemonstrated thatRIM14 could
be targeted by miR24-3p to impact tongue cancer
development [18]. Besides, TRIM14 facilitated
epitheliatmesenchymal transition and cheresistance
of glioma[19, 20] Hence, TRIM14 was expected to be
a good target for glioma treatment.

The aim of our study here wasittvestigatethe role of
circ_0005198 inTMZ resistanceof glioma cellsand
dissectits mechanism via bioinformatics pietion and
experimental verification. The discovery of the
circ_0005198miR-198 TRIM14 axis is promising to
provide a novel therapeutic insight for glioma
chemoresistance.

RESULTS
Circ_0005198 expression was increased in glioma

Firstly, we tested the exession of circ_0005198 in
glioma. In clinical samplesthe expression level of
circ_0005198 wakigherin glioma tissues than normal
tissues and its expression displayed positive correlations
with tumor gradesKigure 1A). We then examined the
expressionof circ_0005198 in serum samples. As
shown in Figure 1B, circ_0005198 expression was
gradually increased in glioma comparedhe control,

and its expression also displayed positive correlations
with tumor grades. Besidesye showed thatthe
expression b circ_0005198 was upegulated in all
glioma cell linesin vitro, especially in U138 and LN18
cells, comparedo normal human astrocytes-igure
1C). Furthermore, circ_0005198 expression in
U138/TMZ and LN18/TMZ cells wakigherthan that

in U138 and LN1&sells FigurelD), demonstrating that
circ_0005198 might be related to TMZ resistance of
glioma.

Circ_0005198 knockdown inhibited the progression
of TMZ -resistant glioma cells

Circ_0005198 expression was knocked down in
U138/TMZ and LN18/TMZ cells to iwestigate the
biological function of circ_0005198 in glioma cells
(Figure 2A). Cell viability assay showethat the cell
proliferation of U138/TMZ and LN18/TMZ cells was
significantly inhibited by circ_0005198 knockdown
(Figure2B). Likewise, colony formation assays showed
that the clone numbers of U138/TMZ and LN18/TMZ
cells were significantly reduced with circ_0005198
downregulation as wellKigure2C). The apoptotic rate
of U138/TMZ and LN18/TMZ cells transfected with si
circ_000519& was increased-{gure2D) comparedo

the scrambled group. The IC50 value of cells was
significantly decreased after circ_0005198 knockdown,
indicating that TMZ resistanseof U138/TMZ and
LN18/TMZ cells were suppressedHgure 2E). As a
result we verified that circ_0005198 played an active
effect in TMZ resistance of glioma cells.

Circ _0005198 directly interacted with miR198

Subsequently, we attempteddelve into the possible
action mechanism of circ_0005198 in glioma cells.
Predominary cytoplasmic enrichment of
circ_0005198 was identified Fi{gure 3A),
demonstrating that circ_0005198 might hinder target
mMRNA repression as the molecular sponges for
mMiRNAs. Based on Circular RNA Interactome, miR
198 binding sequence was shared by that of
circ_0005198 at QTR (Figure 3B). We transfected
mMiR-198 mimic into U138/TMZ and LN18/TMZ cells
respectively Figure 3C). Overexpression of miRL98
inhibited luciferase activity in U138/TMZ and
LN18/TMZ cells transfected with circ_0005198T

but not in cells transfected with circ_00051-98T
(Figure 3D). In particular, miRL98 expression level
was elevated considerably with circ_0005198 krock
down Figure 3E). Furthermore, RIP assay proved the
specific interaction of circ_0005198 and miR8 in
U138/TMZ and LN18/TMZ cells Figure 3F). Taken
together circ_0005198 cdd act as a sponge for miR
198.
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Over-expression of miR198 inhibited the progression
of TMZ -resistant glioma cells

Next, the impacts exerted by mi®8 on TMZ
resistance of glioma werexplored. MiR198 was
downregulaed in glioma tissues and TMzZsistant
glioma cells Figure 4A, 8). We furtherelevatedthe
expression of miRL98in TMZ-resistant glioma cellgy
transfecting miRL98 mimic As revealed from the
results of CCK8 andcolony formation assays, miE98
overexpression restricted U138/TMZ and LN18/TMZ
cells proliferation Figure 4C, D). The apoptotic rate
of U138/TMZ and LN18/TMZ cells transfected with
mMiR-198 mimic were increased Kigure 4E). The 1C50
value of the cells evidently declined after miR98
overexpression, indicating that TMZ resistance was
suppressedHigure4F). Given the mentioned data, miR
198 was critical to the TMZ resistance of glioma.
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Circ_0005198 was mediated by
regulation of miR-198

the negative

We then inhibit miR198 level by transfectingniiR-198
inhibitor into U138/TMZ and LN18/TMZ cells (Figure
5A). MiR-198 expression was enriched by- si
circ_0005198 and partially reversed via <o
transfection with miRL98 inhibitor (Fgure 5B). As
indicated from the results of CC& and colony
formation assays, the cell proliferation inhibition
mediated by scirc_0005198 could receive partial
reversion by cdransfection with miRL98 inhibitor
(Figure 5C, 5D), demonstrating that aif005198
facilitated cell proliferation by restricting mMiR98
expression. Additionally, flow cytometry assay showed
that the apoptotic rate of U138/TMZ and LN18/TMZ
cells was increased by-sirc_0005198, and patrtially
reversed through etransfectiorwith miR-198 inhibitor
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Figure 1. Circ_0005198 expression was upregulated in glioma tissues, serum samples an@)agTPCR was used to measure
the expression of circ_0005198 in 10 lgrade (stage-ll) glioma tissues, 10 higirade (stage HIV) glioma tissues and 15 normal tissu@

The expression of circ_0005198 in serum was assessed QRO Circ_0005198 expression was detected by-BRR in normal human
astrocytes (NHAs) and glioma cell lines (U87, U251, U138 and [DyI8)e expression of circ_0005198 in glioma cells (U138 and LN18) and
TMZresistant glioma cells (U138/TMZ and LN18/TMZ) was assessed-BCHRTP < 0.05, *P< 0.01
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(Figure 5E). Likewise, knockdown of circ_0005198 reporter assay, miR98 overexpression considerably
decreased the IC50 value of cells, and this effect suppressed the luciferasetivity of TRIM14WT in

was partially abolished byhe silencing of miR198 U138/TMZ and LN18/TMZ cells, whereas TRIM14
(Figure5F). These results suggested that circ_0005198 MT was not affected (Figure 6B). By ascertaining the
regulated TMZ resistare in gliomavia negatively mMRNA and protein expressiome reported that over
regulating miR198 expression in U138/TMZ and expression of miRL98 hindered TRIM14 expression in
LN18/TMZ cells. U138/TMZ and LN18/TMZ cells Kigure 6C, 6D).
These results indicated that TRIMWhas theputative
TRIM14 was a target gene of miR198 target of miR198
To investigate the molecular mechanism of  Silencing of TRIM14 inhibited the progression of
circ_0005198 in TM#Zesistant glioma cells, the TMZ -resistant glioma cells
website database TargetScan was adojmepredicting
the target gene of miR98. A putative miRL98 binding We investigated the impacts exerted by TRIM14 on
site was identified i n thdaMz3m@disthrRe off gliom& | TRIMA4 \akighlyu r e
6A). As indicated from the results of dtlatiferase expressed in glioma tissues and TSistant glioma
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Figure 2. Effects of circ_0005198 expression on the progression of-fEsiZtant glioma cells(A) gRF PCR analysis of
circ_0005198 expression in transfected U138/TMZ and LN18/TMZ Bl viability of U138/TMZ and LN18/TMZ cells transfected with si
circ_000519& were detected by C&Kassay.@ The proliferative rate of transfected U138/TMZ and 8NMZ cells was determined by

colony formation assayD) The apoptotic rate of cells was determined using flow cytometry after circ_0005198 knockdown in U138/TMZ
and LN18/TMZ cell¢f) CCKB assay was performed to measure the TMZ resistance of U138/TMZ and LN18/ TMZ cells. *P <0.05, **P < 0.01,
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cells Figure 7A, B). Then we knocked down TRIM14
expression in U138/TMZ and LN18/TMZ cellBigure
7C). CCK8 and colony formation assays revealed that
inhibition of TRIM14 reduced U138/TMZ and
LN18/TMZ cells proliferation Figure 7D, 7E). The
apoptotic rate of U138/TMZ and LN18/TMZ cells
transfected with sTRIM14-1 was increasedF{gure
7F). The IC50 value of cells was significantly decreased
after TRIM14 knockdown, indicating that TMZ
resistance was suppressédg(re 7G). All the above
data determined that TRIM14 expression was crucial to
the occurrence of TMZ resistance of glioma cells.

MiR -198 mediated the regulatory effects of TRIM14
on the progression of TMZresistant glioma cells

To determine theregulatory relationship between
TRIM14 and miR198, we measured the protein

expression of TRIM14 in U138/TMZ and LN18/TMZ
cells transfected miR98 mimic and TRIM14 over
expression plasmid (pERIM14). The results indicated
that miR198 overexpression inibited the expression
of TRIM14, while the oveexpression of TRIM14
couldincreasdts expression (Figure 8A). CCK and
colony formation assays showed that the proliferation
inhibition mediated by miRL98 mimic can be
partially reversed by ctransfectim with TRIM14

overexpression  plasmid (Figure 8B, 8C),
demonstrating that miR98 inhibited cell pre
liferation by restricting TRIM14 expression.

Moreover, flow cytometry assay indicated that the
apoptotic rate was upegulated by miRL98 mimic
and partidly reversed through etransfection with pe
TRIM14 (Figure 8D). Likewise, miRL98 mimic
lowered the IC50 value of cells; such effect was
partially abolished byverexpressing TRIM14 via the
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Figure 3. Circ 0005198 targeted miR8.(A) qRFPCR showed the enrichment of circ_0005198 in cytoplagB)i€he predicted binding
sites between circ_0005198 and miR8. (O MiR-198 expression in U138/TMZ and LN18/TMZ cells was detected byPCRTafter
transfection with miRL38 mimic.(D) Luciferasereporter assay was performed for the confirmation of direct binding relationship between
circ_0005198 and miR98 with luciferase reporter plasmids of wilghe and mutant circ_0005198&) qRFPCR was performed to detect the
effect of circ_0005198 on miR98 expression(F) Enrichment of circ_0005198 and rilR8 using Ago2 antibody in U138/TMZ and

LN18/TMZ cells was tested by RIP assay. **P < 0.01, ***P < 0.001.
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transfection ofpc-TRIM14 (Figure 8E). Our results
suggested that TRIM14 expression wakered by
mMiR-198 on the progression of TMEiésistant glioma
cells. Taken together, our study revealed that
circ_0005198 exerted its function as a ceRNA through
sponging miR198 to regulate TRIM14 expression,
and therefore contributed to TMZ resistance in glioma
(Figure9).

DISCUSSION

Glioma refers to an aggressive tumor arising from glial
cells of the central nervous system. Despite the
development of new treatment options, the survival rate
of glioma remais low. In particular glioblastomas
patients havea median survival of 15 months
[21]. Surgery and the following radiotherapy assisted

with temozolomide (TMZ) or cisplatin adjuvant
chemotherapyis the normal strategy to treat glioma;
however, the progn@s remains poor as there is
growing resistance to the chemotherapeutic drugs
[22, 23] For this reason, researches stressing the
molecular and cellular mechanisms regarding the
glioma chemoresistance woytdompt thedevelopment

of more effectivareaments orthe malignant glioma.

Currently, proteins, nenoding RNAs and many other
molecules have been identified as the potential
biomarkers to diagnose or prognostically predict glioma
[241 27]. Growing evidence has provethe crucial
function of circRNAs to tumor occurenes and
progres®ns[28, 29] Owing to its naturally closed loop
structure, circRNA can be stable in the tissues and
serum [7]. So far, there have been many studies

Figure 4. MiRL98 wasdown-expressed in glioma and its overexpression inhibited the progression of ¥&&fstant glioma
cells. (A, B Analysis of the relative expression of rli®8 in glioma tissues, glioma cells (U138 and LN18) andr@ditfant glioma cells
(U138/TMZ and.N18/TMZ).@ The viability of U138/TMZ and LN18/TMZ cells transfected withl®8Rmimic was detected by C8kassay.
(D) Proliferation of U138/TMZ and LN18/TMZ cells was determined by colony formation a&a#soptotic rate in U138/TMZ and LN18/
TMZcells was detected by flow cytometif) The TMZ resistance of U138/TMZ and LN18/TMZ cells was measured-8ya&Xal. *P < 0.05,

**P <0.01, **P < 0.001.
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