European Review for Medical and Pharmacological Sciences 2020; 24: 3004-3022

Hsa_circ_0007534 knockdown represses
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Abstract. - OBJECTIVE: Colorectal cancer
(CRC) is a common tumor around the world. Cir-
cular RNAs (circRNAs) have been reported to be
related to the development of CRC. However, the
detailed mechanism is complicated. This study
aimed to reveal the functional mechanism of
circ_0007534 in CRC.

PATIENTS AND METHODS: Quantitative re-
al time polymerase chain reation (qRT-PCR)
and Western blot assay were performed to
analyze gene expression. 3-(4,5-dimet
azol-2-yl)-2,5-diphenyltetrazolium bromide
assay and colony formation assay were c4
out to determine cell proliferation ability.
thermore, cell migratory and invasive abil
were assessed by transwell assa

Also, the interaction be
solute carrier family
and miR-613 was
starBase v2.0 a
assay, respectj
formed to in
on tumor
SLC25A22 levels
evel was down-

jon, invasion, and gly-
Circ_0007534 target-

etion repressed tumor growth in vivo.
ODNCLUSIONS: We demonstrated that
0007534 knockdown suppressed the
growth of CRC cells by regulating miR-613/
SLC25A22 axis, providing potential target for the
treatment of CRC.
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(CRC), one of the most com-
a cancer that is related to age,
. CRC brings a great threaten to
aeople’ live and health. According to the statistics
hbere were over 376,000 new cases and
ately 191,000 deaths of CRC patients in
China?. Despite some methods, including surgery
and chemotherapy, were applied for the therapy of
CRC, the overall survival rate was not remarkably
improved®.

Circular RNAs (circRNAs) were initially con-
sidered as a type of products of splicing errors®.
Nowadays, it is widely accepted that circRNAs
acted as non-coding RNAs to regulate cancer
cell progression, such as proliferation, migration/
invasion, apoptosis, and autophagy®. Chen et al®
suggested that circRNA cRAPGEF5 repressed
cell proliferation and mobility by modulating
miR-27a-3p expression in renal cell carcinoma.
Chi et al’ detected that circRNA-104075 was re-
lated to matrine-induced cell apoptosis, as well as
autophagy in glioma. Furthermore, circ_0007534,
as an endogenous circRNA, was highly expressed
in CRC tissues and promoted the growth of CRC
cells®. However, the role of circ_0007534 in CRC
in vivo and the detailed mechanism remains un-
clear.

MicroRNAs (miRNAs), with 19-25 nucleotides
in length, were identified as a family of small
non-coding RNAs that modulated the level of
target gene by inhibiting translation or inducing
degradation of message RNA (mRNA) in human
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cancers”'!. Wang et al'? revealed that miR-1296-5p
inhibited the proliferation, as well as the mobility
of osteosarcoma cells. Zhang et al" indicated that
miR-337-3p repressed cell proliferation in ovarian
cancer. MiR-613 was shown to inhibit a series of
cell progression in CRC, including proliferation,
migration/invasion, and cycle, meaning that miR-
613 played a pivotal role in CRC development™.
Therefore, it is essential to explore the detailed
molecular mechanism of miR-613 in CRC.

Solute carrier family 25 member 22
(SLC25A22), also known as a member of mito-
chondrial carrier system (MCS) family, encodes
a mitochondrial glutamate carrier that transports
glutamate from inner mitochondrial membrane to
mitochondrial matrix'>'%. SLC25A22 was related
to the development of various human cancers,
such as gallbladder cancer'”, osteosarcoma'®, and
CRCP. Furthermore, SLC25A22 was reported to
suppress CRC cell proliferation, mobility, and tu-
mor growth in mice®. These data revealed that
SLC25A22 exerted an important role in CRC de-
velopment. Therefore, it is necessary to further
explore the role of SLC25A22 in CRC.

Here, the levels of circ_ 0007534, miR-61
SLC25A22 in CRC tissues and cells were {

via miR-613/SLC25
vide a new light fo

rsity. This research was approved
i mittees of China-Japan
niversity. Informed con-
each patient.

colon mucosal epithelial cell
Béa)) and two CRC cell lines (LoVo and
C provided by Shanghai Institute for
Riological Sciences (Shanghai, China). All cells
e kept in Roswell Park Memorial Institute-1640
11-1640) medium (Invitrogen, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS;
Gibco, Rockville, MD, USA) as well as 1% peni-
cillin/streptomycin at 37°C with 5% CO,.

RNA Extraction and Quantitative Real
Time-Polymerase Chain Reaction
(GRT-PCR)

Total RNA was obtained using TRIzol re-
agents (Invitrogen, Carlsbad, CA, USA

employed to generate compleme
NA), and then qRT-PCR was
use of the SYBR Green dy,

CTACTCTG-3’ and
GTGCGAT-3’; U6,

, lar Fractionation Location

The PARIS Kit (Life Technologies, Carlsbad,
CA, USA) was employed for cytoplasmic fraction
in line with the recommended instruction. Brief-
ly, the cells were incubated with lysis buffer for
10 min, and then, centrifuged at 4°C. Then, the
supernatant and pellets were used to extract cy-
toplasmic RNA and nuclear RNA, respectively.
Finally, the levels of RNAs in nuclear and cyto-
plasm were analyzed by qRT-PCR.

RNase R Treatment

For the measurement of circ 0007534 sta-
bilization, the total RNA (5 pg) was incubated
with RNase R (3 U/ug; Epicentre Biotechnolo-
gies, Madison, WI, USA) for 15 min at 37°C for
2 times. Subsequently, qRT-PCR was performed
to analyze the levels of circ_ 0007534 and linear
mRNA (GAPDH).

Cell Transfection

The small interfering RNA against circ_ 0007534
(si-circ_0007534; GenePharma Co., Ltd., Shang-
hai, China) and miR-613 inhibitor (anti-miR-613;
GenePharma Co., Ltd., Shanghai, China) were
applied to deplete circ_ 0007534 and miR-613, re-
spectively. For overexpression of SLC25A22, its
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sequence was inserted into the pcDNA3.1 vector
(GenePharma Co., Ltd., Shanghai, China). The
cells were transfected using Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA).

Cell Proliferation Assay

Cell proliferation ability was assessed by
3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) kit (Promega, Madison,
WI, USA) in line with the recommended protocol.
In brief, the cells were transfected, and then, cul-
tured for O h, 12 h, 24 h, or 48 h. Then, the cells
were incubated with MTT solution, and then dis-
solved using dimethyl sulfoxide (DMSO). Finally,
optical density was examined by ELx800 absor-
bance reader (BioTek Instruments, Winooski, VT,
USA) at 490 nm.

Colony Formation Assay

Briefly, the cells were transfected, and kept in
6-well plates for 14 d. Then, the cells were washed
using PBS, fixed by paraformaldehyde, and then,
stained with 0.5% crystal violet. Finally, a micro-
scope (Olympus, Tokyo, Japan) was used to take
a picture, and then, the number of the clone
counted.

Cell Migration and Invasion Assay
In briefly, transfected cells in 100 pL serum-

chamber (BD Biosciences, j
USA), and the bottom of

es, Franklin
insert, and

tissues and cells were
(Beyotime, Shanghai,
lot assay was performed

arated, transfected onto poly-
difluoride membranes (PVDF; Milli-

(ita, MA, USA), and blocked by 5%
on-fat milk. After that, the membranes were
bated with the primary antibodies against
mawrx metallopeptidase 2 (MMP-2), MMP-
9, hexokinase 2 (HK2), Glucose transporter 1
(GLUT1), lactate dehydrogenase A (LDHA),
SLC25A22, and GAPDH (1:1,000; Abcam, Cam-
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bridge, MA, USA). After incubation by the cor-
responding secondary antibodies (1:2,000; Ab-
cam, Cambridge, MA, USA), the protein bands
were measured using enhanced chemilumines-
cent (ECL) agents (BD Biosciences, k

Lakes, NJ, USA).

The Measurement of ECAR

) and Lactate Assay kit
0O, USA), respective-
ied out as previous-

se Reporter Assay
mutant-type of circ_0007534

luciferase density was examined using the Du-
al-Luciferase Reporter Assay System (Promega,
Madison, WI, USA).

Mouse Xenografts

4-week-old BALB/c nude mice were used
in this research. This assay was performed in
line with the guidance of the National Animal
Care and Ethics Institution. Briefly, LoVo cells
transfected with small hairpin RNA against
circ_0007534 (sh-circ_0007534) or sh-NC (Ge-
nePharma Co., Ltd) were subcutaneously inject-
ed into the mice. Then, tumor volume (length x
width?/2) was calculated every 7 d. After 35 d,
the tumor was removed, and tumor weight was
analyzed. This study was approved by the Animal
Research Committee of China-Japan Union Hos-
pital, Jilin University.

Statistical Analysis

The results were obtained from at least three
independent experiments, analyzed by Student’s
t-test or Analysis of Variance (ANOVA) with
Tukey’s honestly significant difference (HSD)
post-hoc test, and expressed as the means =+ stan-
dard deviation (SD). The relationship between
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the levels of the two genes was explored through
the analysis of Pearson’s correlation coefficient.
p<0.05 was considered significant.

Results

Circ_0007534 Level was Upregulated
in CRC Tissues and Cells

We first analyzed the level of circ_0007534 in
CRC tissues and adjacent normal tissues from CRC
patients (Table I) and found that circ_0007534 level
was significantly upregulated in CRC tissues (Fig-
ure 1A). Then, circ_0007534 level in CRC cells
was investigated. As shown in Figure 1B, its level
was higher in CRC cells than that in normal cells.
Next, we analyzed the distribution of circ_0007534
in LoVo and SW620 cells. The results suggested
that circ_ 0007534 was mainly located in cytoplasm
(Figure 1C and D). On the other hand, RNase R was
used to detect the stabilization of circ_0007534.
Compared with linear RNA, circ_0007534 was
resistant against RNase R (Figure 1E and F). Be-
sides, we found that circ_ 0007534 level in CRC
patients with high survival rate was lower thaathat

Circ_0007534 Knockdowi
Proliferation, Colony Fori

circ_0007534. Si-NC was used as negative control.
Knockdown efficiency was confirmed by qRT-PCR
(Figure 2A and B). Next, cell proliferation ability
was determined by MTT assay. As demonstrat-
ed in Figure 2C and D, circ_0007534 kng

colony formation assay suggested
ber of colonies was significantly d
circ_0007534 knockdown (Figyge 2

The results revealed that ¢g
remarkably suppressed
(Figure 2F and G; 10
two proteins (M
migration and 4

2J and K). Furthermore, our
irc_0007534 knockdown de-
sumption and lactate produc-

rreure 2N and O). Therefore, circ_ 0007534
knockdown inhibited the growth of CRC cells.

Circ_0007534 Targeted MiR-613

Through bioinformatics tool starBase v2.0,
we found that miR-613 was a potential target of
circ_0007534 (Figure 3A). Then, the Dual-Lu-
ciferase reporter assay was performed to veri-

circ_0007534 expression
Case Low (n=27) High (n=33) p-value?
0.4846
35 16 29
25 11 14
0.6717
24 10 14
36 17 19
0.0030*
39 23 16
21 4 17
h node metastasis 0.0020*
29 19 10
Present 31 8 23

*p <0.05; *Chi-square test.

3007



3008

A B c
S s SW620
=] S
% * 8 cytoplasm 3 nuclear EE cytoplasm
2 8 g 6 * 1.2
() 6 ) g
s | <
§ g 4 X 08

<

84 S <
% S 2 X o4
g2 £ e @
S === 'S £
2o - - 2o G 0.0L
£ Normal  Tumor £ NCM460 LoVo SW620 @ circ_0007534 U6 18S rRNA
S i
4 4

E LoVo F SW620
g [ RNase R- Il RNase R+ [ RNase R- | X
= 1.2 =
2 2
g =
ﬁ 0.8 7]
§ E —— High circ_0007534
X g4 g — Lowcirc_0007534
o o P=0.0073
> 0+ y .
s 0 20 40 60
© 0.0 T : Months
X  circ_0007534 linear m

3% and related to overall survival rate. A, Circ_0007534 level was detected by qRT-PCR in CRC
534 level was determined in CRC cells and normal cells. C, and D, The levels of circ_0007534, U6, and 18
LoVo and SW620 cells. E, and F, The levels of circ_0007534 and linear mRNA were examined after the
prc_ 0007534 and overall survival rate of CRC patients was analyzed. *p<0.05.

Figure 1. Circ_0007534 was u
tissues and adjacent normal
S rRNA were measured i
treatment of RNase R.

e relationship betwe




A LoVo B ~ swez20 c o snc LoVo - o P620
=3 si-NC = si:NC —1{.2- -= sicirc_0007534 = sicirc_0007534
S 1.2 W sicirc_0007534 S  1.2; W sicirc_0007534 g . :
4 =T= o o =
o (=3 (=]
S cos S cos ¥ o8
S 5" 18" ] *
2y g3 -
S § * B S04
2% s g o g
&0 8¢ a
3 . s 0 0.0 .04 . . .
x 00 x 00 0 Oh 12h 24h 48h
3 si-NC 3 si-Ne
E si-NC si-circ_0007534 250, W si<irc_0007534 g Bl si-circ_0007534
£ E-1
: :
LoVo S £
5 = *
b4 2 -
2 c
S S
9 s
SW620 o >
s 0
LoVo SW620
LoVo
G si-circ_0007534 5 3 si-NC
. JER S ‘n 1.2 Il si-circ_0007534
s a
LoVo ' MMP2 g
x
o 038
MMP9 = S < "
o o o A4
S 04 *
GAPDH o
= m R
si-NC # - B 00 g ;
si-circ_0007534 - + E MMP2 MMP9

, and B, The expression of circ_0007534 was detected in LoVo and SW620 cells transfected with si-NC
assess cell proliferation ability. E, Colony formation assay was carried out. F, and G, Cell migratory and

Figure continued

3009



3010

LoVo

SW620 SW620 J e si-NC
I s 3 si-NC - si-circ_0007534 206
MMP2 S o 1.2, I sicirc_0007534 250
; g £ 200 l
MMPO S s £ 0s E
- e I 150
£ o
GAPDH | 2 o . 5100 l
si-NC 4 - ; * S 50
si-circ_0007534 - + £ 00 u e —
8 MMP2 MMP9 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90100
[ si-NC 3 si-NC < LoVo
Si-| - .
L 1.2 [ sicirc_0007534 M 1.2 [ si<irc_0007534 -é 12 E :::fc 0007534
g 1. -
2 < g g
% gos E S 2 o8
¢ 23 2
504 s 5 04
2% : £
0.0 %
LoVo Swe20 & HK2 GLUT1 LDHA
o) SW620

GLUT1 .

LDHA S

GAPDH w=n =
si-NC 4+ -
si-circ_0007534 -

vels of MMP2 and MMP9 were examined by Western blot assay. J, and K, XF 96 was used to determine ECAR. L, and
M, Glucose consumptio duction were investigated by related kits. N, and O, Western blot assay was performed to detect the levels of HK2, GLUTI,

and LDHA. *p<0.05.



Circ_0007534 and miR-613 regulate CRC development

fy this interaction by transfecting circ_0007534
WT or circ_0007534 MUT and miR-613 or
miR-NC into LoVo and SW620 cells. As shown
in Figure 3B and C, miR-613 remarkably re-
duced the Luciferase activity of circ_0007534
WT but didn’t affect the Luciferase activity of
circ_0007534 MUT. This result revealed that
miR-613 interacted with circ_0007534. Next,
the effect of circ_0007534 on miR-613 expres-
sion was investigated. The results demonstrated
that circ_0007534 knockdown dramatically in-
creased miR-613 expression in LoVo and SW620
cells (Figure 3D). In addition, we determined the
level of miR-613 in CRC tissues and cells, found-
ing that miR-613 level was lower in CRC tissues/
cells than that in normal tissues/cells (Figure 3E
and F). Besides, the relationship between miR-
613 expression and circ 0007534 expression
was analyzed. As expected, miR-613 expression
was negatively correlated with circ_ 0007534 ex-
pression (Figure 3G). These data confirmed that
circ_0007534 targeted miR-613 and repressed its
expression.

MiR-6 13 Depletion Weakened the Efj
of Circ_0007534 Knockdown on th
Development of CRC Cells

To investigate whether circ_0007534 exer
function via modulating miR-613 expression,
Vo, and SW620 cells were transfg yith si

, (

gsfection with

knockdown, which
by miR-613 de-
eover, miR-613

ell assay was employed
s demonstrated in Figure
34 knockdown significantly
1gration and invasion, whereas
as impaired by miR-613 depletion in
: imilarly, the positive effect of miR-
3 depletion on circ_0007534 knockdown-medi-
3@, downregulated levels of MMP2 and MMP9
waobserved in CRC cells (Figure 4H and I).
On the other hand, the effect of miR-613 on
circ_0007534-regulated glycolytic metabolism
was explored via determining ECAR. As shown

in Figure 4J and K, ECAR was downregulat-
ed by circ_0007534 knockdown, and then part-
ly rescued due to miR-613 depletion. Moreover,
the negative effect of circ_0007534 knockdown
on glucose consumption and lactate prg

miR-613 depletion (Figure
circ_0007534 inhibited
regulate CRC cell dev:

A22 3’-UTR-MUT, was re-
d by miR-613 overexpression,

pression of SLC25A22 in LoVo and SW620 cells
(Figure 5C and D). In addition, we analyzed the
level of SLC25A22 in CRC tissues and cells and
found that SLC25A22 level was higher in CRC
tissues/cells than that in normal tissues/cells (Fig-
ure SF-I). Besides, our results demonstrated that
SLC25A22 expression was negatively correlated
with miR-613 expression in CRC tissues (Figure
5J). These data showed that miR-613 targeted
SLC25A22 and repressed SLC25A22 expression.

SLC25A22 Overexpression Reversed the
Effect of MiR-613 Upregulation on the
Development of CRC Cells

To analyze whether miR-613 exerted function
via regulating SLC25A22 expression, LoVo and
SW620 cells were transfected with miR-NC, miR-
613, miR-613 + Vector, or miR-613 + SLC25A22,
respectively. QRT-PCR revealed that SLC25A22
expression was downregulated by miR-613 overex-
pression and upregulated by the transfection with
SLC25A22 (Figure 6A-C). Then, MTT assay was
carried out to determine cell proliferation ability.
As shown in Figure 6D and E, miR-613 overexpres-
sion greatly suppressed cell proliferation, whereas
this action was weakened due to SLC25A22 up-
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Figure continued
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-613, and SLC25A22 was investigated. A, The relationship be-
investigated. B-D, The expression of SLC25A22 was detected
7534, si-circ_0007534 + anti-miR-NC, or si-circ_0007534 +

on colony forma-
ity was assessed

were dramatically sup-
pression, and then part-
2 upregulation (Figure 6G
positive effect of SLC25A22
iR-613 overexpression-down-
evels of MMP2 and MMP9 was ob-
RC cells (Figure 61 and J).
We analyzed glycolytic metabolism in this
v, and found that miR-613 overexpression de-
c®ed ECAR, and this action was impaired due
to SLC25A22 upregulation in LoVo and SW620
cells (Figure 6K and L). Moreover, SLC25A22
upregulation reversed the effect of miR-613 over-
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expression on glucose consumption and lactate
production (Figure 6M and N). In addition, we
found that miR-613 overexpression-mediated
downregulated levels of GULT1, HK2, and LDH
were upregulated by SLC25A22 upregulation
(Figure 60 and P). These data indicated that miR-
613 regulated CRC cell development by inhibiting
SLC25A22 expression.

Circ_0007534 Upregulated SLC25A22
Level Through Inhibiting MiR-613
Expression

Next, the relationship between the levels of
SLC25A22 and circ_0007534 was investigated.
As expected, SLC25A22 level was positively
correlated with circ_0007534 level in CRC tis-
sues (Figure 7A). Therefore, we speculated that
circ_ 0007534 promoted SLC25A22 expression



Circ_0007534 and miR-613 regulate CRC development

A - sh-NC B c §
5™ 1000, % sh-circ_0007534 3
E 3 sh-NC o O3 sh-NC
g 750 1.0 Il sh-circ_0007534 3— 15 Bl sh-circ_0007534
£ 3 T H
= * = 2
S 500 £ 2 10
s s . S
o 250 S 0.5 S,
5 g £os
~ 0 T T T T T £ ©
7 14 21 28 35 E g
Days 0.0 g 00
T
14
D c E F
i} «
[7]
b 03 sh-NC Z 3 sh-NC
S 4, W sheoirc 0007834 £ B sh-circ_0007534
X * 1.5
- 8
3 ° <5
. ]
x 20 —
g 2 a2
»s
$ o3 0.5
5 g
2 :
©o X o0

Figure 8. Circ_0007534 knockdown attenuated tumor growth in
group and sh-NC group every 7 d. B, Tumor weight was analyzed af?
miR-613, and SLC25A22 were detected in sh-circ_0007534 group
determined in sh-circ_0007534 group and sh-NC group. *p<0.05.

was calculated in sh-circ_ 0007534
, The RNA levels of circ_0007534,

h-NC group. he protein level of SLC25A22 was

by repressing miR-613 expression. To con
this hypothesis, LoVo and SW620 cells
transfected with si-NC, si-cg )
circ_0007534 + anti-miR-N
+ anti-miR-613, respective

reguted in sh-circ 0007534 group (Figure
8C-F). Taken together, circ 0007534 depletion
repressed tumor growth in vivo.
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]
~J
D
@
~

Discussion

Colorectal cancer is a common cancer with high
metastasis rate worldwide*. Although some ad-
vanced technologies were used for its therapy, the
treatment effect of most CRC patients still needs to
be improved®. Thus, it is of importance to explore
the mechanism of CRC development for the treat-
ment of CRC patients. In this research, we investi-
gated the functional mechanism of circ_0007534 in
CRC. The results demonstrated that circ_ 0007534
knockdown suppressed the development of CRC
by regulating miR-613/SLC25A22 axis.

tion (Figure 7
circ_ 0007534

volume every 7 d, and found Many circRNAs were reported to be involved

was significantly smaller in sh- in the development of CRC. Fang et al** confirmed

¢ _000753% group than that in sh-NC group that circ_100290 knockdown repressed cell pro-
igure 8A). Moreover, tumor weight was down- liferation and mobility and promoted apoptosis

ated by circ_0007534 depletion (Figure via modulating miR-516b/ Frizzled-4 (FZD4) axis
ext, the levels of circ_0007534, miR-613, in CRC. Li et al*” demonstrated that circ_ 102958
and SLC25A22 were determined. As expected, promoted CRC development by regulation of
the levels of circ_0007534 and SLC25A22 were miR-585/cell division cycle 25B (CDC25B) axis.
downregulated, and the level of miR-613 was Bian et al*® showed that circ 103809 negative-
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ly regulated the growth of CRC cells by target-
ing miR-532-3p. In this research, we found that
circ_0007534 level was increased in CRC tissues
and cells. Furthermore, circ 0007534 knock-
down suppressed the proliferation, colony for-
mation, and mobility of CRC cells. Previous data
indicated that circ_0007534 acted as an oncogene
in some cancers, including cervical cancer®,
pancreatic ductal adenocarcinoma®’, breast can-
cer’!, glioma®?, and CRC8. These findings agree
with our results. Also, the effect of circ_0007534
knockdown on glycolysis was explored in CRC
cells. It is well known that glycolysis is enhanced
in cancer cells®. It is a process in which glucose
is converted into pyruvate accompanied by the
production of lactate (fermentation). ECAR is an
easily measurable indicator of glycolysis activi-
ty**. The inhibited ECAR, glucose consumption
and lactate production revealed that glycolysis
was suppressed. In addition, the levels of glycol-
ysis-related proteins (such as HK2, GLUTI, and
LDHA) can also be used to evaluate glycolysis.
HK2 is the first rate-limiting enzyme in process of
glycolysis®. GLUTs take charge of the transporta-
tion of glucose, and the overexpression of G
facilitated glycolysis®**. LDHA is an enzy
converts pyruvate to lactate’’. Thus, the dowige
ulated HK2, GLUT1, and LDHA resulted b

circ_0007534 indicated that circ_0007534 knd
down repressed glyc01y51s in CRdS

ever, how circ_00
revealed. Theref

estigate the functional
534 in CRC, its target was

miR-613 expression. MiR-613 was
eported to repress cell proliferation, migration,
ell as invasion in a variety of cancers, includ-
asopharyngeal carcinoma*, colon cancer®,
bladder cancer®, and retinoblastoma**. Moreover,
Li et al* demonstrated that miR-613 was lowly
expressed in CRC tissues/cells, and miR-613 sup-
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pressed cell development. Also our results showed
that miR-613 level was reduced in CRC tissues/
cells compared with that in normal tissues/cells. In
addition, miR-613 was shown to inhibit glycolysis
metabolism in gastric cancer”. Taken tog

Then, we sustained this hypothesi:

Zahid et al*® showed that i
function via targeting 3 -
mRNA. Here, through
Base v2.0 and the Dua

n gallbladder cance
highly expressed, and SLC25A22 accelerated

bhowed that the silence of SLC25A22 suppressed

. s, in mice. These data suggested that
.2 acted as a positive regulator in CRC
development Then, whether miR-613 regulates
CRC by modulating SLC25A22 level was inves-
tigated in this study. As expected, miR-613 re-
pressed the development of CRC cells via down-
regulating SLC25A22 expression.

Finally, our results detected that circ_0007534
inhibited miR-613 expression to upregulate
SLC25A22 level in CRC cells, meaning that
circ_ 0007534 exerted its function by regulat-
ing miR-613/SLC25A22 axis. Next, the effect of
circ_0007534 on tumor growth was explored. As
expected, circ_0007534 depletion attenuated tu-
mor growth in vivo.

Conclusions

These findings demonstrated that circ_ 0007534
knockdown suppressed the development of CRC
by modulating miR-613/SLC25A22 axis, provid-
ing a theoretical basis for the therapy of CRC.

Conflict of Interests

The Authors declare that they have no conflict of interests.



Circ_0007534 and miR-613 regulate CRC development

—_

)

5)

6)

7)

10)

References

BrenNer H, KLoor M, Pox CP. Colorectal cancer.
Lancet 2014; 383: 1490-1502.

CHEN W, ZHENG R, BAADE PD, ZHANG S, ZENG H, BrAY
F, JemaL A, Yu XQ, He J. Cancer statistics in China,
2015. CA Cancer J Clin 2016; 66: 115-132.

BorANNA S, ANANTHAKRISHNAN AN, KeplA S, YAINIK V,
AHuiA V. Risk of colorectal cancer in Asian pa-
tients with ulcerative colitis: a systematic review
and meta-analysis. Lancet Gastroenterol Hepatol
2017; 2: 269-276.

Hsu MT, Coca-Prapos M. Electron microscopic evi-
dence for the circular form of RNA in the cytoplasm
of eukaryotic cells. Nature 1979; 280: 339-340.

WANG Q, CHEN J, WANG A, SuN L, QIaN L, ZHou X, Liu
Y, TanG S, CHEN X, CHenG Y, Cao K, Znou J. Differ-
entially expressed circRNAs in melanocytes and
melanoma cells and their effect on cell prolifera-
tion and invasion. Oncol Rep 2018; 39: 1813-1824.

CHEN Q, Liu T, Bao Y, ZHao T, WaNG J, WANG H,
WanG A, GAaN X, Wu Z, Wang L. CircRNA cRAP-
GEFS5 inhibits the growth and metastasis of renal
cell carcinoma via the miR-27a-3p/TXNIP path-
way. Cancer Lett 2020; 469: 68-77.

CHI G, Xu D, ZHanG B, Yang F. Matrine induces
apoptosis and autophagy of glioma cell line U251
by regulation of circRNA-104075/BCL-9. C
ol Interact 2019; 308: 198-205.

ZHANG R, Xu J, ZHao J, WanG X. Silencing o
circ_0007534 suppresses proliferation and i
es apoptosis in colorectal cancer ceIIs Eur
Med Pharmacol Sci 2018; 22:

sis. Neurol Res 2017;

Tutar Y. MiRNA a
experimental ap
2014; 15: 429.

IK3CB. Caff¥er Lett 2020; 469: 54-67.

1Z, CHeN' S, Li B. MicroRNA-613 targets
d suppresses progression of colorectal
cancer. Am J Transl Res 2016; 8: 5475-5484.

FIERMONTE G, PALMIERI L, Tobisco S, AGrimi G, PALM-
I F, WaALker JE. ldentification of the mitochondri-
al glutamate transporter. Bacterial expression,
reconstitution, functional characterization, and
tissue distribution of two human isoforms. J Biol
Chem 2002; 277: 19289-19294.

16) GouBEerT E, MIRCHEVA Y, LAsorsa FM, MEeLoN C, PrROFILO
E, Sutera J, Beca H, PALMIERI F, PALMIERI L, ANIKSZTEIN
L, Mounarl F. Inhibition of the mitochondrial glu-
tamate carrier SLC25A22 in astrocytes leads to
intracellular glutamate accumulation. Front
Neurosci 2017; 11: 149.

17) DuP, LianG H, Fu X, Wu P, WaNG C, CHj

18) CHEn MW, Wu XJ. SLC,
ation and metastasi
the PTEN signalin
Treat 2018; 17: 153

19) L X, CHuNnG

of aspar-
lyamines in
Oncotarget

IN'Y, LIl W, CHEN H, Go , Wu JL, CHenG KW, Na
SS, Suna JJ, Caig YuJ. SLC25A22 promotes prolif-
eration and sufal of colorectal cancer cells with
RAS mutatio nd xenograft tumor progression
mice via j#acellular synthesis of aspartate.
y 2016; 151: 945-960.€6.

CHen L3I0 J, YAanG C, YANG X, CHEN X, JIANG J, Luo
|dentification of a novel estrogen receptor be-
ding partner, inhibitor of differentiation-1,
andfole of ERbetal in human breast cancer cells.
Cancer Lett 2009; 278: 210-219.

22) Fiaveny CA, GrirreTT K, Ei-Genpy Ber D, Kazantzis
M, SenGuPTA M, AMmELIO AL, CHATTERJEE A, WALKER J,
Sout LA, Kamenecka TM, Burris TP. Broad anti-tumor
activity of a small molecule that selectively targets
the warburg effect and lipogenesis. Cancer Cell
2015; 28: 42-56.

23) KawaucHi K, Araki K, Tosiume K, Tanaka N. p53 reg-
ulates glucose metabolism through an IKK-NF-
kappaB pathway and inhibits cell transformation.
Nat Cell Biol 2008; 10: 611-618.

24) Broby H. Colorectal cancer. Nature 2015; 521: S1.

25) Harris TJ, McCormick F. The molecular pathology of
cancer. Nat Rev Clin Oncol 2010; 7: 251-265.

26) FanGg G, Ye BL, Hu BR, Ruan XJ, SHi YX. Cir-
cRNA_100290 promotes colorectal cancer pro-
gression through miR-516b-induced downregu-
lation of FZD4 expression and Wnt/beta-catenin
signaling. Biochem Biophys Res Commun 2018;
504: 184-189.

27) LR, Wu B, XiaJ, YE L, Yang X. Circular RNA hsa_
circRNA_102958 promotes tumorigenesis of col-
orectal cancer via miR-585/CDC25B axis. Cancer
Manag Res 2019; 11: 6887-6893.

28) Bian L, ZHI X, MA L, ZHANG J, CHEN P, SUN'S, Li J, Sun
Y, Qin J. Hsa_circRNA_103809 regulated the cell
proliferation and migration in colorectal cancer via
miR-532-3p / FOXO4 axis. Biochem Biophys Res
Commun 2018; 505: 346-352.

3021




D.-Y. Ding, D. Wang, Z.-B. Shu

29)

30)

31)

32)

33)

34)

35)

36)

37)

RonG X, Gao W, YanG X, Guo J. Downregulation
of hsa_circ_0007534 restricts the proliferation
and invasion of cervical cancer through regulat-
ing miR-498/BMI-1 signaling. Life Sci 2019; 235:
116785.

Hao L, RonGg W, Bal L, Cul H, ZHANG S, LY, CHEN D,
MenG X. Upregulated circular RNA circ_0007534
indicates an unfavorable prognosis in pancreatic
ductal adenocarcinoma and regulates cell pro-
liferation, apoptosis, and invasion by sponging
miR-625 and miR-892b. J Cell Biochem 2019;
120: 3780-3789.

Sonég L, Ximo Y. Downregulation of hsa_
circ_0007534 suppresses breast cancer cell
proliferation and invasion by targeting miR-593/
MUC19 signal pathway. Biochem Biophys Res
Commun 2018; 503: 2603-2610.

Li GF, Li L, Yao ZQ, ZHuanG SJ. Hsa_circ_0007534/
miR-761/ZIC5 regulatory loop modulates the pro-
liferation and migration of glioma cells. Biochem
Biophys Res Commun 2018; 499: 765-771.

ZHANG Y, YANG JM. Altered energy metabolism in
cancer: a unique opportunity for therapeutic inter-
vention. Cancer Biol Ther 2013; 14: 81-89.

KALYANARAMAN B, CHENG G, HArRDY M, OuArl O, Lopez
M, JoserH J, ZieLonkA J, Dwinet MB. A review of
the basics of mitochondrial bioenergetics, metab-
olism, and related signaling pathways in cancer
cells: therapeutic targeting of tumor mitoc
with lipophilic cationic compounds. Red
2018; 14: 316-327.

Lincer H, Icarp P. How do glycolytic enzym
vour cancer cell proliferation by nonmeta
functions? Oncogene 2015; 34,

MAcHEDA ML, RoGEers S, BesT
lular regulation of glucose

colysis as a tar
and prospects,

3022

39) XionGg DD, DanGg YW, Lin P, Wen DY, He RQ, Luo
DZ, Feng ZB, CHen G. A circRNA-miRNA-mRNA
network identification for exploring underlying
pathogenesis and therapy strategy of hepatocel-
lular carcinoma. J Transl Med 2018; 16: 220.

40) He JH, Li YG, HaN ZP, Znou JB, CHeN
He ML, Zuo JD, ZHena L. The Circh
Hsa-miR-21-5p/Tiam1 regulatory
affects the proliferation, migratio

2018; 49: 1539-1550.

41) Gao R, Feng Q, Tan G.
ti-angiogenic effect q

42) DongG Y, Wi

regulate
through tar-

er cancer proliferation€@nd migration through
targeting SphK1, Am J Transl Res 2017; 9: 1213-

, ZHu X, Wu Y, Lu Y, Yao B,
13 suppresses retinoblastoma
n, invasion, and tumor forma-
eting E2F5. Tumour Biol 2017; 39:
1010428317691674.

CHEN K, WANG L, Zeng X, Huang Z, LI M,
DoNG P, CHen X. MiR-613 inhibits Warburg effect
in gastric cancer by targeting PFKFB2. Biochem
Biophys Res Commun 2019; 515: 37-43.

46) ZaHiD KR, Su M, KHAN ARR, HAN S, DeminGg G, RazA
U. Systems biology based meth-miRNA-mRNA
regulatory network identifies metabolic imbalance
and hyperactive cell cycle signaling involved in
hepatocellular carcinoma onset and progression.
Cancer Cell Int 2019; 19: 89.

47) Casimir M, Lasorsa FM, Rusi B, CaiLLe D, Pawmier: F,
Mepa P, MaecHLEr P. Mitochondrial glutamate car-
rier GC1 as a newly identified player in the con-
trol of glucose-stimulated insulin secretion. J Biol
Chem 2009; 284: 25004-25014.






