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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-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
assay and colony formation assay were carried 
out to determine cell proliferation ability. Fur-
thermore, cell migratory and invasive abilities 
were assessed by transwell assay. Glycolyt-
ic metabolism was examined via the measure-
ments of extracellular acidification rate (ECAR), 
glucose consumption, and lactate production. 
Also, the interaction between circ_0007534 or 
solute carrier family 25 member 22 (SLC25A22) 
and miR-613 was predicted and confirmed by 
starBase v2.0 and the Dual-Luciferase reporter 
assay, respectively. Mouse xenograft was per-
formed to investigate the effect of circ_0007534 
on tumor growth in vivo.

RESULTS: Circ_0007534 and SLC25A22 levels 
were upregulated, and miR-613 level was down-
regulated in CRC tissues/cells. Circ_0007534 
knockdown repressed CRC cell proliferation, 
colony formation, migration, invasion, and gly-
colysis. Interestingly, Circ_0007534 target-
ed miR-613, and miR-613 targeted SLC25A22. 
Circ_0007534 exerted its function by repressing 
miR-613 expression, and miR-613 exerted its 
function via inhibiting SLC25A22 expression. Al-
so, Circ_0007534 repressed miR-613 expression 
to upregulate SLC25A22 level. Circ_0007534 de-
pletion repressed tumor growth in vivo.

CONCLUSIONS: We demonstrated that 
circ_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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Colorectal cancer.

Introduction

Colorectal cancer (CRC), one of the most com-
mon tumor types, is a cancer that is related to age, 
smoking, and diet1. CRC brings a great threaten to 
people’ live and health. According to the statistics 
in 2015, there were over 376,000 new cases and 
approximately 191,000 deaths of CRC patients in 
China2. Despite some methods, including surgery 
and chemotherapy, were applied for the therapy of 
CRC, the overall survival rate was not remarkably 
improved3.

Circular RNAs (circRNAs) were initially con-
sidered as a type of products of splicing errors4. 
Nowadays, it is widely accepted that circRNAs 
acted as non-coding RNAs to regulate cancer 
cell progression, such as proliferation, migration/
invasion, apoptosis, and autophagy5. Chen et al6 
suggested that circRNA cRAPGEF5 repressed 
cell proliferation and mobility by modulating 
miR-27a-3p expression in renal cell carcinoma. 
Chi et al7 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 
cells8. 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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cancers9,11. Wang et al12 revealed that miR-1296-5p 
inhibited the proliferation, as well as the mobility 
of osteosarcoma cells. Zhang et al13 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 development14. 
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 matrix15,16. SLC25A22 was related 
to the development of various human cancers, 
such as gallbladder cancer17, osteosarcoma18, and 
CRC19. Furthermore, SLC25A22 was reported to 
suppress CRC cell proliferation, mobility, and tu-
mor growth in mice20. 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-613, and 
SLC25A22 in CRC tissues and cells were detect-
ed. Furthermore, we first explored the effects of 
circ_0007534 on proliferation, migration, inva-
sion, and glycolysis in CRC in vitro and elucidat-
ed a new regulatory mechanism in CRC. Besides, 
we proved the function of circ_0007534 on tumor 
growth in vivo. The present study demonstrated 
that circ_0007534 regulated CRC development 
via miR-613/SLC25A22 axis, which might pro-
vide a new light for the therapy of CRC.

Patients and Methods

Tissues and Cell Culture
CRC and adjacent normal tissues (N=60) were 

obtained from patients at China-Japan Union Hos-
pital, Jilin University. This research was approved 
by the Ethics Review Committees of China-Japan 
Union Hospital, Jilin University. Informed con-
sent was provided by each patient.

Normal human colon mucosal epithelial cell 
line (NCM460) and two CRC cell lines (LoVo and 
SW620) were provided by Shanghai Institute for 
Biological Sciences (Shanghai, China). All cells 
were kept in Roswell Park Memorial Institute-1640 
(RPMI-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% CO2.

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

Total RNA was obtained using TRIzol re-
agents (Invitrogen, Carlsbad, CA, USA) based 
on the user’s manual. Next, the first strand cD-
NA synthesis kit (TaKaRa, Komatsu, Japan) was 
employed to generate complementary DNA (cD-
NA), and then qRT-PCR was carried out with the 
use of the SYBR Green dye (TaKaRa, Komatsu, 
Japan). The level of gene was normalized to U6 
or glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) using the 2-ΔΔCt method. The primer se-
quences were: circ_0007534, forward (F) 5’-GT-
GACGGAAATCCAATTGCACC-3’ and reverse 
(R) 5’-ATGGAATTGCTGGCGAGTTG-3’; miR-
613, F 5’-GGAATGTTCCTTCTTTGC-3’ and R 
5’-GAACATGTCTGCGTATCTC-3’; SLC25A22, 
F 5’-GTCAACGAGGACACCTACTCTG-3’ and 
R 5’-GGAAGTAGACCACCTGTGCGAT-3’; U6, 
F 5’-TGCGGGTGCTCGCTTCGGCAGC-3’ and 
R 5’-CCAGTGCAGGGTCCGAGGT-3’; GAP-
DH, F 5’-GCACCGTCAAGCTGAGAAC-3’ and 
R 5’-TGGTGAAGACGCCAGTGGA-3’, 18S rR-
NA, F 5’-AACCTGGTTGATCCTGCCAGT-3’ 
and R 5’-GGCACCAGACTTGCCCTC-3’.

Subcellular 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 μg) was incubated 
with RNase R (3 U/μg; 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 0 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 clones was 
counted.

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

medium were introduced into the top of transwell 
chamber (BD Biosciences, Franklin Lakes, NJ, 
USA), and the bottom of the chamber was intro-
duced with 500 μL medium containing 10% FBS. 
After 24 h, migratory cells on the bottom chamber 
were counted by a microscope (Olympus, Tokyo, 
Japan). For cell invasion, Matrigel (BD Bioscienc-
es, Franklin Lakes, NJ, USA) was coated on the 
insert, and the steps were in agreement with that 
in cell migratory assay.

Western Blot Assay
Total proteins in CRC tissues and cells were 

isolated using lysis buffer (Beyotime, Shanghai, 
China). Then, Western blot assay was performed 
in line with the previous steps21. Briefly, the 
proteins were separated, transfected onto poly-
vinylidene difluoride membranes (PVDF; Milli-
pore, Billerica, MA, USA), and blocked by 5% 
non-fat milk. After that, the membranes were 
incubated with the primary antibodies against 
matrix 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-

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, Franklin 
Lakes, NJ, USA).

The Measurement of ECAR
Firstly, the cells were transfected, and kept in 

6-well plates. Next, ECAR was determined using 
the Seahorse XF analyzer (Agilent Technologies, 
Santa Clara, CA, USA) as previously described22.

The Measurement of Glucose Consump-
tion and Lactate Production

Glucose consumption and lactate production 
were analyzed by Glucose Assay kit (Sigma-Al-
drich, St. Louis, MO, USA) and Lactate Assay kit 
(Sigma-Aldrich, St. Louis, MO, USA), respective-
ly. The experiments were carried out as previous-
ly described23.

The Dual-Luciferase Reporter Assay
The wide-type or mutant-type of circ_0007534 

or SLC25A22 3’-untranslated region (UTR) was 
cloned into the pGL3 vector (Promega, Madison, 
WI, USA). Then, the cells were transfected with 
the vector and miR-613 or miR-NC. After 48 h, 
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 × 
width2/2) 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 than that 
in CRC patients with low survival rate (Figure 1G). 
These data indicated that circ_0007534 expression 
was positively correlated with CRC development.

Circ_0007534 Knockdown Repressed Cell 
Proliferation, Colony Formation, Migration, 
Invasion, and Glycolysis in CRC Cells

To investigate the effect of circ_0007534 on the 
growth of CRC cells, LoVo, and SW620 cells were 
transfected with si-circ_0007534 to knockdown 

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 knockdown 
dramatically inhibited cell proliferation. Moreover, 
colony formation assay suggested that the num-
ber of colonies was significantly decreased due to 
circ_0007534 knockdown (Figure 2E). Subsequent-
ly, transwell assay was used to assess cell mobility. 
The results revealed that circ_0007534 knockdown 
remarkably suppressed cell migration and invasion 
(Figure 2F and G; 100X). Similarly, the levels of 
two proteins (MMP2 and MMP9) related to cell 
migration and invasion were downregulated by 
circ_0007534 knockdown (Figure 2H and I). 

On the other hand, we analyzed whether 
circ_0007534 affected glycolytic metabolism 
by examining extracellular acidification rate 
(ECAR). The results indicated that ECAR was re-
duced by circ_0007534 knockdown in LoVo and 
SW620 cells (Figure 2J and K). Furthermore, our 
results showed that circ_0007534 knockdown de-
creased glucose consumption and lactate produc-
tion (Figure 2L and M). In addition, circ_0007534 
knockdown significantly downregulated the lev-
els of glycolysis-associated GULT1, HK2, and 
LDH (Figure 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-

Table I. Correlation between hsa_circ_0007534 level and pathological indexes of colorectal cancer patients (n=60). 

		  circ_0007534 expression

Parameter	 Case	 Low (n=27)	 High (n=33)	 p-valuea

Age (years)				    0.4846
  ≤50	 35	 16	 29	
  >50	 25	 11	 14	
Gender				    0.6717
  Male	 24	 10	 14	
  Female	 36	 17	 19	
Tumor size				    0.0030*
   ≤3 cm	 39	 23	 16	
  >3 cm	 21	 4	 17	
Lymph node metastasis				    0.0020*
  Absent	 29	 19	 10	
  Present	 31	 8	 23	

*p < 0.05; aChi-square test.
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Figure 1. Circ_0007534 was upregulated in CRC tissues/cells and related to overall survival rate. A, Circ_0007534 level was detected by qRT-PCR in CRC 
tissues and adjacent normal tissues. B, Circ_0007534 level was determined in CRC cells and normal cells. C, and D, The levels of circ_0007534, U6, and 18 
S rRNA were measured in nuclear and cytoplasm of LoVo and SW620 cells. E, and F, The levels of circ_0007534 and linear mRNA were examined after the 
treatment of RNase R. G, The relationship between circ_0007534 and overall survival rate of CRC patients was analyzed. *p<0.05.
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Figure 2. Circ_0007534 was an oncogene in CRC cells. A, and B, The expression of circ_0007534 was detected in LoVo and SW620 cells transfected with si-NC 
or si-circ_0007534. C, and D, MTT assay was performed to assess cell proliferation ability. E, Colony formation assay was carried out. F, and G, Cell migratory and 
invasive abilities were determined using transwell assay (magnification 100X). H, and I, The levels of MMP2 and MMP9 were examined by Western blot assay. J, 
and K, XF 96 was used to determine ECAR. L, and M, Glucose consumption and lactate production were investigated by related kits. N, and O, Western blot assay 
was performed to detect the levels of HK2, GLUT1, and LDHA. *p<0.05. 

Figure continued
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Figure 2 (Continued). H, and I, The levels of MMP2 and MMP9 were examined by Western blot assay. J, and K, XF 96 was used to determine ECAR. L, and 
M, Glucose consumption and lactate production were investigated by related kits. N, and O, Western blot assay was performed to detect the levels of HK2, GLUT1, 
and LDHA. *p<0.05. 
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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-613 Depletion Weakened the Effect 
of Circ_0007534 Knockdown on the 
Development of CRC Cells

To investigate whether circ_0007534 exerts its 
function via modulating miR-613 expression, Lo-
Vo, and SW620 cells were transfected with si-NC, 
si-circ_0007534, si-circ_0007534 + anti-miR-NC, 
or si-circ_0007534 + anti-miR-613, respectively. 
QRT-PCR showed that miR-613 expression was 
upregulated by circ_0007534 knockdown, and 
then, downregulated due to the transfection with 
anti-miR-613 (Figure 4A and B). Then, MTT as-
say suggested that cell proliferation was greatly 
inhibited by circ_0007534 knockdown, which 
was almost completely rescued by miR-613 de-
pletion (Figure 4C and D). Moreover, miR-613 
depletion weakened the inhibitory effect of 
circ_0007534 knockdown on colony formation 
(Figure 4E). Next, transwell assay was employed 
to assess cell mobility. As demonstrated in Figure 
4F and G, circ_0007534 knockdown significantly 
suppressed cell migration and invasion, whereas 
this action was impaired by miR-613 depletion in 
CRC cells. Similarly, the positive effect of miR-
613 depletion on circ_0007534 knockdown-medi-
ated downregulated levels of MMP2 and MMP9 
was observed 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 production 
was reversed by miR-613 depletion (Figure 4L 
and M). Besides, we found that circ_0007534 
knockdown-mediated downregulated levels of 
GULT1, HK2, and LDH were upregulated by 
miR-613 depletion (Figure 4N and O). Therefore, 
circ_0007534 inhibited miR-613 expression to 
regulate CRC cell development.

MiR-613 was a Sponge for SLC25A22
Next, we used bioinformatics tool starBase 

v2.0 to predict the potential target of miR-613. 
The results suggested that SLC25A22 possessed 
a complementary sequence with miR-613 (Fig-
ure 5A). Then, the Dual-Luciferase reporter assay 
was performed to confirm the interaction between 
miR-613 and SLC25A22. As shown in Figure 5B, 
the Luciferase activity of SLC25A22 3’-UTR-
WT, but not SLC25A22 3’-UTR-MUT, was re-
markably diminished by miR-613 overexpression, 
meaning that miR-613 bound to SLC25A22. Sub-
sequently, the effect of miR-613 on SLC25A22 ex-
pression was explored. The results indicated that 
miR-613 depletion significantly increased the ex-
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 5F-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 3. Circ_0007534 was a sponge for miR-613. A, The interaction between circ_0007534 and miR-613 was predicted by starBase v2.0. B, and C, The Luciferase activity of 
LoVo and SW620 cells transfected with circ_0007534 WT or circ_0007534 MUT and miR-613 or miR-NC was measured. D, MiR-613 expression was determined in LoVo and 
SW620 cells transfected with si-NC or si-circ_0007534. E, and F, The level of miR-613 was detected in CRC and normal tissues (E), as well as CRC and normal cells (F). G, The 
relationship between circ_0007534 expression and miR-613 expression was analyzed. *p<0.05.RE
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Figure 4. Circ_0007534 regulated CRC cell progression by inhibiting miR-613 expression. A, and B, The expression of miR-613 was detected in LoVo and SW620 
cells transfected with si-NC, si-circ_0007534, si-circ_0007534 + anti-miR-NC, or si-circ_0007534 + anti-miR-613, respectively. C, and D, Cell proliferation ability 
was examined by MTT assay. E, Colony formation assay was performed. F, and G, Transwell assay was carried out to measure cell migratory and invasive abilities. 
H, and I, The levels of MMP2 and MMP9 were determined by Western blot assay. J, and K, XF 96 was employed to determine ECAR. L, and M, Glucose con-
sumption and lactate production were analyzed by related kits. N, and O, Western blot assay was used to measure the levels of HK2, GLUT1, and LDHA. *p<0.05.
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Figure 4 (continued). J, and K, XF 96 was employed to determine ECAR. L, and M, Glucose consumption and lactate production were analyzed by related kits. 
N, and O, Western blot assay was used to measure the levels of HK2, GLUT1, and LDHA. *p<0.05.
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Figure 5. MiR-613 was a sponge for SLC25A22. A, The interaction between miR-613 and SLC25A22 was predicted by starBase v2.0. B, and C, The Lucifer-
ase activity was determined in LoVo and SW620 cells transfected with SLC25A22 3’-UTR-WT or SLC25A22 3’-UTR-MUT and miR-613 or miR-NC. D, and E, 
SLC25A22 expression was detected in LoVo and SW620 cells transfected with anti-miR-NC or anti-miR-613. F-I, The level of SLC25A22 was examined in CRC 
and normal tissues (F and G), as well as CRC and normal cells (H and I). J, The relationship between SLC25A22 expression and miR-613 expression was investi-
gated. *p<0.05. RE
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Figure 6. MiR-613 modulated CRC cell progression via repressing SLC25A22 expression. A-C, The expression of SLC25A22 was detected by qRT-PCR and 
western blot assay in LoVo and SW620 cells transfected with miR-NC, miR-613, miR-613 + Vector, or miR-613 + SLC25A22, respectively. D, and E, MTT assay 
was carried out to measure cell proliferation ability. F, Colony formation assay was performed. G, and H, Cell migratory and invasive abilities were examined by 
transwell assay. I, and J, The levels of MMP2 and MMP9 were detected by Western blot assay.
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Figure 6. (Continued). K, and L, XF 96 was employed to analyze ECAR. M, and N, Glucose consumption and lactate production were explored by related kits. 
O, and P, The levels of HK2, GLUT1, and LDHA were determined by Western blot assay. *p<0.05.
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regulation. Furthermore, colony formation assay 
showed that SLC25A22 upregulation reversed the 
effect of miR-613 overexpression on colony forma-
tion (Figure 6F). Next, cell mobility was assessed 
by transwell assay. The results demonstrated that 
cell migration and invasion were dramatically sup-
pressed by miR-613 overexpression, and then part-
ly rescued by SLC25A22 upregulation (Figure 6G 
and H). Similarly, the positive effect of SLC25A22 
upregulation on miR-613 overexpression-down-
regulated the levels of MMP2 and MMP9 was ob-
served in CRC cells (Figure 6I and J).

We analyzed glycolytic metabolism in this 
study, and found that miR-613 overexpression de-
creased 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-

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 6O 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 

Figure 7. The linear relationship between circ_0007534, miR-613, and SLC25A22 was investigated. A, The relationship be-
tween SLC25A22 expression and circ_0007534 expression was investigated. B-D, The expression of SLC25A22 was detected 
in LoVo and SW620 cells transfected with si-NC, si-circ_0007534, si-circ_0007534 + anti-miR-NC, or si-circ_0007534 + 
anti-miR-613, respectively. *p<0.05.
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by repressing miR-613 expression. To confirm 
this hypothesis, LoVo and SW620 cells were 
transfected with si-NC, si-circ_0007534, si-
circ_0007534 + anti-miR-NC, or si-circ_0007534 
+ anti-miR-613, respectively. Next, qTR-PCR and 
Western blot assay revealed that SLC25A22 was 
downregulated by circ_0007534 knockdown, 
and then partly rescued due to miR-613 deple-
tion (Figure 7B-D). These results showed that 
circ_0007534 repressed miR-613 expression to 
upregulate SLC25A22 level.

Circ_0007534 Depletion Suppressed 
Tumor Growth In Vivo

To explore whether circ_0007534 regulat-
ed tumor growth of CRC in vivo, the mice were 
subcutaneously injected with LoVo cells trans-
fected with sh-circ_0007534 or sh-NC. Then, we 
calculated tumor volume every 7 d, and found 
that the tumor was significantly smaller in sh-
circ_0007534 group than that in sh-NC group 
(Figure 8A). Moreover, tumor weight was down-
regulated by circ_0007534 depletion (Figure 
8B). Next, the levels of circ_0007534, miR-613, 
and SLC25A22 were determined. As expected, 
the levels of circ_0007534 and SLC25A22 were 
downregulated, and the level of miR-613 was 

upregulated in sh-circ_0007534 group (Figure 
8C-F). Taken together, circ_0007534 depletion 
repressed tumor growth in vivo.

Discussion

Colorectal cancer is a common cancer with high 
metastasis rate worldwide24. Although some ad-
vanced technologies were used for its therapy, the 
treatment effect of most CRC patients still needs to 
be improved25. 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.

Many circRNAs were reported to be involved 
in the development of CRC. Fang et al26 confirmed 
that circ_100290 knockdown repressed cell pro-
liferation and mobility and promoted apoptosis 
via modulating miR-516b/ Frizzled-4 (FZD4) axis 
in CRC. Li et al27 demonstrated that circ_102958 
promoted CRC development by regulation of 
miR-585/cell division cycle 25B (CDC25B) axis. 
Bian et al28 showed that circ_103809 negative-

Figure 8. Circ_0007534 knockdown attenuated tumor growth in vivo. A, Tumor volume was calculated in sh-circ_0007534 
group and sh-NC group every 7 d. B, Tumor weight was analyzed after 35 d of injection. C-E, The RNA levels of circ_0007534, 
miR-613, and SLC25A22 were detected in sh-circ_0007534 group and sh-NC group. F, The protein level of SLC25A22 was 
determined in sh-circ_0007534 group and sh-NC group. *p<0.05.

RE
TR

ACT
ED



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

3020

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 cancer29, 
pancreatic ductal adenocarcinoma30, breast can-
cer31, glioma32, 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 cells33. 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-
ty34. 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, GLUT1, and 
LDHA) can also be used to evaluate glycolysis. 
HK2 is the first rate-limiting enzyme in process of 
glycolysis35. GLUTs take charge of the transporta-
tion of glucose, and the overexpression of GLUTs 
facilitated glycolysis36. LDHA is an enzyme that 
converts pyruvate to lactate37. Thus, the downreg-
ulated HK2, GLUT1, and LDHA resulted by si-
circ_0007534 indicated that circ_0007534 knock-
down repressed glycolysis in CRC cells.

CircDENND4C was highly expressed in breast 
cancer and promoted glycolysis38, meaning that 
circRNA, identified as an oncogene, might posi-
tively modulate glycolysis in human cancers. How-
ever, how circ_0007534 affected glycolysis is un-
revealed. Therefore, more experiments are needed 
to investigate the role of circ_0007534 in CRC.

CircRNAs function as competing endogenous 
RNAs (ceRNAs) to regulate gene expression in 
cancers39. CircRNA-ACAP2 affected cell devel-
opment by sponging miR-21-5p to regulate T lym-
phoma invasion and metastasis protein 1 (Tiam1) 
in colon cancer40. To investigate the functional 
mechanism of circ_0007534 in CRC, its target was 
explored. Using bioinformatics tool starBase v2.0 
and the Dual-Luciferase reporter assay, we found 
that circ_0007534 targeted miR-613 and negative-
ly regulated miR-613 expression. MiR-613 was 
reported to repress cell proliferation, migration, 
as well as invasion in a variety of cancers, includ-
ing nasopharyngeal carcinoma41, colon cancer42, 
bladder cancer43, and retinoblastoma44. Moreover, 
Li et al14 demonstrated that miR-613 was lowly 
expressed in CRC tissues/cells, and miR-613 sup-

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 cancer45. Taken together, it 
was speculated that circ_0007534 regulated CRC 
cell progression via inhibiting miR-613 expression. 
Then, we sustained this hypothesis.

Zahid et al46 showed that miRNA exerted its 
function via targeting 3’-UTR of downstream 
mRNA. Here, through bioinformatics tool star-
Base v2.0 and the Dual-Luciferase reporter assay, 
we found that SLC25A22 was a target of miR-613, 
and SLC25A22 level was downregulated by miR-
613. SLC25A22 was a mitochondrial glutamate 
carrier47. In recent years, its function was ana-
lyzed in human cancers. Du et al17 observed that 
SLC25A22 level was increased, and SLC25A22 
promoted cell growth, as well as repressed apop-
tosis in gallbladder cancer. In CRC, SLC25A22 
was highly expressed, and SLC25A22 accelerated 
cell proliferation19. Our results demonstrated that 
SLC25A22 level was increased in CRC tissues 
and cells. The effect of SLC25A22 on glycoly-
sis in human cancers was unknown. Wong et al20 
showed that the silence of SLC25A22 suppressed 
glycolysis in mice. These data suggested that 
SLC25A22 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.
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