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Abstract: Circular RNAs (circRNAs) belong to non-coding RNAs and are known as key regulators in gene regulation.
CircRNAs involve in the various biological processes of cancer. However, the functions of circRNAs in renal cell
carcinoma (RCC) are still not clear. In this study, the circRNA expression profile was performed in the RCC tissues
by microarray. There were 35 significantly expressed circRNAs with more than 5 folds from microarray analysis.
Hsa_circ_0039569 (circ_0039569) was verified to be up-regulated in RCC and cells compared with the controls
by real time RT-PCR. The assays of cellular functions showed that circ_0039569 down-regulation suppressed the
proliferation and metastasis of RCC cells. The molecular mechanism of circ_0039569 in RCC cells showed that
circ_0039569 promoted RCC progression by up-regulating CCL22 expression via down-regulating miR-34a-5p.
Taken together, the study indicated that circ_0039569 played an important role in RCC cell survival and metastasis,

which suggested that an oncogenic role of circ_0039569 in RCC progression.
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Introduction

Renal cell carcinoma (RCC) is one of the most
common aggressive tumors. The morbidity and
mortality of RCC are increasing in China dra-
matically. Although improvements are obtained
in screening, diagnosis and treatment in RCC,
there is a decrease in the mortality and low
overall survival rates [1, 2]. Various molecules
like RNA, protein participate in renal cell carci-
noma progression, however, the molecular
mechanisms are largely unknown. These aspe-
cts demonstrate the importance of elucidating
the genetic mechanisms understanding RCC
and of developing novel therapeutic targets.

Recently, non-coding RNAs (ncRNAs) such as
long non-coding RNA (IncRNA), microRNA (miR-
NAs) and circular RNAs (circRNAs) are verified
to play critical roles in malignant tumor [3-6].
CircRNAs are different from linear RNA and
have no protein translation capacity [6-8].
Increasing evidences indicate that circRNAs
regulate RCC such as cell grow, metastasis and

etc [8]. A previous report showed that circHIAT1
expression was lower in ccRCCs than adjacent
normal tissues. Suppression AR expression
could inhibit ccRCC cell progression via up-reg-
ulating circHIAT1 expression. The consequenc-
es of AR-suppressed circHIAT1 resulted in
deregulating miR-195-5p, miR-34a-5p and miR-
29c¢-3p expression, which increased CDC42
expression to enhance ccRCC cell migration
and invasion. Finally, circHIAT1 was verified to
be a metastatic inhibitor, which suppressed
AR-enhanced ccRCC cell migration and inva-
sion [9].

However, there is lack of research in the biologi-
cal function of circRNAs in RCC. In present
study, the circRNAs expression profiles were
screened and assayed in the tissues from RCC
and adjacent normal tissues with non-malig-
nant kidney diseases using circRNA assay, and
ultimately identified circ_0039569 was signifi-
cantly overexpressed in RCC tissues. Further
investigation was carried out to explore the role
of circ_0039569 in RCC cell survival and
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metastasis. The molecular mechanism of onco-
genic circ_0039569 was also studied. It was
found that circ_0039569 functioned as an
oncogene by sponging with miR-34a-5p which
down-regulated CCL22 expression in RCC.

Methods
Clinical specimens

Fifty-two RCC tissues and their adjacent tis-
sues were collected from The Second Affiliated
Hospital, Harbin Medical University (Harbin,
China) between Dec 2015 and Dec 2017. This
study was carried out under the agreement of
the Ethics Committee of the hospital. The
informed consent from the patients were
signed.

CircRNA microarray

The total RNA from RCC patients were collected
for circular RNA array analysis. RNA extraction
and microarray hybridization were performed
according to the Arraystar’s standard protocols.
Firstly, total RNA was treated with Rnase R to
digest and remove linear RNA and then the cir-
cRNAs were enriched. Next, RNAs were ampli-
fied for cRNA and labeled with an Arraystar
Super RNA Labeling Kit (Arraystar, Rockuville,
the USA). Finally, these labeled RNAs were
hybridized using Arraystar mouse circRNA Array
(V1.0, Arraystar), and scanned by the Agilent
Scanner G2505C.

Cell culture

Human RCC cell lines (ACHN, A498, 786-0,
769-P and RCC4) and human normal kidney
cell line (HK-2) were from the American Type
Culture Collection (ATCC, Rockville, MD, USA).
Cells were cultured in Dulbecco’s modified
Eagle medium (DMEM, Sangon Biotech,
Shanghai, China) supplemented with 10% FBS,
100 mg/ml penicillin and 100 mg/ml strepto-
mycin (Sangon Biotech, Shanghai, China). Cells
were cultured at the normal condition.

Real time RT-PCR

Total RNA from RCC tissues or cells was extract-
ed using Trizol (Invitrogen, Carlsbad, USA).
Quantitative RT-PCR was performed using the
SYBR-Green PCR Master Mix kit (Takara,
Dalian, China). The primers for circRNAs and
miRNAs were ordered from Sangon Biotech
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(Shanghai, China). The relative gene expression
was normalized to GAPDH or U6 snRNA and
analyzed by the 222t method.

Cell proliferation assay

RCC cells with circ_0039569 siRNA transfec-
tion or the controls were seeded into 96-well
plates (3 x 10* in every well) and 10 pl Cell
count kit-8 solution (CCK-8, Dojindo, Japan)
was added to each well. Then, the cells were
incubated at 37°C for two hours. The absor-
bance of the cells in every well at 490 nm was
measured using a spectrophotometer.

Scratch wound assay

The cells with circ_0039569 shRNAs or the
controls transfection were plated into a 12-well
plate (2 x 10° cells in every well) and incubated
to reach about 90% confluence. The monolayer
was scratched using a tip, washed with serum-
free medium to remove detached cells and
photographed at 24 h later.

Invasion assay

The inserts in the transwell system were coated
with 50 pl Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA). Cells (5 x 10%) were suspend-
ed in 100 pl serum-free medium and then
seeded on the upper floor of Transwell cham-
bers (Corning, USA). Culture medium with 500
pl with 20% FBS were added into the lower
chambers and then the cells were incubated at
37°C with 5% CO, for 2 days. The un-invaded
cells were wiped with a cotton swab, and invad-
ed cells were fixed in methanol and stained
with 0.1% crystal violet. The number was count-
ed under a microscope.

Statistical analysis

All statistical analysis was performed by SPSS
16.0 (IBM, Chicago, IL, USA) and GraphPad
Prism 6.0 (GraphPad Software, La Jolla, CA,
USA). Paired t test, independent t test and one-
way analysis of variance (ANOVA) were used. P
< 0.05 was significant.

Results

The profile of circRNA from the tissues of RCC
patients

To assess the different circRNA expression pat-
tern of RCC, total RNA was extracted from the
RCC tissues and the adjacent tissues and per-

Am J Transl Res 2019;11(8):4935-4945



Circ_0039569 promotes renal cell carcinoma growth and metastasis

Adjacent tissues RCC tissues B

Group test (normalized signal value)
=

4 8 8 10 12 14 18
Group control (normalized signal value)

C . : D 15 Adjacent normal tissues
m Adjacent normal tissues R
351  =RCCtissues 5 RCC tissuss
1.2 4
: E [ ]
E 2 I [ _ . I
= < 091
< <
E 4
g £
- o
o = 0.6 4
@ =
2 =
5 =
& 034 -
L
0 — — T T T 1
0 N -3 v %l i) N
F oF %bs?’ Q?&'P & L dﬁ,@ 3 sk & \.5& 38
& $ & & N & S 3 5 > & &
) & S &® § § &® & & § d
(}‘0/ (,‘\‘b/ aﬁ’ aﬂl’ (',\6‘/ L,\‘O/ \QQ/ ‘\(t/ c“\b/ ‘\b/ &7 \\0/

Figure 1. CircRNA expression profile in RCC tissues. A. Heat map showed the significantly expressed circRNAs
with 5 folds were presented. In the heat map, red color: the upregulated circRNAs with high fold changes; green
color: the downregulated circRNAs with high fold changes. B. Scatter plots are used to evaluate the difference in
the expression of circRNAs between experiment group and control group. The values plotted on X and Y axes are
the averaged normalized signal values of each group (log, scaled). The middle green line refers to no difference
between the two groups. And the flank green lines represent 2.0 fold changes. The circRNAs above the top green
line and below the bottom green line indicate more than 2.0 fold changes between two groups. C. Six circRNAs
including circ_0036840, circ_0082616, circ_0017724, circ_0039569, circ_0039569, and circ_0062705 were
chosen for validation in the RCC tissues using qRT-PCR. D. Six circRNAs including circ_0086458, circ_0019692,
circ_0037923, circ_0040865, circ_0051398, circ_0039151 were chosen for validation in the RCC tissues using
gRT-PCR. Data were expressed as mean + SD. **P < represents statistical difference.

formed for circRNA array analysis. It was found circ_0039569, circ_0006461, circ_0055408,
that there were 43 significantly expressed cir- circ_0049663, circ_0018064, circ_0053772
cRNAs with more than 2 folds, including 17 were significantly higher in the RCC tissues
downregulated and 26 up-regulated circRNAs than the adjacent normal tissues (Figure 1C).
in the heat map (Figure 1A). As Figure 1B From the down-regulated circRNAs, six cir-
shown, the scatter plot revealed microarray cRNAs were chosen for verifying by qRT-PCR.
data distributions of circRNAs between RCC tis- The data showed that six circRNAs including
sues versus the controls. All the significant cir- circ_0086458, circ_0019692, circ_0037923,
cRNAs might participate in RCC progression. circ_0040865, circ_0051398, circ_0039151
Some aberrant expressed circRNAs in RCC tis- were significantly lower in the RCC tissues than
sues were found from the circRNA microarray the adjacent normal tissues (Figure 1D). Based
assay. Of the up-regulated circRNAs, six cir- on the circRNA expression confirmation from
cRNAs were chosen for verifying by qRT-PCR. real time RT-PCR, circ_0039569 was selected
The data showed that six circRNAs including for further investigation.
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Figure 2. Circ_0039569 was up-regulated in RCC tissues and cell lines. A. Circ_0039569 was up-regulated in RCC
tissues compared to the controls. Circ_0039569 expression was detected using qRT-PCR. B. Average circ_0039569
levels in RCC tissues and adjacent tissues. C. Average circ_0039569 levels in metastatic RCC tissues and non-met-
astatic RCC tissues. D. Circ_0039569 expression was also higher in RCC patients in advanced tumor staging than
the RCC patients in early staging. E. Circ_0039569 was up-regulated in RCC cell lines. Circ_0039569 expression
was detected using qRT-PCR. Data were expressed as mean + SD. **P < represents statistical difference.

Circ_0039569 expression was associated with
metastasis in the RCC tissues

Circ_0039569 was one of the up-regulated
circRNAs and its expression was further vali-
dated in the tissues of 52 RCC patients com-
pared to the controls (Figure 2A). The average
level of circ_0039569 in RCC tissues was high-
er than it in the compared normal tissues
(Figure 2B). The RCC tissues were classified
into metastatic tissues and non-metastatic tis-
sues and the average level of circ_0039569 in
metastatic tissues was higher than it in the
non-metastatic tissues (Figure 2C). Circ_003-
9569 expression was also higher in RCC
patients in advanced tumor staging than the
RCC patients in early staging (Figure 2D). In
RCC cells, circ_0039569 was up-regulated
compared with the normal cell line (Figure 2E).
So, the data suggested that circ_0039569
would be an oncogene in RCC.

Down-regulation of circ_0039569 expression
suppressed RCC cell proliferation and metas-
tasis

To explore the role of circ_0039569 in RCC
cancer cell proliferation, RCC4 and 786-0 cells
were transfected with circ_0039569 siRNA
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using lentivirus vectors. The results indicated
that circ_0039569 expression was effectively
knocked down in the RCC cells (Figure 3A).
Colony formation assay showed that circ_003-
9569 down-regulation resulted in the decrea-
sed colony numbers in the RCC cells (Figure
3B and 3C). Moreover, circ_0039569 down-
regulation suppressed RCC cell survival ability
(Figure 3D). In summary, results showed that
the inhibition of circ_0039569 decreased the
proliferation and enhanced the drug sensiti-
vity of RCC cells. To further investigate the
role of circ_0039569 on RCC cell metastasis,
RCC4 and 786-0 cells were transfected with
circ_0039569 siRNA using lentivirus vectors.
Transwell chamber with or without matrixgel
treatment to analyze the migration and inva-
sion ability of cancer cells. The data indicated
that circ_0039569 down-regulation decreased
the migration ability of the cancer cells (Figure
3E). Circ_0039569 down-regulation decreased
the invaded cell numbers of RCC (Figure 3F).

Circ_0039569 down-regulated miR-34a-5p
levels which targeted CCL2 gene in RCC cells

To further explore the underlying mechanism of
circ_0039569 in RCC, Targetscan and miRan-
da were used to search the potential targets of

Am J Transl Res 2019;11(8):4935-4945
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Figure 3. Inhibiting circ_0039569 suppressed RCC cell proliferation and metastasis. A. Circ_0039569 expression in RCC4 and 786-0 cells. RCC4 and 786-0 cells
were transfected with circ_0039569 shRNA and circ_0039569 levels were analyzed by qRT-PCR. B, C. Down-regulation of circ_0039569 reduced RCC cell prolif-
eration. RCC4 and 786-0 cells were transfected with circ_0039569 shRNA and survival ability was analyzed by CCK8 assay. D. Down-regulation of circ_0039569
reduced RCC cell colony numbers. RCC4 and 786-0 cells were transfected with circ_0039569 shRNA and survival ability was analyzed by colony formation assay.
E. Down-regulation of circ_0039569 reduced migrated RCC cell numbers. RCC4 and 786-0 cells were transfected with circ_0039569 shRNA and migration abil-
ity was analyzed by wound healing assay. F. Down-regulation of circ_0039569 reduced invaded RCC cell numbers. RCC4 and 786-0O cells were transfected with
circ_0039569 shRNA and invasion ability was analyzed by transwell chambers with matrigel treatment. Data were expressed as mean * SD. **P < represents
statistical difference.
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Figure 4. Circ_0039569 down-regulated miR-34a-5p levels by targeting CCL2 expression in RCC cells. A. MiR-34a-
5p significantly inhibited luciferase activity of wild type reporter for circ_0039569, however, miR-34a-5p did not
inhibit the luciferase activity of reporter vector containing the mutant binding sites of circ_0039569 in RCC4 and
786-0 cells. B. MiR-34a-5p was upregulated in RCC cells that transfected by circ_0039569 siRNA. C. CCL22 was
predicted as a target gene of miR-34a-5p by Targetscan. D. MiR-34a-5p significantly inhibited luciferase activity of
wild type reporter for CCL22, however, miR-34a-5p did not inhibit the luciferase activity of reporter vector containing
the mutant binding sites of CCL22 in both cell lines. E. RCC4 and 786-0 cells were transfected with miR-34a-5p and
total RNA was used for CCL22 examination by real time RT-PCR. F. CCL22 protein levels deceased in RCC4 and 786-
O cells with miR-34a-5p transfection by ELISA. G. CCL22 protein levels deceased in RCC4 and 786-0 cells with miR-
34a-5p transfection by western blotting. H. Down-regulating circ_0039569 decreased CCL22 mRNA levels in RCC4
and 786-0 cells. Total RNA was used for CCL22 examination by real time RT-PCR. |. Down-regulating circ_0039569
decreased CCL22 protein levels in RCC4 and 786-0 cells. Total protein was extracted from the cells for western blot-
ting. Data were expressed as mean = SD. **P < represents statistical difference.

circ_0039569. The analysis predicted that the qRT-PCR. We found that the RCC4 and 786-0
miR-34a-5p was the potential sponge of cells with down-regulation of circ_0039569
circ_0039569. Luciferase reporter assay was had high expression of miR-34a-5p (Figure 4C).
conducted to determine the reliability. The The result proved that circ_0039569 directly
result illustrated that upregulation of miR-34a- bond to miR-34a-5p in RCC cells. To know the
5p notably decreased the luciferase activity target genes of miR-34a-5p, targetscan was
of circ_0039569-WT (wild-type), but had no applied to predict the binding site of miR-34a-
effect on circ_0039569-MUT (mutant-type) 5p and it was shown that CCL22 was a poten-
(Figure 4A and 4B). Moreover, we transfected tial target gene. By luciferase reporter assay,
circ_0039569 shRNA to RCC4 and 786-0 cells the data indicated that miR-34a-5p effectively
and detected the miR-34a-5p expression by inhibited the luciferase activity of CCL22-WT
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Figure 5. Circ_0039569 promotes RCC cell proliferation and metastasis via miR-34a-5p/CCL22. A, B. Down-regu-
lation of circ_0039569 reduced RCC cell proliferation. RCC4 and 786-0 cells were transfected with circ_0039569
siRNA or miR-34a-5p combined with or without CCL22 and the survival ability was analyzed by CCK8 assay. C.
Down-regulation of circ_0039569 reduced migrated RCC cell numbers. RCC4 and 786-0 cells were transfected with
circ_0039569 siRNA, or miR-34a-5p combined with or without CCL22 and migration ability was analyzed by wound
healing assay. D. Down-regulation of circ_0039569 reduced invaded RCC cell numbers. RCC4 and 786-0 cells were
transfected with circ_0039569 siRNA, or miR-34a-5p combined with or without CCL22 and invasion ability was
analyzed by transwell chambers with matrigel treatment. Data were expressed as mean = SD. **P < represents

statistical difference.

(wild-type), but made no difference to CCL22-
MUT (mutant-type) (Figure 4D). The gqRT-PCR
and western blotting result found that miR-
34a-5p overexpression significantly suppres-
sed CCL22 expression level in both transcrip-
tional and protein levels (Figure 4E and 4F). In
summary, we confirmed that CCL22 was a
down-stream target gene of miR-34a-5p.

Circ_0039569 promoted RCC cell proliferation
and metastasis via miR-34a-5p/CCL22

To explore the role of circ_0039569/miR-34a-
5p/CCL22 axis in RCC cell proliferation and
metastasis, RCC4 and 786-0 cells were trans-
fected with circ_0039569 siRNA using lentivi-
rus vectors, or miR-34a-5p in the present of
CCL12 or without CCL22. The result of MTT
assay demonstrated that circ_0039569 down-
regulation suppressed RCC4 and 786-0 cell
survival ability and also suppressed cell surviv-
al enhancement induced by CCL22 treatment
with or without miR-34a-5p overexpression
(Figure 5A and 5B). Transwell chamber with or
without matrixgel treatment was used to ana-
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lyze the migration and invasion ability of RCC
cells. The result demonstrated that circ_
0039569 down-regulation suppressed RCC4
and 786-0 cell migration and also suppressed
cell migration enhancement induced by CCL22
treatment with or without miR-34a-5p overex-
pression (Figure 5C). There was a similar result
from invasion assay (Figure 5D).

Circ_0039569 was associated with miR-34a-
5p, CCL22 expression in RCC tissues

To know whether circ_0039569 levels were
associated with miR-34a-5p, CCL22 in RCC,
the data from real time RT-PCR showed that
miR-34a-5p was down-regulated in 52 primary
RCC tissues in contrast to paired nontumor tis-
sues (Figure 6A and 6B). CCL22 mRNA expres-
sion was also higher in the samples of RCC
than the controls (Figure 6C and 6D). Further-
more, the relationship between circ_0039569
and miR-34a-5p expression levels was ana-
lyzed and it was shown that circ_0039569 was
negatively related to miR-34a-5p expression in
RCC tissues (Figure 6E). Circ_0039569 was

Am J Transl Res 2019;11(8):4935-4945
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positively related to CCL22 expression in RCC
tissues (Figure 6F).

Discussion

CircRNAs have been discovered for more than
twenty years and the important roles of cir-
cRNAs have been investigated in many diseas-
es. It has been demonstrated that circRNAs
regulate many molecules which involve in mul-
tiple physiological and pathological processes
[4-8]. In our study, by circRNA array, we found
that circ_0039569 expression was up-regulat-
ed in RCC tissues, which was also verified in
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RCC cell lines. Down-regulation of circ_0039-
569 decreased RCC cell growth and metas-
tasis.

By high-throughput RNA sequencing and micro-
array analysis on the circRNA profiles screen-
ing, and many aberrantly expressed circRNAs
are found [10-13]. For example, 357 circRNAs
were dysregulated in the lung cancer and 5 cir-
cRNAs were identical to the microarray data
using qRT-PCR [10]. Using circRNA array, the
researchers found that some significant cir-
cRNAs and 12 circRNAs were confirmed in
osteosarcoma such as upregulated circ_10-

Am J Transl Res 2019;11(8):4935-4945
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3801 and down-regulated circ_104980 in both
osteosarcoma cell lines and tissues [12]. Using
circRNA microarray for circRNA expression pro-
file of RCC, circ_0004018 was found to be sig-
nificantly lower in RCC compared with adjacent
tissue and lower expression of circ_0004018
was correlated with AFP level, tumor diameters,
differentiation, Barcelona clinic liver cancer
stage and tumor-node-metastasis stage [13].
In this study, the up-regulated circ_0039569
was significantly up-regulated in 52 pairs of
RCC tissue comparing to the adjacent normal
tissue by circRNA array. Circ_0039569 plays
important roles for in RCC occurrence and
development.

CircRNAs resist the digestion of RNA enzyme
due to their conservative covalently closed cir-
cular structure. So, circRNAs are stable in
peripheral blood or body fluid, which determine
that circRNAs are biomarkers for early diagno-
sis of tumor [14, 15]. For instance, circ_000-
1649 levels were down-regulated in liver can-
cer, which predicted a poor prognosis of the
disease [16]. CircPVT1 contributed to doxorubi-
cin and cisplatin resistance of osteosarcoma
cells by regulating ABCB1 and acted as a po-
tential new circular RNA biomarker [17].
Circ_0014130 was verified as a circular RNA
biomarker in non-small cell lung cancer [18]. In
this study, circ_0039569 was significantly up-
regulated in tumor tissue and cells acting as an
oncogene, providing a potential biomarker for
RCC cancer patients’ early detection.

C-C motif chemokine 22 (CCL22) is a protein
and encoded by the CCL22 gene in human [19-
23]. The protein encoded by this gene is secret-
ed by dendritic cells and macrophages, and
elicits its effects on its target cells by interact-
ing with cell surface chemokine receptors.
CCL22 gene locates in human chromosome 16
in a cluster with other chemokines called
CX3CL1 and CCL17. The interactions between
TAMs and prostate cancer cells could promote
CCL22 expression and result in prostate can-
cer migration and invasion [19]. In this study,
we found that CCL22 was a target gene of miR-
34a-5p, which could suppress RCC cell prolif-
eration and metastasis mediated by CCL22.

MiR-34a-5p could suppress or promote cancer
progression depending on the background of
cancer [24-28]. MiR-34a-5p overexpression in
CAFs could inhibit the tumorigenesis of OSCC
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cells [24]. MiR-34a-5p suppresses colorectal
cancer metastasis and predicts recurrence in
patients with stage II/lll colorectal cancer. MiR-
34a-5p exerts oncogenic functions in hu-
man nasopharyngeal carcinoma by the regula-
tion of long non-coding RNA XIST. LincRNA
1700020I114Rik alleviates cell proliferation and
fibrosis in diabetic nephropathy via miR-34a-
5p/Sirtl/HIF-1a signaling [25]. The study dem-
onstrated that circ_0039569 down-regulated
miR-34a-5p expression in RCC.

In a summary, our study reveals that the cir-
cRNAs expression profiles in RCC tissue identi-
fied the functional candidate circ_0039569 for
RCC cancer tumorigenesis. The expression lev-
els of circ_0039569 is up-regulated in RCC tis-
sues and cells lines. In addition, circ_0039569
promotes RCC cell proliferation and metastasis
via regulation miR-34a-5p/CCL22 axis. The
study provides a novel insight of circRNAs for
RCC cancer carcinogenesis and circ_0039569
may be a potential biomarker of RCC.
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