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ABSTRACT

Circular RNAs (circRNAs) have recently been reported to play crucial roles in various regulatory processes and
involved in cancer onset and progression. However, the potential mechanism of circRNAs in chronic lymphocytic
leukemia (CLL) remains largely unknown. Here, we observed hsa_circ_0132266 (circ_0132266), a circRNA
significantly decreased in the peripheral blood mononuclear cells (PBMCs) of CLL patients compared with healthy
donors, could act as an endogenous sponge of hsa-miR-337-3p (miR-337-3p) and regulate its activity, which
resulted in a downstream change of target-gene PML and a consequent influence on cell viability. Taken together,
our data indicated the regulatory mechanism of circ_0132266 in CLL progression through circ_0132266/miR-337-
3p/PML axis, suggesting that it may serve as a biomarker as well as an exploitable therapeutic target for CLL.

INTRODUCTION revealed to participate in B-cell receptor (BCR) signaling

and thus affects CLL patients’ treatment [10].
Chronic lymphocytic leukemia (CLL), a heterogeneous

disease characterized by the monoclonal expansion of B
cells, is the commonest leukemia in the western
hemisphere [1, 2]. However, the pathogenesis mechanism
of CLL remains elusive. MicroRNAs (miRNAs) are a
large class of non-coding RNAs (ncRNAs) involved in
tumorigenesis and have been reported to exert effects in
the progression of multiple diseases [3—5]. Several current
studies have shed lights on the aberrantly expressed
miRNAs in CLL and demonstrated their potential roles as
novel biomarkers and therapeutic targets [6, 7]. For
example, the upregulated miR-92a-3p in CLL patients
predicts a favorable prognostic outcome [8]. miR-125a-5p
and miR-34a-5p are considered as promising indicators of
CLL Richter syndrome transformation [9]. miR-34a is

miR-337-3p which has been detected to be downregulated
in clear cell renal cell carcinoma [11], gastric cancer [12]
and hepatocellular carcinoma [13, 14], could function as a
suppressive factor in cell proliferation, tumor growth and
metastasis through directly regulating target genes.
Contrary to these previous reports, in our research, we
accidentally found that miR-337-3p exhibited obviously
high expression in peripheral blood mononuclear cell
(PBMCs) of CLL patients compared with normal
controls. The current results inspired us to further explore
its regulatory mechanism.

Circular RNAs (circRNAs), widely expressed in
human transcriptome, have been disclosed to function
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as a competitive endogenous RNA (ceRNA) via
sponging miRNAs and further responsible for the
expression of mMRNA and the occurrence and
development of diseases [15, 16]. Herein, we
identified a CLL-related circRNA, circ_0132266, with
an obviously low expression level and was negatively
associated with miR-337-3p. Our research, for the
first time, uncovered the functions of circ_0132266,
which could compete for miR-337-3p and further
influence the expression abundance of promyelocytic
leukemia protein (PML) and thus promote CLL
progression. Our results may provide a novel
diagnostic and therapeutic candidate for CLL.

RESULTS

miR-337-3p upregulated in CLL, promoted cell
proliferation and inhibited cell apoptosis

Our previous studies occasionally noted that miR-
337-3p was upregulated in CLL patients compared
with healthy individuals. To further explore the
expression pattern of miR-337-3p, we collected
PBMC samples from thirty newly diagnosed CLL
patients and thirty healthy volunteers. An increased
expression of miR-337-3p was validated through
gRT-PCR analysis, confirming the observations of our
previous study (Figure 1A).

Subsequent cell proliferation and apoptosis assays
were performed to dissect functions of miR-337-3p in
CLL. Two CLL cell lines (MEC-1 and JVM-3) were
used in our research. The growth curves of cells were
detected via CCKS8 assay. The results showed that
ectopic expression of miR-337-3p promoted cell
growth and this could be rescued by inhibition of
miR-337-3p (Figure 1B, 1C, Supplementary Figure
1). The proliferation potential detected by
immunofluorescence (IF) also assured the functions
induced by miR-337-3p (Figure 1D). Flow cytometry
examined the cell apoptosis level (Figure 1E),
indicating that miR-337-3p could inhibit cell
apoptosis and the quantification of apoptotic cell was
shown in Figure 1G.

Annotation for target genes of miR-337-3p

To address how miR-337-3p functioned, we used
bioinformatic analysis to forecast the target genes
directly modulated by miR-337-3p. Three genes, WD
repeat domain 26 (WDR26), promyelocytic leukemia
protein (PML), poly(A) polymerase beta (PAPOLB)
were preliminarily screened through overlapping the
prediction results of miRNA recognition elements by
Targetscan, miRDB and Pictar (Figure 2A). And the

postulated binding sites between miR-337-3p and the
candidate genes were shown in Figure 2B. Luciferase
reporter vectors containing the wild type (WT) or
mutant genes 3'UTR and miR-337-3p mimics were
co-transfected into HEK-293T cells. Intriguingly, the
luciferase activity of wild type PML 3'UTR evidently
decreased in miR-337-3p mimics group while the
activity of WDR26 and PAPOLB exhibited no
difference (Figure 2C). Simultaneously, we detected
the mRNA expression levels of WDR26, PML,
PAPOLB and noted that transfection of miR-337-3p
mimics downregulated the expression of PML (Figure
2D), these results were confirmed by western blot
(Figure 2E). PML, originally identified to be involved
in the rise of PML-RARa and RARo—PML fusion
proteins, is a well-known tumor suppressor by
regulating cell apoptosis and cell cycle [17-20].
Through TCGA database, we noticed that PML was
obviously downregulated in CLL patients (Figure 2F).
Our results further verified the low expression of
PML and the negative correlation between PML and
miR-337-3p expression detected by qRT-PCR in a
newly diagnosed CLL cohort (Figure 2G, 2H). These
results collectively indicated that PML was a direct
target of miR-337-3p and miR-337-3p exerted
functions of promoting cell proliferation and
protecting cells from apoptosis.

Circ_0132266, identified as a novel downregulated
circRNA in CLL, was a potential modulator of miR-
337-3p

CircRNAs, a novel type of ncRNAs, have been
proposed to regulate mRNAs expression and ultimately
participate in the progression of diseases through
sponging miRNAs [15, 21]. Since miR-337-3p was
upregulated in CLL whereas previous reports have
elucidated that downregulated miR-337-3p in solid
tumors could promote tumor growth, invasion, and
metastasis [12, 13], it inspired our interest in exploring
whether miR-337-3p was modulated by specific
circRNA(s).

To determine the circRNA(s) responsible for the
regulation of miR-337-3p, we screened circBank
database (http://www.circbank.cn) through a detailed
screening system and finally screened out three most
promising candidates, hsa_circ_0004731,
hsa_circ 0132266 (circ_0132266), hsa circ_0029937
(Figure 3A). The abundance of the three circRNAs was
then examined in CLL and normal patients.
Circ_0132266 was remarkably decreased in CLL patients
while the other two had no difference (Figure 3B).
Meanwhile, the expression of miR-337-3p was found to
be negatively associated with circ_0132266 (Figure 3C).
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Figure 1. Expression and functions of miR-337-3p in CLL. (A) Relative expression levels of miR-337-3p in PBMC samples from thirty
treatment-naive CLL patients and thirty normal donors. (B, C) CCK8 assay was performed to assess the influence of miR-337-3p on CLL cells
proliferation. (D) IF assay analyzed the proliferative viability of JVM-3 and MEC-1 after transfected with miR-337-3p mimics and inhibitor and
ki67-positive cells rate were calculated. (E) Cell apoptosis was detected by FCM to verify the effects of miR-337-3p and the percentage of
apoptotic cells was quantified. Three biological replicates were performed per condition and mean values = SD are displayed (*P < 0.05; **P <
0.01; ***P <0.001; ns, not significant).
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Circ_0132266 was derived from exon2-9 of the MTO1 Circ_0132266 was validated to be miR-337-3p

gene on chromosome 6. The spanning junction primers sponge
were designed and expected size of product was
amplified and verified by Sanger sequencing (Figure Given to the expression correlation between

3D). RNase R and actinomycin D treatment manifested
the stability of circ_0132266 (Figure 3E, 3F). qRT-PCR
analysis following the use of oligo (dt)is primers and
random primers in reverse transcription illustrated that
circ_0132266 was a closed loop structure (Figure 3G).

circ_0132266 and miR-337-3p, we hypothesized that
circ 0132266 functioned as miR-337-3p sponge.
FISH assay and nuclear and cytoplasmic fraction
experiments showed circ_ 0132266 was abundant in
cytoplasm (Figure 4A, 4B). RIP assay showed the

The results suggested the characteristics of enrichment of circ 0132266 by AGO2 antibodies
circ_0132266 which was downregulated in CLL. compared with IgG (Figure 4C). To further assure the
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Figure 2. PML is a target gene of miR-337-3p. (A) Target genes were screened through overlapping websites of Targetscan
(http://www.targetscan.org/vert 71/), miRDB (http://mirdb.org/) and Pictar (https://pictar.mdc-berlin.de/). (B) Potential binding sites
between miR-337-3p and candidate genes. (C) Dual-luciferase reporter assay to verify predicted bindings. (D, E) The change of mRNAs and
proteins expression after transfection with miR-337-3p mimics. (F) PML relative expression in leukemia and patients from TCGA database.
(G) PML relative expression in CLL and normal patients PBMCs detected by gRT-PCR (30 CLL patients vs 30 healthy volunteers). (H)
Correlation analysis between miR-337-3p and PML in CLL PBMCs.
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binding of predicted putative binding sites of
circ_ 0132266 and miR-337-3p (Figure 4D), one of
the most potential bindings with highest score was
detected through dual luciferase assay. As expected,
there was a significant decrease of the luciferase
activity mediated by wild-type circ 0132266
sequence when co-transfecting miR-337-3p mimics
and Sanger sequencing assured the binding sites of
conducted plasmids (Figure 4D, 4E).

Taken together, our data revealed that circ 0132266
possessed miRNA-binding sites and acted as a sponge
of miR-337-3p.

Circ_013226 was positively correlated with PML
and affecting cell growth by sponging miR-337-3p

Since circ-013226 has a low expression in CLL
patients, we decided to further investigate its cancer
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Figure 3. Characteristics of circ_0132266 in CLL patients and cell lines. (A) The schematic showed the screening rules of circRNAs
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suppress effects through miR-337-3p/ PML axis.
Three small interfering RNAs (siRNAs) against back-
splice sequence were designed then the interfering
efficiency was carried out via qRT-PCR and si-
circ 0132266-1 was finally selected for our later
experiments (Supplementary Figure 2A). Western blot
analysis verified the results of QqRT-PCR and indicated
that the protein level of PML was decreased after
RNA interfering (RNAi) of circ 0132266, which
could be reversed by miR-337-3p inhibitor (Figure
5A). CCK8 assay and immunofluorescent (IF)
staining of ki67 showed that circ 0132266 could
inhibit the proliferation of CLL cells and this result
could be alleviated by miR-337-3p inhibitor (Figure
5B, 5C, Supplementary Figure 2B, 2C). Apoptosis
assay performed by FCM demonstrated that RNAi of
circ_ 0132266 intensively suppressed cell apoptosis
(Figure 5D).

To sum up, our results implied that that circ_ 0132266
may be a tumor suppressive factor in CLL cells that
functions as a decoy of miR-337-3p to regulate PML
expression (Figure 6).

DISCUSSION

Though CLL is the commonest leukemia in western
countries and shows an increasing tendency in China, its

pathogenesis has not yet been clear. It is therefore in urgent
need of exploring the molecular mechanism of CLL.

In the present study, we noted an obviously
upregulated miR-337-3p which has been reported to
be aberrantly regulated in solid tumors and possessed
tumor suppressing activity [11, 13, 22]. It is becoming
increasingly evident that circRNAs as emerging
ncRNAs have been uncovered preferential roles in
mediating miRNAs and contributing to disease
progression [23-25]. Therefore, we speculated a
modulation mechanism of miR-337-3p mediated by
circRNAs. Through a screening system of the
genomic region of miR-337-3p, we identified and
characterized the existence of a CLL-related circRNA,
circ_ 0132266, and defined its expression profile and
functions. Our results revealed a significant negative
correlation between the expression levels of miR-337-
3p and circ_0132266. And the dual luciferase reporter
assay facilitated to support our propose. It is a
reasonable speculation that circ 0132266 could
accelerated CLL cells apoptosis and impaired
proliferation through miR-337-3p/PML axis. Our
research model not only opens a new avenue for
understanding the regulatory mechanism underlying
miR-337-3p but also highlights the possibility of
considering circ 0132266 as a potential therapeutic
target.
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However, limitations cannot not be neglected in our
research. Our future work will focus on the following
explorations: Firstly, validate the expression of miR-
337-3p in a larger cohort of CLL patients. Retrospective
analysis is needed to be carried out by following up
patients, aimed at finding out the relationship between
miR-337-3p and the diagnosis, treatment and prognosis
of CLL patients. Considering that our screen system
might rule out circRNAs that participated in the
process, the next step would be to add the whole
transcriptome which will enable the full disclosure of
regulatory mechanism of miR-337-3p. A body of
evidence indicated that PML is a tumor suppressor and
promising therapeutic targets, might be associated with
chemo-resistant as well [26-28]. Nextly, gain and loss
function assay of PML, a target gene presumably
involved in CLL progression, will be performed to
further elucidate its functions in order to provide a
novel strategy to treat CLL.

Mounting evidence has shown that circRNAs sponging
miRNAs might regulate gene transcription and play
predominately roles in tumorigenesis. Our findings may
enrich the knowledge of circ 0132266 induced
mechanism leading to altered miR-337-3p and thus
influence the proto-oncogene PML. In summary, the
present study defines a novel mechanism of CLL
progression and have important therapeutic implications
for better treatment in the way of clinical therapy. The
prospect of developing miRNA and circRNA-based
interventions is undoubtedly an exciting one in the
future.

MATERIALS AND METHODS
Patient samples

For the expression study, samples from thirty treatment-
naive patients diagnosed with CLL and thirty healthy
volunteers were obtained after informed consent at the
First Affiliated Hospital of Nanjing Medical University,
Jiangsu Province Hospital. PBMCs were isolated by
density gradient centrifugation with Lymphoprep™
(Stemcell technologies, Canada). The study was
approved by the clinical investigation ethical committee
from Jiangsu Province Hospital.

Cell culture and transfection

MEC-1 purchased from Cobioer (Nanjing, China) and
JVM-3 purchased from X-Y Biotechnology (Shanghai,
China) were cultured in RPMI-1640 medium (Gibco®)
supplemented with 10% fetal bovine serum (FBS,
Gibco, Grand Island, USA), 100 pg/mL
penicillin/streptomycin (PS, Gibco, Grand Island, USA)
at 37°C in a humidified atmosphere (5% CO,).

Lipofectamine Stem reagent (Invitrogen, Carlsbad,
USA) according to manufacturer’s instructions was
used for cell transfection. HEK-293T obtained from X-
Y Biotechnology (Shanghai, China) was maintained at
37°C with 5% CO; in DMEM Medium, supplemented
with PS, 10% FBS and was transfected using
Lipofectamine 2000 (Invitrogen, Carlsbad, USA)
according to manufacturer’s protocol.

RNA isolation and quantitative RT-PCR

Total RNA was isolated using the Trizol method
(Ambion, USA) and then transcribed reversed by
TagqMan reverse transcription kit and amplified using
the SYBR Green Master Mix (Applied Biosystems).
The primers of mRNA and circRNAs were listed in
Supplementary Table 1. miRNA was reversed and
amplified by miR 1% strand ¢cDNA Synthesis Kit and
miRNA Universal SYBR qPCR Master Mix (Vazyme,
China), using specific miR-377 primers GTCGT
ATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACGAAGAA (RT) and CGCGCTCCTATAT
GATGCCT (forward). The U6 small nuclear RNA
primer: 5-CTCGCTTCGGCAGCACA-3' (forward) and
5'-AACGCTTCACGAATTTGCGT-3" (reverse) were
used as an internal control.

Cell counting kit-8 (CCKS8) assay

Cell Counting Kit-8 (Beyotime, Shanghai, China) was
used to detect cell proliferative ability. Cells were
plated on 96-well plates and 10 pl/ well CCKS solution
were added at pointed time. Then the absorbance at 450
nm was measured after 2 h incubation.

Cell apoptosis assay

Cells were collected and stained by propidium
iodine/Annexin V-FITC staining (BD Biosciences) and
then detected by flow cytometry (FCM) to analyze the
apoptosis. For each cell line triplicates were performed.

Immunofluorescence (IF) and RNA fluorescence in
situ hybridization (FISH)

MEC-1 and JVM-3 were plated on slides in 48-well
plates and incubated at 60°C for IF and RNA-FISH
analysis. After fixation and permeabilization, cells were
incubated overnight at 4°C with primary diluted
antibody anti-Ki67 (#ab15580, Abcam). The secondary
antibody Alexa Fluor® 594 - Conjugated Goat anti-
Rabbit IgG (H+L) was purchased from ZSGB-BIO,
China. Fluorescence were observed using Axio
Scope.Al (Zeiss). FISH assay was performed using
Fluorescent In Situ Hybridization Kit (RiboBio,
Guangzhou, China) according to the manufacturer’s
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guidelines. And Cy3-labeled probes from RiboBio,
Guangzhou, China were measured by visualized with a
confocal microscopy.

Western blotting

Western blotting was performed using anti-Bax (#
ab32503, Abcam), anti-Bcl-2 (# ab32124, Abcam), anti-
PML (# ab179466, Abcam), anti-WDR26 (# ab 85961,
Abcam), anti-PAPOLB (# ab163420, Abcam), and
anti-GAPDH (# ab8245, Abcam) antibodies. Secondary
antibodies used in the experiments were from Santa
Cruz (Santa Cruz, CA, USA). And the blots were
visualized using an enhanced chemiluminescence kit
(Pierce, Waltham, USA).

RNA immunoprecipitation (RIP)

RIP experiments were performed using the Magna RIP
RNA-Binding Protein  Immunoprecipitation  Kit
(Millipore, Bedford, MA) according to the
manufacturer’s instructions. The probes were designed
and synthesized by Sangon Biotech. The abundance of
circ_ 0132266 and miR-337-3p was detected by qRT—
PCR assay.

Dual luciferase reporter assay

The interactions between circ 0132266, miR-337-3p
and PML were measured using pMIR-REPORT™
system (Applied Biosystems, USA). The circ_ 0132266
and mRNA 3’ UTR sequences containing wild-type
(WT) or mutant (Mut) miR-337-3p binding sites were
synthesized and respectively inserted into pMIR-
REPORT vectors and then co-transfected with miR-
337-3p mimics or control mimics using Lipofectamine
2000. Dual luciferase activities were tested by the dual-
luciferase reporter assay kit (Promega, Madison, WI,
USA) 48 h later.

Statistical analysis

GraphPad Prism 7 (GraphPad Software Inc., La Jolla,
CA) was used to analyze experimental data. The
expression RNA levels were performed using student’s
t test and a p value less than 0.05 was considered to be
statistically significant.

CONCLUSIONS

In summary, the findings of the present study define a
novel mechanism of CLL deregulation and describe a new
role of miR-337-3p as a carcinogen in CLL. And
circ 0132266 which was demonstrated to be
downregulated in CLL, could sponge miR-337-3p and be
involved in CLL progression through miR-337-3p/PML

axis. Accordingly, our findings highlighted that
circ 0132266 might have potential values for
understanding the complicated molecular mechanisms of
miR-337-3p in CLL and providing a new strategy for
future CLL therapy.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1. The primers of mRNAs and circRNAs.

RNA Forward primer Reverse primer
GAPDH CTGGGCTACACTGAGCACC AAGTGGTCGTTGAGGGCAATG
PML CGCCCTGGATAACGTCTTTTT CTCGCACTCAAAGCACCAGA
POL GGTAAAGGAATGGATACGCGAA CGCACAAGGCGTCAATATCTG
WDR26 CGCCCTGGATAACGTCTTTTT CTCGCACTCAAAGCACCAGA
hsa circ 0132266 GTCACTGCGCCCTGATAATG GGATTACATGACATCTGACCTGA
hsa_circ_0029937 CTGCCTGGTTCTGGGAAAAC TTTGCTCTGTTCTGGTTCCA
hsa circ_0004731 AGAAAGTGAGCGAGGAGTCA CTCCTATTGTCTGCCCTCCTAT
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Supplementary Figure 1. miR-337-3p promotes cell proliferation. Relative proliferation of (A) JVM-3 and (B) MEC-1 after transfecting
with miR-337-3p mimics or inhibitor.
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Supplementary Figure 2. circ_0132266 rescues cell proliferation ability of CLL cells induced by miR-337-3p. (A) The efficiency of
small interfering RNAs knocking down circ_01332266 with specific sequences detected by qRT-PCR. (B, C) Cell relative proliferation ability
detected by CCK8 were calculated.
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