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CircCDYL Serves as a New Biomarker in Mantle
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Introduction: Mantle cell lymphoma (MCL) is a rare subtype of B-cell lymphoma. Circular
(circ) RNA is a member of the non-coding RNA family. However, clinical references to
circRNAs in MCL are not clear.

Methods: In this study, we detected the expression level of circCDYL in the plasma of
MCL patients compared to healthy donors by the quantitative reverse transcription polymer-
ase chain reaction. The diagnostic value of circCDYL was determined using a receiver
operating characteristic (ROC) curve. We constructed a circCDYL short hairpin RNA
plasmid and infected the MCL cell line, Z138, to detect its effect on cell proliferation.
Results: CircCDYL was high expressed in the plasma of MCL patients. The ROC curve
showed that circCDYL had diagnostic value (area under the curve (AUC) = 0.856).
Functionally, circCDYL knockdown inhibited MCL cell proliferation. We conducted bioin-
formatics analyses and identified a circCDYL-micro (mi)RNA-mRNA/long non-coding (Inc)
RNA network, highlighted by five miRNAs (hsa-miR-129-5p, hsa-miR-3163, hsa-miR
-4662a-5p, hsa-miR-101-3p, and hsa-miR-186-5p), three IncRNAs (MALAT1, NEATI, and
XIST), and five mRNAs (NOTCH1, FMR1, ABCBI1, TWIST1, and VEGFA).
Conclusion: These findings indicate that circ-CDYL might serve as a potential diagnostic
biomarker in clinical practice.
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Introduction
Mantle cell lymphoma (MCL) is a rare subtype of non-Hodgkin lymphoma.' It is
classified as an aggressive B-cell malignancy,” accounting for less than 10% of the
non-Hodgkin lymphoma patients. The median age at onset is 60 years with an overall
survival of 4 to 5 years.” The diagnosis of MCL is based on the chromosomal
translocation (11;14) (q13;932), and positive immunophenotyping for cyclin D1.>*
Non-coding RNAs account for 98% of RNA functions in regulating gene
expression.™® Circular (circ)RNA is a member of the non-coding RNA family. It
specializes in forming covalently closed continuous loops with back-splicing events.”
CircRNA has shown great potential to become a biomarker because of its conserved,
stable, and specific characteristics for developmental stages and tissues.®” In addition,
circRNAs exist widely in the blood where they can be measured easily.'® CircRNAs
were initially considered as RNA by-products. However, they can compete with
endogenous RNAs and interact with proteins.'®'" Clinical references to circRNAs
in MCL are not clear. In the previous research, several circRNAs in MCL tissues and
cell lines were reported to be clinically significant, including circMANIA2,
circSMARCAS, and circ-chromodomain Y-like (circCDYL).12 In this study, we
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focused on circCDYL for its diagnostic and prognostic
value and assessed its biological function in MCL.

Materials and Methods

Patients and Samples

This study involved 18 patients diagnosed with MCL and
17 healthy donors as a control group. All individuals were
recruited from the First Affiliated Hospital of Zhengzhou
University between 2014 and 2017. None of the patients
had previously undergone chemotherapy. All samples were
preserved at —80°C until analyzed. This study was
approved by the Ethics Committee of the First Affiliated
Hospital of Zhengzhou University and met international
standards for patient confidentiality. Written informed con-
sent was obtained from all patients.

Total RNA Extraction

Total RNA was extracted from plasma samples using
TRIzol LS reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. The purity
and concentration of RNA samples were determined with
a Nanodrop 1000 spectrophotometry (Thermo Scientific,
Wilmington, DE, USA).

Quantitative Reverse Transcription
Polymerase Chain Reaction (qQRT-PCR)

cDNA was synthesized by reverse transcription using the
PrimeScript RT Master Mix with random primers, and
gRT-PCR was performed according to the manufacturer’s
protocols (TaKaRa Bio, Shiga, Japan).

Cell Culture

HEK293T cells and the human MCL cell line, Z138, were
purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Cells were cul-
tured in Dulbecco's Modified Eagle Medium (DMEM) and
Iscove's modified Dulbecco's medium (IMDM) respectively
(Invitrogen, California, USA) containing 10% fetal bovine
serum (Clark Bioscience, Richmond, VA, USA), 100 U/mL
penicillin, and 100 pg/mL streptomycin (Invitrogen,
California, USA) at 37°C with 5% CO,.

Plasmid Construction and Stable Infection
Human circCDYL cDNA was synthesized and cloned into
the GV493 vector (Genechem, Shanghai, China) to construct
three short hairpin RNA plasmids. Plasmid constructions
confirmed by then infected into

were sequencing,

HEK293T cells for lentiviral packaging. Z138 cells were
then infected and selected for 7 days with 3 pg/mL
puromycin.

Assay of Proliferation Using the Cell
Counting Kit-8 (CCK-8) Assay

Z138 cells were cultured in 96-well plates coated with
20 pL of CCK-8 assay solution (Dojindo, Tokyo, Japan)
per well, and incubated at 37°C with 5% CO, for 2 hrs.
Cell viability was assessed by measuring the absorbance at
450 nm with a Multiskan FC microplate reader (Thermo
Scientific, Waltham, MA, USA).

CircRNA-micro (mi)RNA-mRNA/Long

Non-Coding (Inc)RNA Network
The circRNA-miRNA-mRNA-IncRNA network was
drawn through Cytoscape (http://www.cytoscape.org/)

based on a predicting analysis of target miRNAs,
IncRNAs and mRNAs using starBase v2.0 (http://star
base.sysu.edu.cn/),’> and MiRTarBase (http://mirtar
base.mbe.nctu.edu.tw/)."* We only selected mRNA tar-
gets with experimental evidence of the top five predicted
targets of circCDYL.

Gene Ontology and Kyoto Encyclopedia

of Genes and Genomes (KEGG) Analyses
KEGG enrichment analyses were performed using the
DAVID analysis tool (https://david.ncifcrf.gov/) to show
related pathways among the target genes.'> We also con-

ducted a gene ontology analysis to classify the biological
functional roles of the target genes.

Statistical Analyses

Results are reported as means = standard deviation for
triplicate  measurements.  Significant  differences
between the two groups were estimated by Student’s
t or Mann—Whitney tests, depending on the normality
test. The receiver operating characteristic (ROC) and
the respective area under the curve were used to esti-
mate the diagnosis potential. Kaplan—Meier curves
were used to estimate overall survival. All tests were
conducted using SPSS v.21.0 software (IBM, Chicago,
IL, USA) or Prism version 6.0 (GraphPad, La Jolla,
CA, USA). P < 0.05 was considered statistically

significant.

submit your manuscript

10216

Dove

Cancer Management and Research 2019:1 |


http://www.cytoscape.org/
http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/
http://mirtarbase.mbc.nctu.edu.tw/
http://mirtarbase.mbc.nctu.edu.tw/
https://david.ncifcrf.gov/
http://www.dovepress.com
http://www.dovepress.com

Dove

Mei et al

Results
CircCDYL Was Upregulated in MCL

Patients

We first examined the expression levels of circCDYL in
plasma from MCL patients and healthy donors using
gRT-PCR. CircCDYL expression was significantly upre-
gulated in MCL patients compared to healthy donors (P <
0.001) (Figure 1A). To estimate whether circCDYL could
serve as a biomarker for diagnosis or prognosis in MCL
patients, we performed ROC and Kaplan—-Meier curve
analyses. The ROC result indicated that the expression of
circCDYL in plasma could significantly distinguish MCL
patients from healthy controls (area under the curve

% % %

60 -

Relative expression of circCDYL
8

(AUC) = 0.856; P < 0.001; 95% confidence interval, O.-
724-0.989), with 66.67% sensitivity and 94.12% specifi-
city (Figure 1B). In addition, examining 18 MCL patients
with exact overall survival results from a Kaplan—-Meier
curve analysis showed that circCDYL'Y patients may
have a better prognosis, though the result was not statisti-
cally significant (Figure 1C) (P = 0.595).

CircCDYL Knockdown Inhibited MCL

Cell Proliferation
To assess the biological function of circCDYL in MCL,
we established a loss-of-function model in the MCL

cell line, Z138, by transfecting a short hairpin
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Figure | Circ-CDYL was upregulated in MCL patients. (A) qRT-PCR analysis showed that Circ-CDYL was upregulated in MCL patients (n = 18) compared with normal
controls (n = 17). (B) ROC curve showed that Circ-CDYL expression could serve as a diagnostic biomarker in MCL. (C) Kaplan-Meier OS curves for MCL patients

stratified according to circ-CDYL expression. **p < 0.001.
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Figure 2 Circ-CDYL knockdown inhibited MCL cell proliferation. (A) Relative expression of circ-CDYL in MCL cells (Z138) transfected with sh-circ-CDYL or sh-NC
(negative control). (B) Cell proliferation was quantified in MCL cells using the CCK8 kit. *p < 0.01.

circCDYL lentivirus and conducting qRT-PCR to deter-
mine the expression of circCDYL (Figure 2A). After
stable inhibition of circCDYL, we conducted the CCK-
8 assay to detect MCL cell proliferation. The results
showed that decreasing the expression of circCDYL
significantly suppressed the proliferation of Z138 cells
(Figure 2B).

miRNA Prediction and Bioinformatics

Analyses

Bioinformatics analyses showed that circCDYL may
harbor 116 miRNA response elements, primarily hsa-
miR-129-5p, hsa-miR-3163, hsa-miR-4662a-5p, hsa-
miR-101-3p, and hsa-miR-186-5p (Figure 3A). We also
assessed the circCDYL-miRNA-mRNA-IncRNA net-
work by Cytoscape to examine the molecular mechan-
ism. This network included the top five miRNAs
(hsa-miR-129-5p, hsa-miR-3163, hsa-miR-4662a-5p,
hsa-miR-101-3p, and hsa-miR-186-5p) and five
IncRNAs (MALAT1, NEAT1, EBLN3P, NORAD, and
XIST) (Figure 3B). Among these, the associations were
complex because several miRNAs had target IncRNAs
in common, including IncRNAs MALATI, NEATI,
EBLN3P, and XIST. Similarly, miRNAs shared some
mRNAs in common, such as NOTCHI1, FMRI,
ABCBI, TWISTI1, and VEGFA.

We conducted gene ontology and KEGG pathway
enrichment analyses for these miRNAs and their poten-
tial target mRNAs and determined the top relationships
(Figure 3C). The strongest relationships were regula-
tion of transcription, programmed cell death, cell death,

and apoptosis. The strongest associations involved
pathways in cancers, followed by focal adhesion and
the mitogen-activated protein kinase signaling pathway.

Discussion
MCL is a rare non-Hodgkin lymphoma characterized by the
translocation, t (11;14), and cyclin D1 overexpression.'®
However, the mechanism of MCL remains unclear and
there is an urgent need to identify novel biomarkers for
early diagnosis. Sry-related high-mobility-group box 11 has
been identified as a diagnostic biomarker of MCL,'” and
a recent study showed that IncRNA GATA6-AS may have
potential in the early diagnosis of this disease.'®
CircRNAs are new members of the non-coding RNA
family and potential molecular markers for cancers.'**° The
stable presence of circRNAs in human peripheral blood makes
them potentially easily accessible disease biomarkers.?'**
CDYL serves as a histone methyllysine reader and
transcriptional corepressor.> A recent study reported that
circCDYL was derived from exon 4 of CDYL through
back-splicing.24 A study focused on bladder cancer
reported that circCDYL was downregulated in both
tumor tissue and cell lines.”* In bladder cancer,
circCDYL inhibited cell growth through the downregula-
tion of Myc.?* In contrast, one study demonstrated that
circCDYL was highly expressed in the early stages of
hepatocellular carcinoma, and inhibition of circCDYL in
HCCLM3 cells inhibited their proliferation, tumor spher-
oid growth, and ameliorated chemotherapy resistance.?’
Overexpression of circCDYL in SMMC-7721 cells pro-
moted malignant and

proliferation,  self-renewal,
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Figure 3 Bioinformatics analyses of Circ-CDYL and miRNAs, IncRNAs and mRNAs. (A) Relative miRNA response elements. Darker color represents stronger relevance.
(B) CircRNA-miRNA-mRNA/IncRNA co-expression network. The red, orange, pink, and yellow nodes represent circRNA, miRNA, IncRNA, and mRNA, respectively. (C)
KEGG pathway analysis and GO enrichment analysis of related mRNAs. MAPK: mitogen- activated protein kinase

chemoresistance.”® Moreover, it functioned as a sponge of
miR-892a and miR-328-3p and inhibited hepatoma-
derived growth factor and hypoxia-inducible factor aspar-
agine hydroxylase, respectively.”’

In our study, circCDYL was highly expressed in the
plasma of MCL patients compared to healthy donors. The
ROC results suggested that circCDYL could serve as
a potential biomarker for the diagnosis or auxiliary diag-
nosis of MCL patients. In addition, a combination of
biomarkers might increase diagnostic accuracy. For exam-
ple, Lin et al found a panel of three circRNAs (circ-
CCDC66, circ-ABCCl, and circ-STIL) was more accurate
than traditional diagnostic biomarkers, carcinoembryonic
antigen, and carbohydrate antigen 19-9, in colorectal
cancer.”® Similarly, Yu et al identified a plasma circRNA
panel containing three circRNAs (hsa _circ_ 0000976,
hsa circ_0007750, and hsa circ 0139897) that showed

higher accuracy than alpha-fetoprotein in the diagnosis of
hepatitis B virus-related hepatocellular carcinoma.?’
However, we conducted a survival analysis of MCL
patients and found no significant difference between the high
and low circCDYL expression groups, possibly due to an
insufficient follow-up time and limited sample pool. We also
found that inhibition of circCDYL suppressed cell prolifera-
tion in vitro, consistent with its functions in regulating tran-
scription, programmed cell death, cell death, and apoptosis.
CircCDYL is associated with various pathways in
cancers and thus affects their progression. CircRNAs
can compete with endogenous RNAs, and the miRNA
sponge effect is currently an area of intense research
interest. For example, CDR1-as can bind to miR-7."
We conducted bioinformatics analyses and identified
a co-expression network of circCDYL-miRNA-mRNA-
IncRNA, highlighted by five miRNAs (hsa-miR-129-5p,

Cancer Management and Research 2019:1 |
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hsa-miR-3163, hsa-miR-4662a-5p, hsa-miR-101-3p, and
hsa-miR-186-5p), three IncRNAs (MALATI1, NEATI,
and XIST), and five mRNAs (NOTCHI1, FMRI,
ABCBI, TWISTI1, and VEGFA).

Previous research showed that IncRNA MALAT1 was
overexpressed in MCL tissues and may be a prognostic
factor.® Functionally, MALAT1 inhibited p21 and p27,
mediated by an enhancer of zeste homologue 2 (EZH2)-
associated mechanism in MCL.*® p21 and p27 are both
cyclin-dependent kinase suppressors that function during
cell cycle progression. Low expression of p21 or p27 is
correlated with a poor prognosis in MCL patients.*~°
EZH2, a component of the polycomb group complex, is
involved in hematopoiesis, balancing cell self-renewal and
differentiation.’ In addition, inhibiting EZH1/EZH2 in
MCL up-regulated the expression of the cell cycle regulators,
CDKNI1C and TP53INP1, and showed an anticancer effect.>?
Consistently, miR-101 can inhibit cell proliferation and
targeting EZH2 in MCL.®
Accordingly, circCDYL might serve as a sponge for miR-
101, targeting EZH2 and further regulating p21 and p27.

NOTCHI1 mutations were present in 12% of MCL
clinical samples and 20% of the cell lines and were asso-
ciated with poor survival.** Inhibition of NOTCH1 sup-
pressed the proliferation of the MCL cell line, Jeko-1,

induce apoptosis by

induces apoptosis, and regulated the Akt/mTOR signaling
pathway.”” Thus, circCDYL may regulate the expression
of NOTCHI in MCL, though the detailed mechanism still
needs further study.

Conclusion

Overall, the results of the current study reveal the clinical
significance and relevant functions of circCDYL in MCL.
These findings indicate that circCDYL might serve as
a potential diagnostic biomarker in clinical practice.
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