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Abstract. Circular RNAs (circRNAs) are an abundant class
of endogenous non‑coding RNAs and are associated with
numerous diseases, including cancer, cardiovascular diseases,
and type 2 diabetes mellitus (T2DM). However, the association
between circRNAs and inflammation or inflammatory cytokines in patients with T2DM remains to be fully elucidated.
The purpose of the present study was to investigate the expression profiles of circRNAs in peripheral leucocytes of patients
with T2DM and their association with inflammatory cytokines. Peripheral blood from patients with T2DM (n=43) and
healthy individuals (n=45) were collected for RNA sequencing
and later verification. Reverse transcription‑polymerase chain
reaction (RT‑PCR) and reverse transcription‑quantitative
polymerase chain reaction (RT‑qPCR) analyses were used
to detect the expression levels of circRNAs. The expression of inflammatory factors, including interleukin (IL)‑1,
(IL)‑6, and tumor necrosis factor (TNF)‑ α were measured
via enzyme‑linked immunosorbent assay. Furthermore,
the mRNA expression level of ankyrin repeat domain
36 (ANKRD36), a protein located at 2q11.2 that interacts with
the GAPDH gene, was measured using RT‑qPCR analysis.
The circRNA/microRNA (miRNA) interaction was predicted

using RegRNA and mirPath software. In total, 220 circRNAs
were found to be differentially expressed between patients
with T2DM and healthy individuals, of which 107 were
upregulated and 113 were downregulated. Among the nine
selected circRNAs, circANKRD36 was significantly upregulated in patients with T2DM compared with control subjects
(P=0.02). The expression level of circANKRD36 was positively correlated with glucose and glycosylated hemoglobin
(r=0.3250, P=0.0047 and r=0.3171, P=0.0056, respectively).
The expression level of IL‑6 was significantly different
between the T2DM group and control group (P=0.028) and
was positively correlated with circANKRD36. The difference of circANKRD36 host gene expression between patients
with T2DM and healthy controls was significant (P= 0.04).
Taken together, circANKRD36 may be involved in T2DM
and inflammation‑associated pathways via interaction
with miRNAs, including hsa‑miR‑3614‑3p, hsa‑miR‑498,
and hsa‑miR‑501‑5p. The expression of circANKRD36
was upregulated in peripheral blood leucocytes and was
correlated with chronic inflammation in T2DM. Therefore,
circANKRD36 can be used as a potential biomarker for
screening chronic inflammation in patients with T2DM.
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Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder characterized by hyperglycemia, insulin resistance
and chronic inflammation (1,2). According to the International
Diabetes Federation Diabetes Atlas (3), almost 400,000,000
individuals suffer from T2DM globally, and >10,000,000 are
diagnosed with diabetes every year. The prevalence of T2DM
in China has increased substantially over recent years, with
>100,000,000 individuals affected by the disease at present (4).
Hyperglycemia, insulin resistance and chronic inflammation
are common in patients with T2DM. Chronic, low‑grade
inflammation can lead to insulin resistance, impaired glucose
tolerance and finally diabetes. Hyperglycemia and overnutrition stimulate the production of inflammatory cytokines, which
in turn, aggravate glucotoxicity and insulin resistance, leading
to numerous life‑threatening complications (1,5). Therefore,
early diagnosis and intervention of chronic inflammation in
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patients with T2DM are urgently required. However, no diagnostic biomarker for inflammation in patients with T2DM is
available. To improve this situation, a specific, sensitive and
convenient biomarker for inflammation in T2DM is urgently
required.
Circular RNAs (circRNAs), have been considered as the
‘dark matter’ of the genome due to their substantial diversity
and unclear function. However, with the development of next
generation sequencing, circRNAs have been revealed to be
more important than previously considered. circRNAs may
function as ‘microRNA (miRNA) sponges’, which regulate
cellular function at the post‑transcription stage (6,7). Another
important function of circRNAs is that they are able to
regulate host gene expression through cis‑acting (8,9). In
addition, as circRNAs are derived from back splicing, which
enables them to form continuous loops without free 3' and
5' ends, they are more resistant to RNA exonuclease and are
more stable compared with corresponding linear isoforms in
cells (10). circRNAs also exhibit cell type‑specific and tissue
type‑specific expression (11). Due to these features, circRNAs
are expected to become diagnostic biomarkers and treatment
targets in human diseases.
circRNAs have been revealed to be associated with T2DM.
For example, hsa_circ0054633 in the peripheral blood may be
used as a diagnostic biomarker of pre‑diabetes and T2DM;
another circRNA, Cdr1as, regulates insulin transcription and
secretion in islet cells via miRNA (miR)‑7 and its targets (12,13).
However, the global circRNA expression profile in the
peripheral white blood cells of patients with T2DM remains
to be fully elucidated. In the present study, RNA sequencing
(RNAseq) was used to examine the expression of circRNAs,
and their association with chronic inflammation in T2DM was
investigated. In total, 220 differentially expressed circRNAs
were identified in patients with T2DM compared with healthy
subjects. Of these, nine circRNAs were selected and measured
by reverse transcription‑polymerase chain reaction (RT‑PCR)
and reverse transcription‑quantitative polymerase chain reaction (RT‑qPCR) analyses. Subsequent investigations focused
on circRNA ankyrin repeat domain 36 (circANKRD36), one
of the circRNAs with the most markedly increased expression. RT‑qPCR analysis was used to validate its expression
level and its correlation with glucose (GLU) and glycosylated
hemoglobin (GHb). An enzyme‑linked immunosorbent assay
(ELISA) was performed to measure the expression levels of
inflammatory factors, and interleukin (IL‑6) was promoted in
theT2DM group. The circANKRD36 host gene was upregulated in patients with T2DM, and the interactions between
circANKRD36 and miRNAs were predicted using RegRNA
and mirPath software.
Materials and methods
Study population and T2DM definition. In the present study,
a total of 88 individuals were included, including 43 patients
with T2DM and 45 age‑ and sex‑matched control individuals.
The patients enrolled were among the outpatients and inpatients of the Endocrinology Department and the Medical
Check‑up Center of Beijing Hospital (Beijing, China) between
October 2016 and May 2017. Participants were excluded if
they had: i) Any other clinically systemic acute or chronic

inflammation disease/s; ii) autoimmune disease; iii) any
endocrine disease other than T2DM; iv) cancer; or v) chronic
hepatic or renal failure. The study was approved by the Ethics
Committee of Beijing Hospital (no. 2015BJYYEC‑066‑02).
The participants provided written informed consent to participate in the study.
T2DM was diagnosed according to the World Health
Organization criteria: i) Fasting glucose level >7 mmol/l; or
ii) the 2‑h oral glucose tolerance test showing a glucose level of
≥11.1 mmol/l; or iii) hemoglobin A1c ≥6.5%, or iv) the subject
has a clinical diagnosis of the disease. The basic information
of the patients with T2DM and control individuals are listed
in Tables I and II.
Blood sample collection and RNAseq. Following overnight
fasting, 2 ml of intravenous blood was drawn into ethylene
diamine tetra‑acetic acid anticoagulant vacutainers. The
whole blood cell specimens of five patients with T2DM and
five control subjects were randomly selected for RNAseq.
Total RNAs were extracted with TRIzol (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), and rRNAs were
deleted using Ribo‑Zero Gold kits (Illumina, Inc., San Diego,
CA, USA). The total RNAs were then digested by RNase R
to enrich circRNAs. The cDNAs were amplified with random
primers and reverse transcriptase prior to RNAseq using the
high‑seq 4000 Illumina platform. The whole detection was
performed under the guidance of the experiment workflow.
Other specimens were centrifuged at 3,000 x g at 4˚C for
5 min to separate plasma and blood cells, and stored separately
in a ‑80˚C refrigerator for later usage.
RNA extraction and RT. Total RNAs in leucocytes and plasma
were extracted with TRIzol and TRIzol LS (Invitogen;
Thermo Fisher Scientific, Inc.), respectively by following the
manufacturer's protocol. The purity and concentration of the
RNA were measured using a Nano Drop 2000 instrument
(Thermo Fisher Scientific, Inc.). The average A260/A280
was ~1.8‑2.0. First‑strand cDNA was amplified with random
primers using the GoScript Reverse Transcription system
(Promega Corporation, Madison, WI, USA) in accordance
with the manufacturer's protocol. Briefly, a total of 2 µg RNA
and 2 µl random primers were added to prepare the annealing
mix. The mixture was incubated at 70˚C for 5 min, and then
immediately chilled on ice for 5 min. The annealing mix were
stored on ice until the reverse transcription reaction mix was
added (4 µl GoScript 5X reaction buffer, 2 µl MgCl 2, 1 µl
dNTP and 1 µl GoScript reverse transcriptase). The mixture
was incubated at 25˚C for 5 min, 42˚C for 1 h, and then 70˚C
for 15 min to inactivate the reverse transcriptase.
RT‑PCR and RT‑qPCR analyses. Divergent primers and convergent primers were designed by Primer3 (http://www‑genome.
ut.ee/) and synthesized by Tsingke Technology (Beijing,
China). The primer sequences are listed in the Table III. PCR
was performed using Golden Mix (Tsingke Technology) and
2% agarose gel electrophoresis was used to confirm the PCR
products. According to the manufacturer's protocol, 12.5 µl 2X
Super PCR Mix, 1 µl 10 µM forward primers, 1 µl 10 µM reverse
primers, 1 µl cDNA, 5 µl 5X buffer and 4.5 µl nuclease‑free
water were mixed together. The thermal cycling conditions were
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Table I. Basic information of control and patient samples used
for RNAseq.
Factor	Control (n=5)

T2DM (n=5)

P‑value

Age
65.2±13.23
66.2±5.49
0.894057
Sex			‑
Male
2
2
Female
3
3
GLU
5.16±0.46
10.7±1.39
0.000728
GHb
5.56±0.24
9.08±1.33
0.005336
Data are presented as the mean ± standard deviation. T2DM, type II
diabetes mellitus; GLU, glucose; GHb, glycosylated hemoglobin.

Table II. Basic information of control and patient samples used
for verification.
Factor	Control (n=40)

T2DM (n=38)

P‑value

Age
61.15±11.72
62.53±12.45
0.621636
Sex			0.364505
Male
21
16
Female
19
22
GLU
5.14±0.41
10.00±2.77
5.805904x10‑13
GHb
5.37±0.31
8.88±1.41
7.107031x10‑18
Data are presented as the mean ± standard deviation. T2DM, type II
diabetes mellitus; GLU, glucose; GHb, glycosylated hemoglobin.

as follows: Initial denaturation at 98˚C for 2 min, 30 cycles of
denaturation at 98˚C for 10 sec, annealing at 56˚C for 10 sec,
extension at 72˚C for 15 sec, followed by final extension at 72˚C
for 2 min. The RT‑qPCR was performed using SYBR‑Green
Premix Ex Taq (Takara Biotechnology Co., Ltd., Dalian, China)
and monitored using theiQ5 real‑time PCR system (Bio‑Rad
Laboratories, Inc., Hercules, CA, USA) in accordance with the
protocol. The thermal cycling conditions were as follows: Initial
denaturation at 95˚C for 30 sec, 40 cycles of denaturation at 95˚C
for 5 sec, annealing at 60˚C for 30 sec, followed by 81 cycles
of dissociation at 55˚C for 30 sec. The relative expression was
analyzed using the 2‑∆∆Cq method (14).
ELISA. The plasma samples were stored in a ‑80˚C refrigerator
and brought to room temperature prior to usage. The levels
of IL‑1, IL‑6 and TNF‑αantigen were measured using a Total
Antigen Assay ELISA kit (Cloud‑Clone Corporation, Wuhan,
China). The standard, blank and sample dilutions were added
into the appropriate wells and incubated for 1 h at room
temperature. Subsequently, the detection reagent, substrate
solution and stop solution were added in turn, according to
the manufacturers' protocol. Measurements were performed at
450 nm immediately.
Target prediction and functional analysis. Those miRNAs
able to interact with circRNAs were predicted using RegRNA
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2.0 (http://www.regrna.mbc.nctu.edu.tw/) (15). A network
between the predicted miRNAs and their downstream pathways was constructed using miRPathv.3 (http://vm.okeanos.
grnet.gr/) software according to the common targets (16).
Statistical analysis. All statistical analysis in the present
study was performed using the Statistical Product and
Service Solutions (SPSS) 20.0 software package (IBM SPSS,
Armonk, NY, USA) and GraphPad Prism 6.0 (GraphPad
Software, Inc., La Jolla, CA, USA). Data were presented as the
mean ± standard deviation of three independent experiments
performed in triplicate. Independent unpaired Student's t‑test,
one‑way analysis of variance with a Student‑Newman‑Keuls
post‑hoc test and Pearson's correlation analysis were used, as
appropriate. P≤0.05 was considered to indicate a statistically
significant difference.
Results
Profiles of circRNA expression in the peripheral blood cells
of patients with T2DM. The RNAseq analysis revealed the
circRNA expression profiles in the peripheral white blood cells
of five paired patients with T2DM and healthy individuals. The
circRNA expression pattern was found to be different between
the T2DM group and control group (Fig. 1A). In total, 3,048
circRNAs were detected in both T2DM samples and control
samples. Differential expression was detected in 220 circRNAs,
with the level of change >1.5‑fold. Among these, 107 were
upregulated and 113 were downregulated (Fig. 1B and C). As
upregulated circRNAs are more applicable as biomarkers than
downregulated circRNAs, nine upregulated circRNAs were
selected for further analysis.
Validation of differentially‑expressed circRNAs by RT‑qPCR
and RT‑PCR analyses. To validate the RNAseq results,
RT‑qPCR and RT‑PCR analyses were performed to analyze
the differential expression. According to the RT‑qPCR
results, the upregulation of three circRNAs (circANKRD36,
hsa_circ_0008922 and hsa_circ_0009035) was successfully
detected in the T2DM samples (Fig. 2A). Among these, the
expression level of circANKRD36 was the most markedly
increased. As circANKRD36 is a newly identified circRNA
derived from ANKRD36, it was named after its host gene.
Hsa_circ_0008922 and hsa_circ_0009035 have already been
reported by others (10,17). RT‑PCR analysis for circANKRD36
was performed, and the back‑splicing junction was validated by
sequencing the product (Fig. 2B and C), which was consistent
with that from the RNAseq data. Therefore, circANKRD36
was selected for further analysis.
Validation of circANKRD36 in larger clinical samples. To
further determine the association between circANKRD36
and T2DM, the present study first detected the expression of
circANKRD36 in additional patients by RT‑PCR analysis,
using β‑actin as a control (Fig. 3A). RT‑qPCR analysis was
then performed to measure the level of circANKRD36 in a
cohort containing 78 patients, comprising 38 patients with
T2DM and 40 healthy individuals. As shown in Fig. 3B, the
expression of circANKRD36 was significantly higher in the
T2DM group than in the control group (0.2458±0.021, vs.
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Table III. Primer list.
Gene

Forward primer (5'‑3')

Reverse primer (5'‑3')

circANKRD36
GGAGGCCACAAGTGATGAGA	CCTGGTGGTTTCTCAGAAGAC
hsa_circ_0008922
ACCTGAATGACATCTACCTCCA	CAGACTGTCACCTGCCACTA
hsa_circ_0009035	CTGCTTTCCTTGCCTCTGGA
TAATGTGTCCCTGTTGGCCT
ANKRD36
CGAGGAAGATTCTGTTTTGGGT	CCTTCTCATCACTTGTGGCC
β‑actin
TTCCTTCCTGGGCATGGA
GAGGAGCAATGATCTTGAT
circ, circular RNA; ANKRD36, ankyrin repeat domain 36.

0.1831±0.017; P=0.02). Pearson's correlation test was performed
to evaluate the association between circANKRD36 and levels
of GLU and GHb. As shown in Fig. 3C and D, circANKRD36
was positively correlated with GLU (r=0.3250, P=0.0047) and
GHb (r=0.3171, P=0.0056). However, circANKRD36 was not
detected in the peripheral blood plasma samples from patients
with T2DM (Fig. 3E).

Table IV. Enzyme‑linked immunosorbent assay results.

ELISA. The expression levels of inflammatory factors (IL‑1,
IL‑6, and TNF‑α) in the peripheral blood plasma were analyzed
by ELISA. As shown in Table IV, the expression levels of IL‑6
and TNF‑α were elevated in patients with T2DM, compared
with those in control subjects (13.202±9.937, vs. 6.151±3.787,
and 16.158±5.964, vs. 13.165±2.69, respectively). However,
only the increase of IL‑6 was statistically significant (P= 0.028).
Pearson's correlation test was used to examine the correlation
between circANKRD36 and inflammatory factors. As shown in
Fig. 4A‑C, IL‑6 was positively correlated with circANKRD36
(r=0.393, P=0.031). Although the elevation of TNF‑α was not
statistically significant (P=0.080), its elevation was positively
correlated with circANKRD36 (r=0.390, P=0.033).

Data are presented as the mean ± standard deviation. aStatistically
significant (P<0.05). T2DM, type II diabetes mellitus; IL, interleukin;
TNF‑α, tumor necrosis factor‑α.

Cis‑regulation of the circANKRD36 host gene. The mRNA
expression level of ANKRD36 was measured by RT‑qPCR
analysis in 15 paired patients with T2DM and control individuals. In the T2DM group, circANKRD36 host gene expression
was higher than that in the control group (0.006454±0.003682,
vs. 0.003698±0.00138, P=0.04; Fig. 5A). The location and associated genes of ANKRD36 were also detected (Fig. 5B and C).
Prediction of the circRNA/miRNA interaction. To further
investigate the functions of circANKRD36, the present study
investigated the potential miRNAs binding with the circRNA.
The binding sites were predicted using RegRNA, based on
the foundation of seed sequence matching. circANKRD36
harboredhsa‑miR‑3614‑3p, hsa‑miR‑498, hsa‑miR‑501‑5p,
hsa‑m i R‑876 ‑3p, hsa‑m i R‑3617, hsa‑m i R‑ 4251 and
hsa‑miR‑2355‑3p (Table V). mirPath software analysis determined statistically significant miRNA downstream pathways
(P<0.05; Fig. 6).
Discussion
The high prevalence of T2DM and its complications severely
threaten human health. Chronic inflammation exists in almost
every patient with T2DM and is closely associated with the

Factor

IL‑1

IL‑6

TNF‑α

T2DM
Control
P‑value

13.227±1.138
13.032±1.463
0.695

13.202±9.937
6.151±3.787
0.028a

16.158±5.964
13.165±2.692
0.080

pathophysiological alterations occurring during the pathogenesis of T2DM (18). Multiple investigations have revealed
that anti‑inflammatory strategies may correct the disordered
metabolism in patients with T2DM (1,18). However, the
molecular mechanism underlying inflammation in patients
with T2DM remains to be fully elucidated.
circRNAs have been found to be pervasively transcribed
in the genome, and associated with human disease. Certain
circRNAs are involved in the occurrence and development of
T2DM, whereas others are associated with T2DM and may be
used as biomarkers (12,13). However, the association between
circRNAs and inflammation, particularly chronic, low‑grade
inflammation, in patients with T2DM has not been investigated
previously.
In the present study, circRNA expression profiles in
peripheral white blood cells from patients with T2DM were
investigated using RNAseq. This identified >200 circRNAs as
being differently expressed between patients with T2DM and
healthy individuals. The differential circRNAs were further
analyzed through Gene Ontology (GO) analysis. Metabolic
process and immune system process were among the top
altered GO processes in the biological process category,
indicating the possibility that differential circRNAs from
peripheral leukocytes were, in general, associated with chronic
inflammation in patients with T2DM.
Previous studies have revealed that circRNAs in the cytoplasm are more stable than corresponding linear isoforms (10).
Furthermore, the designation of divergent primers guarantees
the convenient and specific amplification of target circRNAs,
making circRNAs appealing biomarkers for human diseases.
In the present study, the aberrant expression of circANKRD36
was verified by RT‑PCR and RT‑qPCR analyses in peripheral
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Figure 1. Overview of circRNA differential expression. (A) Hierarchical cluster analysis (heat map) for differentially expressed circRNAs between controls
and patients with T2DM. Yellow and blue denote high and low expression, respectively. (B) Volcano plots for differentially expressed circRNAs in leucocytes
from control and T2DM groups. (C) Numbers of differential circRNAs. T2DM, type II diabetes mellitus; Con, control; circRNAs, circular RNAs; Up,
upregulated; Down, downregulated.

Figure 2. Expression and selection of circANKRD36. (A) Relative expression level of three selected circRNAs in the control group and T2DM group.
RT‑quantitativePCR was used to determine the expression level. Data are presented as the mean ± standard deviation. (B) Electrophoresis result of RT‑PCR
products. Lane M denotes the DL5000 marker. (C) Validation of the circANKRD36 splicing junction site through sequencing of the RT‑PCR product. The
arrow indicates the splicing junction site. RT‑PCR, reverse transcription‑polymerase chain reaction. T2DM, type II diabetes mellitus; Con, control; circRNA,
circular RNA; ANKRD36, ankyrin repeat domain 36.
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Figure 3. Expression of circANKRD36 is upregulated in patients with T2DM. (A) Electrophoresis result of RT‑PCR products from circANKRD36 in 10 patients
with T2DM. (B) Increased expression of circANKRD36 in a larger cohort. The expression level was determined by RT‑qPCR analysis (n=78, P<0.05).
(C) Pearson's coefficient correlation between circANKRD36 and GLU (r= 0.3250, P= 0.0047). (D) Pearson's coefficient correlation between circANKRD36
and GHb (r=0.3171, P=0.0056). (E) Electrophoresis result of circANKRD36 and β‑actin. The cDNAs of three patients' peripheral blood plasma were used.
T2DM, type II diabetes mellitus; Con, control; circANKRD36, circular RNA ankyrin repeat domain 36; circ, circANKRD36; A, β‑actin control; M, marker;
GLU, glucose; GHb, glycosylated hemoglobin; BC, peripheral blood cells.

blood cells. The expression level of circANKRD36 was positively correlated with clinical indicators GLU and GHb when
the sample data of patients with T2DM and healthy individuals
were combined (Fig. 3C and D), suggesting a potential role
for circANKRD36 as a noninvasive hematological biomarker.
However, the positive correlation was not be observed when
the sample data of patients with T2DM and controls were
analyzed separately (data not shown). The reason for this may
be the small sample size, therefore, the results of the present
study require further verification in larger cohorts. In addition, the increased expression of circANKRD36 was not be
detected in peripheral plasma.
In order to investigate the inflammatory state in patients
with T2DM, ELISA was performed using blood plasma and
the expression levels of IL‑1, IL‑6 and TNF‑α were measured.

These three inflammatory factors were selected as previous
reports have indicated that TNF‑ α is important in insulin
resistance and diabetes (19,20); elevated levels of IL‑6 are a
predictor for the development of T2DM (21); and IL‑1 is associated with islet cell function, with anti‑IL‑1 therapy having a
mild hypoglycemic effect in patients with T2DM (22,23). In
the present study, IL‑6 and TNF‑α exhibited a positive correlation with circANKRD36, suggesting an association between
circANKRD36 and inflammation in T2DM. However, similar
trends were not observed for IL‑1, and the increase of TNF‑α
was not significant. In future investigations, additional
circRNAs as biomarkers and more participants are to be
included in further investigations.
The host gene of circANKRD36, ANKRD36, was upregulated in the T2DM group. Lines of evidence suggest that
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Table V. Top seven target microRNAs.
Name
hsa‑miR‑3614‑3p
hsa‑miR‑498
hsa‑miR‑501‑5p
hsa‑miR‑876‑3p
hsa‑miR‑3617
hsa‑miR‑4251
hsa‑miR‑2355‑3p

2D structure
Query: 3' uuUUGUGGUUCUAGACUUCCGAu 5'
Ref: 5' aaACCACCAGGCT‑TGAAGGCTt 3'
Query: 3' cuUUUUGCGGGGGACCGAACUUu 5'
Ref: 5' ctGAGAAACCACCAGGCTTGAAg 3'
Query: 3' agaGUGGGUC‑CC‑UGUUUCCUAa 5'
Ref: 5' ataTAGCCAGAGGAAAAAAGGATg 3'
Query: 3' acUUAAUGAA‑AC‑AUUUGGUGGu 5'
Ref: 5' acAGTGTCTTCTGAGAAACCACCa 3'
Query: 3' gggUAGAACGUUGAUACAGAAa 5'
Ref: 5' aaaATCTAG‑GACAGTGTCTTc 3'
Query: 3' aaccgggAAAAGAGUCc 5'
Ref: 5' gaaagtgTCTTCTCAGa 3'
Query: 3' uagaggUUUGUCGUUCCUGUUa 5'
Ref: 5' atggagAAAAATCTAGGACAGt 3'

Target region

Score

85‑106

172.00

80‑102

165.00

134‑157

159.00

70‑93

156.00

60‑80

146.00

273‑289

142.00

53‑74

140.00

miR, microRNA.

Figure 4. Correlation between the expression levels of circANKRD36 and inflammatory factors. (A) IL‑1; (B) IL‑6; (C) TNF‑α. circANKRD36, circular RNA
ankyrin repeat domain 36; IL‑1, interleukin 1; IL‑6, interleukin 6; TNF‑α, tumor necrosis factor‑α.

circRNAs can positively regulate their parent genes at the
transcriptional level and post‑transcriptional level (8,9,24).
The upregulation of ANKRD36 in the present study may be
a result of circANKRD36 elevation. ANKRD36 is located
close the middle of chromosome 2 at a position designated
q11.2 (chr2:97862453‑97867967; Fig. 5B), and it can interact
with the GAPDH gene (Fig. 5C). The product of GAPDH
is a vital enzyme in carbohydrate metabolism. It has been
demonstrated that the interaction between glycolytic protein
GAPDH and inflammatory protein Small ubiquitin‑like
modifier 4 can induce insulin resistance in diabetic and obese

individuals (25). Therefore, circANKRD36 may be involved
in T2DM metabolic disorder by affecting the host gene
ANKRD36 and associated gene GAPDH.
Bioinformatics software programs (RegRNA and mirPath)
have been used to determine circRNA/miRNA interactions and
related downstream pathways. Previous studies have reported
that circRNAs can function as miRNA sponges (6,7). By
sharing one or more microRNA response elements, circRNAs
can bind to miRNAs, which in turn adjust the expression of
mRNAs. circANKRD36 can interact with seven miRNAs
(Table V). Of these, hsa‑miR‑3617 and hsa‑miR‑3614‑3p are
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Figure 5. Host gene of circular RNA ANKRD36. (A) Reverse transcription‑quantitative polymerase chain reactiondetermination of the expression levels
of ANKRD36 in the T2DM group and control group. The graph shows the ratio compared with the housekeeping gene β ‑actin. Data are presented as the
mean ± standard deviation. (B) Location of ANKRD36. (C) Associated genes of ANKRD36. T2DM, type 2 diabetes mellitus; Con, control; ANKRD36, ankyrin
repeat domain 36.

Figure 6. Prediction of circANKRD36/miR‑mediated pathways. miR, microRNA; circANKRD36, circular RNA ankyrin repeat domain 36.
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associated with the T2DM pathway and mitogen‑activated
protein kinase (MAPK) pathway (Fig. 6). The MAPK signaling
pathway can be activated by hyperglycemia, and is also
involved in inflammation and immunization (26‑28). These
results indicated that circANKRD36 was associated with the
inflammatory state in T2DM. However, further experiments
are required to confirm the connection between circRNAs and
miRNAs, other than prediction by bioinformatics software,
including the use of fluorescence in situ hybridization assay,
RNA immunoprecipitation and luciferase activity assays, and
the transfection of a circRNA overexpression vector. In future
investigations, experiments are to be continued to confirm the
predicted connection between circANKRD36 and miRNAs,
including hsa‑miR‑3617 and hsa‑miR‑3614‑3p.
In conclusion, the present study demonstrated that
circANKRD36 was expressed at high levels in leucocytes
of patients with T2DM. Furthermore, the expression of
circANKRD36 was associated with clinical parameters and
inflammatory factors. circANKRD36 may not only be a potential biomarker, but may also be involved in pathogenesis. The
underlying mechanism between circANKRD36 and chronic,
low‑grade inflammation in patients with T2DM requires
further investigation.
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