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Circular RNA hsa_circ_0001380 in peripheral blood as a potential
diagnostic biomarker for active pulmonary tuberculosis
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Abstract. Numerous studies have suggested that circular
RNAs (circRNAs), a type of non-coding RNA lacking 5'-caps
and 3'-poly(A) tails, are involved in the biological processes of
various human diseases. However, little is known about their
functions and diagnostic value in active pulmonary tubercu-
losis (APTB). The aim of the present study was to examine
whether hsa_circ_0001380 is able to serve as a diagnostic
biomarker for patients with APTB. The expression level of
hsa_circ_0001380 was detected in the peripheral blood of
32 patients with APTB and 31 healthy volunteers by reverse
transcription-quantitative PCR. The functional prediction
of hsa_circ_0001380 was performed in silico. RNase R was
used to detect the stability of hsa_circ_0001380. Finally,
the diagnostic value of hsa_circ_0001380 was evaluated by
receiver operating characteristic (ROC) curve analysis. The
results showed that hsa_circ_0001380 was significantly
downregulated in the peripheral blood of patients with APTB.
In addition, hsa_circ_0001380 was found to be resistant to
RNase R treatment. Moreover, four N6-adenosine methylation
modification sites and two potential microRNA binding sites
were predicted in silico. Importantly, the area under the ROC
curve was 0.9502, which suggested that hsa_circ_0001380
may act as a diagnostic biomarker for APTB. Taken together,
the results indicated that circRNA hsa_circ_0001380 was
downregulated in the peripheral blood of patients with APTB,
and could serve as a diagnostic biomarker.
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Introduction

Tuberculosis (TB) remains a major global public health
problem. According to the 2019 Global Tuberculosis Report,
TB is one of the top 10 causes of death worldwide, followed
by AIDS (1). In 2018, there were an estimated 1.2 million
(range, 1.1-1.3 million) deaths from TB among HIV-negative
people and an additional 251,000 (range, 223,000-281,000)
deaths from TB among HIV-positive people. Additionally, an
estimated 10.0 million (range, 9.0-11.1 million) people fell ill
with TB, equivalent to 132 cases (range, 118-146) per 100,000
population (1). In order to improve TB management and reduce
the transmission of Mycobacterium tuberculosis (Mtb), early
diagnosis is essential in patients with active pulmonary TB
(APTB) (2). However, traditional methods based on directly
detecting Mtb do not meet clinical requirements due to their
low sensitivity and specificity.

Circular RNAs (circRNAs), a novel type of non-coding
RNA lacking 5' caps and 3'-poly(A) tails, have been recently
reported to participate in the pathological processes of
various human diseases (3-5). circRNAs can be divided into
three categories according to their origin in genomic regions,
namely exon circRNAs, intron circRNAs and exon-intron
circRNAs (6-8). circRNAs are more stable than linear RNA
and resist exonuclease RNase R digestion due to their closed
loop structure (9). Their expression is often tissue-specific and
developmental-stage specific (7,10). These properties suggest
that circRNAs are an ideal biomarker for disease diagnosis.

Recent studies have reported that circRNAs may serve
as potential biomarkers for a number of human diseases. For
example, Bao et al (11) indicated that hsa_circ_0037911 in
whole blood samples could be a stable biomarker for early
diagnosis of essential hypertension. Hang ez al (12) suggested
that a novel plasma circRNA, circFARSA, may be a potential
biomarker for non-small cell lung cancer. Zhao et al (13) found
that hsa_circ_0001275 in peripheral blood mononuclear cells
(PBMCs) could serve as a potential novel diagnostic biomarker
for postmenopausal osteoporosis. Nevertheless, whether
circRNAs could act as novel biomarkers for APTB diagnosis
and therapeutic prediction remains unknown.
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Table I. Primer sequences for reverse transcription-quantitative PCR analysis.
Name Primer sequence (5'—3") Product length (bp)
hsa_circ_0001380 F: TTCCGGCCACCCATTGATTT 132

R: GGCCGTCGTCTTTTAGGAGC
GAPDH F: GAAGGTCGGAGTCAACGGATT 224
R: CCTGGAAGATGGTGATGGGATT
F, forward; R, reverse.
In our previous study, circRNA-sequencing (seq) in PBMCs  Table II. Clinical data for all study subjects.

revealed differential expression of circRNAs in patients with
APTB (14). In the present study, only hsa_circ_0001380 APTB group  HV group
was evaluated. The results revealed that hsa_circ_0001380  Characteristic (n=32) (n=31)
was significantly downregulated in the PBMCs of patients
with APTB compared with healthy volunteers (HVs). hsa_  Age, years; mean + SD (range) 36.03£13.96  33.26+14.56
circ_0001380 is located at chr3 196,118,683-196,129,890 with (17-60) (20-65)
a spliced length of 247 nt, and is derived from exons 3-5 of ~ Sex,n
the UBXN7 gene. In addition, the potential functions of hsa_ Male 22 20
circ_0001380 were explored in silico. A receiver operating Female 10 11
characteristic (ROC) curve was also constructed to evaluate  Sputum smear, n
the diagnostic value of hsa_circ_0001380 in APTB. These  pggitive 25 0
results indicated that hsa_circ_0001380 may be a potential Negative 7 31

diagnostic biomarker for APTB.
Materials and methods

Patients and clinical samples. In the present study, a total of
32 patients with APTB (22 male, 10 female), aged 17-60 years,
were recruited from Guangdong Medical University and
Dongguan Sixth Hospital from February 2018 to August 2018,
as previously described (14). APTB was detected in all subjects
by Ziehl-Neelsen acid fast staining of the sputum smears and
Lowenstein-Jensen slant culture according to the ‘Health
Standards for the People's Republic of China-Diagnosis of
Tuberculosis’ (WS 288-2017) (15). The diagnosis was based
on sputum smear examination and clinical symptoms. A
total of 31 HVs (20 male, 11 female) aged 20-65 years,
with no bacteriological or clinical evidence of APTB, were
recruited as controls from February 2018 to August 2018.
A volume of ~5 ml peripheral blood was collected at the
different time points (patients with TB within 24 h of
admission to the hospital and HV at 6:00-8:00 am.) from
each subject. Ethical approval was obtained from the Ethical
Committee of Dongguan Sixth Hospital, Guangdong Medical
University. All subjects provided written informed consent
prior to the study.

Isolation of PBMCs. PBMCs were isolated as previously
reported (16). Briefly, PBMCs were freshly isolated from
peripheral blood by density gradient centrifugation on
Ficoll-Paque (TBD Science) at 450 x g for 20 min at 20°C,
according to the protocol of the manufacturer. Cell viability
was tested using the Trypan blue dye exclusion method (>95%
in all experiments). Next, the PBMCs were lysed with TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and stored
at -80°C for further experiments.

APTB, active pulmonary tuberculosis patients; HV, healthy volun-
teers.

RNA sample preparation and quality control. Total RNA was
extracted from the PBMCs using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the instructions of
the manufacturer. The quantity of total RNA was determined
at 260/280 nm using NanoDrop ND-2000 spectrophotometer
(Thermo Fisher Scientific, Inc.). The RNA integrity was evaluated
by 2% agarose gel electrophoresis, and the bands were visualized
using nucleic acid dye ethidium bromide (data not shown).

RNase R digestion. To assess the stability of circRNAs,
exonuclease RNase R (Epicentre; [llumina, Inc.) was used to
treat the total RNA, according to the protocol of the manufac-
turer. Briefly, 2 ug total RNA was digested with or without 2 U
RNase R for 10 min at 37°C in 1X RNase R reaction buffer
(Epicentre; Illumina, Inc.), and reverse transcription-quantita-
tive (RT-q)PCR was subsequently performed.

RT-gPCR. A total of 500 ng purified total RNA was used
for cDNA synthesis. Total RNA was reverse transcribed into
cDNA at 37°C for 15 min and 85°C for 5 sec using a Primescript
RT reagent kit with random primers according to the protocol
of the manufacturer (Takara Bio, Inc.). Next, qPCR was
performed using the Applied Biosystems QuantStudio 6 Flex
System (Thermo Fisher Scientific, Inc.) with TransStart Tip
Green qPCR SuperMix (Beijing Transgen Biotech Co., Ltd.) at
95°C for 2 min, followed by 40 cycles of 95°C for 5 sec, 60°C
for 30 sec, 72°C for 30 sec. Also, the melting curve of RT-gPCR
was used to evaluate the specificity of the amplification
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Figure 1. Validation and characteristics of hsa_circ_0001380 in human peripheral blood mononuclear cells. (A) Pattern of hsa_circ_0001380 formation
and design of divergent primers. Red arrows indicate the forward primer and green arrows indicate the reverse primer. (B) Melting curve analysis of hsa_
circ_0001380, constructed via RT-qPCR. (C) Agarose gel electropherogram of the RT-qPCR product. Lanes 1, 2 and 3 correspond to the DNA marker,
GAPDH and hsa_circ_0001380, respectively. (D) RT-qPCR analysis of hsa_circ_0001380 and GAPDH after treatment with (RNase R) or without RNase R
(Mock). RT-qPCR, reverse transcription-quantitative polymerase chain reaction; F, forward; R, reverse.

product using the software of QuantStudio 6 Flex Real-time
PCR System. In order to detect its specific expression, diver-
gent primers crossing the back-splice junction were designed.
The primer sequences used in the present study are listed in
Table I. The primers were synthesized by Sangon Biotech Co.,
Ltd. GAPDH was used as an internal control. All RT-qPCR
reactions were performed in triplicate. The data were analyzed
using the 2"22% method (17) to calculate the relative expression.
The PCR product was visualized by used 2% agarose gel with
ethidium bromide nucleic acid dye added 8.

Function prediction of hsa_circ_0001380. The CircBank data-
base (http://www.circbank.cn/) was used to search circRNA
basic information, retrieve circRNA sequence, and predict
circRNA protein coding potential, circRNA conservation and
circRNA modification. The interactions between circRNA and
miRNAswere predicted using the CircBank and Circinteractome
databases (https://circinteractome.nia.nih.gov/).

Statistical analysis. Receiver operating characteristic (ROC)
curve analysis was conducted to assess the clinical diagnostic
ability of hsa_circ_0001380. Each value is represented as the
mean + SEM. Data analysis was performed using the Student's
t-test or one-way ANOVA with Tukey's test for continuous
variables and y” test for discontinuous variables, and P<0.05
was considered to indicate a statistically significant difference.
The statistical analyses were performed using GraphPad Prism
(version 5.0; GraphPad Software, Inc.) and SPSS software
(version 17.0; SPSS, Inc.).
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Figure 2. Relative expression of hsa_circ_0001380 in the peripheral blood
mononuclear cells of patients with APTB and HVs assessed by reverse
transcription-quantitative polymerase chain reaction analysis. ““P<0.001.
APTB, active pulmonary tuberculosis; HV, healthy volunteer.

Results

Clinical characteristics of all study subjects. In the present
study, prospective clinical data were collected from 32 patients
with APTB and 31 HV. The demographic and clinical char-
acteristics of all study subjects are displayed in Table II. No
statistically significant age- and sex-related differences were
observed between patients with APTB and HV (P>0.05).
Among patients with APTB, Ziehl-Neelsen acid fast staining
analysis of the sputum smears revealed that 78.12% of samples
were Mtb positive.
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Basic information

>

circBank ID: hsa_circUBXN7_006 Host gene symbol: UBXN7

circBase ID: hsa_circ_0001380

bestTranscript: NM_015562

Position: chr3: 196118683-196129890 strand: - Annotation: ANNOTATED, CDS, coding, INTERNAL, OVCODE,

Length: 247

coding_potential_assessment

OVEXON

ve]

circBase ID: hsa_circ_0001380

circRNA_size: 247

ORF_size: 51

Fickett_score: 0.9308
Hexamer score: -0.1876

coding_prob: 0.0054

C RNA modification

chr

chr3

chr3

chr3

chr3

Start

1961186...
1961186...
1961186...

1961186...

End

196120...
196129...
196120...

196129...

Name Strand  meA levels
chr3junc10_R2_A .— .0.1763

| chr3junc58_R2_A_chr3junc94_R2 .— I0.0996

| chr3junc33_R1_B - I0.0961

| chr3junc77_R1_B .— I0.0961

Showing 1 to 4 of 4 rows

CircRNA

Mirbasa 1D
hsa_circ_0001380 (5"...3")

hsa-miR-136 (3"...5")

GAACAAGAAUUAAGAAAUGGAGG

L
AGGUAGUAGUUUUGUUUACCUCA |7mer-m8

Circinteractome

Local

164 |0.003 -0.041 |-0.050 | 0.008 | 0.017 | -0.183 93

158

hsa_circ_0001380 (5°...37)

hsa -miR-622 (3.5

GGUUUCCGGGAUUUUCAGACUGA
[ANARRN

8mer-1a | 122 129 0.013 -0.062 |-0.084 | 0.014 |-0.036 | -0.402 99

CGAGGUUGGAGUCGUCUGACA

Figure 3. Functions of hsa_circ_0001380 predicted in silico. hsa_circ_0001380 information as predicted in the CircBank database. (A) Basic information.
(B) Coding potential assessment. (C) m6A modification sites. (D) Venn diagram displaying the potential miRNAs associated with hsa_circ_0001380 predicted
by the CircBank and Circinteractome databases. (E) Interaction between hsa_circ_0001380 and miR-622/miR136 was predicted by Circinteractome, including
the circRNA-miRNA pairing site, site type and context+score percentile. m6A, N6-adenosine methylation.

Validation of hsa_circ_0001380. hsa_circ_0001380 divergent primers crossing the back-splice junction were
was derived from exon 3-5 of the UBXN7 gene locus by designed (Fig. 1A). The melting curve analysis of RT-qPCR
back-splicing. In order to detect its specific expression, revealed a single peak, demonstrating the specificity of the
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circRNA AUC Sensitivity

Specificity

Total consistent rate Youden index

Hsa_circ_0001380 0.95 93.75%

87.50%

90.62% 0.81

AUC, area under the receiver operating characteristic curve; circRNA, circular RNA.
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Figure 4. A ROC curve was constructed to assess the potential diagnostic
value of hsa_circ_0001380. The AUC was 0.9502 (95% CI: 0.8879-1.0000).
CI, confidence interval; ROC, receiver operating characteristic; AUC, area
under the curve.

amplification product (Fig. 1B). The size of the amplification
product was evaluated by agarose gel electrophoresis and was
consistent with its full size (Fig. 1C). Subsequently, RNase
R was used to detect the stability of hsa_circ_0001380, and
the results indicated that hsa_circ_0001380 was stable in
tolerance to RNase enzyme treatment. However, the control
linear mRNA GAPDH could not tolerate RNAase treatment
(Fig. 1D). These results demonstrated that hsa_circ_0001380
in human PBMC:s could be specifically amplified by RT-qPCR.
Additionally, before RT-qPCR analysis, the RNA integrity was
evaluated and visualized using 2% agarose gel added ethidium
bromide dye (data not shown).

hsa_circ_0001380 was downregulated in APTB. In our
previous circRNA sequencing study, a large number of differ-
ential circRNAs were identified in the PBMCs of patients
with APTB (14). Of note, hsa_circ_0001380 was revealed
as one of these differential circRNAs, and the fold-change
between healthy participants and APTB patients was found
to be ~1.6. In order to validate the expression level of hsa_
circ_0001380 in APTB, PBMCs from 32 patients with APTB
and 31 HV were collected and analyzed by RT-qPCR, using
GAPDH as an internal control. The results demonstrated that
hsa_circ_0001380 expression was significantly downregu-
lated in the PBMCs of patients with APTB as compared with
the HV group (P<0.001; Fig. 2). This finding suggested that
hsa_circ_0001380 may be related to tuberculosis infection.

Functions of hsa_circ_0001380 predicted in silico. CircBank
database analysis indicated that hsa_circ_0001380 is located
in chr3 (196,118,683-196,129,890), has a length of 247 nt,
consists of three exons (exons 3-5) from the UBXN7 gene locus
and its CircBank ID is hsa_circUBXN7_006 (Fig. 3A). Since
circRNAs are able to exert their biological functions through
multiple pathways, the functions of hsa_circ_0001380 were
predicted in silico. Although certain circRNAs are capable of
translating proteins or polypeptides, hsa_circ_0001380 has
little translation potential (Fig. 3B) according to the prediction
of coding potential assessment based on the CircBank database.
The N6-adenosine methylation (m6A) modification serves an
important role in RNA modification (18), thus m6A expres-
sion in hsa_circ_0001380 was also predicted. The results
demonstrated that hsa_circ_0001380 has four m6A modifica-
tion sites (Fig. 3C). To investigate the potential microRNAs
(miRNAs/miRs) associated with hsa_circ_0001380, the
CircBank and Circinteractome databases were used based on
the TargetScan and miRanda algorithms (Fig. 3D). The two
most potentially complementary binding miRNAs, miR-136
and miR-622, are presented in Fig. 3E.

Diagnostic potential of hsa_circ_0001380 in APTB.
Numerous previous studies have reported that circRNAs may
be effective biomarkers for disease diagnosis (11-13). The
results indicated that hsa_circ_0001380 was downregulated
in APTB and was more stable than linear RNA. Therefore,
hsa_circ_0001380 may act as a promising biomarker for
APTB. To assess the diagnostic value of hsa_circ_0001380,
ROC analysis was conducted. The results revealed that the
area under the ROC curve (AUC) was 0.9502 (95% confidence
interval, 0.8879-1.0000), which indicated the high diagnostic
value of hsa_circ_0001380 in APTB. The sensitivity, speci-
ficity, total consistent rate, and Youden's index were 93.75,
87.50, 90.62% and 0.81, respectively (Fig. 4 and Table III).

Discussion

Tuberculosis, which is caused by Mrb, remains a major public
health problem worldwide. The emergence of drug-resistant
tuberculosis, tuberculosis concomitant with HIV infection,
and the current lack of techniques for its early diagnosis have
led to the global spread of tuberculosis (1). Accurate and early
diagnosis and detection of drug-sensitive and drug-resistant
tuberculosis is essential for achieving tuberculosis control
worldwide (19). In addition to traditional methods based on
Mtb detection, molecular biological techniques based on
Mtb-specific genomic DNA and immunological methods, a
number of novel techniques have also been utilized to detect
Mtb (20). For example, electrochemical (21), optical (22) and
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magnetic (23) detection techniques based on biosensing tech-
nology have been used to detect Mrb. However, these methods
fail to meet clinical needs due to their low sensitivity and
specificity.

Previous studies have indicated that circRNAs are abun-
dant and stable non-coding RNAs lacking 5' and 3' termini
that are widely present in diverse bodily fluids, including
plasma/serum (24), blood (25) and saliva (26). Therefore,
circRNAs may represent a potential diagnostic biomarker
for human diseases. Numerous studies have indicated that
circRNAs are efficient biomarkers for human diseases,
including bladder cancer (27). hepatocellular carcinoma (28).
glioma (29) and systemic lupus erythematosus (30).

In the present study, the potential diagnostic value of
hsa_circ_0001380 was explored in the PBMC:s of patients with
APTB. The expression of hsa_circ_0001380 was significantly
decreased in APTB. A ROC curve was constructed to assess
the diagnostic value of hsa_circ_0001380, and the results
showed that the AUC was 0.9502 and sensitivity and specificity
were 93.75 and 87.50%, respectively. These results suggested
that hsa_circ_0001380 may serve as an efficient biomarker
for APTB. Future studies with larger clinical sample sizes
and additional disease control groups are required to further
understand the role of hsa_circ_0001380.

circRNAs may exert their biological functions in various
ways, affecting the occurrence and development of human
diseases. Numerous studies have proposed that circRNAs act
as competing endogenous RNA, which compete with miRNA
binding to mRNAs. For example, Cheng et al (4) reported that
circRNA VMAZ21 prevented intervertebral disc degeneration
by targeting miR-200c and the X-linked inhibitor of apoptosis
protein. In the present study, hsa_circ_0001380 was matched
with hsa-miR-622 and hsa-miR-136-5p based on TargetScan
and miRanda algorithms. In addition, Zhou et al (18) demon-
strated that the m6A modification is widespread in circRNAs
and m6A circRNAs are expressed in cell-type-specific patterns.
The bioinformatics results showed that hsa_circ_0001380 has
four m6A modification sites. Hence, hsa_circ_0001380 may
exert its biological function via m6A modification. Moreover,
certain circRNAs have short open reading frames and/or
internal ribosome entry sites, and are able to translate proteins
or polypeptides (31-33). However, hsa_circ_0001380 was
found to have little translation potential in silico.

The present study has several limitations. First, the sample
size was limited. Nevertheless, since the statistical analysis
results were considered statistically significant, the sample
size was not expanded. Secondly, the present study was only a
preliminary exploration of hsa_circ_0001380 as a diagnostic
marker for APTB. At present, to the best of the authors'
knowledge, there is no similar study on hsa_circ_0001380
in TB. In the future, its specific molecular function should
be further explored by loss-of-function and gain-of-function
analyses in TB.

In conclusion, the present study suggested that the expres-
sion of hsa_circ_0001380 was significantly downregulated in
the PBMCs of patients with APTB as compared with HV. The
dysregulation of hsa_circ_0001380 expression indicated that it
may be involved in the occurrence and development of APTB.
More importantly, hsa_circ_0001380 may serve as a novel
potential diagnostic biomarker for APTB.
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