Received: 13 July 2021 | Revised: 23 August 2021

Accepted: 4 September 2021

DOI: 10.1002/jcla.24009

RESEARCH ARTICLE

WILEY

Plasma circular RNA hsa_circ_0001821 acts as a novel
diagnostic biomarker for malignant tumors

Yulan Song? | PengCao® | Jipeng L

1Blood Purification Center, The Affiliated
People's Hospital, Ningbo University,
Ningbo, China

?Department of Laboratory Medicine,
The Affiliated Hospital of Medical School,
Ningbo University, Ningbo, China

3Department of Central Laboratory,
The Affiliated People's Hospital, Ningbo
University, Ningbo, China

Correspondence

Jipeng Li, Department of Central
Laboratory, The Affiliated People's
Hospital, Ningbo University, 251 East
Baizhang Road, Ningbo 315040, China.
Email: lijipeng1109@163.com

Funding information

National Natural Science Foundation of
China, Grant/Award Number: 81872433;
Zhejiang Provincial Medicine and Health
Science Research Foundation of China,
Grant/Award Number: 2018KY749

1 | INTRODUCTION

Abstract

Background: Circular RNAs (circRNAs) can function as key regulators of oncogenic
processes. The main purpose of this study was to evaluate the expression of hsa_
circ_0001821 in plasma of patients with colorectal cancer (CRC) and other malignant
tumors and analyze its correlations with clinical features and diagnostic values.
Methods: In total, 467 plasma samples, including samples from 80 healthy controls,
were collected between 2015 and 2019 from patients at the Affiliated People's
Hospital of Ningbo University. Plasma levels of hsa_circ_0001821 were analyzed by
gRT-PCR. The diagnostic value was performed using receiver operating characteristic
(ROC) curve.

Results: Plasma hsa_circ_0001821 was increased in CRC patients, and high hsa_
circ_0001821 expression predicted advanced stage and unfavorable in overall sur-
vival. In addition, this study showed the upregulation of hsa_circ_0001821 in plasma
of lung cancer and hepatocellular carcinoma (HCC). ROC curve showed that the re-
gion under the loop for the diagnosis of CRC, HCC, and lung cancer was 0.815, 0.692,
and 0.792.

Conclusion: Plasma hsa_circ_0001821 possibly is a novel biological marker for malig-

nant tumors.
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incidence of cancer, diagnosis at early stages, and new treatment

In recent years, the incidence and mortality of malignant tumors
have been increasing. In China, the ratio of new tumor cases is
more than 4.2 million, whereas every year 2.8 million deaths occur,!
which brings great pain and burden to patients, families, and soci-
ety. Deaths occurring due to malignant tumors are increasing, and
it affects most people who are in the middle and late stages after
they are discovered with malignant tumors.? One of the main rea-

sons includes missing the appropriate treatment time. To reduce the

strategies are required. With the development of high-throughput
omics (such as genomics, proteomics, and metabolomics) and the
rise of various new detection methods, people have discovered some
new tumor markers,>™> especially in the field of noncoding RNA. For
example, plasma miR-221 can be used as an early diagnosis marker
for hepatocellular carcinoma,® and circulating INcRNA SNHG11 is a
biomarker for the prognosis and diagnosis of colorectal cancer at an
early stage.7 However, linear RNA has poor stability in vitro and is

easily degraded, which limits its clinical application.
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The structure of circular RNA (circRNA) is characterized by a co-
valently single-stranded loop structure except 3’ and 5’ terminals,
which is more stable than linear RNA.8*° Researches that were con-
ducted in the past few years suggested that in malignant tumors,
a variety of circRNAs are often expressed abnormally, which play
a significant role in the development and occurrence of malignant
tumors. For instance, Zhu et al. determined that elevated serum
hsa_circ_0081001 levels were associated with poor prognosis of
osteosarcoma patients.11 Lin et al. reported that a panel of three
circRNAs (circ-STIL, circ-CCDCé66, and circ-ABCC1) could serve as
an independent diagnostic biomarker for colorectal cancer (CRC).}2

Hsa_circ_0001821 has been reported as highly expressed in
colorectal carcinoma and gastric and lung cancers and promotes
the malignant progression of tumors.**"*> However, whether hsa_
circ_0001821 can be secreted into the circulatory system, the ex-
pression of circulating hsa_circ_0001821 and its clinical significance
remain unclear. This study aims to determine the feasibility of using
hsa_circ_0001821 as a noninvasive diagnostic marker for tumors.

2 | MATERIALS AND METHODS

2.1 | Samples collection

There were 467 plasma samples in total, in which healthy controls
were 80, and 20 paired CRC and matched normal adjacent tissue
samples were collected between 2015 and 2019 from patients at
the Affiliated People's Hospital of Ningbo University. The total num-
ber of patients suffering from malignant cancer participated in this
study was 387, in which 51 had gastric cancer, 122 had CRC, 95 had
lung cancer, 27 had ovarian cancer, and 92 had HCC. Samples were
stored at -80°C prior to use. The patients who participated in the
current study had not undergone any cancer therapy, surgery, or ra-
diology. The current research was conducted after the permission of
the Ethical Committee of the Affiliated People's Hospital of Ningbo
University. From both the patients and healthy controls, informed
consent was taken.

2.2 | CRCcelllines

Colorectal cancer cancer cell lines HCT116, HT29, SW480, and
SW620 and human normal colonic epithelial cells NCM460 were
cultivated in DMEM (Dulbecco's modified Eagle medium) supple-
mented with 10% FBS (fetal bovine serum) (Gibco, NY, USA). The
cells were incubated in an atmosphere that contained 5% CO2 and a
temperature of 37°C.

2.3 | RNA preparation

The total RNA was taken out from colorectal cancer (CRC) cells and
tissues by using TRIzol reagent (Invitrogen, CA, USA), whereas total

RNA was taken out from plasma by using the TRIzol™ LS Reagent
(Invitrogen) as per the instructions of the manufacturer. During the iso-
propanol precipitation, glycogen (ThermoFisher, final concentration:
100 pg/ml) was added to increase the RNA precipitation. ImProm-I|
Reverse Transcription System (Promega, WI, USA) was used as per the
instructions of the manufacturer to reversely transcribe total RNA.

24 | gRT-PCR

For the CRC cells and tissues, GAPDH was used as the endog-
enous control, and 27249 formula was employed to figure out the
relative expression of hsa_circ_0001821. In the current study, abso-
lute quantification was used as there is no recognized endogenous
control for the quantification of circRNA in plasma.16 Briefly, the
hsa_circ_0001821 PCR product was cloned into the pUC57 vec-
tor and diluted from 1 x 10° copies/ml to 1 x 10% copies/ml. These
diluted vectors were subjected to gPCR under the same condi-
tions as the samples, and for the quantification of the expression
of hsa_circ_0001821, a standard curve was drawn with vectors of
known concentration (Figure S1). The following primers were used
in this study: hsa_circ_0001821: 5'- GGTTCCACCAGCGTTATTC-3’
(forward) and  5-CAACTTCCTTTGGGTCTCC-3'
GAPDH:  5-CAACGGGGAAGCTCACTGG-3'
5'-GCCTGCTTCACCACCTTCT-3' (reverse).

(reverse);
(forward) and

2.5 | Statistical analysis

Statistical analysis was done by using GraphPad Prism 7.0 (GraphPad,
Inc., CA, USA). Statistical procedures such as Chi-square test and
Student's t-test were used for the comparison of data, as appro-
priate. Pearson's correlation analyses were employed to assess re-
lationships between variables. MedCalc 11.0 (MedCalc, Ostend,
Belgium) was used for ROC curve analyses. p < 0.05 was the signifi-
cance threshold in these analyses.

3 | RESULTS

3.1 | Highly expressed Hsa_circ_0001821 in
plasma and tissues of CRC patients

The current study tested hsa_circ_0001821 levels in CRC tissues,
plasma samples (screening cohort, n = 20), and CRC cell lines. The
data revealed that in the CRC tissues hsa_circ_0001821 was signifi-
cantly upregulated as compared to normal tissues that are adjacent
to it (Figure 1A). Consistently, the hsa_circ_0001821 expression in
all CRC cell lines was significantly upregulated as compared with
normal colon epithelial cell line NCM460 (Figure 1B). Furthermore,
in CRC patients, the hsa_circ_0001821 level in plasma samples
was excessive than that in healthy controls (Figure 1C). The cur-
rent study revealed a positive correlation between the level of
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hsa_circ_0001821 expression in CRC tissues with levels in plasma
of the patient (Figure 1D), suggesting that these hsa_circ_0001821

may be secreted from tumors into circulation.

3.2 | Clinical implications of plasma hsa_
circ_0001821 in CRC

The

in another verification cohort in samples of 102 CRC patients,

research examined plasma hsa_circ_0001821 expression

and it was found that in plasma samples of advanced stage CRC,
hsa_circ_0001821 was significantly and consistently increased
(Figure 2A). Besides, Kaplan-Meier analysis revealed a higher ex-
pression of hsa_circ_0001821 in the plasma of CRC samples and
was closely correlated with the poorer prognosis of CRC patients
(Figure 2B), and by using Cox regression analysis, hsa_circ_0001821
was proved to be an independent predictor (Table 1). Furthermore,
the correlation of the plasma hsa_circ_0001821 expression was
found to be positively correlated by correlation analysis with tumor
size (p = 0.001), distant metastasis (p = 0.016), and lymph node

metastasis (p = 0.012). However, the research did not identify any
association between its levels with other clinic pathological features

such as age, gender, and tumor location (Table 2).

3.3 | Hsa_circ_0001821 had high expression in
plasma of patients with lung cancer or HCC

For the verification of hsa_circ_0001821 expression in these pa-
tients, additional plasma specimens were collected from patients
having hepatocellular carcinoma (HCC), gastric, lung, or ovarian can-
cer. It was shown by the results of the study that significantly higher
hsa_circ_0001821 was found in the plasma of patients with hepa-
tocellular carcinoma as compared to healthy controls (Figure 3A).
Importantly, increased hsa_circ_0001821 was significantly corre-
lated with larger tumor size and advanced clinical stage in HCC pa-
tients (Table S1). Multivariate Cox regression analysis demonstrated
that only tumor size was independent prognostic factors for HCC
patients (Table S2). It was also found that the expression of hsa_
circ_0001821 was distinctive when comparing plasma samples from
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Hazard ratio for OS

Variable Subset (95% Cl)

Univariate analysis (n = 102)

Age (years) <60 vs 260 -
Gender Male vs Female -
pT status T1+2 vs T3+4 -
pN status NO vs N1 0.126 (0.051-0.223)
pM status MO vs M1 0.056 (0.028-0.168)
Clinical stage I+ 1lvs I+ 1V 0.052(0.017-0.171)
hsa_circ_0001821 Low vs high 0.462(0.183-1.124)

expression

Multivariate analysis (n = 102)

pN status NO vs N1 26.382
(8.068-85.360)

pM status MO vs M1 9.580 (2.651-28.048)

Clinical stage I+ 1vs Il + IV -

hsa_circ_0001821 Low vs high 0.351 (0.098-0.971)

expression

healthy controls to those from patients with lung cancer (Figure 3B).
Patients with advanced T stage and clinical stage exhibited a higher
expression of hsa_circ_0001821 (Table S3), and by using Cox regres-
sion analysis, advanced T stage was proved to be an independent
predictor (Table S4). However, no significant difference was found in
the expression of hsa_circ_0001821 between the plasma of ovarian

cancer or gastric patients and healthy controls (Figure 3C,D).

3.4 | Data of ROC (receiver operating
characteristic) curve for the clinical diagnostic
value of hsa_circ_0001821

To evaluate the clinical value of novel biomarkers in the diagno-
sis of cancer at an early stage, ROC curves can be adapted. ROC
curves were used for the evaluation of the clinical diagnostic value
of hsa_circ_0001821, traditional biomarkers, or a combination of
these biomarkers (Panel) in the plasma of patients with HCC, CRC,
or lung cancer. The AUCs of hsa_circ_0001821 in patients with
CRC (Figure 4A), HCC (Figure 4B), or lung cancer (Figure 4C) were
0.815 (95% Cl 0.751-0.869), 0.692 (95% Cl 0.617-0.760), and 0.792
(95% CI 0.724-0.850), respectively, indicating that in these cancers,
hsa_circ_0001821 may act as an effective diagnostic biomarker.
Moreover, we also found that the Panel was more accurate than
hsa_circ_0001821 alone as a means of differentiating between ma-

lignant tumors and healthy samples (Table S5).

4 | DISCUSSION

In clinical diagnosis, plasma is the most widely used sample, so re-

searchers are interested to identify effective biomarkers in blood.

TABLE 1 Univariate and multivariate
Cox regression analysis of different

value
g prognostic variables in CRC patients

0.403
0.562
0.205
<0.001
<0.001
<0.001
0.037

<0.001

<0.001
0.436
0.034

Many research works that were conducted in the past decades
reported that circulating miRNA/IncRNA in plasma/serum may
become a reliable biomarker for cancer.’2° Due to the unique
structure of circRNA, it has high stability in peripheral blood. In
recent years, the expression characteristics and clinical signifi-
cance of circulating circRNA in malignant tumors have become
a research hotspot in tumor diagnosis.21'23 Luo et al.? reported
that highly expressed circulating circAKT3 is correlated with tumor
size, recurrence, and prognosis of HCC patients. Fan et al.?> veri-
fied that serum circMAN1AZ2 is highly expressed in tumors such as
thyroid cancer, ovarian cancer, and oral cancer, and its diagnostic
value was found to be good. Here, our results identified that high
expression of hsa_circ_0001821 in colorectal cancer plasma and
tissues and the expression level is positively correlated, suggesting
that hsa_circ_0001821 in plasma may be derived from tumor cells.
More importantly, it was shown by Kaplan-Meier analysis that high
expression of plasma hsa_circ_0001821 in patients had a poor
prognosis, and further COX regression suggested that in the prog-
nosis of colorectal cancer, high hsa_circ_0001821 expression is
an independent risk factor. Hsa_circ_0001821 is derived from the
noncoding region of the oncogene PVT1, with a length of 410 bp,2®
and has been identified to be upregulated in many types of can-
cers, including gastric cancer,'® CRC,* lung cancer,”® HCC,% and
ovarian cancer.?® These studies have revealed the oncogenic roles
of hsa_circ_0001821 in the progression of cancer. Therefore, this
study revealed plasma hsa_circ_0001821 expression in some solid
tumors and found that hsa_circ_0001821 also increased to varying
degrees in HCC and lung cancer. ROC curves showed that plasma
hsa_circ_001821 has a high diagnostic value for CRC, HCC, and
lung cancer, suggesting that for the early diagnosis of the tumor,
plasma hsa_circ_001821 may also be adapted widely as a tumor

biological marker.
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TABLE 2 Correlation analysis between
has_circ_0001821 expression and
clinicopathological parameters of CRC

FIGURE 3 Hsa_circ_0001821 high
expression in plasma of gastric cancer,
lung cancer, or HCC patients. qRTPCR
showed the absolute levels of RNA of hsa_
circ_0001821 in 92 HCC plasma (A), 95
lung cancer (B), 51 gastric cancer (C), 27
ovarian cancer (D) and 80 healthy plasma

hsa_circ_0001821 expression

WI LEYM
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FIGURE 4 Assessment of the
diagnostic utility of hsa_circ_0001821,
traditional biomarkers, and the
combination thereof. (A) ROC curve
corresponding to hsa_circ_0001821,
CEA and a combination of these two
biomarkers (Panel). (B) ROC curve
corresponding to hsa_circ_0001821,
AFP and a combination of these two
biomarkers (Panel). (C) ROC curve
corresponding to hsa_circ_0001821,
NSE and a combination of these two
biomarkers (Panel)
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5 | CONCLUSION

In summary, the study revealed that the expression of plasma hsa_
circ_0001821 is elevated in HCC, CRC, and lung cancer and has a
high diagnostic value, suggesting that plasma hsa_circ_0001821
may be a possible pan-cancer diagnostic marker.
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