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Background: Glioblastoma (GBM) is the most common primary malignant tumor in adult
central nervous system and results in disappointing survival outcomes. Although the diag-
nosis and therapy approach have been developed recently, the prognosis of GBM remain-
s poor. A novel, minimally invasive biomarker for GBM is necessary for early diagnosis or
prognosis prediction.

Methods: All circRNAs were detected by gqRT-PCR in GBM samples including training and
validation sets. We used the risk score analysis to assume the diagnosis ability for GBM. The
receiver operating characteristic curve was also employed.

Results: Among the 14 candidates, circRNA, circNTSE, circFOXO03, circ 0001946,
circ_0029426, circ-SHPRH, and circMMP9 were detected with increased levels in the train-
ing set. Further investigation in the validation set indicated that circFOXO3, circ_0029426,
and circ-SHPRH might be the fingerprints for GBM compared with controls. The risk score
analysis revealed that the combination of three circRNAs could distinguish the GBM from
healthy control with the area under curve value of 0.980 and 0.906, respectively.
Conclusion: The three circRNAs might be novel fingerprints for predicting the occurrence
of GBM.
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Introduction

Gliomas are defined as human malignant tumors derived from glial cells. Gliomas
account for almost 80% of all malignant brain tumors." To date, gliomas have
beendivided into four subgroups from I to IV according to the pathologic grading
system.” The prognosis was associated with the subgroup. For the gliomas, lower
grade frequently indicated better prognosis; for the higher grade, a worse prog-
nosis was predicted.’ Research has found that for the grade IV gliomas, also known
as glioblastoma, survival time is about one year,* and for grade II and III gliomas,
the survival time is better.” Thus, it is important to identify new biomarkers for the
early diagnosis of glioblastomas (GBM).

Recently, the existence of circRNA in human body fluid has been identified,
opening up a new field for the potential function of circRNAs as fingerprints in
human disease, especially in human malignant cancers.®’ For example, researchers
have proven that circ-KIAA1244 could serve as a novel circulating biomarker for
the detection of gastric cancer;® the circRNAs circRNA 0001178 and
circRNA 0000826 may serve as a potential diagnostic biomarker for liver metas-

tases from colorectal cancer.” However, to our knowledge, biomarker-based
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investigation focusing on circRNA in human GBM in
the Chinese Han population has been poorly investigated.

In this study, we conducted our experiment based on the
identified circRNAs that were identified in tissue samples as
having important functions in GBM development according to
previous reports. For example, circular RNA circ_0001946
could act as a competing endogenous RNA to inhibit glioblas-
toma progression by modulating miR-671-5p and CDRI."
Circ-0001801 contributes to cell proliferation, migration, inva-
sion, and epithelial to mesenchymal transition (EMT) in glio-
blastoma by regulating the miR-628-5p/HMGB3 axis.®
Besides, overexpressed circ_0029426 in glioblastoma fore-
casts unfavorable prognosis and promotes cell progression
by sponging miR-197,'" etc. None of these circRNAs has
been investigated in circulating samples such as plasma or
serum. We enrolled 14 candidate circRNAs for screening. We
hypothesized that these GBM-related circRNAs might be
utilized to detect and monitor GBM. We aimed to explore
the potential circRNA acting as a fingerprint for the early
identification of GBM.

Materials and Methods

Samples and Screening Phase

One hundred fresh GBM plasma samples were obtained
from patients who received therapy between March 2009
and August 2015 in Department of Neurosurgery Huai’an
First People’s Hospital. All control participants were healthy
volunteers. We have confirmed that all volunteers were free
of health problems. All patients enrolled in this study gave
written informed consent. The GBM patients were diag-
nosed histopathologically. We obtained the blood samples
before the operation. All plasma samples were extracted
immediately and were stored at —80°C for further analysis.
All experiments were performed in compliance with govern-
ment policies and the Helsinki Declaration. The individuals
were informed about the study and gave consent prior to the
specimen collection, and the research has been approved by
an ethics committee of the affiliated Huai’an No.1 People’s
Hospital of Nanjing Medical University (Project identifica-
tion code: IRB-KPJ2017-003-01). All patients’ information
has been summarized in Table 1.

RNA Extraction, Microarray Detection,

and Data Analysis Workflow

TIANamp Virus RNA Kitwith TRIzol reagent (Thermo
Fisher Scientific, Waltham, MA, USA) was used for total
RNAs isolation. The synthetic C. elegans miRNA (cel-

Table 1 Clinicopathologicl Features Analysis of Glioblastoma
(GBM) Patients and Cancer-Free Control Samples

GBM Control P value

N 100 100
Age mean (SE) year 52.38 (0.12) 51.99 (0.24) 0.21*
Sex (male/female) 87/13 88/12 0.22°
Tumor Ssze (cm)

< 5cm 66

> 5cm 34
Preoperative KPS

= 80 59

<80 41
Surgery Procedure

GTR 32

PR 68

Notes: *Student’s t-test. ®Chi-square test.

miR-39, Applied Biosystems, Foster City, CA, USA) was
added to each sample as external reference. The cDNA
was generated by using the Super-Script First-Strand
Synthesis System (Invitrogen, Carlsbad, CA, USA). Five
micrograms of DNase-treated total RNA was incubated
with or without 7.5 units of RNase R (Lucigen, Catalog
No. RNR07250) for 10 min at 37 °C. RNA was purified
and concentrated as described previously before being sub-
jected to RT-PCR or RT-qPCR analysis. The experiment
was repeated an additional two times, and three biological
replicates of the samples were analyzed. Meanwhile, the
GAPDH was used for the internal normalization.

Risk Score Analysis

We performed the risk score to analyze the predicting ability
of these candidate plasma circRNAs. In brief, the upper 95%
reference interval (95% CI) of each circRNA value in the
controls group was used as the cut-off for the expression
level of the certain circRNA. If the expression of circRNA in
this sample was higher than the 95% CI, we assigned it as 1,
if lower, we assigned it as 0. The risk score function (RSF)
to predict the GBM group was defined according to a linear
combination of the expression level for each circRNA. For
example, the RSF for sample i using information from three
circRNAs was: 1sf; = }'3j — 1W,.s;;. In the above equation, s;;
is the risk score for circRNA j on sample i, and W; is the
weight of the risk score of circRNA ;. The risk score of three
circRNAs were calculated using the weight by the regres-
sion coefficient that was derived from the univariate logistic
regression analysis of each circRNA. Samples were ranked
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according to their RSF and then divided into a high-risk
group, representing the GBM patients, and a low-risk group,
representing the predicted control individuals. Frequency
tables and receiver operating characteristic (ROC) curves
were then used to evaluate the diagnostic effects of the
profiling and to find the appropriate cut-off point, and to
validate the procedure and cut-offs in the next validation
sample set.

Statistical Analysis

All statistical analyses were carried out by SPSS 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Chi-square test and
Fisher’s exact test were used to analyze the association
between clinicopathologic parameters and expressions. All
confidence intervals (CIs) were stated at the 95% confidence
level. All statistical tests were two-sided and a P < 0.05 was
considered as statistically significant.

Results
GBM-Associated circRNAs in the Training

Set

The 14 candidate circRNAs included circ-0001801,
circSMARCAS, circ_ 0001946, circNTSE, circFOXO3,
circMTO1, circ_ 0001730, circ 0067934, circ_0001946,
circ_0029426, circMMP9, circ_0008344, circ-SHPRH, and
circ_0007874. Forty samples were first used to detect the
candidates as a training set. We found six circRNAs

(circNTSE, circFOXO03, circ_0001946, circ_0029426, circ-
SHPRH, and circMMP9) were significantly different in
GBM patients compared with either patients with healthy
control (Figure 1).

Confirming the Candidate Biomarker in
Validation Set

The following investigation was used to detect the expres-
sion of the six circRNAs in the validation set. As presented
in Figure 2, circFOXO03, circ 0029426, and circ-SHPRH
were finally selected in the validation set, indicating they
might be potential biomarkers for predicting GBM.

Diagnostic Potency Prediction by Risk

Score Analysis
Researcher has identified that circRNAs might be potential
biomarkers for other human malignant tumors; however,
they only focused on the predictive value of these circRNAs
in tissue samples, and no evidence was given for these
circRNAs to predict the GBM from healthy controls in
plasma samples. Next, to further examine the detailed accu-
racy and specificity of these three circRNAs as a GBM
potential signature, the risk score formula was applied to
assess the diagnostic value of the three circRNAs profiling
system.

At first, the three circRNAs were analyzed to detect
whether they could predict GBM from the controls. By
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Figure | Relative expression of 14 candidate circRNAs. Total 40-paired plasma from GBM patients and 40 cancer-free controls were used in RT-qPCR analysis. Data were
presented as mean = SEM. Data were analyzed with Student’s t-test. * indicates P < 0.05.
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Figure 2 Validation of six different expressed circRNA in validation set. Plasma from 60 GBM patients and 80 cancer-free controls were enrolled. Data were presented as
plot of the median and range of log-transformed relative expression level and was analyzed with Student’s t-test. *indicates P < 0.05 and **indicates P < 0.01. n.s. indicates no

significance.

using the risk score analysis, the training set was divided
into a higher-risk group and a lower-risk group, which
indicated the GBM group and the NC group. Next, the cut-
off value, defined as the maximal value for the value of
sensitivity + specificity, was used. We applied the value
of 4.311 as the cut-off, and obtained the positive predictive
value (PPV) and negative predictive value (NPV) of 90%
and 80% in the training set, respectively. The same method
was used in the validation set, where the PPV and NPV were
89% and 82%, respectively (Table 2). The predicting ability
was also calculated by ROC curve. The areas under the
ROC curves (AUC) of the three circRNAs in the training
set were 0.870, 0.730, and 0.960, respectively while the
combination of the three factors possessed a moderate abil-
ity for discrimination between GBM patients and controls

with an AUC of 0.980 (Figure 3A). Besides, the AUCs in
the validation set were 0.755, 0.817 and 0.643, respectively,
while the combination was 0.906 (Figure 3B).

Endogenous Expression Stable of

circRNA in Human Plasma

The endogenous expression of the three circRNAs was
further detected in healthy controls. The PCR product band
was further examined after different treatment for the three
plasma samples obtained from controls by agarose electro-
phoresis. The expression stable ability for the circRNAs in
plasma sample was confirmed under treatment with different
time in room temperature and five cycles of freez—thawing.
None of the expressions of the three circRNA expression
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Table 2 Risk Score Analysis of in Glioblastoma (GBM) and
Cancer-Free Control Plasma Samples

Score 0-4.311 4.311-12.96 PPV* NPV®
Training set 0.90 0.80
GBM 2 18
Control 16 4
Validation set 0.89 0.82
GBM Il 89
Control 82 18

Notes: PPV, positive predictive value. NPV, negative predictive value.

was suppressed (Figure 4). We found that the expression
level of the three circRNA was not alternated, indicating that
circFOXO03, circ 0029426, and circ-SHPRH weres stably
expressed and detectable in human plasma.

Discussion

Glioblastoma is the most common tumor with high
malignancy in the human central nervous system.'?
Although the diagnosis and treatment approach have
been developed, the prognosis for the glioblastoma

remains poor. Early diagnosis for the GBM is very

necessary and the development of prognosis or diagno-
sis biomarker for GBM is urgent.

With the development of high-throughput sequencing
technology, various human non-coding RNA were found and
identified as important regulation factors in human malignant
tumors."® Increasing evidence has indicated that circRNAs
play a crucial role including carcinogenesis, progression and
clinical outcomes of various human cancers.'*'> For example,
researchers have found that circEPSTII1 could promote cell
proliferation and apoptosis through sponging miR-4753 and
miR-6809 to regulate the BCL11A level in triple-negative
breast cancer.'® The circNT5E could function as a sponge
for the miR-422a, which is involved in cell proliferation,
migration, and invasion in GBM.'” Based on the information
above, the diagnostic and prognostic value of circRNAs is also
very important in research hotspots.'®'® Glioblastoma is the
most common primary cancer derived from the central ner-
vous system. Little is known regarding the fingerprint for
GBM of circRNA. In this study, we enrolled the identified
14 circRNAs as candidates. The 14 circRNAs have proven to
be vital factors either for the occurrence and development of
GBM and were differently expressed in human GBM tissue
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Figure 3 Receiver operating characteristic (ROC) analysis of the three potential biomarkers for glioblastoma (GBM) using risk score analysis. (A) ROC analysis of the three
potential biomarkers for GBM in the training set. (B) ROC analysis of the three potential biomarkers for GBM in the validation set.
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Figure 4 The products of the amplification fragment were detected by agarose electrophoresis. Data were presented as mean + SEM.

samples. Among the 14 candidates, we first screened six
circRNAs in a 40-paired plasma sample with stable expression
and increased in GBM plasma samples. The validation set was
also employed with a larger sample size. Followed by risk
score analysis, the prediction ability of three circRNAs was
measured by ROC analysis. Here in this study, we presented
that higher circulating circRNA expression in GBM is corre-
lative with GBM. However, limited information is available
on the underlying mechanism concerning the observations.
Further studies on genetic and epigenetic mechanisms should
be carried out to clarify the issue.

Conclusion

We identified three circRNAs, circFOXO3, circ 0029426,
and circ-SHPRH, which have the potential marker for the
tumorigenesis prediction of GBM in this study. This prelimin-
ary study is limited by the small sample size in this work.
A deeper potential function of the three circRNAs in regulat-
ing the pathogenesis of GBM is necessary for us to explore in
the future.
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