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Background: MicroRNA-210 (miR-210) is an oncogenic miRNA previously associated with prognosis in human gliomas, an
incurable tumour type of the central nervous system. Here miR-210 was investigated as a potential serum biomarker in the
diagnosis and prognosis of glioma.

Methods: Serum was immediately prepared from blood samples collected from patients with glioma grades I–IV at primary
diagnosis (n¼ 136) and healthy controls (n¼ 50) from February 2007 to March 2014 in the Department of Neurosurgery of the First
Affiliated Hospital of Wannan Medical College (Wuhu, China). Total RNA was isolated from serum. cDNA was synthesised with
primers specific for miR-210 and miR-16-1 (internal control), and quantitative real-time RT-PCR was performed. Results were
statistically analysed to determine the role of miR-210 in the diagnosis and prognosis of human glioma patients.

Results: An approximately seven-fold increase in miR-210 expression was detected in serum samples from glioblastoma patients
relative to healthy controls. A threshold expression value (2.259) was chosen from receiver operator characteristic curves (ROC),
and the low and high miR-210 expression groups were analysed by multivariate Cox proportional hazard regression and Kaplan–
Meier analyses. Results revealed an association of high serum miR-210 expression with tumour grade and poor patient outcome
(P-values o0.001).

Conclusions: Serum miR-210 is a promising diagnostic and prognostic biomarker that can be detected in the peripheral blood of
patients with glioma.

Gliomas are the most common malignant primary intracranial
tumours of the central nervous system. These tumours are highly
aggressive with a high relapse rate and mortality. Unfortunately,
there are currently no effective therapies to treat them (Omuro and
DeAngelis, 2013; Ahluwalia and Chang, 2014). Although early
detection with circulating biomarkers is an established method in
the diagnosis and treatment of many cancer types, diagnostic tests
for gliomas are currently limited to MRI and CT (Shankar et al,
2013; Xiao et al, 2014), which are generally performed when
gliomas have already progressed to a late or advanced stage.
Therefore, to have a set of markers for early detection is still a

primary goal to improve diagnosis and treatment of human
gliomas.

MicroRNAs (miRNAs) are small (17–24 nucleotides) noncod-
ing single-stranded RNAs that regulate the expression of multiple
target genes either by degrading a specific mRNA(s) or inhibiting
translation (Nikaki et al, 2012). Many studies have demonstrated
that miRNA expression is frequently dysregulated in a cancer-
specific manner. This finding presents the opportunity to develop
miRNAs as potential biomarkers for the diagnosis and prognosis of
human cancers (Ho et al, 2010; Redova et al, 2013; Joosse et al,
2014; Lai et al, 2014; Ulivi and Zoli, 2014). MiRNAs have become
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particularly appealing as biomarkers as some have also been
detected in blood and thus easily exploited for noninvasive
detection of cancer (Toiyama et al, 2013; Zhang et al, 2014;
Wang et al, 2014b). For example, serum expression of miR-210 has
been investigated as a biomarker for the early detection and
prognosis of colorectal cancer (Toiyama et al, 2013). The
prevalence of circulating miRNAs has also been observed in
ovarian cancer and breast cancer and, furthermore, assessed for
their potential utility as biomarkers for diagnosis and prognosis of
these diseases (Zhang et al, 2014; Wang et al, 2014b).

MiR-210 is an oncogenic miRNA that is a target of hypoxia
inducible factors 1 and 2 (Gee et al, 2014). This miRNA has been
shown to be upregulated in human tumours derived from most
tissue types, including non-small cell lung cancer (NSCLC)
(Eilertsen et al, 2014), paragangliomas (Merlo et al, 2013),
pancreatic cancer (Takikawa et al, 2013), oral tumours (Scapoli
et al, 2010), hepatocellular cancer (Zhan et al, 2014), adrenocortical
carcinoma (Szabo et al, 2014), colon cancer (CRC) (Pizzini et al,
2013), ovarian cancer (Li et al, 2014), breast cancer (Wang et al,
2014a), and renal cell cancer (Iwamoto et al, 2014). Recently, high
miR-210 expression was also found in biopsy material from human
gliomas and, furthermore, associated with poor survival of patients
(Qiu et al, 2013; Lai et al, 2014). However, screens for circulating
miR-210 levels in glioma patients have not yet been performed.

Here miR-210 was investigated as a candidate circulating
biomarker for the early detection and prognosis of gliomas. The
goals of the study were first to determine the feasibility of detecting
and quantifying the level of expression of miR-210 in serum from
glioma patients and, second, to determine the relevance of miR-210
expression to prognosis. In order to evaluate serum miR-210
expression as a potential biomarker for the diagnosis and prognosis
of glioma patients, analysis was performed on serum samples from
a set of GBM patients and healthy controls for proof of the
methodology followed by examination of a larger cohort of
samples from patients with gliomas of different histological grades.

MATERIALS AND METHODS

Ethics statement. Patient samples were collected and stored in the
Wannan Medical College tumour bank (Wuhu, China). Written
informed consent was obtained from all of the patients for
procedures approved by the Research Ethics Committee of
Wannan Medical College. Patient data and samples were treated
according to the ethical and legal standards adopted by the
Declaration of Helsinki 2013.

Study design. Blood samples (5 ml; n¼ 186) were collected from
glioma patients (n¼ 136) and healthy donors (n¼ 50) from
February 2007 to March 2014 in the Department of Neurosurgery
of the First Affiliated Hospital of Wannan Medical College. None
of the patients had received chemotherapy or radiotherapy prior to
surgery. To prepare serum, blood samples were left to clot at room
temperature for 30 min immediately following collection and
subsequently centrifuged at 3000 g and 4 1C for 10 min. Serum was
transferred to 1.5-ml tubes and stored at � 80 1C for further
processing.

A training phase was performed first on a small set of
preoperative serum samples collected from WHO grade IV
astrocytoma (glioblastoma; GBM; n¼ 10) patients and normal
healthy donors (n¼ 10) as the controls. In the validation phase,
serum samples (n¼ 126) were analysed from patients with
astrocytic tumours of all grades (WHO grades I–IV) in order to
establish the utility of the assay for differential diagnosis.
Pathological diagnoses included low-grade gliomas (n¼ 48),
pilocytic astrocytomas (WHO grade I, PA; n¼ 13) and diffuse
astrocytomas (WHO grade II, DA; n¼ 35), and high-grade gliomas

(n¼ 78), anaplastic astrocytomas (WHO grade III, AA; n¼ 46)
and GBM (n¼ 32). The cohort consisted of 74 males and 52
females with a median age of 44 years (age range: 15–73 years).
The clinicopathological features of all the patients included in the
validation phase are summarised in Table 1. Follow-up informa-
tion of all eligible patients was updated every 3 months by
telephone visit and questionnaire letters. Overall survival (OS) was
calculated from the date of the initial surgery to the date of death.
Patients who died of diseases not directly related to glioma were
excluded from the study.

RNA isolation. MiRNAs were extracted from 400 ml of serum
using the miRcute miRNA Isolation Kit (Tiangen Biotech Co.,
LTD.; Beijing, China) according to the manufacturer’s protocols.
Briefly, lysis solution (400 ml) was added to an equal volume of
serum (400 ml). The aqueous phase containing total RNA was
extracted with chloroform and transferred to an elution column
where protein was removed from the bound RNA. MiRNAs were
finally eluted in RNase-free water (30 ml), quantified with the
NanoDrop 2000 spectrophotometer (NanoDrop Technologies;
Houston, TX, USA), and stored at � 80 1C. Only samples with
an A260/A280 ratio between 1.8 and 2.0 were utilised for further
analysis.

Reverse transcription (RT). cDNA specific for miR-210 and miR-16-1
(internal control) was synthesised from 3 to 4mg of total RNA in a
reaction mixture containing miR-210 (50-GTCTGTATGGTTG
TTCTGCTCTCTGTCTCATCCCTATCTACAACCATACAGACT
CAGCCGCTG-30)/miR-16-1 (50-GTCGTATCCAGAGCAGGGTC
CGAGGTACACGTTCGCTCTGGATACGACCGCCAATATT-30)
RT primers (Genepharma; Shanghai, China) and M-MLV reverse
transcriptase on the DNA Engine Opticon 2 Real-Time Cycler
(MJ Research, Inc.; Waltham, MA, USA) with the following cycle
profile: 16 1C for 30 min, 42 1C for 30 min, 85 1C for 10 min.
Synthesised cDNA was stored at � 80 1C for further analysis.

Real-time quantitative reverse transcription-PCR (qRT-PCR).
Each qRT-PCR included 0.8 ml miR-210/miR-16-1 primer set
(5 mM) (miR-210, forward: 50-TTGACCTGTGCGTGTGACA-30,
reverse: 50-TATGGTTGTTCTGCTCTCTGTCTC-30; miR-16-1,
forward: 50-CGCCTGTAGCAGCACGTAA-30, reverse: 50-CAGAG
CAGGGTCCGAGGTA-30; Genepharma), 20 ml RT-PCR master
mix (Genepharma), 0.2ml Taq DNA polymerase (5 U ml� 1;
Genepharma), 4 ml of cDNA, and water to a final volume of

Table 1. Association between miR-210 expression and
different clinicopathological features of gliomas

Clinicopathological
parameters

No. of
cases

miR-210
expression

P-value

Sex; male 70 9.34±7.02 0.42

Sex; female 56 8.40±6.02

Age; o44 years 74 9.20±6.64 0.44

Age; X44 years 52 8.29±6.26

WHO grade; I; PA 13 2.87±1.41 o0.001

WHO grade; II; DA 35 4.99±2.79

WHO grade; III; AA 46 10.88±6.16

WHO grade; IV; GBM 32 12.48±7.29

Tumour size; X5 cm 59 8.30±5.97 0.40

Tumour size; o5 cm 67 9.28±6.90

KPS; o90 53 9.65±6.62 0.09

KPS; X90 73 7.69±6.15
Abbreviations: AA¼ anaplastic astrocytomas; DA¼diffuse astrocytomas; GBM¼glioblastoma
multiforme; KPS¼Karnofsky Performance Scale; PA¼pilocytic astrocytomas; WHO¼World
Health Organisation. The median age was 44 years.
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40ml. PCR was performed on the DNA Engine Opticon 2 Real-Time
Cycler (MJ Research, Inc., Waltham, MA, USA) with the following
cycle profile: 95 1C for 3 min, followed by 45 cycles of 95 1C for
12 s, and 62 1C for 40 s. Cycle threshold (Ct) values were
determined, and the expression levels were calculated in triplicate
from the equation 2�DCt where the raw data of the target miRNA
were normalised to the Ct of miR-16-1, which served as the
internal control (Li et al, 2013b; Zanutto et al, 2014). PCR products
were run on agarose gels to determine size, and dissociation curves
were subsequently utilised to examine specificity of the qPCR
assay.

Statistical analyses. All data were analysed using MedCalc version
13.0.0 (Broekstraat 52, 9030; Mariakerke, Belgium). Data were
expressed as means±s.d. Differences between two groups were
assessed by the Mann–Whitney U test, and multiple comparisons
between more than two groups were conducted with the Kruskal–
Wallis test.

Receiver operating characteristic (ROC) curve analysis and the
area under the curve (AUC) statistic were used as measures of the
accuracy of miR-210 for correctly identifying glioma patients.
A multivariable logistic regression model was used to calculate
odds ratios (ORs) for age- and sex-adjusted cases associated with
gliomas according to serum miR-210 levels.

The Kaplan–Meier method and log-rank test were used to
estimate survival of the different groups. Multivariate Cox
proportional hazard regression analysis was used to assess hazard
ratios of survival outcome according to grade of glioma and serum
miR-210 levels, unadjusted and adjusted, for potential confounding
factors for death, including age, sex, pathological grade, KPS, and
tumour size. Assumptions of proportionality were confirmed for
the Cox proportional hazards analyses by generating Kaplan–
Meier survival curves (high vs low miR-210 expression; high- vs
low-grade pathological diagnosis) and by ensuring that the two
curves did not intersect each other. Differences were considered
statistically significant when Po0.05.

RESULTS

Training phase evaluation of miR-210 expression in serum from
GBM patients. To determine the feasibility of miR-210 detection
in serum, quantitative analysis of miR-210 and miR-16-1 were
first performed on a subset of serum samples (n¼ 10) from
patients with GBM, the most aggressive form of glioma, and
serum samples (n¼ 10) prepared from the blood of healthy
control subjects. Not only was miR-210 detectable by qRT-PCR
in cDNA synthesised from a small volume of serum (400 ml), but
an approximately seven-fold difference in expression levels was
also evident. The increased expression level of miR-210 in GBM
samples relative to control samples was statistically significant
(Po0.001; Figure 1).

Serum miR-210 expression levels as a potential diagnostic
biomarker for glioma. The training phase demonstrated that the
miR-210 was detectable in serum samples from glioma patients by
the methodology employed. Analysis was subsequently validated
on serum samples from a cohort of patients with gliomas of all
grades. To evaluate the diagnostic potential of miR-210, expression
was determined in a total of 166 serum samples, including those
from patients with glioma (n¼ 126) and normal control subjects
(n¼ 40). In the cohort overall, the expression levels of serum miR-
210 were four-fold increased in patients with glioma relative to
controls (Po0.001; Figure 2A). To determine whether this
difference was due to gliomas in general or a specific grade of
glioma, the expression data were subsequently segregated based on
pathological diagnosis. Increased expression of serum miR-210
in high-grade glioma patients (III–IV) remained statistically

significant relative to controls in this analysis (Po0.001;
Figure 2A). Only a trend for increasing serum miR-210 expression
was apparent in low-grade glioma (grade I–II) patients relative to
controls. When patient samples were compared based on
histological grade, a statistically significant increase in serum
miR-210 expression was evident in high-grade relative to low-
grade samples (Po0.001; Figure 2A).

The diagnostic potential and discriminatory accuracy of serum
miR-210 was evaluated by ROC curve analysis and the corre-
sponding AUC values. ROC analyses revealed that serum miR-210
levels were robust in discriminating patients with glioma from
healthy controls, with an AUC value of 0.927 (95% CI¼ 0.889–
0.964; Figure 2B). The highest accuracy was at a cutoff expression
value of 2.259, where the negative predictive value, positive
predictive value, sensitivity, and specificity to identify a patient
with glioma were 72.5, 91.3, 91.27, and 72.50%, respectively. In
addition, multivariate logistic regression analysis revealed that
miR-210 expression in serum was a potential diagnostic biomarker
for the identification of patients with gliomas after adjustment for
patient’s age and sex (Po0.001; Table 2). The OR of 28.19
indicated that increased serum miR-210 levels were strongly linked
to a diagnosis of glioma in patients.

Association between serum miR-210 expression and prognosis
of glioma patients. The previous analyses demonstrated that miR-
210 expression was associated with glioma grade. Such results
indicated that miR-210 expression might potentially also be linked
to prognosis as higher-grade gliomas generally portend a worse
survival in patients than lower-grade cases. In this cohort, Kaplan–
Meier analysis indeed demonstrated that patients with a diagnosis
of a high-grade glioma had significantly shorter OS than those with
low-grade gliomas (Po0.001; Figure 3A; Table 3). The threshold
for high or low miR-210 expression was determined based on the
ROC curves for gliomas vs controls with Youden’s index.
When Kaplan–Meier analysis was performed with these values
for high and low miR-210 expression (lowo2.259ohigh), high
expression of serum miR-210 was found to be associated with
worse OS (Po0.001; log-rank test; Figure 3B). However, no
significant associations were found for OS and sex, age at
diagnosis, or tumour size.
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Figure 1. MiR-210 is increased in serum from glioblastoma patients
relative to healthy controls. Initial screening for miR-210 expression in
the training phase, using a small subset of serum specimens from
glioma patients. Box plots are shown for miR-210 levels in serum from
normal control subjects (n¼ 10) and glioblastoma patients (n¼10).
Boxes represent interquartile range, and the horizontal line across each
box represents the median value. The y axis (log10 scale) represents
relative expression of miR-210 where the data were normalised to
miR-16-1 expression in sera. Statistical analysis was performed using
Mann–Whitney U tests. ***Po0.001.
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Univariate and multivariate analyses were used to determine
whether the miR-210 expression levels in serum samples from
glioma patients and various clinical parameters were independent
prognostic factors for patient outcome. Multivariate analysis using
Cox regression for all variables demonstrated that serum miR-210
expression (OS: Po0.001, 95% CI 2.09–7.08) and histological
grade (OS: Po0.001, 95% CI 4.43–15.88) were independent
prognostic factors for patients with glioma. No significant
associations were found with sex, age at diagnosis, tumour size,
or KPS score (Table 3).

DISCUSSION

MiRNAs are gaining increasing attention as potential biomarkers
in cancer as some are detected in extracellular spaces and
body fluids creating a novel opportunity for noninvasive assay
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Figure 2. Increased expression of miR-210 in serum samples from
gliomas. (A) Box plots represent serum miR-210 levels in healthy
control subjects (Normal; n¼ 40), all patients with astrocytic gliomas
(Glioma; n¼ 126), and patients separated based on histological WHO
grades I–V (PA, n¼ 13; DA, n¼ 35; AA, n¼46; GBM, n¼ 32). The y axis
(log10 scale) represents miR-210 expression normalised to miR-16-1.
Boxes represent the interquartile range, and the horizontal line across
each box represents the median value. Statistically significant
differences were determined using the Mann–Whitney U test and the
Kruskal–Wallis test. (B) ROC curve analysis based on serum miR-210
levels for distinguishing glioma patients from normal controls. Serum
miR-210 yielded an area under the curve (AUC) value of 0.927 (95%
confidence interval¼ 0.889–0.964), with 91.27% sensitivity and 72.50%
specificity in distinguishing glioma patients from normal controls.

Table 2. Multivariate logistic analyses for serum miR-210
levels and various clinical parameters in patients with glioma

Parameter
Glioma patients vs control subjects

OR (95%CI) P

Sex, female vs male 0.61 (0.45–1.58) 0.31

Age, o44 vs X44 years 1.15 (0.45–2.93) 0.77

MiR-210 in serum, p2.259 vs 42.259 28.19 (10.97–72.41) o0.001

Abbreviations: CI¼ confidence interval; OR¼odds ratio. The cutoff value of serum miR-210
in glioma patients vs control subjects was derived from receiver operating characteristic
curves with Youden’s index.
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Figure 3. Kaplan–Meier curves for overall survival based on
pathological diagnosis of the primary tumour and miR-210 expression
in matched serum samples. Kaplan–Meier curves displaying overall
survival of (A) patients with high-grade (n¼ 78) vs low-grade tumours
(n¼ 48; Po0.001), and (B) patients with high-serum (n¼ 94) vs low-
serum miR-210 expression (n¼ 32; Po0.001).

Table 3. Univariate and multivariate analyses for overall
survival in glioma patients by Cox regression analysis

Parameter

Univariate
analysis,

HR (95%CI) P

Multivariate
analysis,

HR (95%CI) P
Age 1.08 (0.70–1.66) 0.71 0.80 (0.49–1.30) 0.37

Sex 1.19 (0.77–1.85 0.41 1.03 (0.647–1.66) 0.89

WHO grade 4.63 (2.95–7.28) o0.001 8.38 (4.43–15.88) o0.001

Tumour size 1.07 (0.69–1.64) 0.77 0.80 (0.50–1.28) 0.36

KPS 1.56 (1.01–2.39) 0.04 1.16 (0.73–1.84) 0.52

Serum miR-210 3.08 (2.0–4.75) o0.001 3.84 (2.09–7.08) o0.001

Abbreviations: CI¼ confidence interval; HR¼hazard ratio; KPS¼Karnofsky Performance
Scale, WHO¼World Health Organisation.
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development (Kawaguchi et al, 2013; Menendez et al, 2013;
Srivastava et al, 2014). In this study, miR-210 expression was
investigated as one such circulating biomarker for the diagnosis
and prognosis of human gliomas. The results demonstrated three
major points. First, the overall strategy is feasible as miR-210 was
detectable by qRT-PCR of cDNA synthesised from a small volume
of serum from patients. Second, serum miR-210 levels could be
used to identify glioma patients with high sensitivity and
specificity. Finally, high levels of expression were associated with
poor prognosis in glioma patients.

Our results are consistent with previous studies where increased
expression of miR-210 in glioma biopsies was also associated with
worse prognosis (Qiu et al, 2013; Lai et al, 2014). Our approach,
however, took these observations an important step forward
towards the identification of a set of noninvasive biomarkers for
the diagnosis of this disease. MiR-210 thus joins a current trend to
include circulating miRNAs as one of these markers. Other
circulating miRNAs, miR-128 and miR-342-3p, have also been
found to be dysregulated in human gliomas (Roth et al, 2011). An
additional seven serum miRNAs were examined in a cohort of
malignant astrocytomas and demonstrated potential as noninva-
sive biomarkers (Yang et al, 2013). The overall strategy supports
further investigation of miR-210 as an important circulating
biomarker for many other cancer types as well. For example, miR-
210 has been identified as a candidate diagnostic and prognostic
marker for NSCLC (Li et al, 2013b), and clear cell renal cell
carcinoma patients could be identified on the basis of circulating
miR-210 expression levels, with 81.0% sensitivity and 79.5%
specificity (Zhao et al, 2013).

The major unanswered question is how circulating miR-210
relates to the biology of human gliomas. MiR-210 has been found
to be upregulated in a variety of other solid tumour tissue types
and potentially influences cellular function through diverse
pathways as a number of targets of miR-210 have been reported
(Gee et al, 2014; Ivan and Huang, 2014), including cytochrome
oxidase assembly protein, iron-sulfur cluster scaffold homolog
(Chen et al, 2010; Wang et al, 2014c), succinate dehydrogenase
complex subunit D (Puissegur et al, 2011), Ephrin-A3 (Wang et al,
2014c), protein tyrosine phosphatase, non-receptor type 1 (PTPN1;
(Li et al, 2014), vascular endothelial growth factor (Zeng et al,
2014), B-cell lymphoma 2 (Chio et al, 2013), caspase-8-associated
protein-2 (Kim et al, 2012), and E2F transcription factor 3 (Cui
et al, 2014). MiR-210 has also been correlated with hypoxia, a
biological phenomenon associated with more aggressive tumours.
Under hypoxic conditions, miR-210 is frequently increased in
hepatocellular carcinoma (HCC) and is involved in hypoxia-
induced HCC metastasis. Vacuole membrane protein 1 (VMP1), a
putative suppressor of metastasis in HCC, has been identified as a
direct target of miR-210. Downregulation of VMP1 by miR-210
has been shown to mediate hypoxia-induced HCC migration and
invasion (Ying et al, 2011). MiR-210 has also been shown to target
PTPN1, which promoted cell survival and inhibited apoptosis in
ovarian cancer in vitro under hypoxia (Li et al, 2014). These
findings taken together with its association with gliomas, however,
might indicate that serum miR-210 is associated with later events
in gliomagenesis and, therefore, may preclude its utility in the early
detection of gliomas. The functional implications of miR-210,
however, warrant further investigation as a potential molecular
target in the development of novel therapeutics against hypoxic
tumour cells (Liu et al, 2014).

Although serum miR-210 appears to be promising biomarker,
our current study is limited for several reasons. First, it was a
retrospective study, thus restricting measurements to the available
serum samples, which had been mostly collected at the primary
diagnosis. Circulating miRNAs have been exploited in other
studies initially for the detection of a cancer but subsequently
to monitor patients after surgery and/or during therapeutic

treatment. For example, miR-210 was found to be significantly
increased in serum from HCC patients before transarterial
chemoembolisation but decreased following transarterial che-
moembolisation (Zhan et al, 2014). Second, all patients were
Chinese, hence the results may not be more generally applicable to
populations of other ethnic origins. Finally, clinical parameters,
such as pathological diagnosis, are variable between institutions
and/or individual clinicians, hence the results with this small
cohort may reflect biases inherent in the acquisition of such clinical
data. Clearly, these results require validation in prospective studies
performed on larger cohorts from multicentre clinical trials.

In summary, our results illustrate that serum miR-210
expression has potential clinical utility as a diagnostic and
prognostic biomarker for human glioma patients. Routine use in
the clinic could help to select candidate patients for more
aggressive adjuvant treatment or the use of novel therapeutic
options that may interrupt abnormal expression patterns of
specific miRNAs (Auffinger et al, 2013; Li et al, 2013a). Finally,
although the results from this study are promising, miR-210 as a
routine glioma biomarker in clinical practice requires further
validation in prospective studies on larger cohorts at multiple
institutions.
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