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Abstract. MicroRNAs (miRs) transferred by exosomes 
can function as non‑invasive potential biomarkers for the 
diagnosis and prognosis in various types of cancer. The 
present study examined the diagnostic and prognostic value 
of serum exosomal‑(exo‑)miR‑210 levels in association with 
hypoxic conditions in patients with glioma. Serum levels of 
exo‑miR‑210 were determined by quantitative PCR in samples 
obtained from patients with glioma. Patients were divided into 
low‑and high‑expression exo‑miR‑210 groups according to the 
median expression value. Statistical analyses were conducted 
to examine the potential value of exo‑miR‑210 in predicting the 
diagnosis and prognosis of patients with glioma. A significant 
increase in serum exo‑miR‑210 levels was observed in patients 
with glioma compared with healthy controls. Additionally, 
the expression levels of exo‑miR‑210 were increased with 
ascending pathological grades. Furthermore, expression levels 
of miR‑210 in serum exosomes from patients with glioblastoma 
were markedly decreased following surgery and upregulated 
once more at the recurrences of primary tumors, indicating 
that exo‑miR‑210 could reflect alterations in malignant glioma 
loads. In addition, Kaplan‑Meier analysis was performed to 
analyze overall survival (OS) time. Patients with malignant 
glioma with high exo‑miR‑210 expression exhibited a poorer 
OS compared with patients with low expression. Importantly, 
univariate and multivariate Cox regression analysis revealed 
that the expression levels of exo‑miR‑210 in glioma serum 
samples were independently associated with OS. Finally, 
increased serum exo‑miR‑210 expression was positively 
associated with high levels of hypoxia‑inducible factor 1a and 
reflected hypoxia in patients with glioma. In conclusion, serum 
levels of exo‑miR‑210 may serve as a diagnostic, prognostic 
and hypoxic biomarker to reflect glioma status and hypoxic 
signatures.

Introduction

Glioma is the most common type of primary brain tumor; 
however, the diagnosis and treatment of glioma remain the 
most challenging in adults and children (1). Primary glioma 
is divided into four grades according to the histologic criteria 
of the World Health Organization (WHO)  (2); low‑grade 
(I and II) glioma tumors have a relatively good prognosis, 
and high‑grade tumors (III and IV) are associated with poor 
clinical outcomes and tumor recurrence (2). In glioblastoma 
(GBM), the most common and malignant type of glioma, 
the 5‑year survival rate from first diagnosis remains at <5%, 
despite progress in multidisciplinary and comprehensive treat-
ment (3). At present, tumor hypoxia has been identified as the 
primary cause of poor prognosis in patients with GBM (4). 
Hypoxia is the most important characteristic of aggressive 
tumors, since the tissues or organs receiving inadequate 
oxygen, which can lead to rapid tumor growth; the hypoxic 
tumor microenvironment is involved in different tumor biology 
processes, including initiation, metabolism, development 
and metastasis. A previous study has suggested that hypoxic 
conditions lead to abnormal activation of hypoxia‑inducible 
factors (HIFs), which serve an important role in the regulation 
of tumor signaling (5). HIF‑1α, one of two subunits composing 
HIF‑1, is considered a necessary oxygen‑sensitive protein in 
the regulation of hypoxic signaling pathways (6). The degrada-
tion pathway of HIF‑1α is dependent on oxygen; thus, hypoxia 
in tumor tissues leads to the elevation of HIF‑1α levels (7). 
It has been reported that HIF‑1α is positively enhanced in 
most malignant types of cancer and serves an essential role in 
mediating the hypoxic effects by regulating numerous target 
genes, including microRNAs (miRNAs/miRs), to adjust the 
adaptation of tumor cells to hypoxic conditions (8).

miRNAs are a series of evolutionarily conserved small 
non‑coding RNAs that can cause mRNA destabilization 
and/or translational inhibition by base‑pairing with the 
3'‑untranslated regions of encoding mRNAs (9). A range of 
miRNAs has been reported as tumor suppressors or onco-
genes for the irreplaceable mechanism in tumor initiation 
and progression, and as therapeutic targets (10,11). Increasing 
evidence supports the idea that aberrant miRNA expression 
serves important roles in tumor hypoxia and is associated with 
HIF‑1α (12,13). HIF‑1α is involved in multidrug resistance by 
regulating miR‑27 in gastric cancer cells (14). Overexpression 
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of miR‑210 induced by hypoxia is associated with tumor 
progression and prognosis in upper tract urothelial carci-
noma (15). miR‑224, which is regulated by hypoxia, promotes 
the growth, migration and invasion of gastric cancer cells (16). 
HIF‑1α‑inducible miR‑421 increases metastasis, suppresses 
apoptosis and results in cisplatin resistance in gastric cancer 
by targeting E‑cadherin and caspase‑3 (17).

One of the main HIF‑1‑dependent genes is carbonic anhy-
drase 9 (CA9). CA9 is overexpressed in a number of tumor 
types and serves as a prognostic factor for hypoxic, aggressive 
and malignant types of cancer (18). CA9 is a transmembrane 
glycoprotein with enzymatic activity that is located on the cell 
surface and is inducible by hypoxia (19). Therefore, CA9 has 
been identified as a potential target for cancer treatment, as it 
is enriched in hypoxic niches of neoplastic tissues (12).

Tumor hypoxia causes a number of biological altera-
tions in tumor viability, including abnormal secretion and 
release of exosomes into the tumor microenvironment (20). 
Exosomes are 30‑140  nm nanovesicles carrying genetic 
materials secreted from various cell types, including cancer 
cells, released into the tumor microenvironment and maybe 
taken in by other types of cells (21). miRNAs packaged by 
exosomes are stable and specific, and thus, appropriate as 
potential biomarkers to diagnose and distinguish diseases, 
including various malignancies  (22,23). The present study 
aimed to investigate exosomal‑(exo‑) miR‑210 levels in the 
serum, which may reflect hypoxic conditions, as a potential 
diagnostic and prognostic biomarker in patients with glioma.

Materials and methods

Patients and clinical samples. The present study was approved 
by the Medical School of Chinese PLA (Beijing, China) and 
Tianjin Huanhu Hospital (Tianjin, China). In total, 91 patients 
diagnosed with glioma by clinicopathology and 50 healthy 
volunteers were recruited from the Medical School of Chinese 
PLA and Tianjin Huanhu Hospital between October 2011 
and July 2014. The study included 52 male and 39 female 
patients. The median age of the patients was 45 years (range, 
19‑72 years). The Karnofsky Performance Status (KPS) (24) 
scores ranged between 70 and 100, and the median score 
was 90 (Table I). The inclusion criteria were: i) Histological 
diagnosis of glioma; ii) age between 18 and 80 years; and iii) 
glioma presented on MRI or PET/CT scans. The exclusion 
criteria were: i) Severe systemic infection and organ failure; 
ii) pregnancy; iii) severe immunological disorders (autoim-
mune disease, immunosuppression); iv) multiple cancers; and 
v) anaphylaxis induced by synthetic peptides. None of the 
patients were treated with chemotherapy or radiotherapy prior 
to surgery. All procedures in the present study involving human 
participants were performed in accordance with relevant 
ethical standards. Blood samples were collected at the specific 
time points; pre‑operation, post‑operation and recurrence, to 
examine the expression levels of exo‑miR‑210. Patients with 
co‑morbidities receiving other medication were excluded from 
the present study. All participants provided written informed 
consent prior to recruitment. All patients with glioma were 
followed up at regular intervals of 3 months for up to 5 years. 
Although the terminal point of the x‑axis is 70 months, the 
survival curve was limited to 60 months. Survival times were 

calculated from the first diagnosis to the date of death caused 
by glioma or the last date of follow‑up, and cases of mortality 
unrelated to glioma were excluded from the present study.

Isolation of exosomes from serum. The extraction and purifi-
cation of exosomes from blood serum and were performed as 
previously described (9). The serum was extracted from blood 
samples immediately. The collected serum was aliquoted and 
stored in liquid nitrogen. The samples were centrifuged to 
remove cells and other debris in the serum, first at 3,000 x g 
for 30 min at room temperature, then at 10,000 x g for 20 min 
at room temperature. Subsequently, microvesicles that were 
larger than exosomes were removed from supernatants by 
centrifuging at 100,000 x g for 30 min at 4˚C. Subsequently, 
the supernatants were harvested, and again centrifuged at 
10,000 x g for 70 min at 4˚C. Finally, the supernatants were 
gently decanted, and the exosome sediments were resuspended 
in PBS. The extracted exosomal samples were stored at ‑80˚C 
until further experiments.

Exosome characterization. The morphology and the size of the 
exosomes were imaged by Transmission Electron Microscopy 
(TEM). For TEM, collected exosomes were resuspended in 2% 
paraformaldehyde (Sigma‑Aldrich; Merck KGaA) and spread 
onto carbon/Formvar‑coated grid (Ted Pella, Inc.) for 30 min 
at room temperature. The grid was then washed with DPBS 
and fixed with 1% glutaraldehyde (Sigma‑Aldrich; Merck 
KGaA). TEM images were captured with a JEOL JEM‑2100F 
microscope (JEOL, Ltd). Magnification, x10,000.

miRNA isolation from exosomes and quantitative (q)PCR. 
The MirVana microRNA isolation kit (Thermo Fishes 
Scientific, Inc.) was used to isolate miRNAs from exosomes 
in accordance with the manufacturer's protocol. The isolated 
RNA was reverse transcribed and amplified using the TaqMan 
MicroRNA Reserve Transcription kit (Applied Biosystem; 
Thermo Fishes Scientific, Inc.). For the synthesis of cDNA, 
the reaction mixtures were incubated at 37.8˚C for 60 min and 
95˚C for 5 min, and then held at 4˚C. The cDNA specimens 
were stored at ‑20˚C until polymerase chain reaction (PCR). 
qPCR was performed using the QuantiTect SYBR‑Green 
PCR mixture (Invitrogen; Thermo Fisher Scientific, Inc.) as 
described previously (9,25). The reaction mixtures were incu-
bated at 95˚C for 10 min, followed by 40 cycles of 95˚C for 
15 sec, 56˚C for 30 sec and 72˚C for 35 sec. miR‑16, which is 
stably expressed across samples, was used as an endogenous 
control. The following primers were used: miR‑210 forward, 
5'‑TTG​ACC​TGT​GCG​TGT​GAC​A‑3' and reverse, 5'‑TAT​GGT​
TGT​TCT​GCT​CTC​TGT​CTC‑3'; miR‑16‑1 forward, 5'‑CGC​
CTG​TAG​CAG​CAC​GTA​A‑3' and reverse, 5'‑CAG​AGC​AGG​
GTC​CGA​GGT​A‑3'. The expression levels of the miRNAs 
were normalized to U6, and quantified using the 2‑ΔΔCq 
method (25).

Immunohistochemistry and analysis. Immunohistochemical 
staining was used to evaluate the expression levels of HIF‑1α 
and CA9. Briefly, paraffin‑embedded and formalin‑fixed 
samples were cut into 4‑µm sections, which were then 
processed for immunohistochemistry. The sections were 
de‑waxed, rehydrated, blocked with hydrogen peroxide, 
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and the antigens were retrieved in a microwave in 10 mM 
citrate buffer (pH 6.0) for 10  min and cooled to room 
temperature. In order to block non‑specific staining the tissue 
was incubated in blocking buffer, 1  ml Protein blocking 
buffer (cat. no. ab126587; Abcam) diluted in 9 ml PBS, for 
30 min at room temperature. Following antigen retrieval for 
20 min in citrate buffer (0.01 M citric acid, pH 6.0) at room 
temperature, sections were incubated overnight at 4˚C with 
the primary antibody (1:100). HIF‑1α (cat. no. ab51608) and 
CA9 (cat.  no.  ab216021) antibodies were purchased from 
Abcam. Anti‑mouse immunoglobulin G (IgG)‑horseradish 
peroxidase (HRP) and anti‑goat IgG‑HRP goat anti‑rabbit 
secondary antibodies (1:200; cat. no. ab205718; Santa Cruz 
Biotechnology, Inc.) was incubated with the sections for 1 h at 
room temperature, and 3,3'‑diaminobenzidine buffer was used 
for signal detection. The sections were scored blindly by two 
pathologists using a light microscope at x200 magnification.

Either citrate buffer pH 6 or EDTA buffer pH 9 was 
used to perform antigen retrieval prior to cooling at 4˚C for 
20 min. Subsequently, 3% hydrogen peroxide was applied to 
block endogenous peroxidase activity for 10 min. Primary 
antibodies (1:20 dilution) were incubated with samples for 
15 min at room temperature. 3,3'‑diaminobenzidine substrate 
was added for 5 min at room temperature until color developed 
prior to washing in running water for 10 min. Slides were then 

counterstained in 10% hematoxylin at room temperature for 
60 sec and blued with Scotts' tap water before being dehydrated 
through a series of graded alcohols. Cover slips were applied 
using distrene, plasticizer and xylene. H‑score was used to 
determine the expression of HIF‑1α and CA9: A combination 
of the intensity (0‑3) and percentage of cells stained, with a 
range of 0‑300. HIF‑1α scores only included nuclear expres-
sion and CA9 scores contained the staining of the nucleus and 
cytoplasm, as previously described (26).

Statistical analysis. SPSS version 13.0 (SPSS, Inc.) was used 
to assess and analyze statistical data. All quantitative data are 
presented as the mean ± standard deviation (SD). Univariate 
and multivariate analysis of variance were performed. 
ANOVA was performed to analyze the significance between 
two groups (such as low‑grade vs. high‑grade glioma), and 
Student‑Newman‑Keuls test was performed to calculate the 
P‑values. Kaplan‑Meier analysis, a log‑rank test and Cox 
regression analysis were used to calculate survival rates and 
predict factors associated with survival. P<0.05 was consid-
ered to indicate a statistically significant difference. Technical 
and biological triplicates of each experiment were performed.

Results

Clinical characteristics of patients. Exosomal samples from 
the serum were collected from 91 patients with glioma and 
50 healthy volunteers as a control. Patients with glioma 
included 12 patients with WHO grade I pilocytic astrocy-
toma, 20 patients with WHO grade II diffuse astrocytoma, 
22 patients with WHO grade III anaplastic astrocytoma and 
37 patients with WHO grade IV primary GBM. A total of 
58 patients received radio‑chemotherapy after surgery. At the 
last follow‑up, 72 patients had succumbed to primary glioma, 
including 3 patients in the WHO grade I, 14 patients in WHO 
grade II, 20 patients in WHO grade III and 35 patients in WHO 
grade IV groups. The 1‑ and 2‑year overall survival (OS) rates 
were 91.2 and 57.1%, respectively.

Exo‑miR‑210 in the serum may serve as a diagnostic 
biomarker in glioma. A previous study demonstrated that 
serum miR‑210 was overexpressed in patients with glioma, and 
high levels of serum miR‑210 have been identified to be associ-
ated with worse overall survival (27). The present study aimed 
to further explore whether serum exo‑miR‑210 may serve as a 
diagnostic or prognostic biomarker for patients with glioma. 
Data from exosome characterization are shown in Fig. S1. 
Initially, levels of serum exo‑miR‑210 were analyzed by qPCR 
to compare the differences between patients with glioma 
(n=91) and healthy controls (n=50). Following normalization 
to miR‑16, there was a significant difference in the expression 
levels of serum exo‑miR‑210 between patients with glioma 
and healthy controls (P<0.01; Fig. 1A). Notably, patients with 
low‑grade (I‑II) glioma exhibited relatively low levels of serum 
exo‑miR‑210 compared with patients with high‑grade (III‑IV) 
glioma (P<0.01; Fig. 1B). Collectively, the data suggested that 
serum exo‑miR‑210 was abnormally overexpressed in the 
serum of patients with glioma and increased with increasing 
grades of glioma; therefore, it maybe used as a biomarker for 
the diagnosis of glioma.

Table I. Association between clinical characteristics and the 
exo‑miR‑210 level.

	 Exo‑miR‑210
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Patients (n)	 Mean expression	 P‑value

Sex			   0.724
  Male	 52	 0.0030	
  Female	 39	 0.0034	
Age, years			   0.479
  ≤45	 46	 0.0029	
  >45	 45	 0.0035	
Tumor size, cm			   0.539
  ≤5	 28	 0.0030	
  >5	 63	 0.0032	
Relapse			   0.023a

  No	 42	 0.0023	
  Yes	 49	 0.0040	
WHO grade			   0.001a

  I‑II	 32	 0.0010	
  III‑IV	 59	 0.0044	
KPS score			   0.332
  ≤90	 41	 0.0033	
  >90	 50	 0.0031	

aP<0.05 (ANOVA). The median age was 45  years. WHO grade, 
World Health Organization grade (2); KPS, Karnofsky Performance 
Status (49); exo‑miR‑210, exosomal‑microRNA‑210; WHO, World 
Health Organization.
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Expression levels of exo‑miR‑210 in the serum are associated 
with specific clinicopathological features. The putative associ-
ations between expression levels of exo‑miR‑210 and different 
clinicopathological features were explored. All patients were 
separated into two groups (low and high exo‑miR‑210 expres-
sion) according to the median concentration of exo‑miR‑210. 
The percentages of patients with glioma included in the high 
expression group of exo‑miR‑210 increased with grade, with 
16.7, 20.0, 59.1 and 73.0% of patients with grade I, II, II and IV, 
respectively, being included in the high expression group. There 
was no statistically significant association identified between 
the level of serum exo‑miR‑210 and other clinicopathological 
parameters, including sex, KPS and age at diagnosis (P>0.05; 
Table  I). Advanced pathological grades were statistically 
significantly associated with serum exo‑miR‑210 expression 
(P<0.01; Table I).

Serum exo‑miR‑210 levels reflect the dynamics of GBM. 
Subsequently, 20 patients with GBM from the original group 
were selected, and the expression levels of serum exo‑miR‑210 
were detected pre‑ and post‑operation. The gap period between 
the pre‑and post‑operation period was fixed at 1‑2 weeks. 
Notably, serum exo‑miR‑210 levels were markedly decreased 
following curative surgical resection (Fig. 2A). Furthermore, 
the expression levels of serum exo‑miR‑210 were compared 
after surgery and at tumor recurrence in 10 patients with recur-
ring GBM. Although relatively low levels of exo‑miR‑210 were 

found at the post‑operation time point, a significant increase 
was detected at the time of GBM recurrence (Fig. 2B). Overall, 
serum exo‑miR‑210 secreted and released by GBM cancer 
cells could reflect tumor dynamics during treatment.

Expression of serum exo‑miR‑210 as a potential diagnostic and 
prognostic biomarker for glioma. To evaluate the diagnostic 
value of exo‑miR‑210 expression in patients with glioma, the 
present study applied receiver operating characteristic curve 
analysis and calculated the corresponding area under the curve 
(AUC) values to verify the potential diagnosis and discrimi-
natory accuracy of exo‑miR‑210. As shown in Fig. 3, serum 
exo‑miR‑210 levels were robust in distinguishing patients with 
glioma from healthy controls, with an AUC value of 0.856 
(95% CI, 0.795‑0.917), whereas the sensitivity, specificity, and 
positive and negative predictive values to discriminate patients 
with glioma were 83.2, 94.3, 93.5 and 70.3%, respectively.

Our previous study demonstrated that exo‑miR‑210 expres-
sion is associated with glioma grades, which suggests that 
exo‑miR‑210 may be an important predictor of poor prognosis 
in higher‑grade compared with lower‑grade gliomas (27). In 
this cohort, patients with high levels of exo‑miR‑210 exhibited 
a poor survival rate in contrast to patients with low expression 
levels of exo‑miR‑210 according to Kaplan‑Meier survival 
analysis (Fig.  4). Subsequently, Cox regression analyses 
were carried out to assess the prognostic value of serum 
exo‑miR‑210 levels for OS. The results showed a significant 
association between serum exo‑miR‑210 levels and OS in 
patients with glioma (P<0.01; hazard ratio, 3.63; 95% CI, 

Figure 1. Expression of exo‑miR‑210 in serum samples. (A) Exo‑miR‑210 
expression in patients with glioma and healthy controls analyzed by reverse 
transcription‑quantitative PCR. (B)  Serum exo‑miR‑210 expression in 
LGG and HGG. **P<0.01. exo‑, exosomal‑; HGG, high‑grade glioma; LGG, 
low‑grade glioma; miR‑210, microRNA‑210.

Figure 2. Serum exo‑miR‑210 levels reflect tumor dynamics. (A) Serum 
exo‑miR‑210 expression levels before and after surgery. miR‑210 levels 
were significantly lower in the post‑op samples than in the pre‑op samples. 
(B) Comparison of serum exo‑miR‑210 levels in samples obtained post‑op 
and after recurrence. A significant increase in serum exo‑miR‑210 levels was 
identified at recurrence. **P<0.01. exo‑, exosomal‑; miR‑210, microRNA‑210; 
post‑op, postoperative; pre‑op, preoperative.
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1.54‑5.67; Table II). Statistically significant associations were 
also observed in pathological grades. No significant asso-
ciation was observed in any of the other clinicopathological 
parameters tested, including sex, KPS and age at diagnosis 
(Table II). Overall, levels of serum exo‑miR‑210 secreted by 
glioma cells could be used as excellent indexes to differentiate 
patients with glioma from non‑glioma patients, and as a valu-
able and novel biomarker in the diagnosis and prognosis of 
human glioma.

Expression levels of serum exo‑miR‑210 are associated 
with hypoxia. A number of studies  (28,29) have demon-
strated that the overexpression of miR‑210 is regulated in a 
HIF‑1α‑dependent manner in numerous types of cancer. 
Integrated analysis of microRNA, mRNA and chromatin 
immunoprecipitation‑sequencing data has revealed that 
miR‑210 expression under hypoxia is regulated at the tran-
scriptional and post‑transcriptional levels, with the presence of 
HIF‑1α binding sites (30). Previous studies have demonstrated 
that miR‑210 is associated with tumor hypoxia and predicts 
benefit from hypoxic modification (31,32). Based on these 
previous studies, the present study examined the association 
between serum exo‑miR‑210 expression and HIF‑1α and CA9 

levels. Representative images of immunohistochemistry of 
HIF‑1α and CA9 are shown in Fig. 5A. When exo‑miR‑210 
expression was compared with conventional hypoxic markers, 
higher serum exo‑miR‑210 expression was accompanied by 
high HIF‑1α and CA9 protein levels (Fig. 5B). Based on the 
results of the present study, it can be concluded that serum 
exo‑miR‑210 could be used as a potential biomarker of hypoxia.

Discussion

Biomarkers could provide a more accurate assessment to 
predict the diagnosis and prognosis of various types of cancer 
according to tumor biology. Exosomes are a reservoir of valu-
able and novel biomarkers for cancer diagnosis and prognosis. 
Exosomes secreted to the extracellular microenvironment are 
involved in the cell‑cell communication to neighboring and 
distant cells, favoring secretion of growth factors, cytokines 
and angiopoietic factors, which can induct tumor proliferation, 
metastasis, therapeutic efficacy and immune responses (33). 
Exosomes can be isolated from blood or other bodily fluids 
to reveal progression of cancer occurring in the body (34). 
miRNA can be horizontally transferred into the extracellular 
microenvironment by exosomes to modify the microenviron-
ment. Exosomal miRNAs are emerging as an identified group 
of messengers and effectors in intercellular communica-
tion (35).

Serum exo‑miRNAs can function as novel non‑invasive 
biomarkers for the detection and monitoring of various 
types of cancer and putatively as therapeutic targets. Levels 
of serum exo‑miR‑21 are increased and associated with the 
progression and aggressiveness of esophageal squamous cell 
cancer (36), whereas levels of serum exo‑miR‑19a have been 
identified to serve as prognostic biomarkers for recurrence in 
patients with colorectal cancer (37). Exo‑miR‑21 extracted 
from cerebrospinal fluids is associated with a poor prognosis 
and tumor recurrence in patients with glioma (38). Levels of 
serum exo‑miR‑1290 and exo‑miR‑375 are associated with 
castration resistance in prostate cancer  (39). miR‑223‑3p 
encapsulated by exosomes has been identified as an important 
biomarker for the early detection of invasive breast cancer (40). 
Exo‑miR‑423‑5p has been reported as a minimally invasive 
biomarker in the diagnosis of gastric cancer, and can promote 
tumor growth and metastasis by targeting SUFU negative 
regulator of hedgehog signaling  (41). The present study 
obtained data, which suggested that the exo‑miR‑210 level in 
serum was a diagnostic, prognostic and predictive biomarker 
for glioma, and associated with hypoxic conditions. miR‑210, 
which is a regulator of several cellular functions, dependent on 
or independent of hypoxia signaling, is involved in numerous 
biological processes of numerous tumors throughout the human 
body (42). miR‑210 has been identified as an activator of tumor 
initiation and development, and its high levels are associated 
with a negative clinical outcome (43). It has been reported 
to be involved in cell survival, differentiation, angiogenesis, 
metabolism and cell cycle control (15,44). In addition, elevated 
miR‑210 levels increase the proliferation and decrease apop-
tosis of GBM cells by targeting polypyrimidine tract binding 
protein 3 (45). miR‑210 extracted from the peripheral blood 
is a promising and minimally invasive biomarker that can be 
employed to diagnose and predict the outcome of glioma (27). 

Figure 3. Receiver operating characteristic curve analysis based on serum 
exosomal microRNA‑210 levels to distinguish patients with glioma from 
normal controls. AUC, area under the curve.

Figure 4. Kaplan‑Meier survival curves for patients with glioma and high or 
low serum expression levels of exosomal miR‑210. miR‑210, microRNA‑210.
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miR‑210, which has been reported as one of the abnormally 
upregulated miRNAs in hypoxic cells, is highly conserved 
and required for cell survival (46). In addition, since other 
studies have reported that the level of miR‑210 is dependent on 
HIF‑1α regulation, increased expression of miR‑210 in tissues 
and serum has become a signature for tumor hypoxia (47,48).

The aim of the present study was to examine whether 
exo‑miR‑210 is a potential non‑invasive biomarker for the 
diagnosis and prognosis of glioma and associated with hypoxic 
conditions. Firstly, a significant difference was identified in the 
expression levels of serum exo‑miR‑210 between patients with 
glioma and healthy controls. Importantly, serum exo‑miR‑210 
exhibited a relatively low level in low‑grade (I‑II) compared with 
high grade (III‑IV) glioma. Additionally, serum exo‑miR‑210 
levels were markedly decreased following curative surgical 

resection and significantly increased at the time of GBM recur-
rence. Notably, high levels of exo‑miR‑210 were associated 
with a poor survival rate compared with low expression levels 
of exo‑miR‑210 according to Kaplan‑Meier survival analysis. 
Subsequently, Cox regression analyses revealed that serum 
exo‑miR‑210 levels were associated with the OS of patients with 
glioma. Finally, overexpression of exo‑miR‑210 was significantly 
associated with high protein levels of HIF‑1a and CA9 and 
reflected hypoxia in patients with glioma. Although the present 
study discussed the potential use of exo‑miR‑210 as a biomarker 
in glioma, the underlying mechanism of exo‑miR‑210 in hypoxic 
conditions has not been identified. Future studies are needed to 
explore the unique properties of exo‑miR‑210 and allow the devel-
opment of highly sensitive strategies to rapidly and non‑invasively 
monitor the pathological condition of patients with glioma.

Table II. Univariate and multivariate analyses of prognostic parameters in patients with glioma.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Parameter	 P‑value	 HR (95% CI)	 P‑value	 HR (95% CI)

Age (≤45 vs. >45)	 0.77	 1.26 (0.64‑1.91)	 0.48	 1.03 (0.51‑1.67)
Sex (male vs. female)	 0.64	 1.09 (0.45‑1.56)	 0.59	 1.13 (0.57‑1.78)
KPS (≤90 vs.>90) 	 0.19	 1.37 (0.84‑1.98)	 0.43	 0.98 (0.60‑1.37)
WHO grade (I‑II vs. III‑IV)	 <0.01	 7.88 (3.54‑12.53)	 <0.01	 11.25 (5.34‑19.67)
Exosomal miR‑210	 <0.01	 3.63 (1.54‑5.67)	 <0.01	 4.31 (1.94‑8.13)

The median age was 45 years. HR, hazard ratio; KPS, Karnofsky Performance Status (49); WHO grade, World Health Organization tumor 
grade (2); miR‑210, microRNA‑210; WHO, World Health Organization.

Figure 5. High serum levels of exosomal miR‑210 are strongly associated with markers of tumor hypoxia. (A) HIF‑1α and (B) CA9. **P<0.01. CA9, carbonic 
anhydrase 9; HIF‑1α, hypoxia‑inducible factor 1α; miR‑210, microRNA‑210.
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In summary, serum exo‑miR‑210 expression is abnormally 
elevated in glioma, particularly GBM, and may function as a 
novel biomarker for predicting diagnosis and progression of 
patients with glioma. Further larger independent studies are 
required prior to applying the results of the present study to 
clinical practice.
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