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Abstract: Altered expression of serum microRNAs (miRNA) has been reported to correlate with carcinogenesis and
progression of glioblastoma (GBM). This study assessed the potential diagnostic and prognostic value of serum
miR-29b for GBM. Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was used to detect the
expression levels of serum miR-29b in 107 patients with GBM patients, 40 patients with anaplastic astrocytoma
(AA) and 80 healthy volunteers. The results showed that serum miR-29b levels were much lower in patients with
GBM than in those with AA or healthy controls. Receiver operating characteristic (ROC) curve analysis revealed
that serum exosomal miR-29b could effectively distinguish GBM patients from AA patients or normal controls. In
addition, serum exosomal miR-29b level was significantly increased after treatment. Low serum exosomal miR-29b
expression was strongly associated with aggressive clinical findings and shorter survival. Moreover, the Cox regression analysis demonstrated that serum exosomal miR-29b was an independent prognostic indicator. Collectively,
serum exosomal miR-29b might be a promising biomarker for predicting prognosis of GBM.
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As the most fatal type of glioma and a frequent
primary brain tumor in the central nervous system, glioblastoma (GBM) is characterized by
rapid growth, high invasiveness, and treatment
resistance [1, 2]. Conventional therapies for
GBM including surgical resection, radiotherapy,
and chemotherapy. Although great improvements have been made for the treatment over
the past decades, the prognosis of GBM is still
unfavorable [3, 4]. Therefore, identification of
novel diagnostic and prognostic biomarkers is
urgently required to improve the clinical outcome of GBM.

processes, such as uncontrolled proliferation,
metastasis, invasion, and immortality [7, 8].
Exosomes are nano-sized vesicles of 30-200
nm and widely present in a variety of biologic
fluids, including saliva, urine, blood, and ascites. Exosomes contain a wide range of active
molecules, such as miRNAs, mRNAs, and proteins [9-11]. Exosomal miRNAs are highly stable in serum, and can be used as effective and
reliable biomarkers for cancer detection and
prognosis. For instance, serum exosomal miR21 was identified as a non-invasive biomarker
for hepatocellular carcinoma [12]. Similarly, serum exosomal miR-141 was used as a biomarker fordetection of prostate cancer [13].

MicroRNA (miRNA) is a group of small noncoding RNAs of 18-25 nucleotides in length that
post-transcriptionally regulate the expression
of target mRNAs, leading to degradation or translational inhibition of the target mRNAs [5,
6]. Evidence has demonstrated that miRNAs
are frequently dysregulated in a variety of cancers and associated with various pathologic

Previous studies have shown that miR-29b
might play a tumor suppressive role in GBM.
For instance, Chung et al. revealed that miR29b reduced the oncogenic activities of GBM
cells by decreasing MMP-2 activity and inhibited aggressiveness by suppressing angiogenesis [14]. Downregulation of miR-29b was
observed in GBM tissues. Enforced miR-29b
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gross total resection or partial resection. The study protocol was approved by Ethical Committee of Jiangxi
Provincial People’s Hospital. Written
consents were collected from all the
participants prior to the recruitment.
The clinical characteristics of the
GBM patients are presented in Table
1.
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Isolation and purification of exosomes from serum

Table 1. Relationship between clinical factors and serum
exosomal miR-29b expression level
Characteristic
Sex
Man
Woman
Age
<50
≥50
Tumor size (cm)
<5
≥5
MGMT status
Unmethylated
Methylated
IDH1 status
Mutated
Wild-type
Preoperative KPS
<80
≥80

Patients miR-29b high miR-29b low
(N=107)
(n=48)
(n=59)

P
0.2244

56
51
45
62

22
26
21
27

34
25
24
35

47
60

25
23

22
37

58
49

20
28

38
21

36
71

11
37

25
34

38
69

12
36

26
33

0.0189

0.0341

0.0404

MGMT, O-6-methylguanine-DNA methyltransferase; IDH, isocitrate dehydrogenase; KPS, Karnofsky performance scale.

expression resulted in cell apoptosis and S
phase arrest in GBM cells, suggesting miR29b exerted a tumor-suppressive effect in GBM
[15]. Likewise, miR-29b expression was significantly downregulated in glioma tissues. Overexpression of miR-29b significantly suppressed glioma cell proliferation and induced apoptosis by directly targeting MYCN [16]. However,
the expression pattern of serum exosomal miR29b in GBM and its association with the clinicopathologic variables of GBM remain poorly
known. The primary goal of this study was to
explore the potential value of serum exosomal
miR-29b as a biomarker for diagnosis and prognosis of GBM.
Materials and methods
Study population
The current study included 107 patients diagnosed with GBM (WHO grade IV), 40 patients
with anaplastic astrocytoma (AA, WHO grade
III) and 80 healthy controls. Among GBM cases, 56 patients (52.3%) were male. The mean
age of all patients was 50.4 years. Among
all GBM patients, 79 cases were treated with
4107

After harvesting from all the participants, the blood samples were centrifuged at 3,000 rpm for 10 min at
4°C, then the serum samples were
stored at -80°C until further analysis.
Exosomes were isolated from serum
using ExoQuick Exosome Precipitation Solution (System Biosciences,
Palo Alto, CA, USA) following the manufacturer’s instructions. The exosome pellet was resuspended in sterile
PBS solution, aliquoted in cryogenic
vials and stored at -80°C until future
use.

Quantitative reverse transcription-polymerase
chain reaction (qRT-PCR)
Total RNA was extracted from the exosomal
pelleted suspensions using a miRNeasy Serum/Plasma kit (Qiagen, Hilden, Germany). The
RNA concentration was quantified by measuring the A260/A280 absorbance ratios (NanoDrop Technologies, Wilmington, DE). Quantitative reverse transcription-polymerase chain
reaction (qRT-PCR) was performed using the
PrimeScript RT Reagent kit and SYBR Premix
Ex Taq kit (Takara, Tianjin, China) in the Applied BiosystemsTM 7500 Real-Time PCR Systems
(Applied Biosystems, Carlsbad, CA, USA). All
reactions were repeated in triplicate. During
RNA isolation, 2 μL synthetic Caenorhabditis
elegans cel-miR-39 (RiboBio, Guangzhou, China) was added to each sample as a spike-in
control. 2-ΔΔCt was used to detect the relative
serum exosomal miR-29b levels.
Statistical analysis
The Mann-Whitney test and Kruskal-Wallis test
were used to determine differences in serum
exosomal miR-29b expression levels between
Int J Clin Exp Pathol 2019;12(11):4106-4112
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Figure 1. A. Serum exosomal miR-29b expression
was significantly lower in GBM patients. B. Serum
exosomal miR-29b expression was significantly higher in GBM patients with methylated MGMT status.
C. Serum exosomal miR-29b expression was significantly higher in GBM patients with wild-type IDH1
status. D. Serum exosomal miR-29b expression was
significantly higher in GBM patients with ≥80 preoperative KPS. E. Comparison of serum exosomal miR29b levels between pre- and postoperative samples
collected from GBM patients.

groups. Chi-square test was carried out to evaluate the significance of differences in categorized demographic data. Receiver-operator
characteristic (ROC) curve analysis was used
to assess the accuracy of discriminating GBM
from AA or healthy controls, and the area under the ROC curve (AUC) was calculated. Overall
survival (OS) and disease-free survival (DFS)
were calculated by the Kaplan-Meier method
and log-rank test. OS was defined as the time
from treatment to death or last follow-up; DFS
was defined as the time from treatment to
relapse or death or last follow-up. Univariate
and multivariate analyses were performed to
4108

identify prognostic indicators using the Cox
regression model. All statistical analyses were
performed using MedCalc (version 15.6.1) and
Graphpad (version 5.0). P<0.05 was considered significant.
Results
Downregulation of serum exosomal miR-29b
in GBM
The serum exosomal miR-29b levels were detected in a total of 107 GBM patients, 40 cases with AA, and 80 healthy controls by qRTPCR. Serum exosomal miR-29b levels were
Int J Clin Exp Pathol 2019;12(11):4106-4112
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Figure 2. A. ROC curves to discriminate GBM patients and normal controls.
B. ROC curves to discriminate GBM patients and anaplastic astrocytomas
patients.

significantly lower in GBM patients than in AA
patients (P=0.019) or normal controls (P<
0.001, Figure 1A). Serum exosomal miR-29b
levels were significantly higher in GBM patients
with methylated MGMT status (P=0.016), with
wild-type IDH1 status (P=0.012), and better
preoperative KPS (P=0.017). To determine
whether the serum exosomal miR-29b could
be used for monitoring therapeutic response,
blood samples were collected from the GBM
subjects who received surgical treatment. The
serum exosomal miR-29b in paired pre-operative and post-operative blood samples were
compared, and we found that serum exosomal
miR-29b levels of the postoperative samples
were markedly increased compared to the preoperative samples (P=0.009, Figure 1E).
ROC analysis
ROC curve analysis was carried out to evaluate
the diagnostic accuracy of serum exosomal
miR-29b for GBM. We found that serum exosomal miR-29b could well identify GBM patients
from normal controls, with an AUC of 0.866.
The sensitivity and specificity were 83.18% and
81.25%, respectively (Figure 2A). Serum exosomal miR-29b also performed well to discriminate GBM patients from AA patients. Sensitivity
was 81.3% and the specificity was 77.5%, with
an AUC of 0.825 (Figure 2B).
Serum exosomal miR-29b expression and
clinical variables of GBM patients
All 107 patients with GBM were divided into a
low serum exosomal miR-29b expression group (n=59) and high serum exosomal miR-29b
expression group (n=48) based on the median
value of serum exosomal miR-29b level. As in
4109

Table 1, low serum exosomal
miR-29b expression was strongly associated with O-6-methylguanine-DNA methyltransferase (MGMT) methylation
status (P=0.0189), isocitrate
dehydrogenase (IDH) mutation
status (P=0.0341), and Karnofsky performance scale (KPS)
(P=0.0404). However, no significant relationship was found
between serum exosomal miR29b expression and other factors, including sex (P=0.2244),
age (P=0.7488), and tumor
size (P=01251).

Serum exosomal miR-29b expression and
prognosis of GBM
The Kaplan-Meier method was used to analyze
the correlation between serum exosomal miR29b level and survival rate. Results showed
that GBM patients in the low serum exosomal
miR-29b group had shorter OS compared to
those in the high serum exosomal miR-29b
group (P=0.0008, Figure 3A). Likewise, GBM
patients in the low serum exosomal miR-29b
group had worse DFS than those in the high
serum exosomal miR-29b group (P<0.0001,
Figure 3B).
Univariate and multivariate analyses for OS in
GBM patients (n=107) were performed. In the
univariate analysis, MGMT status (HR=3.13,
95% CI=1.65-4.87, P=0.018), IDH1 status
(HR=2.89, 95% CI=1.51-4.56, P=0.022), preoperative KPS (HR=2.65, 95% CI=1.41-4.02,
P=0.027), and serum exosomal miR-29b (HR=
3.46, 95% CI=1.82-5.31, P=0.016) showed significance. By multivariate analysis, MGMT status (HR=2.73, 95% CI=1.47-4.14, P=0.026),
IDH1 status (HR=2.50, 95% CI=1.33-3.82,
P=0.031), preoperative KPS (HR=2.24, 95%
CI=1.16-3.48, P=0.035), and serum exosomal
miR-29b (HR=2.98, 95% CI=1.57-4.69, P=
0.021) were independent prognostic factors
(Table 2).
Discussion
Previous studies have reported the tumor suppressive role of miR-29b in GBM, but this study is the first to evaluate the clinical value of
serum exosomal miR-29b in GBM patients. We
found that serum exosomal miR-29b levels were significantly lower in GBM subjects than in
Int J Clin Exp Pathol 2019;12(11):4106-4112

Association between serum exosomal miR-29b and glioblastoma

Figure 3. A. GBM patients with high exosomal miR-29b expression had longer overall survival. B. GBM patients with
high exosomal miR-29b expression had longer disease-free survival.

expression was significantly reduced in cancerous tissues, and in vitro
Multivariate analysis
and in vivo analysis shHR (95% CI)
P
owed that upregulation of
2.73 (1.47-4.14) 0.026
miR-29b greatly repress2.50 (1.33-3.82) 0.031
ed the tumorigenicity by
2.24 (1.16-3.48) 0.035
regulating MMP2 [19].
MiR-29b downregulation
2.98 (1.57-4.69) 0.021
occurred more frequently
in multiple myeloma (MM)
plasma and cell lines.
MiR-29b overexpression not only dramatically
inhibited MM cell proliferation and viability, but
also stimulated MM cell cycle arrest and apoptosis. EZH2, Mcl-1 and FOXP1 were its downstream target genes [20-22]. In breast cancer
(BC), low miR-29b expression was found to be
strongly associated with shorter survival and
was an independent prognostic factor for BC
[23, 24]. Similarly, the expression level of miR29b was significantly lower in osteosarcoma
tissues compared to adjacent normal tissues.
miR-29b upregulation significantly inhibited cell
proliferation, migration, invasiveness, and induced apoptosis by degrading VEGF or CDK6
expression [25, 26]. In colorectal carcinoma
(CRC), downregulation of miR-29b was observed both in CRC tissues and cell lines, and closely associated with aggressive clinical data.
Elevated miR-29b expression significantly decreased cell proliferation and migration in vitro
and inhibited the tumorigenesis in vivo by
inversely regulating Tiam1 [27, 28]. Wang et al.
found that miR-29b expression was dramatically decreased in cell lines and tissues of nonsmall cell lung cancer (NSCLC). In vitro and in

Table 2. Univariate and multivariate analysis for overall survival of GBM
patients
Univariate analysis
HR (95% CI)
P
MGMT status
3.13 (1.65-4.87) 0.018
IDH1 status
2.89 (1.51-4.56) 0.022
Preoperative KPS
2.65 (1.41-4.02) 0.027
Serum exosomal miR-29b 3.46 (1.82-5.31) 0.016
Finding

CI, Confidence Interval; HR, Hazard Ratio.

AA cases and healthy controls. In addition,
serum exosomal miR-29b levels in postoperative blood samples were greatly higher than in
preoperative blood samples. Moreover, serum
exosomal miR-29b could discriminate GBM
cases from AA or normal controls with high
accuracy. Furthermore, low serum exosomal
miR-29b expression was strongly associated
with aggressive clinical variables and worse
prognosis. Finally, serum exosomal miR-29b
was confirmed to be an independent prognostic biomarker. These data suggest that serum
exosomal miR-29b is a promising biomarker for
the diagnosis and prognosis of GBM.
Downregulation of miR-29b has also been reported in other types of cancer. For instance,
Ru et al. revealed that miR-29b expression was
decreased in prostate cancer cell lines and tissues, and ectopic expression of miR-29b attenuated the metastatic capability of cancer cells
[17]. In pancreatic cancer, miR-29b upregulation or SOX12 inhibition markedly restrained
cell proliferation, migration, and invasion, and
vice versa [18]. In gastric cancer, miR-29b
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vivo evidence showed that miR-29b inhibition
enhanced the oncogenic activities of cancer
cells bytargeting MMP2 and PTEN [29].
Furthermore, decreased miR-29b expression
was found in esophageal squamous cell carcinoma (ESCC) tissues and cell lines, and overexpression of miR-29b inhibited ESCC cell invasion in vitro and cell growth in vivo by regulating
MMP-2 [30]. Li et al. reported that miR-29b
expression was dramatically decreased in
chronic myelogenous leukemia (CML), and miR29b overexpression significantly suppressed
CML cell growth and colony formation, and promoted apoptosis by negatively regulating ABL1
[31]. These findings indicated miR-29b acted as
a tumor suppressor in various tumor types.

+86-0791-86896218; E-mail: jxpph_lengjingxing@
163.com

Interestingly, miR-29b had been reported to
exert an oncogenic function in renal cell carcinoma (RCC) and oral squamous cell carcinoma
(OSCC). Xu et al. found that miR-29b expression
was markedly increased in cancerous tissues
and cell lines of RCC; and high miR-29b expression was strongly correlated with advanced
TNM stage and poor survival. In addition, repression of miR-29b could decrease RCC cell
proliferation and invasion by negatively regulating KIF1B expression [32]. Yang et al. demonstrated that miR-29b was upregulated in OSCC
patients with lymph node metastasis, advanced
tumor stage, and recurrence. Moreover, ectopic
expression of miR-29b significantly enhanced
the tumorigenic properties of OSCC cells through silencing CX3CL1 expression [33]. The
opposite role of miR-29b in different cancers
suggested this miRNA might function as an
oncogene or a tumor suppressor gene, depending on the tumor microenvironment.

[4]

In conclusion, we demonstrated that serum
exosomal miR-29b expression was significantly
reduced in GBM. In addition, its downregulation was associated with unfavorable prognosis
of GBM, indicating that serum exosomal miR29b has potential for GBM detection and prognosis.
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