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Abstract Glioma is one of the most common primary central
nervous system tumors with high mortality and poor 5-year
survival rate. Current diagnostic methods for glioma were
either invasive or expensive. MicroRNAs (miRNAs) are small
non-coding RNAs which play an important part in the regu-
lation of gene expression. Considering the fact that miRNAs
are stable in serum, plasma, urine, and other body fluids, they
show great promises to be convenient and non-invasive bio-
markers for cancers. This study aimed at evaluating the avail-
ability of serum microRNA-29 (miR-29) family in screening
of glioma. A meta-analysis was also performed to assess the
predictive value of miR-29 family in multi-cancer screening.
Serum samples were collected from 83 glioma patients at
different stages and 69 healthy controls. RNA was extracted
and the relative expression of serum miR-29 was acquired by
qRT-PCR and calculated by Cycle threshold (Ct) with
microRNA-24 as an internal control. In the meta-analysis,
studies concerning the predictive value of miR-29 family in
cancer were retrieved. The predictive value of serum miR-29
family for glioma was moderate (AUC=0.74). But the pre-
dictive value of serum miR-29 family in high-graded glioma
detection was sufficient (AUC=0.81). Also, serum miR-29
family might not be applicable in early-stage glioma detection
(AUC=0.66). A high predictive value of miR-29 family in
multi-cancer detection was observed from meta-analysis
(AUC=0.83). This study manifested that serum miR-29
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family could be applied as a biomarker for high-graded glioma
screening, but the sensitivity and specificity for low-graded
glioma detection might not be sufficient. A meta-analysis
concerning the predictive value of miR-29 family in multi-
cancer detection concluded that miR-29 family might be a
sufficient universal biomarker for cancer.
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Introduction

Glioma is one of the most common primary central nervous
system tumors accounting for 60 % of primary brain tumors. It
has six subtypes: glioblastoma, anaplastic astrocytoma, astro-
cytoma, anaplastic oligodendroglioma, oligodendroglioma,
and malignant glioma [1, 2]. The annual incidence of glioma
was five per million individuals. Approximately, 18,000 new
cases and 13,000 deaths occur every year in USA, especially
among people over 65 [3]. Apart from the high morbidity and
mortality, the 5-year survival rate of glioma is also low, which
was reported to be less than 3 % [4]. Glioma has been a
tremendous threat to human health.

As is known to all, the early detection of cancer is of vital
importance to its prognosis. For example, the 5-year survival
rate of gastric cancer patients was more than 90 % when
diagnosed in the early stage but it drops dramatically to less
than 5 % in its advanced stages [5]. This is in accordance with
the case of glioma. The prognosis of high-graded glioma is
extremely poor with an average survival time ranging from 10
to 12 months [6]. Therefore, it is crucial to apply an efficient
method for glioma screening at early stages. Currently, histo-
logical evaluation is considered as the golden standard for
glioma diagnosis, which is of great difficulty in acquiring
tissue due to the special position of glioma. In addition, this
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invasive method may lead to great pain and sequela [7].
Another prevalent screening method for glioma is magnetic
resonance imaging (MRI), which is limited by its price and
equipment. With the urgent demand for a noninvasive and
convenient diagnostic method of glioma, accumulating stud-
ies are now focusing on biomarkers such as methylguanine
methyl transferase, PTEN/MMACTI, and loss of heterozygos-
ity. However, none of these biomarkers were reported to
satisfy the sensitivity and specificity to serve as efficient
diagnostic markers [8]. Hence, it is still urgent to find a novel,
accurate and non-invasive biomarker for glioma screening.

Recently, microRNAs (miRNAs) have been considered as
a potential biomarker in early-stage cancer detection.
MiRNAs are small non-coding RNAs which play an impor-
tant part in the regulation of gene expression [9]. According to
recent studies, the abnormal expression of miRNAs was ob-
served in a variety of cancer cells including lung cancer,
gastric cancer and breast cancer. Considering the fact that
miRNAs are stable in serum, plasma, urine, and other body
fluids, they show great promises to be convenient and non-
invasive biomarkers for cancers, especially for initial screen-
ing [10]. Besides, Lu et al. reported that the diagnosis of
malignant tumors by miRNA-profiling was of more accuracy
than other biomarkers, suggesting the availability of miRNAs
in cancer screening [11].

Among all the reported miRNAs, microRNA-29 (miR-29)
family, which is comprised of miR-29a, miR-29b, and miR-
29c, was considered to be associated with many human can-
cers. Previous studies have proved the availability of miR-29
family members in cancer screening. Huang et al. revealed
that miR-29 family might be utilized as potential predictive
tools for colorectal cancer screening, with the sensitivity and
specificity being 69.0 and 89.1 %, respectively [12]. Another
study conducted by Wang et al. showed that miR-29 family
members exhibited high screening value for leukemia with
optimal sensitivity being 86.7 % and optimal specificity being
95.0 % [13]. However, up to date, no previous study has been
performed regarding the screening value of miR-29 family
and glioma. Hence, the present study was conducted to eval-
uate the availability of serum miR-29 family in screening of
glioma. Nonetheless, to assess the screening value of miR-29
family in multi-cancer screening, a meta-analysis was per-
formed based on data from previous studies.

Materials and Methods

Ethic Statement

This study was conducted in line with the protocols approved
by the Ethics Committee of Medical School, Nanjing

University. The International Ethic Guidelines For
Biomedical Research Involving Human Subjects was

followed by our study [14]. A consent form was confirmed
by all subjects enrolled in the study.

Study Design and Subjects

Two phases were contained in present study.

The present study involved two phases. In the first phase,
the predictive performance of serum miR-29 family for glio-
ma was assessed. Serum samples were collected from 83
glioma patients of different stages and 69 normal controls.
The diagnosis of glioma was confirmed by histological exam-
ination or magnetic resonance imaging based on the WHO
categories. The glioma stage was classified according to
World Health Organization (WHO) classification and TNM
classification system [15]. The glioma patients and normal
controls were matched by age, ethnicity, gender, and smoking
status.

In the second phase of the study, we performed a meta-
analysis to evaluate the predictive value of the miR-29 family
in a variety of cancers. An online literature search were
conducted in PubMed, Medline, and Chinese National
Knowledge Infrastructure (CNKI) (updated to July 12,
2014) to obtain all the studies related to the predictive perfor-
mance of miR-29 in cancers. Studies from the initial literature
search would be considered qualified and included in our
meta-analysis if they satisfied the following criteria: (1) more
than 10 participants were recruited in study; (2) all patients
have been clearly diagnosed as glioma by golden standards;
and (3) efficient statistics could be extracted from the studies
to receive further data including true positives, false positives,
false negatives, and true negatives.

Samples Processing and RNA Extraction

To evaluate the difference of serum miR-29 family expression
level between glioma patients and normal individuals, 10 ml
blood from subjects were collected by standardized phleboto-
my procedures with PAXgene Blood RNA tubes (BD
Biosciences, Basel, Switzerland). The blood samples of glio-
ma patients were collected with no previous history of surgery,
chemotherapy or radiotherapy. All samples were centrifuged
at 500xg, 4 °C for 60 min, and stored at —80 °C for further
requirement. RNA in the blood samples was extracted and
purified using MiRNeasy Kit (Qiagen GmbH,
Hombrechtikon, Switzerland) in accordance with manufac-
turer’s instructions. Quantitative PCR was conducted with a
BI PRISM 7000 Sequence Detection System using TagMan
MicroRNA Assays (Applied Biosystems, Rotkreuz,
Switzerland). Cycle threshold (Ct) was employed to assess
the expression levels of miR-29 family. MicroRNA-24 was
applied as an internal control. Ct values of miR-29 family
were normalized relative to the amount of miR-24. Relative
expression levels of miR-29 family were calculated by the
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method of 27°““". To ensure the accuracy of our study, all
experiments was performed in duplicate.

Statistical Analysis

In the first phase, student’s ¢ test, Mann—Whitney test and x>
test were used to determine the significance of different serum
miR-29 family expression in two groups. Receiver operating
characteristic (ROC) curves were plotted and the areas under
the curve (AUC) were also calculated to assess the predictive
value of serum miR-29 family in glioma. Moreover, optimal
sensitivity and specificity was acquired according to a pre-test
probability and cost ratio from ROC curves. All data analyses
were performed with the help of SPSS 19.0 software.
Statistically significance was confirmed with P value less than
0.05.

In the meta-analysis, all data analyses were performed
through Stata 12.0 software using random-effect model. We
calculated the summary sensitivity, specificity, positive likeli-
hood ratios, negative likelihood ratios, and diagnostic odds
ratio on basis of the original data from included studies. In
addition, the pooled receiver operator characteristic (SROC)
curve was plotted and the area under the curve (AUC) was
also calculated. Moreover, the O test and /> measure were
employed to evaluate the heterogeneity [16]. Publication bias
was inspected by Deek’s funnel plot and diagnostic odds ratio.

In our meta-analysis, a two-tailed P<0.05 was considered
statistically significant [17].

Results
Characteristics of Subjects

Tables 1 and 2 presented the characteristics of all enrolled
subjects in this study. A total of 152 subjects were recruited in
present study, including 83 glioma patients of various stages
and 69 healthy controls. Among the glioma patients, 36 were
in early stages (I-1I) and 47 were diagnosed as advanced
stages (III-1V). Eight subjects suffered from hypertension
(four in controls, four in glioma patients), four had other
neurologic diseases and one glioma patient had a family
history of cancer. No significant difference in age, gender,
smoking status, and other conditions was observed between
glioma patients and controls.

Expression of Serum MiR-29 Family in Glioma

The expression of serum miR-29 family in glioma patients
and controls was normalized relative to the level of
microRNA-24. As is shown in Fig. 1a, significant difference

Table 1 Demographic and clini-

cal features of the glioma patients Characteristics Controls (n=69) WHO I-I (n=36) WHO II-1V (n=47) P value
and healthy controls
Average age (years) 44.8+11.56 45.6+9.45 47.3+10.87 0.477°
Age (years)
<45 31 22 27 0.210°
>45 38 14 20
Gender
Male 43 17 21 0.123°
Female 26 19 26
Smoking status
Ever and current 10 13 0.144°
Never 59 31 34
Alcohol consumption
Ever and current 6 1 7 0.164°
Never 63 35 40
Hypertension
Yes 4 3 1 0.437°
No 62 33 46
Neurologic diseases
Yes 2 1 1 0.966°
No 67 35 46
Family history of cancer
. Yes 0 0 1 0.325°
. O;le-way ANOVA No 69 36 46
X~ test
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Table 2 Main characteristics of 10 studies included in meta-analysis

First author Year Country Ethnicity  Case Control MiR-29  Cancer site Specimen Diagnostic power

N Age N  Age TP FP FN TN
Huang Z 2010 China Asian 100 51 59 56 miR-29a Colorectal cancer  Plasma 69 6 31 53
Fang C 2012 China Asian 75 54 77 50 miR-29¢c Lymphoma Serum 59 32 16 45
Maclellan S~ 2012 Canada Caucasian 30 63 26 62 miR-29a Oral cancer Serum 23 6 7 20
Wang F 2012 China Asian 52 NR 100 NR miR-29a Leukemia Blood 45 5 7 95
Zhao M 2012 China Asian 43 NR 12 NR miR-29a Lung cancer Tissue 21 2 22 10
Zhu H 2012 China Asian 218 52 48 50 miR-29a Liver cancer Tissue 162 15 56 33
Luo X 2012 China Asian 80 67 144 62 miR-29a Colorectal cancer ~ Plasma 26 13 54 131
SevcikovaS 2013  Czech Republic Caucasian 91 64 30 55 miR-29a Multiple myeloma Serum 80 9 11 21
Zheng J 2013  China Asian 87 NR 96 NR miR-29b Liver cancer Serum 66 29 21 67
Current study 2014 China Asian 83 46 69 45 miR-29a Glioma Tissue 59 23 24 46

TP true positives, FP false positives, FN false negatives, TN true negatives

of relative expression was observed between controls and
patients of advanced stages with P<0.005, which indicated

(A) Expression level of serum miR-29
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Fig. 1 a Expression levels of serum miR-29 family in healthy controls
and glioma patients in early stages (I-II) and advanced stages (III-IV); b
the ROC curves of serum miR-29 family for glioma detection

the sensitivity of serum miR-29 family as a biomarker in
discriminating glioma patients of advanced stages from non-
cancer individuals. In addition, it can be concluded from the
figure that the discrepancy of normalized expression of miR-
29 family in patients of stage I-II and patients of stage I[II-IV
was of low level of significance (P<0.05). It was suspected
that serum miR-29 family might not be an efficient biomarker
in distinguishing low-grade glioma from healthy controls or
classifying glioma cases into certain stage. Moreover, down-
regulated expression of miR-29 family in glioma patients
should be noticed.

Predictive Value of Serum MiR-29 Family in Glioma

To further explore the predictive value of serum miR-29 family
in glioma, ROC curves were established. Figure 1b illustrated
the predictive performance of serum miR-29 family in glioma
detection at different stages. The predictive performance of
serum miR-29 family for glioma at all stage was moderate;
the AUC was 0.74 (95 % CI, 0.67-0.82) and the optimal
sensitivity and specificity were 68.5 and 77.3 %, respectively.
The best predictive performance of serum miR-29 family was
observed in distinguishing patients at advanced stage from
healthy controls, with the highest AUC being 0.81 (95 % CI,
0.73-0.89). The screening value was poor when miR-29 family
was applied for early stage glioma screening, with AUC of 0.66
(95 % CI, 0.58-0.76). An optimal sensitivity of 49 % and an
optimal specificity of 85 % indicated that miR-29 might not be a
sufficient biomarker in early-stage glioma.

Meta-analysis Results of the Predictive Value of miR-29
Family in Human Cancers

A total of 147 studies were retrieved from online literature
searching, and reviewing all the eligible studies manually,

@ Springer
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(A) Sensitivity (B) Specificity
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Fig. 2 Forest plot that showed pooled sensitivity and specificity of miR-29 in cancer detection

10 relevant studies (including current study) of high qual-
ity were involved in our meta-analysis [12, 18, 19, 13,
20-24]. Quality assessments of these studies were per-
formed following the revised quality assessment of diag-
nostic accuracy studies guidelines (Table 2). All the in-
cluded studies were of good quality. Pooled sensitivity
and specificity were calculated according to the data ex-
tracted from enrolled studies and were presented in Fig. 2.
The overall sensitivity and specificity were 0.72 (95 % CI,
0.61-0.80) and 0.80 (95 % CI, 0.70-0.87), respectively.
Random effect model was used since significant hetero-
geneity of sensitivity and specificity (#=90.32 % and I*=
87.03 %) was observed between studies. The pooled
SROC curve was also plotted and illustrated in Fig. 3.
The AUC was 0.83 (95 % CI, 0.79-0.86), suggesting the
relatively high sensitivity and specificity of miR-29 fam-
ily as a biomarker in cancer detection. The potential effect
of publication bias was assessed by Deeks’ funnel plot
asymmetry test. A P value of 0.74 indicated that the
publication bias were not significant (Fig. 4).
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Discussion

Glioma is a common primary central nervous system tumor
with high morbidity, mortality as well as poor 5-year survival
rate. The early diagnosis of glioma is of vital importance for
the prognosis. However, the current methods for glioma
screening are either invasive or expensive. Recently, various
biomarkers have been proposed as novel methods for glioma
diagnosis. For instance, Hormigo et al. demonstrated that glial
fibrillary acidic protein might be a potential predictor of
glioma with its down-regulated expression in serum of glioma
patients, but the specificity of this method was challenged by
the fact that the abnormal expression could also be observed in
various different cerebral lesions [25]. Compared with other
candidates, miRNAs are more stable and the high predictive
value of miR-29 family have been reported in various cancer
screening [26, 27]. This is the first study investigating the
availability of serum miR-29 family in glioma screening.

In the first phase of present study, the predictive value of
serum miR-29 family for glioma was assessed. A total of 83
glioma patients and 69 healthy controls were enrolled.
According to our result, serum miR-29 family exhibited a
moderate predictive value in screening glioma (AUC=0.74;
95%Cl, 0.67-0.82). Interestingly, the sensitivity and specific-
ity were higher when miR-29 family was applied to distin-
guish advanced glioma patients and healthy controls (AUC=
0.81; 95 % CI, 0.73-0.89). Meanwhile, miR-29 family might
not be a sufficient biomarker on detecting early-stage glioma
(AUC=0.66; 95 % CI, 0.58-0.76).

According to the research by Cho et al., miR-29 family
functioned as significant tumor suppressor that could under-
mine the migratory and invasive ability of glioma cells and
played a crucial role in the regulation of glioma carcinogenesis
[28]. Impaired down-regulations of miR-29 family were ob-
served in various malignancies such as lung cancer, breast
cancer, cholangiocarcinoma, and prostatic cancer. The abnor-
mal expression of miR-29 family was more significant in

high-grade cancers, which indicated that the down-
regulation of miR-29 family was associated with the progress
of cancer. To further investigate the potential role of miR-29
family in the overall procedure of carcinogenesis and their
availability in multi-cancer detection, a meta-analysis was
conducted concerning the predictive value of miR-29 family
in various types of cancers.

A pooled sensitivity of 0.72 and a pooled specificity of
0.80 for miR-29 family in multi-cancer screening were ac-
quired from our meta-analysis. It was suggested that miR-29
family may be qualified in multi-cancer detection, with suffi-
cient sensitivity and specificity. Nonetheless, miR-29 family
could be applied as biomarkers for a specific type of cancer;
miR-29 family might also be combined with other miRNAs to
maximize the sensitivity and specificity in cancer screening. It
would be interesting to assess the predictive value of miR-29
family on high-graded cancer.

Some limitations still should be taken into account when
interpreting the results of this study. Firstly, the sample size
might not be adequate, in both phases. The lack of patients and
controls in the first phases limited the applicability of our
results, future studies on larger scales were recommended to
further prove the predictive value of serum miR-29 family on
glioma detection. The meta-analysis was also limited by in-
adequate sample size; future studies could provide more def-
inite evidences. Besides, the expression of miR-29 family in
blood serum was even lower in advanced glioma patients,
which might not be accurately quantified by qRT-PCR.
Although we performed duplicates for all the samples, poten-
tial effect on the overall result might still exist. In meta-
analysis, of all the ten eligible studies, eight were performed
on Asian people, two were conducted in Caucasian popula-
tion, and no African was enrolled. It limited the general
application of our results. Further studies with more
Caucasians and Africans subjects are recommended.

In conclusion, this study manifested that miR-29 family
could be applied as a biomarker for glioma screening. Serum
miR-29 family exhibited a high predictive value in high-
graded glioma, but the sensitivity and specificity for low-
graded glioma detection might not be sufficient. A meta-
analysis concerning the predictive value of miR-29 family in
multi-cancer detection concluded that miR-29 family might be
a sufficient universal biomarker for cancer. Further studies on
potential role of miR-29 family in cancer progressing and
high-graded cancer screening were recommended.
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