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Abstract Biomarkers in blood have become increasingly
appreciated in the diagnosis of glioma, but most of their
diagnostic accuracy was not high enough to be used widely
in a clinical context. MicroRNA-125b (miRNA-125b, miR-
125b), a member of microRNA cluster, is widely considered
as ideal biomarkers for clinical diagnosis in various human
cancers. In the current study, we first explored the diagnostic
value of serum miR-125b for glioma in a Chinese population,
which has not been studied yet. Additionally, we conducted a
meta-analysis to assess the diagnostic accuracy of miR-125b
in human cancers. Serum miR-125b from the 33 patients with
glioma (WHO grades I-1V) and 33 healthy controls were
compared. Our results showed that the serum miR-125b level
was significantly lower in glioma patients when compared
with normal population, and an obvious decreasing trend of
miR-125b level along tumor stages was found. The receiver
operating characteristic (ROC) curve analysis of the accuracy
in distinguishing glioma cancer patients from healthy controls
yielded an area under the curve (AUC) value of 0.839 (95 %
confidence interval (CI), 0.743—-0.935). When glioma patients
at different stages were compared with normal controls, the
AUC values of WHO grade I1 (0.868) and WHO grade I1I-1V
(0.959) were higher than WHO grade I (0.691). In the meta-
analysis, the overall sensitivity, specificity, and AUC for miR-
125b in human cancers diagnosis were 82 % (95 % CI, 76—
87 %), 77 % (95 % CI, 70-84 %), and 0.84 (95 % CI, 0.81-
0.87), respectively. The results of the present study suggested
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that miR-125b could be a potential biomarker with relatively
high accuracy in the diagnosis of glioma as well as other
human cancers.
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Introduction

Glioma accounts the cases of 40 % central nervous system
cancers, whose morbidity reaches approximately 3.7 (male)
and 2.6 (female) in every 100,000 people across the world [1,
2]. Among cancer-related deaths below the age of 70 per year,
7 % were caused by glioma [3]. Glioma can be histologically
divided into grade I to IV in accordance with the World Health
Organization (WHO) criterion [4]. The high mortality rate of
glioma is considered to be related with late diagnosis at
advanced stages, especially glioblastoma. Since the conven-
tional therapies cannot be proven effective and glioblastoma
has its infiltrative development pattern, the disease remains a
clinical challenge with the median survival of only 12—
15 months and a relatively low overall 5-year survival rate
less than 9.8 % over the last decade [2]. However, early
detection of glioma can reduce the mortality to a low level;
thus, diagnostic methods with high accuracy are urgently
needed for glioma patients.

Neuroimaging is a conventional method considered as gold
standard for glioma detection, especially magnetic resonance
imaging (MRI), which relies primarily on the observation of
morphological features of tumors specimens. Although this
imaging technique can be used in early stage diagnosis, it
usually cannot provide reliable conclusion for glioma diagno-
sis and stage determination [5]. Besides, the expensive costs
also hinder the widespread clinical application of MRI in
clinical diagnosis. Over the last decades, biomarkers including
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proteins, DNA, and RNA markers have gained a lot of pop-
ularity in medical research and were used as indicators to
monitor the glioma development. The most common used
biomarkers are some proteins like cancer antigen-125 (CA-
125), cytokeratin-21 fragment (CYFRA21-1), and
carcinoembryonic antigen (CEA), which are supposed to be
less invasive. However, the diagnostic performances of these
biomarkers are unsatisfactory [6]. Recent studies have found
some novel potential biomarkers, but their diagnostic accura-
cy remains to be further confirmed [7-9]. The restrictions of
the present methods and the limited accuracy of current bio-
markers force us to find more effective and less invasive
biomarkers for early diagnosis of glioma, and microRNAs
(miRNAs) may be such ideal biomarkers.

MiRNAs are a family of short non-coding RNA with 18—
22 nucleotides at length, which function in regulation of gene
expression and are involved in a variety of physiological
processes, such as cellular proliferation, differentiation, and
apoptosis [10]. Studies have indicated that the expression of
miRNAs is implicated in tumor growth and carcinogenesis
with a tissue-specific expression pattern [11, 12]. The signif-
icant role of miRNAs in the progression of human cancers,
including glioma, makes them novel and important bio-
markers to distinguish patients from healthy controls [13]. In
addition, the high stability of miRNAs facilitates clinical
cancer diagnosis. Moreover, miRNA can be found in various
specimens including blood, tissue, urine, etc. and can be easily
and accurately measured even in a very small quantity [14]. In
general, miRNAs could be a promising diagnostic tool for
early glioma detection according to the findings mentioned
above.

In recent years, accumulating studies have implied the
possible connection between the irregular expression of
microRNA-125b (miRNA-125b, miR-125b) and several
types of cancers. One of these studies conducted by Mar-
Aguilar et al. in 2013 proved that miR-125b can be a useful
biomarker with high sensitivity and specificity in breast can-
cer diagnosis [15]. Another study suggested that overexpres-
sion of miR-125b was detected as a potential diagnostic tool
for thyroid cancer [16]. Besides, miR-125b was also
employed as a novel marker for the screening of non-small
cell lung cancer and bladder cancer [17, 18]. However, there is
no study focusing on the efficiency of miR-125b expression in
detecting glioma so far. Since miR-125b evenly exists in
astrocytes and neurons, this study was performed in order to
explore the potential of miR-125b profiling in initial screening
process for glioma [19]. Additionally, we conducted a meta-
analysis assessing the diagnostic accuracy of miR-125b in
cancer diagnosis.

The individual studies concentrating on miR-125b assay in
several types of cancer detection have not arrived at a consis-
tent conclusion in diagnostic accuracy. In some studies, a
relatively high accuracy was found. For instance, Si et al.
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reported a sensitivity of 88 % and a specificity of 90 % by
using miR-125b as biomarker for breast cancer diagnosis, and
Mar-Aguilar found a sensitivity of 88.9 % and a specificity of
80 % in breast cancer detection [20, 14]. However, Vriens
et al. found that employing tissue miR-125b as a biomarker
for early stage thyroid cancer only produced a sensitivity of
63 % and a specificity of 72 %, and a specificity of 66.4 % was
found for lung cancer in study by Maetal. [16, 21]. Therefore,
the meta-analysis was conducted after reviewing all the qual-
ified diagnostic test studies, and we hoped to evaluate com-
prehensively the efficacy of miR-125b as a biomarker applied
in various cancer detection.

Materials and Methods
Ethics Statement

We conducted this study by following the international ethical
guidelines for biomedical research involving human subjects,
and we also conformed to the agreement drawn up by Ethics
Committee of Shengjing Hospital of China Medical
University [22]. Every patient participated in the investigation
gave us written informed consent before sample collections
under the approval of the local institutional review board.

Study Design and Patients

The whole study was developed in two stages as follows. The
first stage was performed to explore the potential of serum
miR-125b as a biomarker in initial screening process for
glioma in serum. Consecutive serum specimens were collect-
ed between April 2013 and July 2014 from 33 glioma patients
and 33 healthy controls, and more details about the partici-
pants are listed in Table 1. The 33 patients were diagnosed and
graded by gold method in accordance with the classification of
WHO criteria, including 11 WHO grade I patients, 11 WHO
grade II patients, and 11 WHO grades III-1V patients [4]. The
non-cancer control population comprised 33 normal individ-
uals of matched age, gender, and habits to patients recruited,
without any signs and history of cancer.

In the second stage of our study, we conducted a meta-
analysis to assess the diagnostic accuracy of miR-125b assay
in various cancer diagnoses. We perform a computerized
literature search in international databases (PubMed, Web of
Science, the Cochrane Library, and Embase) and three
Chinese databases (Chinese Biology Medicine, Chinese
National Knowledge Infrastructure, and Wan Fang) for related
articles published before August 12, 2014 without restrictions
in language. Qualified articles should meet some inclusion
criteria as follows: (1) focusing on the diagnostic value of
miR-125b assay for human cancers; (2) involving sufficient
number of subjects; (3) involving cancer patients confirmed
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Table 1  Characteristics of glioma cancer patients and normal group
Variable Normal group Glioma | Glioma II Glioma III-IV P value
Number n=33 n=11 n=11 n=11
Age (years)
Mean 43.7 46.4 42.8 442 0.126°
Range 31.3-55.1 33.7-58.9 32.3-60.1 31.6-57.9
Gender
Male 20 7 6 7 0.969°
Female 13 4 5 4
Habits
Alcohol drinking
Ever and current 8 3 2 4 0.909°
Never 23 7 8 6
Unknown 2 1 0 1
Cigarette Smoking
Ever and current 8 2 2 2 0.981°
Never 22 8 7 8
Unknown 3 1 2 1
Neurological disorders
Yes 2 2 1 4 0.078"
No 31 9 10 7
Family history of glioma
Yes 0 1 0 1 0.248°
No 33 10 11 10
Patient status
Survival 31 8 8 7 0.074°
Death 2 3 3 4
# One-way ANOVA
b xz test

by “gold standard” examinations; and (4) providing necessary
unreplicated data for rebuilding the diagnostic 2 %2 table and
obtaining sensitivity and specificity (Table 2).

Sample Processing and MiRNA Extraction

For the purpose of measuring the differential expression of
serum miR-125b in glioma cancer cases and normal controls,

we utilize PAXgene Blood RNA tubes (BD Biosciences,
Basel, Switzerland) to extract the sample blood, and 100-pum
blood was collected for each subjects. The sample collection
was conducted before radiotherapy, chemotherapy, or surgery,
and intracranial lesions were left out of our study. The spec-
imens were kept under room temperature within 45 min and
then centrifuged at 2500g for 15 min at 4 °C. Serum in
supernatants was reserved after temperature plummet at

Table 2 Main characteristics and quality assessment of included articles with miR-125b

First author, year Country Ethnicity ~ No. of case/control ~ Cancer ~ Sample  Sensitivity (%)  Specificity (%) QUADAS
Ichimi T[17], 2009 Japan Asian 104/31 Bladder Tissue  89.40 77.40 5
Vriens MR[16], 2012 Netherlands ~ Caucasian ~ 104/125 Thyroid Tissue  63.00 72.00 6
Ma Y[21], 2012 China Asian 193/110 Lung Serum  78.20 66.40 4
Mar-Aguilar F[15], 2013  Mexico Caucasian ~ 50/20 Breast Tissue  79.00 88.00 5
Mar-Aguilar F[14], 2013 Mexico Caucasian ~ 61/10 Breast Blood 88.90 80.00 5
Si H[20], 2013 China Asian 100/20 Breast Serum  88.00 90.00 4
Zhang DZ[18], 2014 China Asian 50/21 Bladder  Urine 84.80 76.20 4
Our Study, 2014 China Asian 33/33 Glioma  Serum  78.79 75.76 4
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—80 °C in a tube until RNA extraction. The miRNeasy kit
(Qiagen GmbH, Hombrechtikon, Switzerland) was used
along with the manufacturer’s instruction to extract serum
RNA [23]. Quantitative reverse transcription polymerase
chain reaction (qRT-PCR) was then performed by
employing a 7500 teal-time PCR system (Applied
Biosystems). We analyzed the expression levels of the
serum miR-125b by calculating Ct values as well as
standard deviations by means of comparative cycle thresh-
old (Ct) method. The quantity of target miRNA (miR-
125b) was normalized corresponding to that of miR-24,
which was selected as control miRNAs. The fold change
was calculated according to the equation 2 °°“‘. The
higher Ct value corresponds to the lower expression level
of miR-125b. All the experiments were run in triplicate.

Statistical Analysis

In the first stage, GraphPad Prism 5 software was used to
perform statistical analysis. Data were presented as the mean+
SD for the level of serum miR-125b. Significance of expres-
sion level of serum miR-125b between glioma cases and
healthy controls was analyzed by using student’s ¢ test or
Mann—Whitney. Comparisons between more than two
groups were performed using one-way analysis of vari-
ance (ANOVA), and the differences between groups
were subsequently determined by the Fisher LSD test
when appropriate. Two sides of P values were shown,
and the result was considered statistically significant
when P<0.05. The standard formulas were referred to
when calculating the sensitivity and specificity. The
receiver operating characteristic (ROC) curves were con-
structed to calculate the area under the ROC curve
(AUC) and assess the predictive power of serum miR-
125b for glioma. The optimum sensitivity and specific-
ity generated by ROC curves were resolved by a cost
ratio and pre-test probability.

In meta-analysis, all statistical analyses were per-
formed using STATA 12.0 statistical software [24]. We
employed bivariate regression model to measure follow-
ing parameters with their 95 % confidence intervals
(95 % ClIs): sensitivity, specificity, the positive likeli-
hood ratio (PLR), diagnostic odds ratio (DOR), and
negative likelihood ratio (NLR) [25-27]. The sensitivity
and specificity of single study were used to plot the
summary receiver operator characteristic (SROC) curve
and calculate the corresponding area under the SROC
curve (AUC) [28]. Furthermore, we also assessed pub-
lication bias by using Deeks’ funnel plots as a concern
for meta-analyses of diagnostic studies, and the Fagan’s
nomogram was depicted for calculating post-test proba-
bilities [29].
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Results
Baseline Characteristics of Patients

As shown in Table 1, a total of 33 glioma patients and 33
normal controls were selected. All of these 33 patients with
glioma were histopathologically diagnosed with glioma by
brain biopsy. As for three groups of patients with different
grade of glioma (WHO grade I, II, and III-1V), each group
includes 11 subjects. Before we started the process of sam-
pling, the patients with glioma were newly diagnosed and
confirmed. The mean age of control population and glioma
study population are 43.7 and 44.5, respectively, and the sex
ratio is basically matched. We also investigated habits (alcohol
drinking and cigarette smoking), neurological disorders, and
family history in all subjects, and no remarkable difference
was observed between groups.

Expression Level of Serum miR-125b in Glioma and Healthy
Subjects

We conducted a pilot study to select internal control miRNA
from several candidate miRNAs (miR-15, miR-21, miR-24,
miR-92, miR-145, and miR-221) by quantitative RT-PCR. The
Ct values in glioma cases with grades I, II, I[II-IV, and normal
cases of each candidate miRNA were recorded. The results of
serum miR-24 assay showed a stabilized concentration without
any noteworthy variation between healthy controls and cancer
cases in any stages. Therefore, miR-24 was selected as an internal
control for the normalization of miR-125b.

Figure 1 shows the expression level of serum miR-125b in
glioma patients and controls. By quantitative RT-PCR, the
median relative Ct values of miR-125b were 0.971 and
0.812 in normal cases and glioma cases, and median values
in patients with grades I, I, and III-IV glioma were 0.882,
0.772, and 0.695, respectively. Consequently, serum miR-
125b level was significantly higher in normal population than
in glioma patients (P<0.001). Relations between serum miR-
125b level and stages of glioma were examined when patients

2.0 =

Normalized Expression

0.0

T T T T T
Normal Glioma WHOI WHOIl WHO lil-lvV

Fig. 1 Serum miR-125b expression level among normal controls and
glioma patients in different grades
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separated based on WHO grades, and the gradual de-
crease in miR-125b levels was clearly discernible as the
stage rose. Although expression values of serum miR-
125b did not differ significantly between WHO grade 1
glioma and controls, it was decreased notably for pa-
tients with WHO grades II-IV compared with that in
healthy people (P<0.001).

Diagnostic Accuracy of Serum miR-125b in Glioma

In the next step, the ROC curve analysis was performed to
assess potential usefulness of serum miR-125b as a noninva-
sive biomarker for glioma. As shown in Fig. 2, for
identifying all glioma cancer patients from healthy con-
trols, the sensitivity and specificity were 78.79 and
75.76 % and an AUC yielded a value of 0.839 (95 %
CI, 0.743-0.935). We also explored whether serum miR-
125b could distinguish glioma patients with different
stages. The ROC curve results indicated a significant
increase of AUC as the stages rose. The values went up
from 0.691 to 0.868 for WHO grades I and II, and
WHO grades III-IV had reached a very high level of
an AUC value at 0.959, which suggest a towering
diagnostic accuracy. Correspondingly, the sensitivity
and specificity were 72.73 and 66.67 % for WHO I
grade, 81.82 and 75.76 % for WHO II grade, 90.91
and 87.88 % for WHO grades III-IV.

Fig.2 The ROC curve plotted to
distinguish glioma patients in 1.0-

ROC of All Giloma

Diagnostic Performance of miR-125b With Various Cancers
in Meta-Analysis

In our meta-analysis, 695 patients with various kinds of cancers
and 370 healthy controls from 8 qualified studies (including our
study of glioma) were adopted to further examine the diagnostic
accuracy of miR-125b in cancer detection [14—18, 20, 21]. The
overall sensitivity and specificity were 82 % (95 % CI, 76—
87 %) and 77 % (95 % CI, 70-84 %), respectively. Other
overall parameters calculated were pooled PLR, 3.5 (95 % CI,
2.5-4.8),NLR, 0.23 (95 % CI, 0.16-0.33), and DOR, 15 (95 %
CI, 8-28). Furthermore, we generated the SROC curve. The
value of AUC was 0.84, and its 95 % CI was 0.81-0.87 (Fig. 3).
The relative high AUC implied that miR-125b had a good level
of overall correctness. Goodness of fit and bivariate normality
analyses (Fig. 4a, b) suggested each included study had only
minimal influence on the overall estimates. Influence analysis
(Fig. 4c) and outlier detection (Fig. 4d) identified no outlier
studies. Besides, the Deeks’ funnel plot asymmetry test was
used and a P value of 0.2, suggesting no significant publication
bias. Figure 5 depicted the Fagan’s nomogram, which describes
how to use diagnostic finding from miR-125b assay to calculate
post-test probability of cancers. Specifically, for any people
with a pre-test probability of 25 % to have cancers, if a positive
result with PLR value at 3, the post-test probability to have
cancers would rise to 54 %; by contrast, a negative result with
NLR value at 0.23 would lower the post-test probability to 7 %
in the same condition.
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Fig. 3 The SROC of the miR-125b assay for cancer diagnosis. Circle
observed data, filled diamond summary operating point—SEN=0.82
[0.76—0.87]; SPE=0.76 [0.69—-0.83], solid line SROC curve—AUC=
0.84 [0.81-0.87]

Discussion

Glioma is a representative central nervous system cancer with
a quite low 5-year survival rate as the grade gets higher,
especially in WHO grades III-IV. Conventional method for
glioma detection is neuroimaging, which is considered as gold
standard but can hardly avoid limitations such as invasive
process, expensive cost, and unwarrantable accuracy. To over-
come these shortcomings, biomarkers in blood have become a
hot research field. Since most current protein biomarkers
cannot reach certain level of sensitivities or specificities,
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Fig. 5 Fagan’s nomogram for estimating post-test possibilities. Filled
diamond prior prob (%)=25, solid arrow LR_positive=3; post_prob_pos
(%)=54, dashed line LR_negative=0.23; post_prob_neg (%)=7

miRNAs are widely studied as ideal biomarkers for clinical
applications which can be sampled noninvasively and cost-
effectively. Among these miRNAs, miR-125b has been
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recently searched and irregular expression was found in var-
ious cancers. Nevertheless, we haven’t found any study
concerning the diagnostic efficiency of miR-125b assay in
glioma detection. Consequently, the first stage present study
was performed to explore the potential of serum miR-125b
profiling in initial screening process for glioma.

In our study, the promising role of serum miR-125b in
glioma diagnosis were supported by the evidence that the
expression level of serum miR-125b decreased notably in
glioma patients compared with healthy controls. Besides, the
expression level declined as stages went higher, and the level
of WHO IV/III-IV became fairly low compared with that of
normal cases (both P<0.001), which indicated a desired dis-
criminating power of serum miR-125b in glioma patients
especially at upper-middle stages. Furthermore, we generated
ROC curves to examine the diagnostic value of serum miR-
125b for glioma in different stages. The AUC displayed a
global summary of the trial performance, and the value of
0.839 in all glioma patients shown a relatively fine overall
accuracy in diagnosis. When WHO grades 1, 11, and III-1V
glioma patients were compared with normal population, the
AUC yielded a value of 0.691, 0.868, and 0.959, respectively.
The markedly high AUC values of WHO grades [I-1V par-
ticularly (associated with 90.91 % sensitivity and 87.88 %
specificity for WHO grades III-1V) demonstrated the accura-
cy of serum miR-125b as a steady biomarker in stratifying
glioma patients. All in all, the results of our analysis here are
clinically meaningful, showing that serum miR-125b could
diagnose patients with glioma in a relatively high accuracy
especially at upper-middle stages.

Furthermore, the meta-analysis was conducted to assess the
diagnostic accuracy of miR-125b in cancer diagnosis. Overall,
the results revealed that employing miR-125b as biomarkers
for cancer detection achieved a summary sensitivity of 82 %
(95 % CI, 76-87 %), specificity of 77 % (95 % CI, 70-84 %),
which may turn out 18 % false-negative and 24 % false-
positive test results but is more accurate than other conven-
tional biomarkers. The high AUC of 0.84 reflects an overall
high level of diagnostic accuracy. We also obtained the pooled
PLR and NLR, the values of which were 3.5 and 0.23,
respectively. These two likelihood ratios are considered clin-
ically meaningful, which represent that the cancer patients
commit a 3.5-fold higher chance of being miR-125b assay-
positive than healthy controls, and a miR-125b assay-negative
result is 23 % likely to be a false-negative, showing a moder-
ate ability for clinical discrimination. Plus, the Fagan’s nomo-
gram showed the importance of miR-125b assay as initial
screening method to calculate post-test probabilities of can-
cers. Taken together, miR-125b can be employed as invasive
and efficient clinical biomarkers with a comparative correct-
ness in cancer diagnosis.

In summary, we have defined the first serum miR-125b
signature in glioma. Our results suggested that serum miR-

125b may serve as a platform for glioma biomarker develop-
ment, especially for WHO grades II-1V glioma. Furthermore,
results from present meta-analysis also suggested that the
miR-125b could be a potential biomarker with relatively high
accuracy in the diagnosis of other human cancers.
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