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Abstract

Objective The aim of this study was to investigate whe-
ther miR-15a has prognostic relevance in human gliomas.
Methods The expression levels of miR-15a were ana-
lyzed in glioma surgical resection tissues by microarray
and quantitative real-time PCR. Survival analysis by the
Kaplan—Meier method was performed to assess prognostic
significance.

Results Downregulation of miR-15a was detected in most
primary gliomas, which was confirmed by qRT-PCR ana-
lysis. Additionally, the down-regulation of miR-15a was
significantly associated with the WHO grade (P = 0.003),
the low KPS (P = 0.027), time to recurrence (P = 0.044)
and the poor OS (P = 0.046). Using Kaplan—Meier ana-
lysis, a comparison of survival curves of low versus high
expresser of miR-15a revealed a highly significant differ-
ence in OS (P = 0.001) and DFS (P = 0.006), which
suggested that low expression of miR-15a is associated
with a worse prognosis. Multivariate analyses showed that
miR-15a expression was independent risk factors predict-
ing OS [Hazard ratio (HR), 7.52; 95 % confidence interval
(CD), 2.63-21.47; P = 0.002] and DFS [HR, 11.56; 95 %
CI, 5.17-25.96; P < 0.001] in glioma.

Conclusions These findings indicated for the first time
that the expression of miR-15a is significantly correlated
with prognosis in glioma patients, suggesting that the miR-
15a may serve as independent prognostic marker.
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Introduction

Glioma is the most common primary malignant brain tumor
[1]. Gliomas account for approximately 80 % of primary
malignancies of the brain, and result in more years of life
lost than any other tumor [2]. Despite multimodal therapy,
the disease remains one of the most lethal malignancies in
humans, and the overall survival (OS) rate of high-grade
gliomas is 40 % at 1 year, and the 5-year survival rate is less
than 10 % [3], so, new approaches to improve the efficacy of
anti-glioma treatments are urgently needed. Thus, new pre-
cise prognostic predictors and more effective therapies for
glioma should be developed based on a better understanding
of the molecular pathogenesis of glioma.

Previous reports have shown that expression of miRNAs
is deregulated in various types of human cancers including
breast cancer, colon cancer, lung cancer, pancreas cancer,
and chronic lymphocytic leukemia [4-8]. Recently, a
number of studies indicated that miRNAs are associated
with the clinical features and outcomes of human glioma.
For instance, miR-26a, miR-21, and miR-486 levels in
glioma tissues correlate closely with clinical staging and
inversely with disease prognosis and patient survival,
respectively [9-12]. miR-15a, a recently described micr-
oRNA, has been proved to be associated with carcino-
genesis and progression in various human malignancies
such as multiple myeloma and renal tumor [13, 14].
However, the expression of miR-15a in glioma and its
association with clinicopathologic characteristics and
prognosis have not been reported yet.
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In the present study, based on these various aspects of
the miR-15a function, we evaluated the expression pattern
of miR-15a in glioma specimens and paratumor tissues,
and analyzed the relationship of miR-15a expression with
glioma clinicopathologic characteristics and prognosis of
patients.

Materials and methods
Patients and tissue samples

The study was approved by the ethics committee of The
First People’s Hospital of Jingmen. Briefly, fresh clinical
glioma specimens were obtained from 128 patients who
underwent surgery between October 2000 and September
2003. None of the patients has received radiotherapy or
chemotherapy prior to surgery. Twenty-one normal brain
tissue samples were taken from patients who underwent
surgery for reasons other than malignancy such as cerebral
trauma which served as the control. Histomorphology of all
the specimens was confirmed by the Department of
Pathology, The First People’s Hospital of Jingmen. Grad-
ing of the specimen was done based on WHO classification
(Grade I-1V). Specimens were put immediately into liquid
N, after surgical resection for 10 min, then into a —70 °C
ultra-freezer for mRNA isolation. In the follow-up period,
OS was measured from diagnosis to death or last follow-
up. Patients’ clinical information, such as age, sex, Kar-
nofsky performance score (KPS) and WHO grade, was
collected and stored in a database. There were 66 cases, 11
cases, and 55 cases who received radiotherapy, chemo-
therapy, and radiotherapy and chemotherapy, respectively.
Follow-up information of all eligible patients was updated
every 3 months by telephone visit and questionnaire letters.
OS was calculated from the date of initial surgical opera-
tion to death. Patients who died of diseases not directly
related to glioma had been excluded from this study. Death
of participants was ascertained by reporting from the
family and verified by review of public records.

RNA extraction from surgical resection tissue
and quantitative real-time PCR (qQRT-PCR)

Total RNA was purified from all the 128 glioma tissues and
21 control brain tissues as recommended by the manufac-
turer using Trizol reagent (Invitrogen, Carlsbad,CA, USA).
Only those total RNA samples with OD A260/A280 ratio
close to value of 2.0, which indicates that the RNA is pure,
were subsequently analyzed. Real-time absolute quantifi-
cation was utilized to insure the quality of samples. The
miR-15a-specific cDNA were synthesized from total RNA
using gene-specific primers according to the TagMan

MicroRNA assay protocol (Applied Biosystems, Foster
City, CA, USA). The reverse transcription products were
then amplified and detected by real-time PCR using Tagq-
man MicroRNA Assay (Applied Biosystems) specific for
hsa-miR-15a. RNU6B was used as an internal control. The
following primers were used: miR-15a 5-GCTAGCAG-
CACATAATGGTTTGTG-3' (forward); 5-GTGCAGGG
TCCGAGGTATTC-3' (reverse); and RNU6B 5'-
CTCGCTTCGGCAGCACA-3' (forward); 5-AACGCTT-
CACGAAT TTGCGT-3' (reverse). The internal control
18 s TRNA primers were 5'-CGCCGCTAGAGGTGAA-
ATTC-3' and 5'-TTGGCAAATGCTTTCGCTC-3'. Each
sample was examined in triplicate and the raw data were
presented as the relative quantification of miR-15a
expression evaluated by the comparative cycle threshold
(CT) method, normalized with respect to RNU6B. Relative
expression of miR-15a was calculated by 22T method.
Mean normalized miR-15a expression & standard devia-
tion (SD) was calculated from triplicate analysis. Real-time
PCR was performed using an ABI 7500 system (Applied
Biosystems) and comparative pAACT analysis was per-
formed using SDS 2.2.2 software (Applied Biosystems).

miRNA microarray assay and data analysis

Microarray was executed in six glioma surgical resection
tissues and six non-neoplastic tissues paired with glioma.
The Affymetrix miRNA 3.0 Technology platform was
used, which contains 1,733 mature human miRNAs. Total
RNA was exerted gradually by poly(A) tailing, biotin
labeling, hybridization, washing, staining, and scanning
with Affymetrix Scanner 3000 (Affymetrix) according to
the manufacturer’s guidelines.

Expression Console software (version 1.3.1, Affymetrix)
was used to analyze array images to get raw data and then
offered RMA normalization. Next, Genespring software
(version 12.5, Agilent Technologies) was used in the fol-
lowing data analysis. Probes that, at least one group out of
all samples, have flags in “P” were chosen for further data
analysis. Differentially expressed miRNAs were then
identified through fold change and P value comparison.
The stringent threshold set for up and down-regulated
genes was a fold change >2.0 and p value <0.05. Unsu-
pervised hierarchical clustering was performed to show the
distinguishable miRNA expression pattern among samples.

Follow-up

None of the patients suffered major perioperative compli-
cations, and all were discharged from the hospital. Survival
time is defined as the date of last follow-up since surgery or
the date of death. All patients were followed up for 5 years.
The closing date for follow-up was August 31st, 2013, and
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if the follow-up was incomplete, patients or their families
were contacted by telephone thereafter. The median fol-
low-up time was 42.8 months (range 5.6-62.3 months).

Statistical analysis

All statistic analyses were performed using SPSS ver-
sion13.0 software (SPSS Inc., Chicago, USA). The mea-
surement data were analyzed by one-way ANOVA.
Randomized block design ANOVA was used to analyze the
statistical difference among different tissue types. Associ-
ations between miR-15a expression and clinicopathological
characteristics were analyzed by Mann—Whitney test or
Kruskal-Wallis test. Survival curves were plotted using the
Kaplan—-Meier product-limit method, and differences
between survival curves were tested using the log-rank test.
Cox’s proportional hazards model was used to identify the
factors that have significantly independent influence on
survival. Statistical significance was set at P < 0.05.

Results

MiRNAs profiling in glioma surgical resection tissues
and qRT-PCR

To identify miR-15a expression alterations in glioma tis-
sues and non-neoplastic tissues, we performed miRNA
microarray analysis in six glioma surgical resection tissues
and six non-neoplastic tissues. Among the 26 differentially
expressed miRNAs, miR-15a, was down-regulated (Fig. 1).
To validate the miRNA expression changes on the
miRNA microarray, we employed qRT-PCR to measure the
levels of miR-15a in 128 glioma surgical resection and 21
non-neoplastic tissues. We first determined the mRNA
expression of miR-15a normalized to RNU6B by quantita-
tive real-time PCR. Results showed that the relative
expression of miR-15a in glioma was 2.73 + 0.96
(mean + SD), which was significantly lower compared with
7.42 £ 1.68 in normal brain tissues (P < 0.001). To facili-
tate further analysis, we defined glioma specimens with
miR-15a levels less than mean expression level (2.73) as low
miR-15a expression group, while specimens with miR-15a
levels no less than mean level were defined as high miR-15a
expression group. Consistent with the results by miRNA
microarray, qRT-PCR confirmed the down-regulation of the
miR-15a in glioma surgical resection (p < 0.05) (Fig. 2).

Correlation of miR-15a expression
and clinicopathological features in glioma

When comparing the miR-15a status with clinicopatho-
logical variables, we found significant positive correlations
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between miR-15a expression and WHO grade (P = 0.003),
KPS (P = 0.027), time to recurrence (P = 0.044), and
survival (P = 0.046) (Table 1).

Relationship between miR-15a and OS and DFS
of glioma patients

To investigate the prognostic value of miR-15a for glioma,
we performed univariate survival analysis of miR-15a
expression and factors including age, gender, location,
tumor size, WHO grade, KPS, surgery, adjuvant treatment,
time to recurrence, and survival in patients with glioma. In
the univariate Cox proportional hazard regression model
analysis shown in Table 2, WHO grade (P = 0.007), KPS
(P = 0.025), time to recurrence (P = 0.031), survival
(P = 0.004), and expression of miR-15a (P = 0.001) were
significantly associated with OS. The WHO grade
(P = 0.009), time to recurrence (P = 0.017), survival
(P = 0.028), and expression of miR-15a (P = 0.006) were
significantly associated with disease-free survival (DFS).
Consequently, patients with tumors with high expression of
miR-15a had a better prognosis than those with tumors
having low miR-15a expression. The log-rank test showed
that the OS time of patients with glioma was significantly
different between the group with high miR-15a expression
and the low miR-15a group (P = 0.007) (Fig. 3a). In
patients with glioma, the low miR-15a expression group
had shorter DFS time, whereas, the high miR-15a expres-
sion group had better survival (Fig. 3b).

To further investigate whether the expression of miR-
15a is an independent prognostic factor for glioma, we
performed a multivariate Cox regression analysis of OS
and DFS (Table 3). The expression of miR-15a
(P = 0.002), WHO grade (P = 0.016), KPS (P = 0.001),
time to recurrence (P = 0.003), and survival (P = 0.046)
showed a significant association with OS. The expression
of miR-15a (P < 0.001), WHO grade (P = 0.011), KPS
(P = 0.002), time to recurrence (P = 0.040), and survival
(P = 0.003) showed a significant association with DFS.
These results showed that the expression of miR-15a was
an independent prognostic factor for glioma.

Discussion

MiRNAs (known as a class of small, non-coding RNASs)
play a pivotal role in the development of the malignant
phenotype of glioma cells, including cell survival, prolif-
eration, differentiation, tumor angiogenesis, and stem cell
generation. Discoveries of the biological significance of
miRNAs dysregulation in glioma cells not only fill some
disconnected gaps between previously identified, but dis-
connected, mechanistic components underlying the
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Fig. 1 Differentially expressed miRNAs in glioma tissues. Color gradation indicates the relative expression level of miRNAs from low

expression (green) to high expression (red). NT, paratumor; T, tumor
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Fig. 2 a miR-15a relative expression in glioma and paratumor was
analyzed by qRT-PCR. The relative amount of miR-15a mRNA in
glioma was lower than in the corresponding paratumor tissue, the
difference were statistically significant (**P < 0.001). b The

pathogenesis of the disease, but also provide a model
system through which the role of miRNA in tumorigenesis
and cancer progression can be better understood.

In the present study we focus on investigating the cor-
relation between the expression of low level of miR-15a
and prognosis. The main findings of our study are as

(B)
NT T NT T

electrophoretogram of qRT-PCR of miR-15a from paired glioma
tissues and paratumor tissues, RNU6B was used as an internal control.
NT paratumor, T tumor

follows. First, there was high expression of miR-15a in
non-neoplastic brain tissues, but decreased expression of
miR-15a was observed in the glioma tissues; second, the
decreased expression level of miR-15a was both associated
with WHO grade, KPS, time to recurrence, and survival of
glioma patients. These results imply that miR-15a may
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Table 1 The relationship of

expression of miR-15a in Variable Cases miR-15a expression $ P
glioma and clinicopathological Low High
characteristics
Gender
Male 101 72 29 0.697 0.404
Female 27 17 10
Age
<60 years 68 50 18 2.600 0.107
>60 years 60 39 21
Location
Parenchyma 85 62 23 1.389 0.239
Ventricular 43 27 16
Tumor size
<3 cm 29 24 5 3.097 0.078
>3 cm 99 65 34
WHO grade
1 13 6 7 14.299 0.003**
I 29 14 15
il 59 48 11
v 27 21 6
KPS
<80 99 64 35 4.922 0.027*
>80 29 25 4
Surgery
Gross total resection 27 21 6 1.098 0.295
Partial resection 101 68 33
Adjuvant treatment
Radiotherapy 66 46 20 0.164 0.921
Chemotherapy 11 7 4
Radiotherapy and chemotherapy 52 36 16
Time to recurrence
0-3 months 52 31 21 4.065 0.044*
3-62.3 months 76 58 18
Survival
KPS, karnofsky performance 0-15 months 40 23 17 3.975 0.046*
score * statistically significant 15-62.3 months 88 66 22

p <0.05, * p <001

function as a tumor suppressor in glioma though the
underlying mechanism of this relationship has not been
well characterized.

Moreover, it has been increasingly revealed that
abnormalities in the expression level of particular miRNAs
might represent a new class of benchmarks indicative of
the presence and progression of glioma tumors, and
therefore might be of prognostic value. In this study, the
prognosis of glioma patients with low expression level of
miR-15a was poor, and univariate and multivariate Cox
regression analysis indicated that low expression level of
miR-15a was significant prognostic factors for a poor OS
and DFS of glioma patients. Our data suggest that miR-15a

@ Springer

may serve as markers for poor prognoses. Why does the
miR-15a has such a strong effect on prognosis? The pos-
sible mechanisms responsible for this association are as
follows. First, miR-15a inhibits NF-xB pathway, because
block aberrant NF-xB activity plays a pivotal role in pro-
moting glioma cell invasion and migration [13, 15-17];
second, miR-15a exerts antiangiogenic activity during
tumor progression [13]. Accumulated evidence has shown
that high vascular density, glomeruloid vessels in particu-
lar, and pro-angiogenic factor upregulation are indicative
of poor prognosis for patients with gliomas [18]; Third,
miR-15a may implicate in inducing tumor apoptosis [19,
20]. Most importantly, the underlying molecular
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Table 2 Umvaru.ite Cox Parameter Overall survival Disease-free survival
regression analysis of OS and
DEFS in glioma Log-rank P value Log-rank P value
test test
Age (<60, >60 years) 2.113 0.146 0.171 0.68
Gender 0.651 0.420 2.501 0.475
Location (parenchyma, ventricular) 0.344 0.558 0.136 0.712
Tumor size (<3.0 cm, >3.0 cm) 0.186 0.666 1.890 0.169
WHO grade (LILIILIV) 7.376 0.007**  6.875 0.009%*
KPS (<80, >80) 5.029 0.025*  0.374 0.541
Surgery (gross total resection, partial resection) 1.344 0.246 0.478 0.490
Adjuvant treatment (radiotherapy, chemotherapy, radio- and ~ 1.103 0.294 2.368 0.124
chemotherapy)
Time to recurrence (<3 months, >3 months) 4.163 0.031*  3.467 0.017*
KPS, Karnofsky Performance Survival (<15 months, >15 months) 8.075 0.004%* 4.843 0.028*
[SjCzrg.;;t;akis]tjlcilloy-osllgnlhcant miR-15a expression (low, high) 12.932 0.001**  7.596 0.006%**
Fig. 3 Survival curves of 128 (A) (B)
patients with glioma. a overall 100 - == High Expression = 100 == High Expression
survival; b disease-free survival g -== Low Expression % -=- Low Expression
of patients with tumors with low = 801 2 %09
1 1 > -
or high expression levels of Ty S 6
miR-15a s ®
% 40 4 g 40 4
S P=0.007 3 P=0.019
> 20 49 3 20 49
° 2
0 —T — a o ——
0 10 2 30 40 50 60 70 0 10 20 30 40 50 60 70
Months Months

Table 3 Multivariate Cox regression analysis of OS and DFS in glioma

Parameter Overall survival Disease-free survival

HR (95 %CI) P value HR (95 % CI) P value
WHO grade (I, 11, III, IV) 1.64 (0.82-3.37) 0.016* 1.33 (1.26-2.19) 0.011%*
KPS (<80, >80) 4.89 (1.87-12.81) 0.001* 3.95 (1.68-9.36) 0.0027%*
Time to recurrence (<3 months, >3 months) 2.91 (1.54-6.08) 0.003** 2.73 (1.12-7.16) 0.040*
Survival (<15 months, >15 months) 2.26 (1.09-5.17) 0.046* 2.69 (1.46-5.06) 0.003*3*
miR-15a expression (low, high) 7.52 (2.63-21.47) 0.002%3* 11.56 (5.17-25.96) <0.001%*

KPS Karnofsky Performance Score * statistically significant p < 0.05, ** p < 0.01

mechanism may ultimately help in the development of
innovative therapeutic strategies against glioma.

In conclusion, our data reveal that it might be an
intrinsic regulator of tumor progression and a potential
prognostic factor for this dismal disease. miR-15a can also
be used in the adjuvant treatment decision and this could
have great clinical value.However, the biological functions
of miR-15a and its role as a tumor suppressor are worth to
be further investigated.
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