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Accumulating evidence indicates that miRNA expres-
sion can be used as a diagnostic and prognostic
marker for human cancers. We report that the expres-
sion level of miR-182 was markedly up-regulated in
glioma cell lines and in human primary glioma spec-
imens. Quantitative PCR analysis showed that miR-
182 was significantly increased by up to 32-fold in
glioma tumors compared with the adjacent nontumor
brain tissues obtained from the same patient. Elevated
expression of miR-182 was further identified by in
situ hybridization in 248 of 253 (98%) archived hu-
man glioma biopsies tested. Statistical analysis re-
vealed a significant correlation between miR-182 ex-
pression and World Health Organization glioma
grading (P < 0.001). The cumulative 5-year survival
rate of glioma patients was 51.54% (95% confidence
interval, 0.435 to 0.596) in the low miR-182-expres-
sion group, whereas it was only 7.23% (95% confi-
dence interval, 0.027 to 0.118) in the high miR-182-
expression group (P = 0.001), and multivariate Cox
regression analysis indicated that miR-182 expression
was an independent prognostic indicator for the sur-
vival of glioma patients. Moreover, the correlations of
miR-182 level with the clinical features of glioma sug-
gested in the in situ hybridization analysis were fur-
ther verified by the real-time RT-PCR analysis. Taken
together, our results suggest that miR-182 could be a
valuable marker of glioma progression and that high
miR-182 expression is associated with poor overall

survival in patients with malignant glioma. (4m J
Pathol 2010, 177:29-38; DOI: 10.2353/ajpath.2010.090812)

Gliomas, which represent approximately 70% of all brain
tumor cases, are the most common and malignant tumors in
the brain of humans, and the overall prognosis for patients
inflicted with malignant gliomas is poor.” The cumulative
1-year survival rate of glioma patients is less than 30%. The
median survival time for glioblastoma multiforme (GBM), the
grade IV gliomas, is only 15 months.2 Although significant
improvements have been made in neurosurgical tech-
niques, development of new chemotherapeutic agents, and
exploitation of accurate radiotherapy, extremely poor progno-
sis of malignant gliomas remains unchanged over the last
three decades.>* Therefore, it is an urgent clinical challenge to
identify sensitive and specific early biomarkers for the diagno-
sis and prognosis of this malignancy, as well as to develop
new therapeutic strategies for this deadly disease.
MicroRNAs (miRNAs) are single stranded and noncod-
ing RNAs that play important roles in many biological pro-
cesses.® During the initiation and progression of human
cancers, miRNAs have been shown to modulate cell prolif-
eration, survival, and tumor angiogenesis, invasion, and
metastasis.®® Dysregulation of miRNA expression has
been found in various types of human cancers including
cancers occurring in breast, colon, lung, liver, pancreas,
chronic lymphocytic leukemia, and malignant gliomas.'©~'¢
While the molecular mechanisms of miRNA-mediated gene
regulation are still under investigation, emerging studies
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suggest that miRNA expression signatures can be diagnos-
tically and/or prognostically indicative for human cancers."”
For example, miRNA profiles of acute lymphocytic leukemia
could categorize patients with different molecular patholo-
gies into different subgroups.™ A unique miRNA signature
was found to be associated with prognostic factors and
disease progression in chronic lymphocytic leukemia.'® A
statistical miRNA profile that differed with tumor histology
distinguished lung adenocarcinomas from noncancerous
lung tissues and correlated with the prognosis of patients
with lung cancers.® A five-miRNA signature was identified
as a potential independent predictor of cancer relapse and
survival of non-small-cell lung cancer patients.'® An onco-
miRNA, miR-21, was drastically up-regulated in various
types of human cancers, including gliomas, and associated
with prognosis and therapeutic outcome in colon and
breast cancers.'®?°722 Acute myeloid leukemia patients
with high expression of miR-191 and miR-199a had signifi-
cantly lower overall and event-free survival rates than AML
patients with low expression of the miRNAs."® Reduced
expression of let-7 miRNA in human lung cancer and ovar-
ian cancer was associated with shortened postoperative
survival.?>2% Taken together, a body of evidence has sug-
gested that miRNA expression might be a clinically useful
marker for analyzing molecular pathogenesis of human
cancers and developing targeted therapies or selecting
high-risk cancer patients for adjuvant chemotherapies.
Recently, we examined the levels of 450 miRNAs in hu-
man primary glioma tissues of varying World Health Orga-
nization grades by microarray analyses and found that miR-
182 was significantly up-regulated in glioma tissues as
compared with normal brain tissues. In the present study, we
characterized the miR-182 expression in a cohort of 253 glio-
mas specimens including World Health Organization grade |
to IV tumors. Our results suggested that expression of miR-182
was associated with the progression of human gliomas with
significant prognostic value and thus might represent a useful
prognostic marker and a potential target for gliomas therapies.

Materials and Methods
Cell Lines

Primary normal human astrocytes (NHA) were purchased
from the Sciencell Research Laboratories (Carlsbad, CA)
and cultured as recommended by the manufacturer. Glioma
cell lines LN18, U87, U118, T98 (American Type Culture Col-
lection, Manassas, VA), SNB19 (from Y .-H. Zhou, University of
California, Irvine, CA), A172, U138, U251, and U373 (our own
collections®®) were grown in the Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum (Hy-
Clone, Logan, UT) and 100 units penicillin-streptomycin at
37°C with 5% CO, atmosphere in a humidified incubator.

Patients and Tissue Specimens

A total of 253 paraffin-embedded glioma specimens (only
astrocytomas were included and no oligodendrogliomas
were used), which had been clinically and histopatholog-
ically diagnosed at the First Affiliated Hospital of Sun

Table 1. Clinicopathological Characteristics of Studied
Patients and Expression of miR-182 in Gliomas

No. of
Characteristics cases %

Sex

Male 172 67.98

Female 81 32.02
Age, years

=45 154 60.87

>45 99 39.13
Gliomas histopathology (World Health

Organization grading)

Grade | 29 11.46

Grade |l 79 31.23

Grade |l 99 39.13

Grade IV 46 18.18
Patient survival (n = 119)

Alive 41 34.45

Deceased 78 65.55

Survival time for low miR-182

expression group, months
Median 42.00
Survival time for high miR-182

expression group, months

Median 23.00
miR-182 expression (in situ
hybridization)
Negative 5 1.98
Positive 248 98.02
Low expression (S| < 6) 123 48.62
High expression (S| = 6) 130 51.38

Yat-Sen University from 2000 to 2005, included World
Health Organization grade | to IV tumors. The grade |
gliomas used in the study were pilocytic astrocytomas.
Among the 253 cases collected, survival information for
119 cases was available. For the use of these clinical
materials for research purposes, patient’s consents and
approval from the Institutional Research Ethics Commit-
tee were obtained. Clinical information of these samples
is described in detail in Table 1. The purity in sections
adjacent to the regions used for in situ hybridization (ISH)
analysis and RNA extraction was validated through routine
histopathological analysis. Three normal brain tissue sam-
ples were obtained by collecting donations with consents
from individuals who died in traffic accidents and were
confirmed to be free of any prior pathological lesions.

RNA Extraction and Real-Time RT-PCR

Total miRNA from cultured cells, fresh surgical glioma
tissues, and paraffin-embedded, archived clinical glioma
specimens was extracted by using the mirVana miRNA
Isolation Kit (Ambion, Austin, TX) according to the man-
ufacturer’s instructions. CDNA was synthesized from 5 ng
of total RNA by using the Tagman miRNA reverse tran-
scription kit (Applied Biosystems, Foster City, CA), and
the expression levels of miR-182 were quantified by using
miRNA-specific TagMan MiRNA Assay Kit (Applied Bio-
systems). Real-time RT-PCR was performed by using
the Applied Biosystems 7500 Sequence Detection sys-
tem. The expression of miRNA was defined based on
the threshold cycle (Ct), and relative expression levels
were calculated as 27 [(Ct of miR-182) = (Ct of US) gfter



normalization with reference to expression of U6 small
nuclear RNA.

In Situ Hybridization and Data Analyses

In situ hybridization analysis was performed as previously
described." Briefly, thin sections in 4-um thickness of
paraffin-embedded specimens were deparaffinized with
xylene and rehydrated with an ethanol dilution series from
100% to 25%. Sections were treated with 40 wg/ml pro-
teinase K in 0.2% glycine at 37°C for 5 minutes and 30
seconds and re-fixed in 4% paraformaldehyde. Slides
were prehybridized in a hybridization solution (50% for-
mamide, 5X standard saline citrate, 0.1% Tween, 9.2
mmol/L citric acid for adjustment to pH 6.0, 50 ug/ml
heparin, 500 ug/ml yeast RNA) at 49.5°C for 2 hours.
Subsequently, 20 nmol/L of a Locked Nucleic Acid-mod-
ified, 5'digoxigenin (DIG) labeled oligonucleotide probe
complementary to miR-182 or a scrambled control probe
was added to 100 wl of the hybridization solution and
hybridized at a temperature of 49.5°C overnight. Sections
were rinsed twice in 5X standard saline citrate, followed
by three washes of 20 minutes at 50°C in 50% form-
amide/2X standard saline citrate and subsequently five
times washes in PBS/0.1% Tween-20, and blocked in
blocking solution (2% goat serum, 2 mg/ml bovine serum
albumin in Phosphate Buffered Saline with Tween-20) at
room temperature for 1 hour. An anti-DIG antibody (1:
1000; Roche, Mannheim, Germany) was applied, and the
sections were incubated at 4°C overnight. After washing
in a staining solution (10 mmol/L Tris-HCI pH 9.0, 50
mmol/L MgCl,, 100 mmol/L NaCl, 0.1% Tween-20), the
sections were incubated with the Nitro-Blue Tetrazolium
Chloride/5-Bromo-4-Chloro-3'-Indolyphosphate p-Toluidine
(NBT/BCIP) developing solution (50 ml staining solution,
240 wl of 50 mg/ml NBT, 175 wl of 50 mg/ml BCIP) and
rinsed in PBST followed by double distilled water. The sec-
tions were then dehydrated and mounted with Entellan.
The expression of miR-182 in a total of 253 paraffin-
embedded glioma specimens, randomly divided into two
cohorts, were examined by the same group of four inves-
tigators, using in situ hybridization analyses. Furthermore,
the signals of in situ hybridization of tissue sections were
examined and scored separately by two independent
investigators blinded to the histopathological features
and patient data of the samples. The scores were deter-
mined by combining the proportion of positively stained
tumor cells and the intensity of staining. The proportion of
positively stained tumor cells was graded as follows: O,
no positive tumor cells; 1, <10% positive tumor cells; 2,
10% to 50% positive tumor cells; and 3, >50% positive
tumor cells. The cells at each intensity of staining were
recorded on a scale of 0 (no staining), 1 (weak staining,
light blue), 2 (moderate staining, blue), and 3 (strong
staining, dark blue). For tumors that showed heteroge-
neous staining, the predominant pattern was taken into
account for scoring. The staining index (Sl) was calcu-
lated as follows: staining index = staining intensity X
proportion of positively stained tumor cells. Using this
method, the expression of miR-182 in gliomas was evalu-
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ated by S, scored as 0, 1, 2, 3, 4, 6, or 9. Cutoff values to
define the high- and low-expression of miR-182 were cho-
sen on the basis of a measurement of heterogeneity with the
log-rank test statistic with respect to overall survival. Be-
cause the optimal cutoff Sls were identified from the current
study as 6, an Sl score =6 was taken to define tumors as
high expression, and Sl <6 to define tumors as low expres-
sion of miR-182.

In situ hybridization signals for miR-182 expression in
tumor and normal tissues were quantified by using the
AxioVision Rel.4.6 computerized image analysis system
assisted with the automatic measurement program (Carl
Zeiss, Oberkochen, Germany). The method of Mean Op-
tical Density (MOD) was preformed as previously repor-
ted.?® Briefly, the stained slides were evaluated at 200X
magnification by using the SAMBA 4000 computerized
image analysis system assisted with Immuno 4.0 quanti-
tative program (Image Products International, Chantilly,
VA), and 10 randomly picked fields in each specimen
were analyzed to determine the MOD, which represents
the strength of staining signals as measured per positive
pixels, based on which the mean MOD of a study group
of samples was further generated for subsequent inter-
group comparative analysis. This program takes into con-
sideration of the areas and numbers of positively stained
tumor cells to obviate the impact of cell density on MOD
value. A negative control with each batch of staining was
used for background subtraction in the quantitative analy-
sis. The representative staining fields of each specimen
were analyzed and scored independently by two observers
who were blinded to each other and to the diagnosis of the
specimens. The MOD data were statistically analyzed by us-
ing t-test to compare the MOD differences between groups,
and P < 0.05 was considered to be statistically significant.

Vectors and Retroviral Infection

To generate an mir-182 expression vector, approximately
200-bp genomic fragment up and downstream of the
pre-mir-182 form was amplified by PCR and cloned into
Plasmid of Murine Stem Cell Virus (pMSCV). Retroviral
production and infection were performed as described
previously.?” After 48 hours infection in NHA, the expres-
sion of miR-182 was examined either by real-time RT-
PCR analysis or in situ hybridization analysis.

Statistical Analysis

All statistical analyses and the patient age cutoff values
were performed by using the SPSS 10.0 statistical soft-
ware package (SPSS Inc, Chicago, IL). The x* test was
used to analyze the relationship between miR-182 ex-
pression and the clinicopathological characteristics. Bi-
variate correlations between study variables were cal-
culated via Spearman’s rank correlation coefficients.
Survival curves were plotted by the Kaplan-Meier method
and compared by the log-rank test. Survival data were
evaluated by using univariate and multivariate Cox re-
gression analyses. In all cases, P < 0.05 was considered
statistically significant.
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Table 2. The Most Significantly Altered MiRNAs in Varying
World Health Organization Grades Gliomas
Compared with Normal Brain Tissues

No. MIRNA Log,* P
1 miR-182 3.93 0.023
2 miR-10b 291 0.035
3 miR-630 257 0.043
4 miR-486 250 0.024
5 miR-451 2.08 0.032
6 miR-671 1.98 0.016
7 miR-130a 1.80 0.022
8 miR-188 1.73 0.043
9 miR-25 1.61 0.041

10 miR-124a -3.50 0.023

11 miR-129 ~3.01 0.026

12 miR-139 -2.96 0.034

13 miR-33 ~2.51 0.036

14 miR-7 —2.47 0.038

15 miR-136 ~1.36 0.042

16 miR-219 ~1.35 0.044

17 miR-218 ~1.28 0.029

*Positive and negative log, scores indicate up-regulation and down-
regulation of miR-182, respectively, in gliomas.

Results

Expression of miR-182 Is Increased in Human
Gliomas

We performed initial screening on the expression profile
of a total of 450 miRNAs by using normal brain tissues
and primary tumor specimens of four different grades of
human gliomas (one specimen per grade). When com-
paring expression levels of the miRNAs in gliomas sam-
ples with those in the normal brain tissues, we found that
nine miRNAs displayed more than 1.61-fold increase and
levels of eight miRNAs were decreased by 1.28-fold or
lower in their expression, among which miR-182 showed
the most robust change in expression (3.93-fold in-
crease; Table 2). To further characterize the expression
of miR-182 in gliomas, we performed real-time RT-PCR
analyses and found that miR-182 was markedly up-reg-
ulated to various levels in all nine glioma cell lines exam-
ined compared with NHA (Figure 1A). To determine
whether miR-182 up-regulation correlated with clinical
glioma progression, we assessed the levels of miR-182
expression by real-time RT-PCR analyses in three normal
brain tissues and 12 fresh-frozen glioma tissues of vary-
ing World Health Organization grades (grades | to IV, with
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three samples per grade). miR-182 was found to be
up-regulated in all 12 human primary glioma tissues com-
pared with the normal brain tissue samples (Figure 1B).
Importantly, the trend of miR-182 expression in these
human primary glioma tissues correlated with the malig-
nancy of these gliomas.

To validate our finding of miR-182 up-regulation, we
performed a comparative analysis of miR-182 expression
by real-time RT-PCR by using paired glioma tissues and
their corresponding adjacent nontumor tissues (ANT)
from the four individual glioma patients. As shown in
Figure 2A, miR-182 was overexpressed in all four human
primary glioma samples compared with the counterparts
of paired adjacent nontumorous brain tissues. Impor-
tantly, all four tumors displayed greater than fivefold in-
creases of miR-182 compared with adjacent nontumor
tissues. In a GBM specimen, a 32-fold increase of the
tumor/adjacent nontumorous tissue (T/ANT) ratio of miR-
182 expression was found (Figure 2A).

Increased Expression of miR-182 Correlates
With the Malignancy of Gliomas

To further evaluate whether miR-182 up-regulation was
linked to the clinical progression of gliomas, we sought to
examine the expression of miR-182 in a large cohort of
clinical glioma samples by using ISH. The specificity of
the miR-182 probe was first examined by ectopically
overexpressing miR-182 by retroviral-mediated transduc-
tion in NHA that had been shown to express miR-182 at
very low level (Figure 1A), followed by in situ hybridization
analysis. As shown in Figure 2B (right panel), miR-182
staining was clearly shown in the miR-182-infected NHA,
which was further confirmed by real-time RT-PCR analy-
sis (Figure 2B, left panel), but was undetectable in the
vector infected-NHA or the uninfected NHA. Consistent
with the abovementioned result obtained from real-time
RT-PCR, in situ hybridization analysis also showed miR-
182 overexpression in four human primary glioma sam-
ples compared with the paired nontumor adjacent tis-
sues, whereas a scramble control probe did not yield any
signal in sister sections of these tumors (Figure 2C and
data not shown), validating the specificity of the miR-182
probe used in the study (Figure 2C).

Two hundred fifty-three paraffin-embedded, archived
clinical glioma specimens including 29 World Health

* * Figure 1. miR-182 is up-regulated in glioma cell

* lines and glioma tissues. Real-time RT-PCR anal-

ysis of miR-182 expression in NHA and glioma

cell lines (SNB19, LN18, U87, U118, T98, A172,

U138, U251, and U373; A) and in normal brain

* % tissues and glioma tissue samples of different

World Health Organization grades (B) is shown.

Expression levels were normalized for U6, and

* % the average ratio of miR-182 expression was

quantified. Error bars (SD) were calculated

from triplicate samples. Statistical significance
of *P < 0.05.
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Figure 2. Expression of miR-182 is elevated in primary gliomas as compared with tumor-adjacent tissues of the same individuals with gliomas. A: Real-time
RT-PCR analyses of miR-182 expression in paired primary glioma tissues (T) and glioma ANT of four individual patients. Expression levels were normalized for
U6, and the average ratio of miR-182 expression was quantified. B: Ectopic expression of miR-182 in NHA cells analyzed by real-time RT-PCR (left) and ISH
(right). Statistical significance of *P < 0.05. C: miR-182 expression level up-regulated in the paired primary T and glioma ANT examined by ISH. Validation for
the specificity of the in situ probe of miR-182 is shown. Sister sections of an anaplastic astrocytoma, World Health Organization grade III were hybridized with
the miR-182 probe or a scrambled control probe. Error bars (SD) were calculated from triplicate samples.

Organization grade |, 79 grade Il, 99 grade lll, and 46
grade IV tumors were examined for miR-182 expression
by using in situ hybridization analyses (Table 2). The
study population of gliomas consisted of 253 patients
(172 male patients; 81 female patients) with a median
age at diagnosis of 45 years (range, 21 to 72 years).
Figure 3A showed representative data of the in situ hy-
bridization results. miR-182 was found to be up-regulated
in these glioma samples of all grades compared with
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normal brain tissues. As summarized in Table 2, miR-182
expression was detected in 248 of 253 (98%) tumors. In
contrast, expression of miR-182 was marginally or not
detectable in normal brain tissues (Figure 3A). Quantita-
tive analyses showed that MODs of miR-182 staining in
grades | to IV tumors were significantly higher than those
in normal brain tissues, and that MODs of miR-182 stain-
ing were also significantly different among various clinical
grades (P < 0.05, Figure 3B).
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Figure 3. miR-182 expression correlates with glioma progression. A: Representative images of ISH analyses of a total of three normal brain tissues and 253 primary
glioma specimens, including World Health Organization (WHO) grade I to IV tumors, were stained by ISH by using an miR-182 probe. Sister sections were also stained
with a scrambled control probe. ISH analyses were performed two independent times on sections of each specimen with similar results. B: statistical analyses of the
average MOD of miR-182 staining between normal brain tissues (three cases) and glioma specimens of different World Health Organization grades (29 random cases per
grade). Average MOD of miR-182 staining increases as gliomas progress to higher grades. Statistical significance of *P < 0.05.
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Table 3. Correlation between the Clinicopathological Features and Expression of miR-182

miR-182 in situ hybridization

miR-182 real-time RT-PCR

Patient characteristics SI<6 SIl=6 P <median >median P
Sex
Male 81 91 0.480 37 52 0.260
Female 42 39 9 21
Age, years
=45 91 85 0.137 39 42 0.002
>45 32 45 7 31
Gliomas histology (World
Health Organization)
| 18 11 <0.001 10 3 <0.001
Il 51 28 21 9
1l 44 55 13 41
v 10 36 2 20

Levels of miR-182 expression by in situ hybridization
were further analyzed to determine its relationship with
the clinical features of gliomas. The median expression of
miR-182, using real-time PCR analysis, of 119 patient
samples was used as the threshold, and patients were
categorized into groups of high (above median) or low
(below median) expression. As shown in Table 3, miR-
182 expression strongly correlated with the clinicopath-
ological grades of glioma specimens (P < 0.001),
whereas no difference was seen among ages (P = 0.137)
or between genders (P = 0.480) of these patients. Spear-
man correlation analysis further validated the correlation
coefficient between miR-182 expression level and the
histological grading of glioma as 0.373 (P < 0.001; Table
4). Taken together, these results support the notion that
the level of miR-182 expression increases as glioma clin-
ically progresses.

miR-182 Expression Is Associated with the
Prognosis of Patients with Gliomas

The Somers Dxy Rank Correlation analysis showed the
correlation coefficient between miR-182 and patient sur-
vival as 0.67 (c = 0.835; Table 5). Furthermore, when a
log-rank test and Kaplan-Meier analysis were applied to
calculate the effect of miR-182 expression and histolog-
ical staging of glioma on the patient survival, the expres-
sion level of miR-182 in the gliomas significantly dis-
played a correlation with the patients’ survival time (P <
0.001) with a correlation coefficient of —0.539 (Figure 4
and Table 6). Specifically, the median survival time of

Table 4. Spearman Correlation Analysis between miR-182
and Clinicopathological Factors

miR-182 in situ miR-182 real-time
hybridization RT-PCR
Spearman Spearman
Variables correlation P correlation P
Sex 0.061 0.335 0.108 0.264
Age 0.198 0.002 0.341 <0.001
Gliomas histology ~ 0.373 <0.001 0.512  <0.001

(World Health
Organization)

patients whose tumors expressed high levels of miR-182
was only 23 months (95% confidence interval, 19.20 to
24.41), whereas the median survival time of those with
low levels of miR-182 expression was 42 months (95%
confidence interval, 40.61 to 49.44). As shown in Figure
4, A and B, the cumulative 5-year survival rate was
51.54% (95% confidence interval, 0.435 to 0.596) in the
low miR-182 expression group (n = 43), whereas it was
only 7.23% (95% confidence interval, 0.027 to 0.118) in
the high miR-182 expression group (n = 76).

Univariate and multivariate analyses were performed
and determined whether the miR-182 expression level
was an independent prognostic factor of patient out-
comes. As shown in Table 6, miR-182 expression and
glioma World Health Organization histology were identi-
fied as independent prognostic factors. Moreover, the
prognostic value of miR-182 expression in selective pa-
tient subgroups according to the histological grade was
evaluated. A significant correlation between high miR-
182 expression and shorter overall survival time was
found in World Health Organization grading subgroups of
glioma. Patients with tumors exhibiting high miR-182 ex-
pression had significantly shorter overall survival periods
than those with low expression of miR-182, both in the
grades | and Il subgroup (n = 43; log-rank, P = 0.001;
Figure 4B, left panel) and in grades lll and IV subgroup
(n = 76; log-rank, P = 0.004; Figure 4B, right panel).
Taken together, our results suggest that miR-182 might
represent a novel and potentially useful independent bi-
omarker for the prognosis of patients with gliomas.

In the attempt to provide independent verification on
the correlation study based on our in situ hybridization
data, levels of miR-182 expression were verified with
real-time RT-PCR. Totally, three paraffin-embedded nor-

Table 5. Somers’ Dxy Rank Correlation Analysis between
miR-182 and Survival

Somers’ Dxy Rank Correlation

Statistics Value
C 0.835
Dxy 0.6695

n 119
Missing 0
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Figure 4. Kaplan-Meier curves with univariate analyses (log-rank) for patients with low miR-182-expressing tumors (bold line) versus high miR-182-expressing
tumors (dotted line). A: The cumulative 5-year survival rate was 51.54% (95% confidence interval, 0.435 to 0.596) in the low miR-182 expression group (1 = 43),
whereas it was only 7.23% (95% confidence interval, 0.027 to 0.118) in the high miR-182 expression group (7 = 76). B: The statistical significance of the difference
between curves of miR-182 high-expressing and low-expressing patients was compared within subgroups of World Health Organization (WHO) grades I and IT

(A) and 1II and IV (B). P values were calculated by using the log-rank test.

mal brain tissues and 119 paraffin-embedded, archived
clinical glioma specimens (World Health Organization
grade | tumors, 13; grade I, 30; grade lll, 54; and grade
IV, 22), for which the survival information was available
(Table 2), were examined for miR-182 expression by
using real-time RT-PCR. As shown in Figure 5A, miR-182
was found to be up-regulated in all 119 glioma speci-
mens examined compared with that in the normal brain
tissues, and relative increases in miR-182 expressions
well correlated to the intensity elevations of miR-182 sig-
nals detected by the ISH method. Quantitative analyses
showed that the average miR-182 expression in grades |
to IV tumors was significantly higher than those in normal
brain tissues. Furthermore, statistical analysis results de-
rived from real-time RT-PCR assays revealed that miR-
182 expression strongly correlated with the clinicopath-
ological grades of glioma specimens (P < 0.001),
whereas no difference was seen between genders (P =
0.260) of these patients (Table 3). Spearman correlation
analysis corroborated the correlation coefficient between
miR-182 expression level and the histological grading of

glioma as 0.512 (P < 0.001; Table 4). When a log-rank
test and Kaplan-Meier analysis was applied to calculate
the effect of miR-182 expression and histological staging
of glioma on the patient survival, the expression level of
miR-182 in the gliomas displayed a significant correlation
with the patients’ survival time (n = 119; log-rank, P <
0.001; Figure 5B). Finally, univariate and multivariate
analyses were performed to determine whether the miR-
182 expression level was an independent prognostic
factor of patient outcomes. As shown in Table 6, miR-182
expression and the World Health Organization histology
were identified as independent prognostic factors for
gliomas. Meanwhile, we examined the information of gli-
oma patients and did not find the difference in demo-
graphics or glioma grade or other characteristics in pa-
tients with follow-up compared with those without. Taken
together, our results suggest that miR-182, as demon-
strated in both the ISH and the real-time PCR analyses,
could be a valuable marker of glioma progression, and
that high miR-182 expression is associated with poor
overall survival in patients with malignant gliomas.

Table 6. Univariate and Multivariate Analysis of Different Prognostic Parameters in Patients with Gliomas by Cox-Regression
Analysis
In situ hybridization analysis Real time RT-PCR analysis
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Regression 95% Regression 95%
Patient coefficient Relative confidence coefficient Relative confidence
no. P (SE) P risk interval P (SE) P risk interval

Age <0.001 0.033(0.007) 0.387 1.007 0.991-1.022 <0.001 0.033(0.007) 0.792 1.002 0.986-1.019
=45 81
>45 38

Gliomas histology (World <0.001 1.191(0.167) <0.001 2531 1.755-3.649 <0.001 1.191(0.167) <0.001 2.759 1.929-3.947

Health Organization
grade)

| 13
Il 30
1l 54
IV 22

miR-182 <0.001 1.500(0.274) 0.009 2.190 1.213-3.955 <0.001 1.609 (0.287) <0.001 3.099 1.714-5.601
Low 46
High 73

The expression level of miR-182 in gliomas was significantly corre|

lated with patients’ survival time (P < 0.001); the correlation coefficient was

—0.539, indicating that higher levels of miR-182 expression was correlated with shorter survival time.
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Overall Survival

Figure 5. Clinical correlation of gliomas with
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pression(<median, n=46)
miR-182 confirmed by real-time RT-PCR anal-
ysis. A: Statistical analyses of the average rel-
ative miR-182 expression between normal
brain tissues (three cases) and glioma speci-
mens of different World Health Organization
(WHO) grades (WHO grade I tumors, 13; grade
11, 30; grade 111, 54; and grade IV, 22; *P < 0.05).
B: The cumulative 5-year survival rate was
54.12% (95% confidence interval, 0.432 to 0.650)
in the low-miR-182 expression group (1 = 46),
whereas it was only 9.08% (95% confidence in-
e terval, 0.032 to 0.144) in the high-miR-182 ex-
pression group (1 = 73).
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Discussion

The key finding of the current study is that up-regulation
of miR-182 expression is associated with the progression
of malignant gliomas. Our results show that miR-182 is
up-regulated in both glioma cell lines and primary glioma
specimens. Results of in situ hybridization analysis and
real-time RT-PCR demonstrate that the expression level
of miR-182 significantly correlates with the World Health
Organization histological grades of the glioma, and sta-
tistical analyses reveal that patients with high expression
of miR-182 have a poorer prognosis. Taken together,
these data suggest that miR-182 is a significant predictor
of poor prognosis for glioma patients and could be a
useful prognostic marker and potential target for glioma
therapy.

Several recent studies have demonstrated that the
expression of MiRNAs is deregulated in gliomas. Ciafre et
al’® examined the alterations of 245 miRNAs in World
Health Organization grade IV GBM, in which miR-221
was up-regulated, whereas miR-128, miR-181a, miR-
181b, and miR-181c were down-regulated in the GBM
specimens. Chan et al®™® showed that expression of
miR-21 was markedly up-regulated in primary GBMs and
glioma cell lines compared with normal brain tissues and
nontumor glial cells. In contrast, miR-124 and miR-137
were found to be significantly decreased in grade Il
anaplastic gliomas and grade IV GBMs compared with
adjacent nontumor brain tissues.?® Additionally, miR-128,
miR-181a, miR-181b, and miR-451 were also found to be
down-regulated in glioma tissues and glioma cell lines
compared with normal brain tissues.2°~3' These findings
suggest that miRNAs are involved in glioma development
and progression. In our present study, we examined the
global expression levels of miRNAs in glioma tissues of
different World Health Organization grades and found
that miR-182 was significantly up-regulated in both gli-
oma cell lines and glioma tissues as compared with
normal astrocytes and paired adjacent nontumorous tis-
sues, respectively. In situ hybridization analyses of 253
paraffin-embedded archival glioma specimens showed
that 248 of 253 (98%) specimens displayed positive miR-
182 staining in tumor cells, among which 130 specimens
(51%) displayed moderate to strong miR-182 signals,
whereas no significant staining of miR-182 was detected

40 60 80

Survival Time(months)

in the adjacent noncancerous astrocytes. Furthermore,
quantitative analysis of both the in situ hybridization and
real-time RT-PCR results demonstrated that levels of miR-
182 expression increased with glioma progression, and
that miR-182 staining strongly correlated with the World
Health Organization grading and survival time of the pa-
tients of gliomas. Patients with low-level miR-182 expres-
sion had a cumulative 5-year survival rate of 51.54%,
whereas it was only 7.23% in high miR-182 expression
patients. These data, together with further univariate and
multivariate analyses, suggest that high expression of
miR-182 is a significant predictor of poor prognosis for
glioma patients. Our study also demonstrates that miR-
182 might be a new prognostic marker in gliomas for all
World Health Organization grades. Apparently, further
evaluating miR-82 expression with established grading
parameters for gliomas, including mitotic activity, micro-
vascular proliferation, and necrosis, as well as other his-
tological or molecular parameters that may be associated
with outcome, would be helpful for better understanding
the effect of miR-182 on the biological behavior of
gliomas.

Our finding of up-regulation of miR-182 in primary gli-
oma specimens and its correlation with glioma progres-
sion and poor prognosis could have high clinical and
pathogenetical significance in glioma biology. The miR-
182 gene is located in chromosome 79g32.1, where the
fragile site FRA7H also locates and the MET gene locus is
nearby. During glioma progression, multiple oncogenes,
such as EGFR and MET that are also on chromosome 7
are frequently amplified.®?*2 Interestingly, two other miR-
NAs, miR-96 and miR-183, which are clustered in tandem
with miR-182,%* were also found to be up-regulated in our
initial analyses (data not shown), suggesting that the
miR-96-183-182 cluster might be involved in the devel-
opment and progression of gliomas. In the current study,
we found that 248 of 253 (98%) archived human glioma
specimens showed elevated expression of miR-182 by
using the ISH method. However, amplification of miR-182
was reported in 28.9% of epithelial ovarian cancer by
using microRNA microarrays.®® The discrepancy be-
tween our data in glioma and miR-182 amplification in
epithelial ovarian cancer is probably due to distinct prop-
erties of these two types of human cancers that were



originated from distinct types of cells as well as the
differences in sensitivities of ISH analysis and the miRNA
microarray analysis. Additionally, ectopic expression of
miR-182 in an epithelial ovarian cancer cell line signifi-
cantly promoted tumor growth in vivo, suggesting a role of
miR-182 as a putative oncogene.®® Recently, Segura et
al®® found that miR-182 up-regulation correlated with
gene copy number in a subset of melanoma cell lines and
that miR-182 overexpression promoted cell migration and
survival by directly repressing microphthalmia-associ-
ated transcription factor-M and FOXOS3, whereas en-
hanced expression of either microphthalmia-associated
transcription factor-M or FOXO3 blocked the pro-invasive
effect of miR-182. During preparation of this article, Guttilla
and White®” reported that miR-182 could target the 3’ un-
translated region (UTR) of FOXO1, another FOXO family
member, and that antisense inhibitor to miR-182 in
breast cancer MCF-7 cells led to a significant increase
in endogenous FOXO1 expression and a decrease in
cell number. Thus, the role of miR-182 in the development
and progression of gliomas warrants further investigations
because the phenotypic changes in miR-182-overexpress-
ing and -knocked down models could provide mechanis-
tic insight and lead to the development of a new anti-
gliomas strategy.

Interestingly, we found that all four tumor-adjacent
nontumorous brain tissues displayed slightly higher lev-
els of miR-182 compared with that in normal brain tis-
sues, indicating that the different microenvironments in
which tumor-adjacent and normal human astrocytes are
present might result in the difference in miR-182 expres-
sion. In support of this speculation, Li et al®® have re-
ported recently that stress could induce the up-regulation
of miR-182 in primary cultures of human diploid fibroblast
and human trabecular meshwork cells.

In summary, the results of our study indicate that ex-
pression of miR-182 is strongly correlated with histologi-
cal grades and overall survival times of patients inflicted
with malignant gliomas, providing evidence in support of
the possibility that up-regulation of miR-182 might play an
important role in the progression of this deadly disease.
Multiple studies have demonstrated that several miRNAs
such as miR-21, miR-181a, miR181b, miR-221, and miR-
222 are up-regulated in human gliomas and function as
tumor promoters or suppressors by modulating various
key regulators critical for gliomagenesis and progres-
sion.?425:31:39=41 Eyrther study of the molecular mecha-
nisms by which miR-182 contributes to the initiation and
progression of gliomas is warranted.
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