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Abstract: The rs28599926 polymorphism in the microRNA-1268a (miR-1268a) has been reported to correlate
with tumor carcinogenesis; however, its role in diffusely infiltrating astrocytoma (DIA) has not yet been evaluated.
Here we conducted a hospital-based case-control study, including 163 DIA cases and 189 age-, sex-, and racematched healthy controls, to assess the association between rs28599926 polymorphism and DIA risk and prognosis. Genotypes were tested using TaqMan-PCR technique. We found a significant difference in the frequency of
rs28599926 genotypes between cases and controls. Compared with the homozygote of rs28599926 C alleles
(rs28599926-CC), the genotypes with rs28599926 T alleles (rs28599926-CT/-TT) increased DIA risk [odd ratios,
3.41; 95% confidence interval (CI), 2.19-5.31]. Furthermore, this polymorphism modified the overall survival and
recurrence-free survival of DIA patients [hazard ratios (95% CI), 3.25 (2.14-3.79) and 2.52 (1.67-3.79), respectively]. Additionally, rs28599926 polymorphism was not only associated with tumor dedifferentiation of DIA, but
also modified the effects of temozolomide treatment on DIA. These results suggest that miR-1268a rs28599926
polymorphism may be associated with DIA risk and prognosis.
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Introduction
Diffusely infiltrating astrocytoma (DIA), originating from astrocytic glial cells and their precursors, is the most type of central nervous system tumors and accounts for approximately
60% of all primary brain tumors [1]. DIA varies
considerably in its epidemiological features,
clinic behavior, genetic profiles, morphologic
attributes, and growth patterns. Histopathologically, this tumor can be assorted into grades
II-IV according to the current World Health
Organization (WHO) Classification: low-grade
diffuse astrocytoma (Grade II), anaplastic
astrocytoma (Grade III), and glioblastoma
(Grade IV) [1]. Because of the progression from
low to high grade and high-risk reoccurrence,
DIA is characterized by the poor prognosis
[2-4]. Therefore, a better understanding into its
basic biology is urgently needed to identify its

risk and prognostic markers. Several studies
have shown that common genetic variants in
biologically plausible pathways are potentially
associated with DIA risk [5-16]. This implies
that the genetic factors could play important
roles in the pathogenesis of this tumor.
The microRNA-1268a (miR-1268a) is a recently
reported small, endogenous, and noncoding RNA [17]. A study from Guangxi, a relatively
high incidence area of DIA, has exhibited that a
common polymorphism miR-1268a, namely
rs28599926 C > T, has been identified to correlate with tumorigenesis [18]. However, it is
unclear about whether this polymorphism correlates with DIA. Therefore, we specifically
conducted a hospital-based case-control
study to examine whether miR-1268a rs28599926 polymorphism modifies DIA risk and
prognosis.

MiR-1268a polymorphism and DIA
Material and methods
Study population
This is a hospital-based case-control study. All
cases diagnosed with histopathologically confirmed DIA were recruited from hospitals affiliated with Youjiang Medical University for
Nationalities and Guangxi Medical University
during the period from January 2008 through
December 2012. Healthy control subjects without a history of tumors were recruited from the
general health check-up center at the same
hospitals during the same period for comparison. To control the effects of confounders, the
controls were individually matched (1:1 or 2:1)
to cases based on age (±5 years), gender, and
ethnicity (Han, Zhuang). All controls were surveyed to ascertain their willingness to participate in the study and to provide preliminary
demographic data for matching. In this study, a
total of 163 cases and 189 controls, representing 95% of eligible cases and 98% of eligible
controls were interviewed and included the
final analysis. The study protocol was been carried out in accordance with government policies and the Helsinki Declaration and approved
by the ethics committees of the hospitals
involved in this study.
Samples and data collection
After informed consent was obtained, 4 mL of
peripheral blood samples were obtained from
all cases and controls for DNA detraction and
genotypic analysis of miR-1268a. Demographic
information and clinical pathological data
(including age, gender, smoking and drinking
status, ethnicity, tumor grade, and treatment
information) were collected in the hospitals
using a standard interviewer administered
questionnaire and/or medical records by a
Guangxi Cancer Institution staff member.
Tumor grade was evaluated according to the
grading criteria of DIA from WHO and divided
into low (Grade II) and high grade (Grade III and
IV) for analysis. For survival analysis, all patients
underwent serial monitoring every 3 months for
the first 2 years and semiannually thereafter for
detection of any recurrence. The last follow-up
day was December 31, 2015, and survival status was confirmed by clinic records and either
patient or family contact. The duration of overall survival (OS) was defined as from the date of
surgical treatment to the date of death or last
known date alive; whereas the duration of
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tumor recurrence-free survival (RFS) was
defined as from the date of surgical treatment
to the date of tumor recurrence or last known
date alive.
Genotypic analysis of miR-1268a rs28599926
polymorphism
DNA was extracted from peripheral blood leukocytes from all tumor patients and control
subjects according to standard procedures
(Protocol #BS474, Bio Basic, Inc., Ontario,
Canada). Genotypes of miR-1268a rs28599926
polymorphism were analyzed using previously
published TaqMan-PCR technique [18].
Cell culture and transfection
Human glioma cell lines T98G was purchased
from American Tissue Culture Collection (Rockville, MD). Cells were cultured in Dulbecco’s
Modified Eagles Medium (DMEM, HyClone,
Thermo Fisher Scientific (China) CO., Ltd,
Shanghai) containing 10% fetal bovine serum
(FBS, Gibco-Invitrogen Corp., Carlsbad, CA) in
atmosphere of 5% CO2 at 37°C using standard
techniques. Cells were transfected with the
wild or mutant type of miR-1268a mimics (miR1268a-WT: 5’-CGGGC GUGGU GGUGG GGG-3’
and miR-1268a-MT: 5’-CGGGC AUGGU GGUGG
GGG-3’) (GenePharma, China) using Invivofectamine® 12.0 Reagent (cat# 1377501, Life)
according to the manufacturer’s instructions. In
this study, transfection efficacy was elucidated
as the ratio of transfected cells detected by the
LV200 system to total cells obtained from three
different regions at random, and was about
85%.
Cell sensitivity assay
The sensitivity of T98G cells to temozolomide
was elucidated by the half-maximal inhibitory
concentration (IC50) using a cell counting kit
(CCK-8) assay (cat# CK04, Dojindo Corp.,
Japan) according to the manufacturer’s instructions. Briefly, a total of 5000 cells were seeded
each well in a 96-well plate and transfected,
followed by treatment with temozolomide at 15
different concentrations (0.1-300 μM) (48
hours after transfection). After 48 hours of
treatment, 10 mL of CCK-8 solution was added
into 100 μL of culture media and incubated for
2 hours at 37°C. Next, the absorbance of optical density (at 450 nm) was measured using UV
spectrophotometer. IC50 values were calculated by nonlinear regression analysis using the
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Table 1. Demographic characteristics of diffusely infiltrating
astrocytoma (DIA) cases and controls
Controls (n = 189)
n
%
Age (yrs)
≤ 35
36-40
41-45
46-50
51-55
56-60
61-65
≥ 66
Sex
Male
Female
Race
Han
Zhuang
Smoking
No
Yes
Drinking
No
Yes
Tumor grade
II
III
IV

Cases (n = 163)
n
%

χ2

P

1.873 0.967
11
15
16
43
45
31
18
10

5.8
7.9
8.5
22.8
23.8
16.4
9.5
5.3

10
12
20
33
35
29
15
9

6.1
7.4
12.3
20.2
21.5
17.8
9.2
5.5
0.046 0.830

122
67

64.6
35.4

107
56

65.6
34.4
0.234 0.629

96
93

50.8
49.2

87
76

53.4
46.6

102
87

54.0
46.0

91
72

55.8
44.2

93
96

49.2
50.8

86
77

52.8
47.2

0.122 0.727
0.442 0.506

-

-

71
30
62

43.6
18.4
38.0

GraphPad Prism software with Version 6.0
(GraphPad Software, Inc., San Diego, CA, USA).
TUNEL assay
Cells were seeded in six-well plates for 24
hours, and then transfected with miR-1268a
mimics. Forty-eight hours after transfection,
cells were treated with temozolomide (50 μM).
After treatment for 36 and 48 hours, the cells
were all harvested and analyzed by TUNEL
staining using an in situ cell death detection kit
(Roche, Mannheim, Germany) in combination
with 4,6-diamino-2-phenyl indole staining.
TUNEL-positive cells were counted in at least
300 cells in randomly chosen fields. The data
were expressed as a percentage of TUNEL+
cells to total cells.

-

sion 18 (SPSS Institute, Chicago,
IL). To assess differences between
groups were compared using oneway ANOVA or the x2 test. The conditional logistic regression (with
multivariate factors) was used to
calculate odds ratios (ORs) and
their 95% confidence intervals
(CIs) for risk of DIA. Non-conditional
logistic regression was used to elucidate the effects of miR-1268a
genotypes on the pathological features of DIA (including age, gender,
race, smoking and drinking status,
and tumor grade). Kaplan-Meier
survival analysis (with the log-rank
test) was used to analyze the association between miR-1268a genotypes and DIA prognosis. Hazard
ratios (HRs) and 95% CIs for miR1268a genotypes were calculated
from multivariate Cox regression
model. In this study, a P-value of
less than 0.05 was considered statistically significant.
Results
The characteristics of subjects

Demographic characteristics of
the 163 DIA cases and the 189
controls were shown in Table 1. No
significant differences were observed between the cases and
control groups for sex, age, ethnicity, and smoking and drinking status. Among patients with
DIA, about 50% of them received the surgical
resection with temozolomide treatment; others
only received surgical resection but without
temozolomide treatment. During the follow-up
period of these patients, 141 faced tumor
recurrence with 29.0% of the 3-year RFS rate,
and 155 died with 26.9% of the five-year OS
rate. These cases receiving temozolomide
treatment had a better prognosis [median overall survival time (MST) and median tumor reoccurrence-free survival time (MRT) were 24 and
32 months] than those without temozolomide
treatment (MST = 12 months and MRT = 13
months) (Figure 1A and 1B).

Statistical analysis

MiR-1268a rs28599926 polymorphism increased DIA risk

All statistical analyses were done using the statistical package for social science (SPSS) ver-

Table 2 summarized the genotypic and allelic
distribution of MiR-1268a rs28599926 poly-
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Figure 1. The effects of miR-1268a rs28599926 polymorphism and temozolomide (TMZ) treatment on diffusely
infiltrating astrocytoma (DIA) prognosis in 163 cases. Temozolomide treatment was found to correlate with the overall survival (OS) (A) or tumor recurrence-free survival (RFS) (B) of DIA cases. The rs28599926 genotypes were also
observed to relate to DIAs’ OS (C) and RFS (D). Cumulative hazard function was plotted by Kaplan-Meier’s methodology, and P value was calculated with two-sided log-rank tests. Abbreviations: MST, the median overall survival time;
MRT, the median tumor recurrence-free survival time; CC, the genotype with the homozygotes of rs28599926 C
alleles; CT/TT, genotypes with rs28599926 T alleles.

morphism for both patients with DIA and controls. Genotype frequent distribution in controls
fitted the Hardy-Weinberg equilibrium well. The
heterozygous genotype with rs28599926 C
and T allele (rs28599926-CT) and the variant
homozygous genotype with rs28599926 T
allele (rs28599926-TT) were more frequent
among DIA cases than the controls (P < 0.01).
Logistic regression analysis showed that the
OR for DIA for these individuals carrying
rs28599926-CT compared with those exhibiting the homozygote for C alleles (rs28599926CC) was 2.79 (95% CI, 1.76-4.44), and the corresponding OR for those featuring rs2859992621618

TT was 10.16 (95% CI, 3.94-26.21). These
results exhibited that DIA risk was associated
with the number of rs28599926 T alleles.
MiR-1268a rs28599926 polymorphism modulated the clinic pathological features of DIA
To explore possible effects of miR-1268a
rs28599926 polymorphism on DIA, we analyzed the distribution difference of this polymorphism among different clinic-pathological
characteristics of cases, including sex, age,
race, smoking and drinking status, and tumor
grade. Results showed these DIA cases with
Int J Clin Exp Med 2016;9(11):21615-21624
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dedifferentiation (OR =
2.94, Table 3). However,
the expression of this polymorphism did not affect
other features.

Table 2. The miR-1268a rs28599926 polymorphism and diffusely
infiltrating astrocytoma risk
Controls
(n = 189)
n
%
a
Genotype CC
118 62.4
CTa
65 34.4
TTa
6
3.2
CT/TTa 71 37.6
Allele
Cc
301 79.6
Td
77 20.4
Rs28599926

Cases
(n = 163)
OR (95% CI)
n
%
54 28.6
Reference
82 43.4 2.79 (1.76-4.44)b
27 14.3 10.16 (3.94-26.21)b
109 57.7 3.41 (2.19-5.31)b
190 58.3
Reference
136 41.7 2.80 (2.01-3.91)

P

1.30 × 10-5
2.00 × 10-6
6.12 × 10-8
1.45 × 10

-9

CC, CT, TT, CT/TT represent the homozygotes of rs28599926 C alleles, the heterozygotes of rs28599926 C and T allele, and the homozygotes of rs28599926 T alleles,
and the combination genotypes CT and TT of rs28599926, respectively. bOdds ratio
(OR) conditional on matched set. cC represents both heterozygous C and homozygous C
of rs28599926. dT represents both heterozygous T and homozygous T of rs28599926.
a

Table 3. The miR-1268a rs28599926 polymorphism and diffusely infiltrating astrocytoma risk stratified by race (Han and Minority), ender
(female and male), and age (≤ 50 yrs and > 50 yrs)
Rs28599926- Rs28599926CC (n = 54)
CT/TT (n = 109)
n
%
n
%
Race
Han
Zhuang
Gender
Male
Female
Age
≤ 50
50
Smoking
No
Yes
Drinking
No
Yes
Tumor gradef
Low
High

OR (95% CI)a

P

25
29

62
47

Reference
0.65 (0.34-1.26)a

0.21

35
19

72
37

Reference
0.95 (0.47-1.91)b

0.87

26
28

54
55

Reference
0.92 (0.48-1.78)c

0.80

28
26

63
46

Reference
0.42 (0.15-1.21)d

0.11

30
24

56
53

Reference
1.20 (0.62-2.33)e

0.59

33
21

38
71

Reference
2.94 (1.50-5.76)g 1.75 × 10-2

Adjusted by gender, age, smoking and drinking status, and tumor grade. bAdjusted by
race, age, smoking and drinking status, and tumor grade. cAdjusted by gender, race,
smoking and drinking status, and tumor grade. dAdjusted by gender, age, race, drinking
status, and tumor grade. eAdjusted by gender, age, race, smoking status, and tumor
grade. fLow and high grade were defined as tumor grade II and III-IV, respectively. gAdjusted by gender, age, smoking and drinking status, and race.
a

genotypes of rs28599926-CT and -TT (rs28599926-CT/TT), compared to those with
rs28599926-CC, faced higher risk of tumor
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MiR-1268a rs28599926
polymorphism related to
poor prognosis of DIA
Kaplan-Meier survival analysis showed that patients with rs28599926-CT/TT
featured a significantly poorer prognosis than those
with rs28599926-CC (P =
2.11 × 10 -12 for OS and P =
1.85 × 10 -9 for RFS, respectively) (Figure 1C and 1D).
Multivariate cox regression
analysis (with stepwise forward selection based on
likelihood ratio test) was
next performed to determine whether miR-1268a
rs28599926 polymorphism was an independent
predictor of DIA cases. The
results exhibited that the
rs28599926-CT/TT increased the dying risk of patients with DIA compared
with rs28599926-CC (HR =
3.25, 95% CI = 2.14-3.79).
Risk role was also found in
the RFS analysis; the corresponding HR (95% CI) was
2.52 (1.67-3.79) (Table 4).
Taken together, these results implied that this polymorphism could be used as
an independent prognostic
marker for DIA.
MiR-1268a rs28599926
polymorphism affected the
effects of temozolomide
on DIA

To investigate possible effect of miR-1268a rs28599926 genotypes on temozolomide treatment ameliorating DIA prognosis, we stratified the analysis of the correlation
between temozolomide treatment and DIA out-
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Table 4. Cox’s proportional hazard model analysis for multivariate analysis of potential predictor factors for diffusely infiltrating astrocytoma cases
Variable
Rs28599926 (CT/TT vs. CC)
Tumor grade (high vs. low)
TMZ (Yes vs. no)

OS
HR (95% CI)
3.25 (2.14-3.79)
2.54 (1.74-3.70)
0.57 (0.41-0.80)

RFS
P
3.10 × 10-8
1.00 × 10-6
1.28 × 10-3

HR (95% CI)
2.52 (1.67-3.79)
3.32 (2.25-4.91)
0.46 (0.32-0.66)

P
1.00 × 10-6
1.58 × 10-9
2.60 × 10-5

Abbreviations: OS, overall survival; RFS, tumor reoccurrence-free survival; TMZ, temozolomide treatment.

Figure 2. The effects of miR-1268a rs28599926 polymorphism on temozolomide (TMZ) treatment modifying diffusely infiltrating astrocytoma (DIA) prognosis. TMZ significantly affected the overall survival (OS) (left) or tumor
recurrence-free survival (RFS) (right) of DIA cases among cases with rs28599926-CC (A), but not among patients
with rs28599926-CT/TT (B). Cumulative hazard function was plotted by Kaplan-Meier’s methodology, and P value
was calculated with two-sided log-rank tests. Abbreviations: MST, the median overall survival time; MRT, the median
tumor recurrence-free survival time; CC, the genotype with the homozygotes of rs28599926 C alleles; CT/TT, genotypes with rs28599926 T alleles.

come by different genotypes of miR-1268a
rs28599926 polymorphism (Figure 2). Among
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these cases with rs28599926-CC (Figure 2A),
longer MST and MRT were found in these
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treatment with increasing concentrations (from 0.1 to 300
μM) of temozolomide. Thirtysix hours later, CCK-8 assay
showed that miR-1268a-WT
significantly increased sensitivity of T98G cells to temozolomide. The IC50 values of
temozolomide were 33.66 vs.
59.52 μM for miR-1268a-WT
vs. miR-1268a-MT (Figure
3A). Furthermore, the wild
type of this polymorphism significantly increased temozolomide-induced cell death in the
T98G cell lines, as assessed
by TUNEL assay (Figure 3B).
Discussion

Figure 3. The miR-1268a rs28599926 polymorphism modified effects of
temozolomide (TMZ) treatment on human glioma cells T98G in vitro. T98G
cells were transfected with normal saline (Control), the wild type of miR1268a mimics (miR-1268a-WT), or the mutant type of miR-1268a mimics
(miR-1268a-MT). A: The sensitivity of cells to TMZ was evaluated by the halfmaximal inhibitory concentration. B: TUNEL staining was used to analyze
the TMZ-induced cell deaths. Data were analyzed using one-way ANOVA with
Bonferroni corrections. “*” and “**” refer to P < 0.05 and < 0.01 for miR1268a-WT vs. miR-1268-MT, respectively.

receiving temozolomide treatment than without
accepting the same treatment (48 vs. 18
months for MST and 45 vs. 16 months for MRT,
respectively). However, similar results were
not observed among DIA patients carrying
rs28599926-CT/TT (Figure 2B).
Based on the above-mentioned findings that
temozolomide treatment was beneficial for
these cases with rs28599926-CC but not
those with rs28599926-CT/TT, we hypothesize
that miR-1268a rs28599926 polymorphism
can affect the sensitivity of DIA cells to temozolomide, an important chemotherapeutic drug
for DIA [19-21]. To address this, human T98G
glioma cells were transfected with the mimics
with different genotypes of miR-1268a rs28599926 polymorphism, followed by the
21621

To the best of our knowledge,
no studies have investigated the role of miR-1268a
rs28599926 polymorphism in
the risk of DIA. In this study,
we analyzed the association
between aforementioned polymorphism and the risk of DIA
among Guangxi population
and found miR-1268a rs28599926 T alleles increased
DIA risk (adjusted OR = 3.41).
These results imply that this
polymorphism may have functional significance in DIA
carcinogenesis.

DIA is one of major cancer types in the Guangxi
Zhuang Autonomous Region; the possible risk
factors of which include occupations, environmental carcinogens, diet, and ionizing radiation, and so on [1, 5]. Recently, increasing epidemiological evidence has shown that an individual susceptibility related to genetic factors
might also be associated with DIA carcinogenesis [5-7, 9, 11-15, 18].
The miR-1268a is an important abundant
microRNA encoded by the corresponding gene
MIR1268A that maps to human chromosome
15q11.2 regions. In 2008, Morinal, et al [17]
identified miR-1268a in human embryonic
stem cells using the Illumina sequencing technology. Higher expression of this microRNA was
observed in the human embryonic stem cells
Int J Clin Exp Med 2016;9(11):21615-21624
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than differentiated cells from embryoid bodies,
suggesting miR-1268a might play an important
role in embryogenesis and cell differentiation
[17]. With the Human Genome Project developing, more than fifty polymorphisms have been
identified in the MIR1268A gene (dbSNP in
NCBI Database). In this study, we only analyzed
miR-1268a rs28599926 polymorphism, primarily because this polymorphism is relatively
common in Guangxi population and may involve
in tumorigenesis [18]; whereas other polymorphisms are rare. In this study, we collected 163
DIA and 189 control samples from Guangxi
area, a relatively high incident area of DIA. We
observed about 20 percent of control individuals had miR-1268a rs28599926 T alleles.
However, higher frequency was observed in the
individuals with DIA, and following regression
analysis proved this polymorphism increased
DIA risk. Similar to our findings, Long, et al [18]
showed that individuals with rs28599926-CT/
TT face higher risk (OR = 2.10, 95% CI = 1.822.43) of liver cancer than those with rs28599926-TT. Additionally, they also found the
rs28599926 polymorphism can interfere in the
interaction of miR-1268a binding to the 3’-UTR
of ADAMTS4, involving in carcinogenesis [2224]. These results suggested miR-1268a
rs28599926 polymorphism might modify the
risk of tumors such as DIA and liver cancer.
Additionally, we also investigated the association between miR-1268a rs28599926 polymorphism and DIA prognosis. We found that
DIA patients with risk genotypes of miR-1268a
rs28599926 (OR > 1) had a significant poor
RFS and OS compared to those without risk
genotypes. Multivariate cox regression analysis
further showed this polymorphism increased
1.52-times tumor reoccurrence risk and 2.25times death risk. This is possibly because it correlates with the fact that this polymorphism
modifies tumor grade and differentiation.
Another important finding in this study was that
among different genotypes of miR-1268a
rs28599926 polymorphism, temozolomide
treatment exhibited different effects on DIA
patients, suggesting this polymorphism might
modify the effects of temozolomide treatment
on DIA patients. This is likely due to miR-1268a
rs28599926 polymorphism increasing sensitivity of DIA cells to temozolomide treatment.
However, there were several limitations to our
present study. Because of the hospital-based
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the selection of control subjects, potential
selection bias might have occurred. Despite
the analysis of miR-1268a rs28599926 polymorphism, we did not analyze other polymorphisms in microRNA genes possibly able to
modify the risk of DIA [7, 25-28]. Although this
study investigated the effects of this polymorphism on the tumor sensitivity to chemotherapeutic drug temozolomide, it is deficient in
functional and mechanical analysis. In addition, our findings were based on relatively small
numbers and limited by small number subjects
in part of the genotype strata. Therefore, more
functional analyses deserve further elucidation
based on a large sample and the combination
of genes.
To conclude, this study is, to the best of our
knowledge, the first report investigating an
association between miR-1268a rs28599926
polymorphism and DIA risk and prognosis in
Guangxi patients. We have found evidence that
the genotypes of miR-1268a rs28599926 T
alleles may be related to increased risk and
poor prognosis for DIA, and that this polymorphism may modify the sensitivity of tumor cells
to chemotherapeutic drugs such as temozolomide. Given that DIA is a highly fatal tumor, the
finding of a genetic susceptibility (if confirmed)
may have implications for screening and
prevention.
Acknowledgements
The authors thank Yong-Zhi Huang for molecular biochemical technique. The authors also
thank Zhou Dragon for reading and comments
of this manuscript. This work was supported in
part by National Natural Science Foundation of
China (NO. 81160323).
Disclosure of conflict of interest
None.
Address correspondence to: Xue-Bin Li and An-Ding
Xu, Stroke Center & Neurology Division, The First
Affiliated Hospital of Jinan University, West
Whampoa Rd., No. 613 Tianhe District, Guangzhou
510630, Guangdong Province, China. Tel: +86 135
0776 6338; Fax: +86 776 2825603; E-mail:
yyfylxb@163.com (XBL); Tel: +86 133 9269 2160;
Fax: +86 776 2825603; E-mail: tlil@jnu.edu.cn
(ADX)

Int J Clin Exp Med 2016;9(11):21615-21624

MiR-1268a polymorphism and DIA
References
[1]

Ichimura K, Narita Y and Hawkins CE. Diffusely
infiltrating astrocytomas: pathology, molecular
mechanisms and markers. Acta Neuropathol
2015; 129: 789-808.
[2] Ranjan M, Santosh V, Tandon A, Anandh B,
Sampath S, Devi BI and Chandramouli BA.
Factors predicting progression of low-grade diffusely infiltrating astrocytoma. Neurol India
2011; 59: 248-253.
[3] Eom KY, Cho BJ, Choi EJ, Kim JH, Chie EK, Wu
HG, Kim IH, Paek SH, Kim JS and Kim IA. The
Effect of Chemoradiotherapy with SRC Tyrosine
Kinase Inhibitor, PP2 and Temozolomide on
Malignant Glioma Cells In Vitro and In Vivo.
Cancer Res Treat 2016; 48: 687-697.
[4] Li L, Li Q, Chen X, Xu M, Li X, Nie L, Chen N,
Gong J, Mao Q and Zhou Q. SOX4 is overexpressed in diffusely infiltrating astrocytoma
and confers poor prognosis. Neuropathology
2015; 35: 510-517.
[5] Lin ZH, Chen JC, Wang YS, Huang TJ, Wang J
and Long XD. DNA repair gene XRCC4 codon
247 polymorphism modified diffusely infiltrating astrocytoma risk and prognosis. Int J Mol
Sci 2014; 15: 250-260.
[6] Barbosa KC, Oba-Shinjo SM, Uno M, Carvalho
PO, Rosemberg S, Aguiar PH, Carlotti CG,
Malheiros SM, Toledo S, Lotufo P and Marie
SK. Association of EGFR c.2073A > T polymorphism with decreased risk of diffusely infiltrating astrocytoma in a Brazilian case-control
study. Int J Biol Markers 2008; 23: 140-146.
[7] Liu R, Li W and Wu C. A functional polymorphism in the premiR146a gene influences the
prognosis of glioblastoma multiforme by interfering with the balance between Notch1 and
Notch2. Mol Med Rep 2015; 12: 5475-5481.
[8] Zhao Z, Zhong X, Wu T, Yang T, Chen G, Xie X,
Wei Y, Ye M, Zhou Y and Du Z. Identification of
a NFKBIA polymorphism associated with lower
NFKBIA protein levels and poor survival outcomes in patients with glioblastoma multiforme. Int J Mol Med 2014; 34: 1233-1240.
[9] Wei XB, Jin TB, Li G, Geng TT, Zhang JY, Chen
CP, Gao GD, Chen C and Gong YK. CCDC26
gene polymorphism and glioblastoma risk in
the Han Chinese population. Asian Pac J
Cancer Prev 2014; 15: 3629-3633.
[10] Park CK, Lee SH, Kim JY, Kim JE, Kim TM, Lee
ST, Choi SH, Park SH and Kim IH. Expression
level of hTERT is regulated by somatic mutation and common single nucleotide polymorphism at promoter region in glioblastoma.
Oncotarget 2014; 5: 3399-3407.
[11] Pei C, Chen H, Jia X, Yan L, Zou Y, Jiang C, Jin H,
Kang C, Jiang T and Ren H. A high frequency of
MSH6 G268A polymorphism and survival as-

21623

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

sociation in glioblastoma. Int J Neurosci 2013;
123: 114-120.
McDonald KL, Rapkins RW, Olivier J, Zhao L,
Nozue K, Lu D, Tiwari S, Kuroiwa-Trzmielina J,
Brewer J, Wheeler HR and Hitchins MP. The T
genotype of the MGMT C > T (rs16906252) enhancer single-nucleotide polymorphism (SNP)
is associated with promoter methylation and
longer survival in glioblastoma patients. Eur J
Cancer 2013; 49: 360-368.
El Hallani S, Rossetto M and Sanson M. The
Pro/Pro genotype at TP53 codon 72 polymorphism is associated with early onset glioblastoma. Cancer Genet 2012; 205: 677.
Malik N, Kumar R, Prasad KN, Kawal P,
Srivastava A and Mahapatra AK. Association of
matrix metalloproteinase-1 gene polymorphism with glioblastoma multiforme in a northern Indian population. J Neurooncol 2011;
102: 347-352.
Kumar R, Malik N, Tungaria A and Kawal P.
Matrix metalloproteinase-2 gene polymorphism is not associated with increased glioblastoma multiforme susceptibility: an Indian
institutional experience. Neurol India 2011;
59: 236-240.
Huang Y, Chen X, Chen N, Nie L, Xu M and Zhou
Q. Expression and prognostic significance of
survivin splice variants in diffusely infiltrating
astrocytoma. J Clin Pathol 2011; 64: 953-959.
Morin RD, O’Connor MD, Griffith M, Kuchenbauer F, Delaney A, Prabhu AL, Zhao Y,
McDonald H, Zeng T, Hirst M, Eaves CJ and
Marra MA. Application of massively parallel sequencing to microRNA profiling and discovery
in human embryonic stem cells. Genome Res
2008; 18: 610-621.
Long XD, Huang XY, Yao JG, Liao P, Tang YJ, Ma
Y and Xia Q. Polymorphisms in the precursor
microRNAs and aflatoxin B1-related hepatocellular carcinoma. Mol Carcinog 2016; 55: 10601072.
Eisele SC, Wen PY and Lee EQ. Assessment of
brain tumor response: RANO and Its offspring.
Curr Treat Options Oncol 2016; 17: 35.
Brandes AA, Bartolotti M, Tosoni A and
Franceschi E. Nitrosoureas in the management of malignant gliomas. Curr Neurol
Neurosci Rep 2016; 16: 13.
Salacz ME, Kast RE, Saki N, Bruning A, KarpelMassler G and Halatsch ME. Toward a noncytotoxic glioblastoma therapy: blocking MCP-1
with the MTZ Regimen. Onco Targets Ther
2016; 9: 2535-2545.
Demircan K, Topcu V, Takigawa T, Akyol S,
Yonezawa T, Ozturk G, Ugurcu V, Hasgul R,
Yigitoglu MR, Akyol O, McCulloch DR and
Hirohata S. ADAMTS4 and ADAMTS5 knockout
mice are protected from versican but not ag-

Int J Clin Exp Med 2016;9(11):21615-21624

MiR-1268a polymorphism and DIA
grecan or brevican proteolysis during spinal
cord injury. Biomed Res Int 2014; 2014:
693746.
[23] Zhang XH, Qi YX, Gao X, Li JY and Xu SZ.
Expression of ADAMTS4 and ADAMTS5 in longissimus dorsi muscle related to meat tenderness in Nanyang cattle. Genet Mol Res 2013;
12: 4639-4647.
[24] Minobe K, Ono R, Matsumine A, ShibataMinoshima F, Izawa K, Oki T, Kitaura J, Iino T,
Takita J, Iwamoto S, Hori H, Komada Y, Uchida
A, Hayashi Y, Kitamura T and Nosaka T.
Expression of ADAMTS4 in Ewing’s sarcoma.
Int J Oncol 2010; 37: 569-581.
[25] Bozdag S, Li A, Riddick G, Kotliarov Y, Baysan
M, Iwamoto FM, Cam MC, Kotliarova S and
Fine HA. Age-specific signatures of glioblastoma at the genomic, genetic, and epigenetic
levels. PLoS One 2013; 8: e62982.

21624

[26] Speranza MC, Frattini V, Pisati F, Kapetis D,
Porrati P, Eoli M, Pellegatta S and Finocchiaro
G. NEDD9, a novel target of miR-145, increases the invasiveness of glioblastoma. Oncotarget 2012; 3: 723-734.
[27] Yin D, Ogawa S, Kawamata N, Leiter A, Ham M,
Li D, Doan NB, Said JW, Black KL and Phillip
Koeffler H. miR-34a functions as a tumor suppressor modulating EGFR in glioblastoma multiforme. Oncogene 2013; 32: 1155-1163.
[28] Dou T, Wu Q, Chen X, Ribas J, Ni X, Tang C,
Huang F, Zhou L and Lu D. A polymorphism of
microRNA196a genome region was associated with decreased risk of glioma in Chinese
population. J Cancer Res Clin Oncol 2010;
136: 1853-1859.

Int J Clin Exp Med 2016;9(11):21615-21624

