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Abstract: NEIL3 may affect the development of glioma. However, few previous studies evaluated the function of
NEIL3 in the prognosis of patients with glioma. The characteristics of age (=40) had a significantly increased risk of
death (HR: 1.302, 95% CI: 1.010-1.678, P=0.041), by contrast, the surgical operation (subtotal tumour resection,
GTR) and chemotherapy were the protective factors which decreased risk of death (HR: 0.645, 95% Cl: 0.492-0.845,
P<0.05; HR: 0.755, 95% CI: 0.580-0.984, P<0.05). The genotype (T/T) of rs12645561 had a significantly increased
risk of death (HR: 2.123, 95% Cl: 1.099-4.104, P=0.043). After HR was adjusted with chemotherapy and surgi-
cal operation, the T/T genotype of rs12645561 increased risk of glioma death (HR: 1.808, 95% ClI: 1.071-3.051,
P=0.027). If HR was adjusted with chemotherapy, surgical operation, the minor allele T/T significantly increased risk
of astrocytoma death (HR: 2.528, 95% CI: 1.292-4.947, P=0.007). Our results suggest that the polymorphisms of
rs12645561 in NEIL3 may predict overall survival of glioma.
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Introduction

Glioma (astrocytoma, gliacytoma, oligodendro-
glioma, etc.) is the primary human brain tumor,
which accounts for about 40% of all intracranial
neural tumor [1, 2]. There was more than 0.39
million patients with brain glioma around the
world, and the median survival time is only
12-18 months [3]. Glioma is the primary malig-
nant tumor which is the fatal disease caused by
the innate genetic factors and the environmen-
tal carcinogenic factors [4, 5]. For a long time,
pathologist, immunologist and clinician were
always trying to look for an optimal treatment
on which can improve the glioma prognosis
which increase the survival rate mortality
decreased and median survival time extended
[6-8]. The characteristic of glioma is to infiltrate
and pinch the normal parenchyma and symp-
toms of patients may not appear for several
years, not only diagnosis can be difficult but
also the tumor can achieve massive size before

medical treatment. Although the intensive tr-
eatment is given, most cases die of their extr-
emely aggressive glioma [9]. The safe resection
of elderly patients (>40) are performed before
receiving chemotherapy and radiotherapy and
the survival outcomes are poorer compared
with younger patients [10, 11], but the life sur-
vival of elderly is more than the younger. The
reason is that the elderly patients may be cour-
age therapeutic interventions and appropriate
treatment [12-14].

Chemical instability of Deoxyribonucleic acid
and single nucleotide polymorphisms (base
transition, base transversion, base insertion
and base deletion) are the characteristics of
various human cancer cells [15]. Excessive oxi-
dative stress is the most significant reason of
nucleotide damage caused by free radicals and
lead to oxidative stress and hyperinflammation
resulting in the frequency of guanine appears to
increase in the specific region of the chromo-
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Table 1. Clinical data of patients with gliomas and astrocytoma

o Gliomas Astrocytoma
Characteristics
Frequency Percent (%) P-value?® Frequency Percent (%) P-value®
Gender 0.522 0.769
Male 145 53.9 88 55.0
Female 124 46.1 72 45.0
Total 269 100.0 160 100.0
Age 0.025* 0.184
<40 116 431 66 41.3
240 153 56.9 94 58.8
Total 269 100.0 160 100.0
WHO grading 0.127 0.612
I 18 6.7 18 11.3
Il 129 48 78 48.8
I 72 26.8 64 40.0
v 50 18.6 0 0.0
Total 269 100.0 160 100.0
Surgical operation P<0.001* 0.003*
STR or NTR 85 31.6 49 30.6
GTR 184 68.4 111 69.4
Total 269 100.0 160 100.0
Radiotherapy 0.681 0.334
Gamma Knife 176 65.4 106 66.3
Conformal therapy 69 25.7 41 25.6
ND 24 8.9 13 8.1
Total 269 100.0 160 100.0
Chemotherapy 0.001* 0.029*
No 165 61.3 102 63.8
Yes 104 38.7 58 36.3
Total 269 100.0 160 100.0
NEIL3 (rs12645561) 0.289 0.043*
C/C 144 53.5 92 575
T/C 107 39.8 58 36.3
ival 18 6.7 10 6.3
Total 269 100.0 160 100.0
Survival status - -
Survival 11 4.1 6 3.8
Loss to follow-up 9 3.3 7 4.4
Death 249 92.6 147 91.9
Total 269 100.0 160 100.0
Infiltration condition - -
No 10 3.7 6 3.8
Yes 255 94.8 152 95.0
Total 265 98.5 158 98.8
Missing 4 15 2 1.3
Total 269 100.0 160 100.0

STR, sub-total resection; NTR, near-total resection; GTR, gross-total resection. P was calculated by Chi-square test. *P<0.05
indicates statistical significance.
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Table 2. Univariate analysis of glioma overall survival

Dead cases/ Median survival

1 year survival

3 years survival

Characteristics total cases time (months) rate (%) rate (%) P HR (95% C1)
Gender

Male 135/145 11 25.5 5.3 1

Female 114/124 11 35.5 7.9 0.559  0.928 (0.723-1.192)
Age

<40 103/116 12 36.2 9.5 1

>40 146/153 10 25.5 4.2 0.041* 1.302(1.010-1.678)
WHO grading

-1 133/147 12 32.0 8.6 1

-1v 116/122 10 27.9 4.6 0.164  1.194 (0.930-1.532)
Surgical operation

STR or NTR 84/85 10 17.6 1.2 1

GTR 165/184 11 35.9 8.9 <0.05* 0.645 (0.492-0.845)
Radiotherapy

ND 22/24 8 333 8.3 1

Conformal therapy 60/69 9 20.3 11.8 0.856 (0.523-1.402)

Gamma Knife 167/176 11 335 5.2 0.728 0.834 (0.534-1.303)
Chemotherapy

No 158/165 9 24.1 2.7 1

Yes 91/104 12 39.4 12.7 <0.05* 0.755 (0.580-0.984)
NEIL3 (rs12645561)

c/C 134/144 11 31.9 5.7 1

T/C 98/107 10 28.0 7.2 1.042 (0.803-1.352)

il 17/18 8 27.8 — 0.357  1.448 (0.873-2.400)

HR, Hazard Ratio; 95% Cl, 95% confidence interval; STR, sub-total resection; NTR, near-total resection; GTR, gross-total resection. P<0.05 indi-

cates statistical significance.

some [16]. Previous studies have reported that
the SNPs of NEIL3 play an important role in
increasing glioma risk, what’s more, the “C/T-
T/T” genotype of rs12645561 in NEIL3 sig-
nificantly increase risk of glioma in dominant
model [17]. Furthermore, NEIL3 is highly ex-
pressed in certain areas of the brain, in addi-
tion, the expression of NEIL3 is higher in tumor
tissue compared with normal tissue [18], All in
all, the highly expressed may relate to high pro-
liferative potential and even lead the unlimited
proliferation.

However, the association analysis between
NEIL3 and glioma risk has been reported, few
geneticists and clinicians assess the associa-
tion between NEIL3 and the prognosis of glio-
ma. In this study the association between vari-
ous factors and prognosis of patients with
glioma (especially Chinese) was investigated.
288 patients performed different treatment
methods were recruited to analyze the statisti-
cal results of preoperative and postoperative
promote glioma precise treatment, and asso-
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ciation between retrospective survival and

glioma.
Methods and materials
Patient selection and follow-up characteristics

We retrospectively reviewed 288 patients with
signing the informed consent form that was
confirmed glioma by histopathological analysis
after surgery at neurosurgery of Shaanxi
Province Tangdu Hospital of the Fourth Military
Medical University between 2010 and 2014.
We gleaned patient characteristic information
(age, sex, race, residential region, and family
history of cancer) were recorded using a stan-
dard epidemiologic questionnaire. December
1, 2010 was chose as the closing date of eligi-
bility in order to have enough follow-up of
patients with glioma. Not all cases were treated
at Tangdu Hospital, so the information of cases
treated at other hospital may be sparse, and
the standard treatments were strictly per-
formed. The data of follow-up were logged in
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Figure 1. Kaplan-Meier curves of glioma overall. The graphs present 3 years

of follow-up. The log-rank test was based on the full data.

EpiData 3.02 software. The blood samples wi-
th collected from each participant’s venous
blood about 5 ml were collected after signing
the informed consent form and stored in acc-
ordance with our unified standards (-60°C).
Because the survival of patients with neuroas-
trocytoma is longer compared with the others,
160 participants from all the patients were
identified a subset. When the patient breathed
one’s last, the dates were recorded using at
the following methods: in/out-patient records,
Tangdu Hospital tumor registry and confirma-
tion with family. The study was approved by
the Clinical Research Ethics of Northwestern
University.

SNP selection and genotyping

The rs12645561 located in NEIL3 were select-
ed to analyze in this study based on data for
Asian subjects from the International HapMap
Project (http://hapmap.ncbi.nim.nih.gov/index.
html.en). Minor allele frequencies of the SNP
was >5% in the HapMap of the Chinese Han
population. DNA from whole blood was extract-
ed by using GoldMag-Mini Whole Blood Ge-
nomic DNA Purification Kits (GoldMag Co., Ltd.,
Hainan City, China), and quantified with a spec-
trophotometer (NanoDrop 2000; Thermo Fisher
Scientific, Waltham, MA, United States). The
SNPs were genotyped using the MassARRAY
RS1000 system (Sequenom). Data manage-
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ment and analysis were per-
formed using Sequenom Ty-
per 4.0 Software.

~ISurvival Function
—t+—Censored

Statistical analysis

The database was built with
EpiData3.02 software and
SPSS17.0 software was used
to statistical analysis. Surviv-
orship curve was drawn in
Kaplan-Meier and the differ-
entia of survival time was
examined with Log-rank. P<
0.05 was considered statisti-
cally significant and two-sid-
ed. The analysis of Single fac-
tor and multiple factors were
used to calculate HR and 95%
Confidence Interval (Cl). Odds
ratio (OR) and 95% Cls were
determined by using uncondi-
tional logistic regression analysis with adjust-
ments for age and sex which to estimate the
association between polymorphic site and
patients with glioma.

Results

The characteristics of patient with glioma were
shown in Table 1. The cases totally achieves
269 that males accounted for 53.9% and the
greater than or equal to 40 years old accounted
for 56.9%, According to the 2007 WHO central
nervous system tumor classification standard,
to do pathological grading of gliomas, grade-I
(18 cases), grade-Il (129 cases), grade-lll (72
cases), grade-1V (50 cases). WHO I-1ll was diag-
nosed with astrocytoma (160 cases) and don’t
contain glioblastoma. The C/C, T/C and T/T of
rs12645561 accounted for 53.5%, 39.8% and
6.7%.

Univariate analysis of glioma overall survival
was shown in Table 2 and Figure 1. No signifi-
cant associations were displayed between the
prognosis of gliomas and gender, WHO grading,
radiotherapy and NEIL3 (rs12645561). The
rs12645561 statistical results of prognostic
showed in Table 3. However, the characteristics
of age (=40) had a significantly increased risk
of death (HR: 1.302, 95% CI: 1.010-1.678, P=
0.041), by contrast, the GTR and chemotherapy
were the protective factors which decreased
risk of death (HR: 0.645, 95% CI: 0.492-0.845,
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Table 3. Univariate analysis of astrocytoma overall survival

Dead cases/total

Median survival 1 year survival 3 years survival

Characteristics cases time (months) rate (%) rate (%) P HR (95% CI)
Gender

Male 80/88 11 26.1 6.8 1

Female 67/72 11 31.9 6.3 0.789 1.045 (0.755-1.447)
Age

<40 58/66 11 31.8 8.6 1

240 89/94 10 26.6 0.227 1.227 (0.880-1.711)
WHO grading WHO grading

-l 86/96 11 28.1 1

-v 61/64 11 29.7 3.9 0.612 1.081(0.778-1.501)
Surgical operation Surgical operation

STR or NTR 49/49 9 16.3 1

GTR 98/111 11 34.2 9.6 0.007" 0.614 (0.431-0.875)
Radiotherapy Radiotherapy

ND 11/13 12 46.2 1

Conformal therapy 37/41 9 14.6 8.8 1.475 (0.749-2.905)

Gamma Knife 99/106 11 321 0.407 1.183(0.634-2.209)
Chemotherapy Chemotherapy

No 96/102 9 23.5 1

Yes 51/58 12 379 11.4 0.048" 0.705 (0.498-0.997)
NEIL3 (rs12645561)

c/c* 84/92 11 315 5.2 1

T/C* 53/58 11 25.9 1.028 (0.728-1.450)

/T 10/10 8 20 0.043" 2.123(1,099-4.104)

HR, Hazard Ratio; 95% Cl, 95% confidence interval; STR, sub-total resection; NTR, near-total resection; GTR, gross-total resection. “P<0.05

indicates statistical significance.
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Figure 2. Kaplan-Meier curves of astrocytoma overall. The graphs present 3
years of follow-up. The log-rank test was based on the full data.

P<0.05; HR: 0.755, 95% Cl: 0.580-0.984, P<
0.05). As shown in Table 3 and Figure 2 (astro-
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cytoma) significant associa-
tion was found that the GTR
and chemotherapy can dec-
reased risk of death (HR:
0.614, 95% CI: 0.431-0.875,
P=0.07; HR: 0.705, 95% ClI:
0.498-0.997, P=0.048). The
minor allele (T/T) of rs1264-
5561 had a significantly in-
creased risk of death (HR:
2.123, 95% CI: 1.099-4.104,
P=0.043). The rs12645561
affect the statistical results of
prognostic shown in Figure 3.
The results of multivariate
analysis between gene poly-
morphism and the overall sur-
vival and free survival were
shown in Table 4. After HR
was adjusted with chemother-
apy and surgical operation,
the T/T allele of rs12645561

increased risk of glioma death (HR: 1.808, 95%
Cl: 1.071-3.051, P=0.027). If HR was adjusted

Int J Clin Exp Pathol 2016;9(11):11556-11564
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Figure 3. Kaplan-Meier curves of NEIL3 rs12645561 genotypes by stage.
(P=0.043, log-rank test); The graphs present 3 years of follow-up. The log-

rank test was based on the full data.

Table 4. Multivariate analysis between gene polymorphism and the

overall survival and free survival

resection (STR) or no tumor
resection (NTR) (17.6% and
1.2%). Stummer et al report-
ed that the gross total resec-
tion of malignant tumor has
higher survival than the STR
or no tumor resection related
to the size of residual tumor
[19]. Hence, the size of residu-
al tumor is smaller, the prog-
nosis of patients with glioma
is richer.

rs12645561
—cKe
TIC
T
= CIC-censored
—+—TIC-censored
T/M-censored

The data from many tumor
centers around the world sh-
owed, the incidence rate of
astrocytoma is very high in
40-50 years old and the inci-
dence peak of glioblastoma in
old age. As a result, the pati-
ents (=40) have poorer prog-
nosis compared with younger
patients [20]. Our research
showed that the age (>40) of
patients’ 1 and 3 year(s) sur-

Gene SNP Genotype P

HR

vival rate compared with the
(95% Cl)? less than 40 years old has

Glioma NEIL3 rs12645561 C/C  0.081

T/C  0.389 1.123 (0.863-1.460)
T/T 0.027 1.808 (1.071-3.051)

Astrocytoma NEIL3 rs12645561 c/C 0.026

T/C  0.594 1.099 (0.776-1.556)
T/T 0.007 2.528 (1.292-4.947)

1 dropped by 10.7% and 5.3%.
European Organization for Re-
search and Treatment of Ca-
1 ncer (EORTC) has already con-
firmed that the prognosis ev-
aluation of patients with glio-

HR, Hazard Ratio; 95% Cl, 95% confidence interval. P<0.05 indicates statistical
significance. 2 HR was adjusted with chemotherapy and surgical operation.

with chemotherapy, surgical operation, the
minor allele significantly increased risk of astro-
cytoma death (HR: 2.528, 95% CI: 1.292-4.947,
P=0.007).

Discussion

In clinical practice, surgeons are willing to offer
surgical treatment to patients with glioma
because it can attenuate the tumor oppression
of important tissue and diminish the burden of
body, but there are a lot of concerns about tol-
erance relating to age and underlying complica-
tions. Resection has been confirmed that it is
more effective than other treatments. Our
experimental study showed that the 1 and 3
year(s) survival rate of patient with GTR (35.92%
and 8.9%) were well above the subtotal tumor
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ma was barely satisfactory
among the more than 40 ye-
ars old of patients [21]. Acco-
rding to North Central Cancer
Treatment Group (NCCTG) study, postoperative
survival time of patients with glioma was nega-
tively correlated with age of onset. Therefore,
age is a crucial factor for the prognosis evalua-
tion of patients with glioma.

According to our experimental results deduced
that the chemotherapy may grow the survival
time of patients with glioma. Stewart and co-
workers collected 12 Case control studies per-
formed in 304 patients after chemotherapy to
analyze by fixed effects model, meta-analysis
of evidence-based medicine (EBM). The results
showed that the 1 year survival rate of patients
receiving chemotherapy grows from 40% to
46% and the 2 years survival rate grows from
9% to 13% [22]. Because of drug resistance of
glioma cell, blood-brain barrier (BBB) and arrest

Int J Clin Exp Pathol 2016;9(11):11556-11564
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of bone marrow, patients received chemothera-
py has a poorer survival compared with the
rest. With the development of precision medi-
cine, individualized glioma chemotherapy will
play a role in prognosis of glioma.

The NEIL3 with 10 exons and 12 introns locat-
ed on Chromosome 4q34.3 covers 53.25 kb
from 178230990 to 178284237, and encoded
by the direct strand according to Entrez Gene
(http://www.ncbi.nlm.nih.gov/IEB/Research/
Acembly/av.cgi). The Expression of NEIL3 gene
being a cell cycle-regulated dependent was
confirmed that the NEIL3 is induced by mitogen
stimulation in early S phase with the highest
expression in the G2 phase under the control of
the Ras dependent ERK-MAP kinase pathway
[23]. In 2002, a DNA glycosylase (NEIL3) from
colibacillary protein was discovered, which can
repair DNA damaged by damaging agents and
replicate errors that it also is capable of endo-
nuclease. The role of the enzymes is excise and
repair base which is to protect proliferating
cells. However oxidative base lesions contrib-
ute to DNA damage, repaired by DNA glycosyl-
ases from the endonuclease lll. NEIL3 might be
involved in the process of replicating genomes
and provide a defense against oxidative base
lesions from the S phase to the G2 phase. Reis’
results suggested that RNA knockdown of the
OGG1 and NEIL3 decreased proliferation of
neural stem cells (NSCs) but was secondary to
an decreased death rate [24]. Similarly, in pre-
vious study, Perillo and co-workers demonstrat-
ed that DNA glycosylases has been shown to
participate in the prothetic process of base
lesions damaged by senses oxidative stress
and exo-/endo-genous agents, then recruit
transcription factors, which results in promot-
ing survival cell specialization [25]. These
results suggest that NEIL3 might be involved in
cell signaling pathways and play a role in the
proliferative process of NSCs.

Human NEIL3 is expressed in various cell lines
with high proliferative, including unfertilised
oocyte, marrow cells and keratinocytes [18].
Highest expression of human and mouse NEIL3
has been demonstrated in liver, cerebrum and
spleen [18, 26, 27]. Association between NEIL3
expression and multiple human cancers has
been also examined such as hepatocellular car-
cinoma, prostate cancer_and colon cancer [26,
28, 29]. The developing mouse brain highly
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expressed NEIL3 in various regions that are
rich in progenitor cells [18]. Regnell demon-
strated that proliferative capacity of NSCs from
aged NEIL3” mouse was diminished and DNA
repair activity is impaired [30]. Herein, the be-
havioral tests confirmed that the NSCs derived
from adult NEIL37 mouse were deficient on
learning and memory and reduced anxiety-like
behavior. Our previous researches indicate th-
at the “C/T-T/T” genotype of rs12645561 in
NEIL3 was associated with differential odds of
developing glioma in the Chinese population
[17], which might predict overall survival of
glioma.

In conclusion, our result, combined with previ-
ous studies, showed that rs1264556 in NEIL3
may be potentially valuable prognostic markers
for glioma patients. The goal of our study is to
generate the clinical data to move toward a
brand period in which comprehensive therapy
is individualized. Ultimately, through study in
this field, we can inform a clearer understand-
ing of various therapies.
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