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Abstract

Glioma is a highly fatal malignant tumor with a high recurrence rate, poor clinical treatment effect, and prognosis. We aimed
to determine the association between single nucleotide polymorphisms (SNPs) of NDRG/ and glioma risk and prognosis
in the Chinese Han population. 5 candidate SNPs were genotyped by Agena MassARRAY in 558 cases and 503 controls;
logistic regression was used to analyze the relationship between SNPs and glioma risk. We used multi-factor dimensionality
reduction to analyze the interaction of ‘SNP—SNP’; the prognosis analysis was performed by log-rank test, Kaplan—Meier
analysis, and Cox regression model. Our results showed that the polymorphisms of rs3808599 was associated with the reduc-
tion of glioma risk in all participants (OR 0.41, p=0.024) and the participants <40 years old (OR 0.30, p=0.020). rs3802251
may reduce glioma risk in all participants (OR 0.79, p=0.008), the male participants (OR 0.68, p=0.033), and astrocytoma
patients (OR 0.81, p=0.023). rs3779941 was associated with poor glioma prognosis in all participants (HR =2.59, p=0.039)
or astrocytoma patients (HR =2.63, p=0.038). We also found that the key factors for glioma prognosis may include surgi-
cal operation, radiotherapy, and chemotherapy. This study is the first to find that NDRG! gene polymorphisms may have a
certain association with glioma risk or prognosis in the Chinese Han population.
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Introduction

P4 Tianbo Jin
jintianbo @ gmail.com Glioma is a tumor that originates from neuroectodermal
mesenchymal cells and accounts for about 40-50% of
brain tumors. It is the most common intracranial malignant
tumor (McNeill 2016). According to the 2016 World Health
Organization glioma classification standard, gliomas mainly

include astrocytoma, oligodendrocytoma, oligoastrocytoma,
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problems in neurosurgery. Studies have shown that in addi-
tion to the effects of high-dose ionizing radiation, genetic
susceptibility genes may play a certain role in the patho-
genesis of glioma (Tanyildiz et al. 2016). At present, some
studies on the association between genetic polymorphisms
and glioma have been reported worldwide (Chen et al. 2015;
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Custddio et al. 2011; He et al. 2016; Jiao et al. 2016; Sham-
ran et al. 2014). Although these studies have let us to gain
some new insights into the pathogenesis of glioma, we have
not found an effective, specific, and unified method for pre-
vention and treatment. Therefore, finding new and effective
genetic markers is still very important, which will help us to
judge the prognosis of glioma patients early and then con-
duct targeted interventions for treatment.

N-myc downstream regulated gene-1 (NDRGI) was
cloned and isolated in 1997 for the first time and has been
found in many cancers (Azuma et al. 2012), such as pan-
creatic cancer (Stein et al. 2004), prostate cancer (Kovace-
vic et al. 2011), and esophageal squamous cell carcinoma
(Rabouille and Klumperman 2005). NDRGI has also been
found to be involved in embryogenesis and development, cell
growth and differentiation, lipid synthesis, stress response,
immune function, and myeloid formation (Kovacevic and
Richardson 2006). Most importantly, NDRGI may play an
inhibitory role in the development of glioma and may be a
potential prognostic indicator for glioma (Sun et al. 2009).

There is evidence that relatives of patients with glioma
have a higher risk of glioma (Hemminki et al. 2009). And
some studies have shown that the gene polymorphisms,
one of genetic variation, are considered as a risk factor for
glioma (Wrensch et al. 2005). The genome-wide association
study of glioma has reported the association between gene
polymorphisms and the risk of glioma, such as CDKN2B,
RTELI, and PHLDBI et al. (Shete et al. 2009). However,
no research on the association between NDRGI gene poly-
morphisms and glioma risk or patient prognosis has been
found. Therefore, we explored the association between 5
candidate SNPs on NDRG1 (rs2272646 A/G, rs3779941
C/A, 153808599 G/C, rs2977497 T/C, rs3802251 C/T) and
glioma risk or patient prognosis in Chinese Han population
through the experimental design of ‘case—control’.

Materials and Methods
Study Subjects

In this study, 1061 participants (558 glioma patients and
503 healthy individuals) were recruited at the department of
Neurosurgery at Tangdu Hospital (Xi’an, China) during the
same period, and then, we conducted a study on the associa-
tion between NDRGI SNPs and the risk of glioma. At the
same time, we also explored the impact of NDRGI SNPs on
the prognosis of patients with glioma. 558 cases were com-
posed of glioma patients in the Department of Neurosurgery
at Tangdu Hospital (Xi’an, China), and 503 healthy indi-
viduals were collected from the physical examination center
of Tangdu Hospital (Xi’an, China) during the same period.
All glioma patients meet the WHO diagnostic criteria for
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central nervous system tumors, while none of the healthy
individuals has a history of cancer or central nervous system
disease. All participants did not have any blood diseases.
This study adopts the ‘case—control’ research method as a
whole. In order to get the basic demographic and epidemio-
logical information of all participants (age, gender, WHO
grade, surgical operation, radiotherapy, chemotherapy, astro-
cytomas), we collected useful information through medi-
cal records, questionnaire surveys, and follow-up. Finally,
after obtaining the informed consent of all participants, we
collected peripheral blood samples from each of them for
subsequent DNA extraction (blood collection for glioma
patients must be done before radiotherapy, chemotherapy,
and surgery). The study has been approved by the ethics
committee of the Northwest University, and the follow-up
work was carried out after obtaining the informed consent
of all patients.

Selection and Genotyping of SNPs

Combining the relevant information of NDRGI gene poly-
morphisms in the dbSNP database, we selected candidate
SNPs with an allele frequency >5%. Then, five SNPs
on NDRG1 were selected for our study (rs2272646 A/G,
1s3779941 C/A, rs3808599 G/C, rs2977497 T/C, rs3802251
C/T). We extracted and purified the whole genome DNA
according to the experimental procedures from the kit
instructions (GoldMag Co. Ltd. Xi’an, China). Subse-
quently, we used NanoDrop 2000 to test the purity and con-
centration of DNA samples, and the test results showed that
the OD260/280 of all DNA was between 1.8 and 2.0, indi-
cating that the purity of DNA samples was good, which was
conducive to subsequent studies. Afterwards, the extracted
DNA was stored in a low-temperature refrigerator (— 80 °C)
until needed for the next experiment. The primers required
for this study were all designed by MassARRAY Assay
Design software, and finally the MassARRAY (Agena, San
Diego, CA, USA) system was used by us for genotyping.

In order to ensure the reliability and reproducibility of
the experimental results, we randomly select 5% of DNA
samples for repeatability testing. And the repetition rate of
experimental results is >99%.

Statistical Analysis

The Association Between SNPs on NDRG1 and the Risk
of Glioma

The difference in demographic characteristics in this study was
tested by SPSS 17.0 statistical software. The p value represents
whether it is statistically significant (p <0.05: statistically sig-
nificant). After testing whether all candidate SNPs meet the
Hardy—Weinberg balance (HWE), the correlation between the
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candidate SNPs and the risk of glioma was studied. The study
included overall analysis and subgroup analysis (age, gender,
astrocytomas). Using wild-type alleles as a reference, the plink
1.07 online tool software was used to estimate multiple genetic
models (codominant, dominant, recessive, and logarithmic
addition). The analysis results of this part were all estimated
based on the odds ratio (OR) and 95% confidence interval (CI)
obtained by the logistic regression model adjusted by age and
gender (OR 1: the factor has no effect on the occurrence of the
disease; OR < 1: reduce the risk of disease; OR > 1: increase
the risk of disease). Finally, we used multi-factor dimensional-
ity reduction (MDR) to evaluate the interactions of candidate
‘SNP-SNP”’ in the risk of glioma.

Prognosis Analysis of 558 Patients with Glioma

The overall prognosis analysis is based on SPSS 17.0 soft-
ware for statistical analysis. Univariate survival analysis
used the Kaplan—-Meier method to calculate the median sur-
vival time and 1-year, 2-year, and 3-year survival rates of
patients. The Log-rank test was used to compare survival
risks. The Cox hazard proportional regression model was
used to calculate hazard ratios (HRs) and 95% confidence
intervals (ClIs), and then, we evaluated the impact of NDRG1
genotype on the overall survival and progression-free sur-
vival of glioma patients. We also used Kaplan—Meier method
and Log-rank test to draw the corresponding survival curves
of glioma patients.

All tests in this study were two-sided tests, and p < 0.05
was considered statistically significant.

Results
Sample Overview

This study adopted a ‘case—control’ experimental design.
The average age of glioma patients was 40.52 4+ 18.08 years,
including 307 males (55%) and 251 females (45%); the
average age of healthy individuals was 40.75 + 13.99 years,
including 280 males (56%) and 223 females (44%). Table 1
summarizes the demographic (age and gender) and clinical
information (WHO grade, astrocytoma, surgical operation,
radiotherapy status, and chemotherapy status) of the par-
ticipants. We found that there was no statistical difference
between the case group and the control group in gender
(p=0.853) and age (p=0.817).

Genotyping and Candidate SNPs-Related
Information

5 candidate SNPs (rs2272646 A/G, rs3779941 C/A,
1s3808599 G/C, 152977497 T/C, 13802251 C/T) on NDRG1
were successfully genotyped. Detailed information about

Table 1 Characteristics of patients with glioma and healthy individu-

als
Characteristics Cases Control P
n=>558 n=503
Age (years)
Mean +SD 40.52+18.08 40.75+13.99 0.817
>40 289 (52%) 245 (49%)
<40 269 (48%) 258 (51%)
Gender
Male 307 (55%) 280 (56%) 0.853
Female 251 (45%) 223 (44%)
WHO grade
I-1I 352 (63%) -
I-1v 206 (37%)
WHO classification
Astrocytoma 348
Ependymoma 37
Glioblastoma 38
Oligodendrocytes astrocy- 80
toma
Oligodendroglioma 19
Others 36
Surgical operation
STR & NTR 175 31%) -
GTR 383 (69%)
Radiotherapy
Conformal radiotherapy 145 (26%) -
Gamma knife 356 (64%)
No 57 (10%)
Chemotherapy
Yes 227 (41%) -
No 331 (59%)

WHO World Health Organization, GTR gross-total resection, NTR
near-total resection, STR sub-total resection

p<0.05: indicates statistical significance

these five candidate SNPs is summarized in Table 2. All
candidate SNPs were in line with HWE (p > 5%). The results
of HaploReg showed that the SNPs in this study may be reg-
ulated by many factors, including Enhancer histone marks,
DNAse, Motifs changed, GRASP QTL Hits, Selected eQTL
Hits, and Promoter histone marks.

Evaluation of the Correlation Between NDRG1 SNPs
and Glioma Risk

Overall Analysis
The association between SNPs on NDRGI and glioma
risk under multiple genetic models was tested based on

logistic regression, and the results were adjusted by age
and gender (Table 3). The results showed that among the
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Table 2 The basic information and HWE about the selected SNPs of NDRGI

SNP ID Callrate Chr: position Alleles MAF HWE Haploreg 4.1
(A/B) (p value)
Cases Controls

1s2272646 99.4% 8: 134254051 A/G 0.319 0.301 0.523 Enhancer histone marks; DNAse; Motifs changed; GRASP QTL
Hits; Selected eQTL Hits

rs3779941 100% 8: 134257728 C/A 0.117 0.108 0.163 Enhancer histone marks; DNAse; Motifs changed

rs3808599 100% 8: 134267886 G/C 0.156 0.180 0.172 Enhancer histone marks; DNAse; Motifs changed; Selected eQTL
Hits

1s2977497 99.7% 8: 134277855 T/C 0.414 0.444 0.651 Enhancer histone marks; DNAse; Motifs changed

rs3802251 100% 8: 134305599 C/T 0.392 0.448 0.787 Promoter histone marks; Enhancer histone marks; DNAse; Motifs

changed

SNP single nucleotide polymorphism, MAF minor allele frequency, HWE Hardy—Weinberg equilibrium

five candidate SNPs, rs3808599 or rs3802251 and the
risk of glioma may have a certain association. Specifi-
cally, rs3808599 on NDRG1 can reduce the risk of glio-
mas in homozygous (GG vs. CC, OR 0.41, CI 0.19-0.89,
p=0.024) and recessive models (GG vs. GC-CC, OR
0.42, C10.19-0.90, p =0.025); rs3802251 on NDRGI can
also reduce gliomas risk in allelic (C vs. T, OR 0.79, CI
0.67-0.94, p=0.008), homozygous (CC vs. TT, OR 0.63,
CI 0.44-0.90, p=0.011), dominant (CC-CT vs. TT, OR
0.73, CI 0.56-0.95, p=0.017), and log-additive models
(OR 0.79, CI 0.66-0.94, p =0.008). We did not find any
evidence of the association between the remaining three
candidate SNPs and glioma risk.

Age and Gender

The results showed (Table 4) that rs3808599 on
NDRG]1 reduced the risk of glioma among the partici-
pants <40 years old under the homozygous model (GG
vs. CC, OR 0.30, CI 0.11-0.83, p=0.020) and the reces-
sive model (GG vs. GC-CC, OR 0.29, CI 0.11-0.82,
p=0.019); the rs3802251 on NDRG1 can also reduce the
risk of glioma among males of the participants under het-
erozygous (CT vs. TT, OR 0.69, CI 0.47-1.00, p =0.049)
and dominant models (CC-CT vs. TT, OR 0.68, CI
0.48-0.97, p=0.0033). We also found that rs3802251
only showed the ability to reduce the risk of glioma in
participants > 40 years old under the allelic model (C Vs.
T, OR 0.78, C10.61-0.99, p=0.049), but the p value was
infinitely close to the critical value (0.05). If it is inferred
from the above results that rs3802251 has a significant
association with the risk reduction of glioma among par-
ticipants > 40 years old, the reason may be insufficient.
Therefore, it is very necessary to carry out necessary
verification experiments in the future. In addition, we did
not find evidence that there is an association between the
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five candidate SNPs and the risk of glioma in the female
participants.

Astrocytoma

The results showed (Table 5) that rs3802251 on NDRG1
has a certain association with astrocytoma patients in allelic
(Cvs. T, OR 0.81, CI 0.67-0.97, p=0.023), homozygous
(CC vs. TT, OR 0.67, CI 0.46-0.99, p=0.043), dominant
(CC-CT vs. TT, OR 0.75, C10.57-0.99, p=0.042), and log-
additive models (OR 0.81, CI 0.68-0.98, p=0.031), and it
showed a risk in reduction effect (OR < 1).

WHO Grade

The results showed (supplemental Table 1) that there may
be no association between the five candidate NDRG1 SNPs
and the WHO grade of glioma in Chinese Han population.

MDR Analysis

MDR analysis was used to evaluate the interactions
between ‘SNP-SNP’. Figure 1 can describe the interac-
tion between 5 candidate SNPs. The blue line indicated
that the candidate SNPs may have a redundant role in
regulating the risk of glioma. All experimental results
have been shown in Table 6: The best single-point
model for predicting the risk of glioma is rs3802251
(testing accuracy =0.539, CVC =10/10, p =0.0094);
the two-site model is rs3779941, rs3802251 (testing
accuracy =0.511, CVC =4/10, p =0.0003); the three-
site model is r$3779941, rs3808599, rs3802251 (testing
accuracy =0.504, CVC =4/10, p <0.0001); the four-site
model is rs2272646, rs3808599, rs2977497, rs3802251
(testing accuracy =0.511, CVC =5/10, p <0.0001); and
the five-site model is rs2272646, rs3779941, rs3808599,
rs2977497, rs3802251 (testing accuracy = 0.540,
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Table 3 Analysis of the

e . SNP ID Model Genotype Case Control Adjusted by age and gender
association between glioma and
SNPs of NDRG1 OR (95% CI) p
1s2272646 Allele AIG 356 299 1.09 (0.90-1.31) 0.367
Homozygote AA/GG 66 48 1.26 (0.84-1.90) 0.268
Heterozygote AG/GG 224 203 1.01 (0.78-1.31) 0.929
Dominant AA-AG/GG 290 251 1.06 (0.83-1.35) 0.641
Recessive AA/AG-GG 66 48 1.25 (0.85-1.86) 0.259
Additive - - - 1.08 (0.90-1.30) 0.385
1s3779941 Allele C/A 131 109 1.09 (0.84-1.43) 0.512
Homozygote CC/AA 5 9 0.51 (0.17-1.54) 0.234
Heterozygote CA/AA 121 91 1.24 (0.92-1.68) 0.165
Dominant CC-CA/AA 126 100 1.18 (0.87-1.58) 0.286
Recessive CC/CA-AA 5 9 0.49 (0.16-1.48) 0.205
Additive - - - 1.09 (0.83-1.43) 0.518
rs3808599 Allele G/C 174 181 0.84 (0.67-1.06) 0.139
Homozygote GG/CC 10 21 0.41 (0.19-0.89) 0.024*
Heterozygote GC/CC 154 139 0.96 (0.74-1.27) 0.792
Dominant GG-GC/CC 164 160 0.89 (0.69-1.16) 0.393
Recessive GG/GC-CC 10 21 0.42 (0.19-0.90) 0.025*
Additive - - - 0.84 (0.67-1.06) 0.141
rs2977497 Allele T/C 460 446 0.88 (0.74-1.05) 0.156
Homozygote TT/CC 99 96 0.80 (0.56-1.14) 0.222
Heterozygote TC/CC 262 254 0.80 (0.61-1.06) 0.116
Dominant TT-TC/CC 361 350 0.80 (0.62-1.04) 0.096
Recessive TT/TC-CC 99 96 0.92 (0.67-1.25) 0.581
Additive - - - 0.88 (0.74-1.05) 0.155
rs3802251 Allele C/T 437 451 0.79 (0.67-0.94) 0.008*
Homozygote CC/TT 85 99 0.63 (0.44-0.90) 0.011*
Heterozygote CT/TT 267 253 0.77 (0.59-1.01) 0.062
Dominant CC-CT/TT 352 352 0.73 (0.56-0.95) 0.017*
Recessive CC/CT-TT 85 99 0.73 (0.53-1.01) 0.055
Additive - - - 0.79 (0.66-0.94) 0.008*

Bold values indicate that the value is statistically significant

SNP single nucleotide polymorphisms, OR odds ratio, CI confidence interval

p<0.05: indicates statistical significance

CVC=10/10, p<0.0001). Therefore, our analysis con-
cluded that the impact of the five candidate SNPs on the
risk of glioma may be interdependent.

Haplotype Analysis of NDRG1

The results of linkage disequilibrium (LD) and haplotype
analysis of NDRGI polymorphism showed that the LD
block (Fig. 2) was composed of two SNPs (1rs2272646 and
rs3779941). In addition, in the haplotype analysis, we also
adjusted for the effects of covariates (age and gender). Hap-
loidy frequency (case group/control group) was shown in
Supplemental Table 2. The logistic regression results show

that there is no haplotype significantly related to the risk of
glioma.

Prognosis Analysis of 558 Patients with Glioma
Overall

A follow-up survey was conducted on 558 glioma patients
in this study, and the follow-up time was 1-36 months.
Based on the follow-up records, we conducted a univariate
analysis between overall survival (OS) or progression-free
survival (PFS) and clinical factors in 558 glioma patients.
These clinical factors include: gender, age, WHO grade,
surgical operation, radiotherapy status, and chemo-
therapy status (Table 7 and Fig. 3). Our results showed
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Table5 The SNPs of NDRGI associated with risk of glioma in the
subgroup tests (astrocytoma)

SNP ID Model Genotype Astrocytoma
(astrocytoma in case group
Vs. all controls)
OR (95% CI) P
1s2272646 Allele AIG 1.03 (0.85-1.26) 0.764
Homozygote AA/GG 1.19 (0.77-1.85) 0.435
Heterozygote AG/GG 0.94 (0.71-1.23) 0.642
Dominant AA-AG/GG  0.98 (0.76-1.28) 0.909
Recessive AA/AG-GG 1.23 (0.80-1.87) 0.343
Additive - 1.04 (0.85-1.26) 0.728
rs3779941 Allele C/A 1.09 (0.82-1.45) 0.564
Homozygote CC/AA 0.70 (0.23-2.13) 0.535
Heterozygote CA/AA 1.20 (0.87-1.66) 0.276
Dominant CC-CA/AA  1.16 (0.84-1.59) 0.371
Recessive CC/CA-AA  0.68 (0.23-2.05) 0.493
Additive - 1.10 (0.82-1.46) 0.535
rs3808599 Allele G/C 0.85 (0.67-1.09) 0.203
Homozygote GG/CC 0.50 (0.22-1.11) 0.086
Heterozygote GC/CC 0.96 (0.72-1.28) 0.778
Dominant GG-GC/CC 0.90 (0.68-1.19) 0.458
Recessive GG/GC-CC 0.50(0.23-1.11) 0.090
Additive - 0.86 (0.68-1.10) 0.229
1s2977497 Allele T/C 0.85 (0.70-1.02) 0.079
Homozygote TT/CC 0.75 (0.51-1.09) 0.130
Heterozygote TC/CC 0.80 (0.60-1.07) 0.127
Dominant TT-TC/CC  0.78 (0.59-1.03) 0.082
Recessive TT/TC-CC  0.85(0.61-1.20) 0.361
Additive - 0.85(0.71-1.03) 0.094
rs3802251 Allele C/T 0.81 (0.67-0.97) 0.023*
Homozygote CC/TT 0.67 (0.46-0.99) 0.043*
Heterozygote CT/TT 0.78 (0.58-1.05) 0.096
Dominant CC-CT/TT  0.75 (0.57-0.99) 0.042*
Recessive CC/CT-TT 0.78 (0.56-1.10) 0.156
Additive - 0.81 (0.68-0.98) 0.031*

Bold values indicate that the value is statistically significant

SNP single nucleotide polymorphisms, OR odds ratio, CI confidence
interval

p <0.05: indicates statistical significance

that from the perspective of surgical resection methods,
glioma patients with total tumor resection (OS: log-rank
p<0.001, HR =0.62; PFS: log-rank p < 0.001, HR =0.60)
had a better prognosis than patients with non-total resec-
tion, and the result was statistically significant (p <0.001).
For the radiotherapy, glioma patients who have under-
gone gamma knife radiotherapy were associated with an
increased risk of PFS (PFS: log-rank p =0.039, HR = 1.40,
p=0.041). For the chemotherapy, compared with glioma

patients who have not undergone chemotherapy, patients
after chemotherapy have a better prognosis (OS: log-rank
p<0.001, HR =0.70, p <0.001). However, we did not find
any evidence that other clinical factors (gender, age, WHO
grade) were related to the prognosis of glioma patients.

Astrocytoma Patients

The results showed that female astrocytoma patients have a
potential association with progression-free survival (PFS:
log-rank p=0.029, HR=1.23, p=0.050). As shown in
Table 8 and Fig. 4a and b, patients with total tumor resec-
tion had a better prognosis than patients with non-total
resection (OS: log-rank p <0.001, HR=0.62, p <0.001;
PFS: log-rank p <0.001, HR =0.58, p <0.001). For radio-
therapy (Table 8 and Fig. 4c), compared with astrocytoma
patients who are not undergoing radiotherapy, the results
showed that no matter what kind of radiotherapy was given,
it was associated with an increased risk of PFS in astrocy-
toma patients (log-rank p=0.031, Conformal radiotherapy:
HR=1.59, p=0.023; Gamma knife: HR =1.50, p=0.029).
For chemotherapy, astrocytoma patients who have under-
gone chemotherapy have a better prognosis (OS: log-rank
p<0.001, HR=0.62, p<0.001). Table 8 summarizes the
experimental results after univariate analysis.

SNPs and the Prognosis of Glioma Patients (Univariate
Analysis)

We evaluated the impact of five candidate SNPs on the
survival rate of glioma patients. The results are shown
in Table 9 and Fig. 5, and we found that rs3779941 has
a potential impact on the OS and PFS of glioma patients
(OS: log-rank p=0.006; PFS: log-rank p=0.040). At the
same time, we also found an evidence that the genotype
CC of 153779941 was associated with the increased risk of
OS in glioma patients (OS: HR =3.07, 95% CI 1.27-7.44,
p=0.013).

SNPs and the Prognosis of Glioma Patients (Multivariate
Analysis)

After Cox multivariate analysis (multivariate: gender, age,
WHO grade, radiotherapy, surgical operation, chemother-
apy), the results showed that the rs3779941 polymorphism
was associated with prognosis of glioma patients (Table 10).
Specifically, the genotype CC of rs3779941 was a risk fac-
tor that increases the risk of OS (OS: HR=2.59, 95% CI
1.05-6.37, p=0.039) in glioma patients, but there was
no association with PFS (HR=1.77, 95% CI 0.72—4.35,
p=0.212). There did not seem to be any association between
the remaining candidate SNPs and the OS or PES of glioma
patients.
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~rs3808599

rs3779941

rs2977497

52272646

$3802251

Fig. 1 Dendrogram analysis of SNP-SNP interaction (NDRGI). The colors in the tree diagram represent synergy (yellow) or redundancy (blue)

Table 6 SNP-SNP interaction models analyzed by the MDR method

Model Training Bal. Acc ~ Testing Bal. Acc  OR (95% CI) p value CVC
rs3802251 0.539 0.539 1.42 (1.09-1.84) 0.0094*  10/10
rs3779941, rs3802251 0.559 0.511 1.59 (1.23-2.04) 0.0003*  4/10
rs3779941, rs3808599, rs3802251 0.575 0.504 1.82(1.41-2.35) <0.0001*  4/10
1s2272646, rs3808599, rs2977497, rs3802251 0.593 0.511 2.05(1.59-2.63) <0.0001*  5/10
12272646, rs3779941, rs3808599, 152977497, rs3802251  0.610 0.540 2.38(1.85-3.07)  <0.0001*  10/10

Bold values indicate that the value is statistically significant

MDR multi-factor dimensionality reduction, Bal. Acc. balanced accuracy, CVC cross-validation consistency, OR odds ratio, 95% CI 95% confi-

dence interval
p values were calculated using y? tests

p<0.05: indicates statistical significance

Fig.2 Haplotype block map for
2 SNPs in NDRG1 gene. The
numbers inside the diamonds
indicate the D' for pairwise
analyses

rs2272646
rs3779941

Block 1 (3 kh)
5 6

SNPs and the Prognosis of Astrocytoma Patients
(Multivariate Analysis)

Finally, we also performed the association analysis
between NDRGI gene polymorphisms and the prognosis
of astrocytoma patients. The results showed (Table 10)
that the genotype CC of rs3779941 was a risk factor that
increased the risk of OS in astrocytoma patients (OS:

@ Springer

HR =2.63, 95% CI 1.06-6.56, p =0.038), but there was
no association with PFS (HR=1.78, 95% CI 0.72-4.42,
p=0.211). There did not seem to be any association
between the remaining candidate SNPs and the OS or PFS
of astrocytoma patients.

Discussion

Glioma is the tumor with the highest incidence and the
worst prognosis among primary brain tumors, posing a
great threat to human health. With the development of
sequencing technology and genome-wide association stud-
ies (GWAS), more and more studies have proved that in
addition to external factors such as high-dose ionizing
radiation, genetic susceptibility genes also play a certain
role in the occurrence and development of glioma (Ostrom
et al. 2014; Tanyildiz et al. 2016), such as POLR3B,
VTIIA, ZBTBI16, ETFA, etc. (Kinnersley et al. 2018). Up
to now, there is no report about the association between
NDRG1 gene polymorphisms and the occurrence and prog-
nosis of glioma. However, studies have shown that NDRG ]
is necessary to inhibit the occurrence of glioma (Ma et al.
2015). This study was the first to explore the relationship
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Fig.3 Kaplan—Meier curves for overall survival and progression-free
survival according to the glioma patients with different clinical fac-
tors (a OS according to surgical operation; b OS according to chemo-

between the five polymorphisms of NDRGI (rs2272646
A/G, 153779941 C/A, rs3808599 G/C, 152977497 T/C,
rs3802251 C/T) and the genetic risk of glioma or the prog-
nosis of patients in the Chinese Han population. And as far
as we know, this study is the first to find that the NDRGI
SNPs (rs3779941, rs3808599, and rs3802251) are poten-
tially associated with glioma susceptibility or prognosis.
In addition, in the prognosis analysis of glioma patients,
we found that surgical operation, radiotherapy, and chemo-
therapy are the key factors for the prognosis of glioma
patients in the Chinese Han population.

It has been found that NDRG plays an important role in
regulating the pathogenesis/molecular mechanisms of tumor
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ing to radiotherapy status)

cells. Based on previous studies (Byun et al. 2018; Ito et al.
2020), NDRG] is found to be responsible for the regulation
on cellular proliferation, apoptosis, invasion, migration, and
metastasis in tumor tissues. At present, NDRGI has been
proposed as a tumor suppressor gene in a variety of can-
cers, including breast cancer (Bandyopadhyay et al. 2004),
colon cancer (Guan et al. 2000), and prostate cancer (Ban-
dyopadhyay et al. 2003). And NDRG] is also necessary for
inhibiting the occurrence of glioma (Ito et al. 2020; Ma et al.
2015). Sun et al. found that the expression level of NDRG1
in high-grade glioma tissue is relatively lower than that in
normal brain tissue or low-grade glioma tissue (Sun et al.
2009). These research results prompted that NDRGI may
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Fig.4 Kaplan—Meier curves for overall survival and progression-free survival according to the astrocytoma patients with different clinical fac-
tors (a OS according to surgical operation; b PFS according to surgical operation; ¢ PFS according to radiotherapy status)

be an internal regulator that can affect the occurrence and
development of glioma, and the expression of NDRGI may
play a very important role in the progression and prognosis
of glioma.

In this study, we found that rs3808599 on NDRGI can
reduce the risk of glioma in homozygous and recessive mod-
els, whether in the overall participants (homozygous: OR
0.41; recessive: OR 0.42) or in the participants <40 years
old (homozygous: OR 0.30; recessive: OR 0.29); rs3802251
on NDRG] can significantly reduce the risk of glioma in
the overall participants, male participants, and astrocytoma
patients under variety of genetic models; the prognostic anal-
ysis after the follow-up investigation found that rs3779941
on NDRG1 was significantly associated with the prognosis

@ Springer

of glioma patients in our study. At the same time, we also
found that the three candidate SNPs (rs3779941, rs3808599
and rs3802251), which are potentially associated with the
risk or prognosis of glioma in this study, are all located in
the intron region. And there have been several studies sug-
gesting that mutants located in the intron region can disrupt
transcriptional regulatory motifs by affecting gene expres-
sion, which will affect the occurrence and development of
diseases (Chang et al. 2019; Vaz-Drago et al. 2017; Zhao
et al. 2012). Combined with the results of this study, we
speculate that rs3779941, rs3808599, and rs3802251 may
affect the occurrence and development of glioma by affect-
ing the gene expression of NDRGI and disrupting the tran-
scriptional regulatory motifs.
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Table 9 Univariate analysis of the association between SNPs in NDRG! and glioma patient OS and PFS
SNPs Genotype OS PFS
Log-rankp SR (1/3 year) HR (95% CI) p Log-rank p SR (1/3 year) HR (95% CI) p
152272646 GG 0.240 0.321/0.103 1.00 0.445 0.178/0.100 1.00
AG 0.311/0.051 1.09 (0.90-1.31)  0.390 0.146/0.057 1.04 (0.86-1.26) 0.676
AA 0.394/0.120 0.87 (0.65-1.16) 0.334 0.277/- 0.88 (0.66-1.17) 0.376
rs3779941  AA 0.006* 0.344/0.089 1.00 0.040* 0.190/0.096 1.00
CA 0.273/- 1.20 (0.97-1.49)  0.090 0.134/- 1.22 (0.99-1.51) 0.068
CC 0.000/- 3.07 (1.27-7.44) 0.013* —/- 1.91 (0.79-4.61) 0.153
rs3808599 CC 0.102 0.349/0.096 1.00 0.105 0.193/0.102 1.00
GC 0.273/0.062 1.19 (0.98-1.11)  0.089 0.138/0.051 1.19 (0.97-1.44)  0.089
GG 0.200/- 1.43 (0.76-2.69) 0.264 0.100/- 1.38 (0.74-2.59) 0.316
rs2977497 CC 0.202 0.359/0.094 1.00 0.096 0.192/0.105 1.00
TC 0.311/0.096 1.05 (0.86-1.27) 0.661 0.183/0.090 1.03 (0.84-1.25) 0.783
TT 0.303/0.032 1.23 (0.96-1.58) 0.108 0.131/- 1.27 (0.98-1.63)  0.066
rs3802251 TT 0.895 0.325/0.071 1.00 0.910 0.171/0.076 1.00
CT 0.326/0.100 0.96 (0.79-1.16)  0.679 0.187/0.096 0.97 (0.80-1.18) 0.787
CC 0.324/0.079 0.99 (0.76-1.30)  0.960 0.158/- 1.02 (0.78-1.33) 0.882
Bold values indicate that the value is statistically significant
OS overall survival, PFS progression-free survival, SR survival rate, HR hazard ratio, 95% CI 95% confidence interval
p<0.05: indicates statistical significance;
Log-rank p values were calculated using the Chi-Square test
107 | rest79ed o+ B| rsrma
; —AR T MAA
}_ IICA L MCA
L ce | ce
~—AA-censored u} ~-AA-censored
. LI ——CA.censored | T~ CA-censored
| CC.censored 08 :l‘ CC-censored
T 061 3 o5 £
2 - '
3 3
» 7 a |
£ E .
O 047 3 04 |
02 1». 0.27 T
1 L‘h_.H_'_.H._‘ b'“L. +
B IR e o dmtent——iH—H
0.0 00
T 7 X A - o 0 10 2 » 0 50

Overall Survival time (months)

Progression-Free Survival (months)

Fig.5 Glioma patient survival based on NDRGI rs3779941 polymorphism. Kaplan—-Meier survival curves are plotted for overall and progres-
sion-free survival (a OS based on NDRGI 133779941 polymorphism; b PFS based on NDRGI rs3779941 polymorphism)

More importantly, studies have shown that NDRG/ can
inhibit the proliferation and invasion of glioma cells, and
overexpressed NDRG! will inhibit the growth of glioma
tumors in vivo (Ma et al. 2015). It follows that NDRG1
inhibits the proliferation and invasion of glioma cells and
other cellular behaviors, which rs3779941, rs3808599,

and rs3802251 of NDRGI1 may play a certain role. Our
study has provided new ideas for the diagnosis and prog-
nosis analysis of clinical glioma. Perhaps from the view-
point of ‘how rs3779941, rs3808599 and rs3802251 affect
the expression of NDRG] in glioma cells’, we will have the
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Table 10 Multivariate analysis

R SNPs Genotype OS PFS
of the association between
SNPs of NDRG1 and glioma HR (95% CI) p HR (95% CI) P
patient OS and PFS (overall and
astrocytoma) Overall analysis
rs2272646 GG 1.00 1.00
AG 0.97 (0.8-1.17) 0.742 0.95 (0.78-1.15) 0.577
AA 0.86 (0.64-1.16) 0.330 0.89 (0.66-1.20) 0.447
rs3779941 AA 1.00 1.00
CA 1.13 (0.91-1.40) 0.260 1.13 (0.92-1.41) 0.248
CC 2.59 (1.05-6.37) 0.039* 1.77 (0.72-4.35) 0.212
rs3808599 CC 1.00 1.00
GC 1.13 (0.93-1.38) 0.211 1.13 (0.93-1.38) 0.232
GG 1.22 (0.64-2.330 0.538 1.16 (0.61-2.20) 0.656
rs2977497 CC 1.00 1.00
TC 1.05 (0.86-1.28) 0.625 1.01 (0.83-1.23) 0911
TT 1.19 (0.92-1.54) 0.184 1.20 (0.93-1.56) 0.156
rs3802251 TT 1.00 1.00
CT 1.04 (0.85-1.26) 0.705 1.06 (0.87-1.29) 0.565
CC 1.04 (0.79-1.37) 0.775 1.06 (0.81-1.39) 0.688
Astrocytoma patients
182272646 GG 1.00 1.00
AG 0.92 (0.74-1.14) 0.453 0.93 (0.74-1.15) 0.490
AA 0.83 (0.59-1.17) 0.293 0.89 (0.63-1.25) 0.490
1s3779941 AA 1.00 1.00
CA 0.64 (1.06-0.83) 0.642 1.04 (0.81-1.34) 0.746
CcC 2.63 (1.06-6.56) 0.038* 1.78 (0.72-4.42) 0.211
rs3808599 CcC 1.00 1.00
GC 1.04 (0.83-1.31) 0.748 1.03 (0.82-1.29) 0.830
GG 1.25 (0.63-2.50) 0.525 1.15 (0.58-2.28) 0.700
1s2977497 CcC 1.00 1.00
TC 1.07 (0.85-1.35) 0.551 1.04 (0.83-1.31) 0.734
TT 1.08 (0.80-1.45) 0.636 1.12 (0.83-1.51) 0.467
rs3802251 TT 1.00 1.00
CT 1.04 (0.83-1.31) 0.728 1.06 (0.84-1.33) 0.628
CC 1.07 (0.79-1.45) 0.660 1.10 (0.81-1.49) 0.535

Bold values indicate that the value is statistically significant

OS overall survival, PFS progression-free survival, SR survival rate, HR hazard ratio, 95% CI 95% confi-

dence interval

p<0.05: indicates statistical significance;

Log-rank p values were calculated using the Chi-Square test

opportunity to understand the specific molecular mecha-
nism of NDRG] in risk/prognosis of glioma.

Many studies have found that WHO grade is an impor-
tant factor in the survival rate of glioma patients, and it is
often used by doctors to predict the survival rate of glioma
patients (Desjardins et al. 2018; Liu et al. 2018; Rasmussen
and Hansen 2017). However, our results showed that the five
candidate NDRG1 SNPs were not associated with the WHO
grade in glioma patients. Our results may indicate that the
five candidate NDRGI SNPs did not play any role in the
effect of WHO grade on the survival rate of Chinese Han

@ Springer

glioma patients. We speculate that the reason for the result
may be due to the difference of the genetic background or
the small sample size. But this is only speculation, and we
need further experiments to verify it. In this study, we also
found that NDRG1 rs3802251 was associated with the risk
of astrocytoma in multiple genetic models (Table 5). How-
ever, the upper limit of 95% Cl is all close to 1.0, and the p
value is still < 0.05. We speculate that the reason may be the
lack of samples in the subgroup. Therefore, it is necessary
to expand the sample size to verify the correlation between
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NDRG]1 153802251 and the susceptibility of astrocytoma,
which will make the results of this study more reliable.
There are inevitably several shortcomings in our research.
On the one hand, enlarging the sample size and selection
range is necessary in the following research. On the other
hand, this study is only a preliminary research. Therefore,
in order to clearly clarify the molecular mechanism of how
the NDRGI SNPs affect the risk or prognosis of glioma, it is
necessary to further explore how these variants (rs3779941,
rs3808599 and rs3802251) affect the expression of NDRG .
It will help us to understand the mechanism of NDRGI
genetic polymorphism in the occurrence and development
of glioma. Despite the abovementioned deficiencies in this
study, the results of our study have provided data supplement
for the risk assessment of glioma in Chinese Han population.

Conclusion

In summary, the results of this study showed that the NDRG
gene polymorphisms have a potential association with the
risk or prognosis of glioma in the Chinese Han population,
which provides new ideas for the risk assessment and prog-
nosis evaluation of glioma in the Chinese Han population.
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