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Are Associated with the Risk
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Previous studies of correlations of microRNA (miR)-499
rs3746444 andmiR-196a-2 rs11614913 polymorphisms with gli-
oma risk have yielded inconsistent results. In this study, relation-
ships between these two polymorphisms and glioma risk and
survival were evaluated. In total, 605 patients and 1,300 controls
were genotyped. rs3746444 increased glioma risk in five genetic
models (GA versus AA, odds ratio [OR], 95% confidence interval
[CI] = 1.31 [1.05–1.66], p = 0.02; GG versus AA, OR [95% CI] =
10.70 [6.13–18.69], p < 0.0001; GA + GG versus AA, OR [95%
CI] = 1.82 [1.47–2.24], p < 0.0001; GG versus AA + GA, OR
[95% CI] = 9.99 [5.74–17.40], p < 0.0001; G versus A, OR
[95% CI] = 2.18 [1.82–2.60], p < 0.0001). rs11614913 decreased
glioma risk in a recessive model (OR [95% CI] = 0.79 [0.64–
0.97], p = 0.03). No relationships between either SNP and sur-
vival were found. rs3746444 in the miR-499 seed region could
affect target recognition. Bioinformatics analyses indicated
that miR-499 rs3746444 is involved in various biological pro-
cesses and pathways, including “cell adhesion molecule bind-
ing,” “positive regulation of catabolic process,” “NF-kappa B
pathway,” and “PI3K-Akt pathway,” by targeting mRNAs. Our
results suggested that miR-499 rs3746444 and miR-196a-2
rs11614913 have crucial roles in glioma susceptibility.
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INTRODUCTION
As the most prevalent central nervous system tumors, gliomas account
for 27% of all brain tumors and 80% of all malignant brain tumors.1

According to theWorldHealthOrganization (WHO), gliomas are clas-
sified into four grades.2 Multiplemolecular biomarkers have been iden-
tified for the diagnosis and treatment of glioma. Despite extensive
studies and therapeutic advances, the etiology of this tumor remains
unclear, and its survival is unsatisfactory, with amedian overall survival
(OS) of about 16 months.3 A more comprehensive understanding of
the molecular and histological features of glioma is needed for the
development of novel and effective therapeutic approaches.

MicroRNAs (miRNAs) are a family of small noncoding RNAs that
regulate gene expression at the post-transcriptional level.4,5 They
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generally recognize target genes by base pairing between nucleotides
2–8 from the 50 end (seed region) and the complementary nucleotides
in the 30 untranslated region of target mRNAs.6,7 There is substantial
evidence indicating that aberrant miRNAs act as oncogenes or tumor
suppressors in various types of cancers.8–10

Single-nucleotide polymorphisms (SNPs) can affect phenotypes
and disease susceptibility.11 SNPs in miRNAs may have complex
effects. SNPs in primary miRNAs (pri-miRNAs) or precursor
miRNAs (pre-miRNAs) can affect stability or processing.12 SNPs
in the promoters of pri-mRNAs may influence mature miRNA
expression.13 SNPs in the seed region can affect target gene iden-
tification.14 Extensive research has linked miRNA SNPs to cancer
susceptibility.15 Several studies have revealed correlations between
microRNA (miR)-196a-2 rs11614913 and miR-499 rs3746444 and
the risk of glioma. The rs11614913 polymorphism is located in the
mature region of miR-196a-2, which is highly expressed in glio-
blastoma.16 rs3746444 is an A-to-G variant in the seed region of
miR-499.11 However, inconsistent results have been obtained
regarding the effects of these polymorphisms. Some research sug-
gests that miR-196a-2 rs11614913 decreases the risk of glioma,17

whereas other work suggests that it increases susceptibility to gli-
oma.18 Another study reported that there is no relationship be-
tween miR-196a-2 rs11614913 and glioma risk.19 An association
between miR-499 rs3746444 and glioma susceptibility has not
been observed in previous studies.18,20 However, many studies
have demonstrated that this polymorphism is related to suscepti-
bility in various cancers.21,22 The small sample sizes may explain
the differences among studies. Thus, to further explore the corre-
lations between these two SNPs and the risk of glioma, a larger
cohort of patients is needed. Furthermore, few studies have
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Table 1. The Characteristics of Glioma Cases and Cancer-Free Controls

Characteristics Group
Cases (n =
605)

Controls (n =
1,300)

p
Valuea

Age (mean ±

SD)
40.71 ± 18.28 41.68 ± 13.54 0.20

Age (years) 0.69

<40 267 (44.13%) 561 (43.15%)

R40 338 (55.87%) 739 (56.85%)

Sex 0.53

male 335 (55.37%) 700 (53.85%)

female 270 (44.63%) 600 (46.15%)

WHO Grade

I–II 382 (63.14%)

III–IV 223 (36.86%)

Surgery

STR and NTR 189 (31.24%)

GTR 416 (68.76%)

Radiotherapy

none 60 (9.92%)

conformal
radiotherapy

162 (26.78%)

gamma knife 383 (63.31%)

Chemotherapy

none 355 (58.68%)

platinum 124 (20.50%)

temozolomide 52 (8.60%)

nimustine 74 (12.23%)

SD, standard deviation; STR, subtotal resection; NTR, near-total resection; GTR, gross
total resection; WHO, World Health Organization.
at test or two-sided c2-test.
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explored whether miR-196a-2 rs11614913 and miR-499 rs3746444
are related to OS and progression-free survival (PFS) in patients
with glioma.

In this study, we first explored associations between these twomiRNA
SNPs and glioma risk and survival in a Chinese Han population. We
also used bioinformatics approaches to evaluate the functional signif-
icance of miR-499 rs3746444, which could affect miRNA-mRNA
interactions.
RESULTS
Characteristics of the Study Subjects

In total, 605 patients with glioma and 1,300 control subjects
were enrolled in our study. The participants were Chinese Han.
No significant differences between cases and controls were found
with regard to age or gender (p > 0.05). Patients with glioma
were divided into WHO I–II (n = 382) and III–IV groups (n =
223). The characteristics of patients and control subjects are pro-
vided in Table 1.
Associations between rs3746444 and rs11614913

Polymorphisms and the Risk of Glioma

Significant correlations between miR-499 rs3746444 and a high risk
of glioma were observed in the heterozygote, homozygote, dominant,
recessive, and allele models (GA versus AA, odds ratio [OR], 95%
confidence interval [CI] = 1.31 [1.05–1.66], p = 0.02; GG versus
AA, OR [95% CI] = 10.70 [6.13–18.69], p < 0.0001; GA + GG versus
AA, OR [95% CI] = 1.82 [1.47–2.24], p < 0.0001; GG versus AA +GA,
OR [95% CI] = 9.99 [5.74–17.40], p < 0.0001; G versus A, OR [95%
CI] = 2.18 [1.82–2.60], p < 0.0001, respectively). miR-196a-2
rs11614913 was identified as a protective factor for glioma in the
recessive model (CC + CT versus TT, OR [95% CI] = 0.79 [0.64–
0.97], p = 0.03). The results are displayed in Table 2.
False-Positive Report Probability (FPRP) Test Results

We further validated the statistically significant findings using the
FPRP test. The results revealed that four genetic models (GG versus
AA, GA + GG versus AA, GG versus AA + GA, G versus A) of the
miR-499 rs3746444 increased glioma risk (all FPRP < 0.2; Table 2)
at a prior probability of 0.1 with an OR of 1.5. Moreover, we
confirmed that miR-196a-2 rs11614913 decreased glioma risk in
the recessive model (FPRP = 0.189; Table 2) at a prior probability
of 0.1 with an OR of 0.67.
Associations between rs3746444 and rs11614913

Polymorphisms and Clinical Characteristics of Patients with

Glioma

The genotype frequencies of miR-499 rs3746444 and miR-196a-2
rs11614913 were evaluated with regard to clinical variables, such as
patient age, sex, and WHO grade. There were no relationships be-
tween genotypes and any of these variables. These results suggested
that the genotype distribution was balanced for rs3746444 and
rs11614913. The data are summarized in Table 3.
Relationship among Genotypes, Clinical Variables, and OS

As shown in Table 4, age, surgery, and chemotherapy were significant
variables in the univariate analysis and were therefore included in a
multivariate analysis. The multivariate analysis revealed that age,
surgery, and chemotherapy could serve as independent predictive in-
dicators for OS. Patients with age R40 years had poorer survival
(hazard ratio [HR] [95% CI] = 1.21 [1.02–1.44], p = 0.029) than
that of patients younger than 40 years. The OS was better for patients
who underwent gross total resection than for those who underwent
subtotal resection or near-total resection (HR [95% CI] = 0.62
[0.51–0.75], p < 0.001). Similarly, survival was better in patients
administered either temozolomide or nimustine than in those who
did not receive chemotherapy (HR [95% CI] = 0.36 [0.24–0.52], p <
0.001; HR [95% CI] = 0.74 [0.56–0.97], p = 0.030, respectively). Sig-
nificant associations between the two variants (rs11614913 and
rs3746444) and OS were not observed. Based on Kaplan-Meier sur-
vival analyses of each variant, there were no differences in OS among
the three genotypes (Figures 1A and 1B). This result was consistent
with the results of the univariate analysis.
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Table 2. Genotype Frequencies of miR-196a-2 rs11614913 and miR-499 rs3746444 Polymorphisms in Cases and Controls

miRNA Model Genotype Controls (n, %) Cases (n, %) OR (95% CI) p Value FPRP (Prior Probability = 0.1)

miR-196a-2

rs11614913

HWE: p = 0.69

codominant CC 295 (22.69) 139 (22.98) 1.00 (reference)

heterozygote CT 656 (50.46) 274 (45.29) 0.89 (0.69–1.13) 0.34

homozygote TT 349 (26.85) 192 (31.74) 0.86 (0.66–1.12) 0.26

dominant
CC 295 (22.69) 139 (22.98) 1.00 (reference)

CT + TT 1005 (77.31) 466 (77.02) 1.02 (0.81–1.28) 0.89

recessive
CC + CT 951 (73.15) 413 (68.26) 1.00 (reference)

TT 349 (26.85) 192 (31.74) 0.79 (0.64– 0.97) 0.03 0.189

allele
C 1,846 (71.00) 552 (45.62) 1.00 (reference)

T 1,354 (52.08) 658 (54.38) 0.91 (0.80–1.05) 0.19

miR-499-3p

rs3746444

HWE: p = 0.389

codominant AA 999 (76.85) 391 (64.63) 1.00 (reference)

heterozygote GA 285 (21.92) 147 (24.30) 1.31 (1.05–1.66) 0.02 0.21

homozygote GG 16 (1.23) 67 (11.07) 10.70 (6.13–18.69) <0.0001 <0.0001

dominant
AA 999 (76.85) 391 (64.63) 1.00 (reference)

GA + GG 301 (23.15) 214 (35.37) 1.82 (1.47–2.24) <0.0001 <0.0001

recessive
AA + GA 1,284 (98.77) 538 (88.93) 1.00 (reference)

GG 16 (1.23) 67 (11.07) 9.99 (5.74–17.40) <0.0001 <0.0001

allele
A 2,283 (87.81) 929 (76.78) 1.00 (reference)

G 317 (12.19) 281 (23.22) 2.18 (1.82–2.60) <0.0001 <0.0001

HWE, Hardy-Weinberg equilibrium; OR, odds ratio; CI, confidence interval; FPRP, false-positive report probability.
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Relationships among Genotypes, Clinical Variables, and PFS

As shown in Table 5, age, surgery, and chemotherapy were correlated
with PFS in a univariate analysis. Therefore, these variables were
included in amultivariate analysis. As a result, age, surgery, and chemo-
therapy were still identified as independent prognostic indicators for
PFS in patients with glioma. Compared with those aged <40 years, pa-
tients who were older than 40 years exhibited a worse PFS (HR [95%
CI] = 1.21 [1.02–1.43], p = 0.030). The patients who received gross total
resection had an improved PFS (HR [95% CI] = 0.61 [0.51–0.74], p <
0.001) than that of patientswho received subtotal resection or near-total
resection. Patients treatedwith temozolomide alsohad a better PFS (HR
[95%CI] = 0.38 [0.26–0.55], p < 0.001) than that of patientswho did not
undergo chemotherapy. Significant associations between the two vari-
ants (rs11614913 and rs3746444) and PFSwere not observed in the uni-
variate Cox regression analysis. Consistent with these findings, there
was no difference in PFS among the different genotypes in Kaplan-Me-
ier survival analyses (Figures 1C and 1D).

Enrichment Analyses

SNPs inmiRNA seed sites may alter the target profile, including losses
of original targets and gains of new targets. With the use of miR-
NASNP-v3, we found that rs3746444 in the seed region of miR-499
recognized 573 new target genes (so-called “targets gained”) and
342 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
lost 5,392 original target genes (so-called “targets lost”). To reveal
the potential functional significance of miR-499 rs3746444, enrich-
ment analyses were conducted based on the list of target genes gained.
The top 20 enriched functions and pathways are displayed in Figures
2A–2D. A Gene Ontology (GO) analysis revealed that “cell adhesion
molecule binding,” “positive regulation of catabolic process,” and
“anchoring junction” were the most highly enriched terms. A Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis re-
vealed that the targets gained by the rs3746444 polymorphism were
mainly involved in the “NF-kappa B pathway,” “PI3K-Akt pathway,”
and “mRNA surveillance pathway,” which are cancer-related path-
ways. A protein-protein interaction (PPI) network and Molecular
Complex Detection (MCODE) components are presented in Figures
2E and 2F. The three most significant MCODE components deter-
mined from the PPI network were related to “cytochrome P450 ar-
ranged by substrate type,” “clathrin-mediated endocytosis,” and
“nonsense-mediated decay enhanced by the exon junction complex.”
Identification of Differentially Expressed Genes between Glioma

and Normal Samples

Based on the adjusted p value <0.05 and |log2 (fold change)| >1, a total
of 2,158 differentially expressed genes were identified: 1,172 were



Table 3. The Associations between rs3746444 and rs11614913 Polymorphisms and Clinical Characteristics of Glioma Patients

Characteristics

rs3746444 rs11614913

AA GA GG GA + GG CC CT TT CT + TT

Age

<40/R 40 175/216 61/86 31/36 92/122 60/79 123/151 84/108 207/259

OR (95% CI) ref. 1.14 (0.78–1.68) 0.94 (0.56–1.59) 1.07 (0.77–1.51) ref. 0.93 (0.62–1.41) 0.98 (0.63–1.52) 0.95 (0.65–1.39)

p valuea 0.50 0.82 0.68 0.74 0.92 0.79

Sex

Male/female 212/179 85/62 38/29 123/91 75/64 160/114 100/92 260/206

OR (95% CI) ref. 0.86 (0.59–1.27) 0.90 (0.53–1.52) 0.88 (0.63–1.23) ref. 0.83 (0.55–1.26) 1.08 (0.70–1.67) 0.93 (0.64–1.36)

p valuea 0.45 0.71 0.44 0.39 0.74 0.70

WHO Grade

I + II/III + IV 250/141 83/64 49/18 132/82 81/58 169/105 132/60 301/165

OR (95% CI) ref. 1.37 (0.93–2.01) 0.65 (0.36–1.14) 1.10 (0.78–1.55) ref. 0.87 (0.57–1.32) 0.63 (0.40–1.00) 0.77 (0.52–1.13)

p valuea 0.11 0.15 0.58 0.50 0.05 0.18

OR, odds ratio; CI, confidence interval; WHO, World Health Organization; ref., reference.
aUnivariate logistic regression analysis for the distributions of genotype frequencies.
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upregulated, and 986 were downregulated (Figure 3A). By intersect-
ing the 573 predicted target genes of miR-499 rs3746444 and 2,158
differentially expressed genes, 68 genes (27 upregulated genes and
41 downregulated genes) that may play crucial roles in glioma were
identified. Since miR-499 can negatively regulate expression levels
of target genes, we speculated that 41 downregulated genes were
more likely to be target genes of miR-499 rs3746444. To explore
the prognostic value of the 41 downregulated genes, a univariate
Cox regression analysis was performed, and 36 genes were signifi-
cantly linked to the OS of glioma patients (p < 0.05; Figure 3B).
Among these 36 genes, three genes (TRANK1, FAM86B1, and
TMEM120B) were associated with high risk (HR > 1; Figure 3B),
and the remaining 33 genes were associated with low risk (HR < 1;
Figure 3B). These 36 genes (except for TRANK1, FAM86B1, and
TMEM120B) were protective factors for glioma patients. We thus
constructed a miRNA-mRNA network (Figure 3C), which provided
preliminary insight into the connections between the miR-499
rs3746444 and the 33 mRNAs.

Relationship between Genotype and miRNA Expression

To further explore the effect of rs11614913 and rs3746444 on corre-
sponding miRNA expression, the Genotype-Tissue Expression
(GTEx) database (https://www.gtexportal.org/home/index.html)
was used. The results demonstrated that the rs3746444 genotype
was significantly correlated with miR-499 expression in two brain tis-
sues (all p < 0.001; Figure S1). However, there was no relevant infor-
mation in brain tissues for rs11614913 in the GTEx database.

DISCUSSION
As the most common type of brain tumor with a poor prognosis and
high mortality, glioma has become a serious public health problem.
Thus, novel biomarkers for glioma are needed to improve diagnosis
and treatment. Emerging evidence indicates that SNPs in the
pre-miRNA or seed region of miRNAs are linked to susceptibility
in some cancers. We investigated the relationships between miR-
196a-2 rs11614913 and miR-499 rs3746444 and glioma risk. miR-
196a-2 rs11614913 was correlated with decreased glioma risk,
whereas miR-499 rs3746444 was associated with a high risk.

miR-196a-2 belongs to the class miR-196a. SNPs in miR-196a-2 affect
the mature expression of miRNA and are implicated in tumor develop-
ment and progression. Several studies have investigated the role ofmiR-
196a-2 rs11614913 in various cancers. For instance, miR-196a-2
rs11614913 can increase the expression level of mature miR-196a and
contribute to colorectal cancer susceptibility.23 Moreover, miR-196a-2
rs11614913 is correlated with breast cancer,24 lung cancer,25 liver can-
cer,26 and head and neck cancer.27 The effect of miR-196a-2 SNP in gli-
oma has been explored in three studies of Chinese and Indian popula-
tions.17–19 In a southern Chinese population, the SNP was found to be
related to a decreased glioma susceptibility (p = 0.035, OR = 0.74).17 In
contrast,Hu et al.18 evaluated anortheastChinese populationand found
that this SNP increases glioma susceptibility (p = 0.003, OR = 1.25). Si-
bin et al.19 reported that there is no association between this SNP and
glioma susceptibility in the Indian population. In our study,
rs11614913 polymorphism was related to decreased glioma risk in the
Han Chinese population. These inconsistent findings indicate that the
effects of the SNP may depend on the population and ethnicity.

With respect to the miR-499 rs3746444 polymorphism, previous
research has established that it is correlated with susceptibility to mul-
tiple types of cancer.28–30 However, two studies have indicated that
miR-499 rs3746444 might not be correlated with susceptibility to gli-
oma.18,20 Our results revealed that the rs3746444 SNP increases gli-
oma risk in five genetic models. FPRP analyses were performed to
Molecular Therapy: Nucleic Acids Vol. 22 December 2020 343
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Table 4. Univariate and Multivariate Analyses of Associations among Genotypes, Various Factors, and OS

Characteristics Patients (n) Events (n) Rate (%)

Univariate Analysis Multivariate Analysis

HR (95% CI) p Valuea HR (95% CI) p Valuea

Age (Years)

<40 267 229 85.77 ref. ref. ref. ref.

R40 338 310 91.72 1.20 (1.01–1.42) 0.039 1.21 (1.02–1.44) 0.029

Sex

Male 335 297 88.66 ref. ref.

Female 270 242 89.63 1.08 (0.91–1.28) 0.355

WHO Grade

I–II 382 336 87.96 ref. ref.

III–IV 223 206 92.38 1.18 (0.98–1.40) 0.063

Surgery

STR and NTR 189 186 98.41 ref. ref. ref. ref.

GTR 416 353 84.86 0.59 (0.49–0.71) <0.001 0.62 (0.51–0.75) <0.001

Chemotherapy

None 355 333 93.80 ref. ref. ref. ref.

Platinum 124 112 90.32 0.84 (0.68–1.04) 0.116 0.82 (0.66–1.02) 0.072

Temozolomide 52 30 57.69 0.32 (0.22–0.48) <0.001 0.36 (0.24–0.52) <0.001

Nimustine 74 64 86.49 0.65 (0.49–0.85) 0.001 0.74 (0.56–0.97) 0.030

Radiotherapy

None 60 49 81.67 ref. ref.

Conformal radiotherapy 162 133 82.10 1.08 (0.77–1.50) 0.622

Gamma knife 383 357 93.21 1.17 (0.86–1.58) 0.303

rs3746444

AA 391 349 89.26 ref. ref.

GA 147 128 87.07 0.97 (0.79–1.19) 0.747

GG 67 62 92.54 1.28 (0.98–1.68) 0.071

rs11614913

CC 139 119 85.61 ref. ref.

CT 274 246 89.78 1.10 (0.89–1.37) 0.375

TT 192 169 88.02 1.14 (0.90–1.44) 0.281

OS, overall survival; HR, hazard ratio; CI, confidence interval; STR, subtotal resection; NTR, near-total resection; GTR, gross total resection; WHO, World Health Organization; ref.,
reference.
aCox’s proportional hazard regression analysis for univariate and multivariate analysis.
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avoid false-positive findings. The results demonstrated that the miR-
499 rs3746444 actually increased glioma risk in four genetic models,
and miR-196a-2 rs11614913 decreased glioma risk in the recessive
model.

The rs3746444 polymorphism is located in the seed region, which
could affect miRNA-mRNA interactions and its function. With the
use of miRNASNP-v3, an in silico investigation of miRNA-mRNA in-
teractions indicated that target mRNAs are gained or lost in the com-
parison between the mutant and wild-type genotypes. Therefore,
enrichment analyses were conducted based on the 573 target genes
gained of miR-499 rs3746444 to determine the possible functional
344 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
significance of rs3746444 in miR-499. The results indicated that
miR-499 rs3746444 plays key roles in various biological processes
and pathways correlated with cancer, such as cell adhesion molecule
binding, positive regulation of catabolic process, anchoring junction,
NF-kappa B pathway, PI3K-Akt pathway, and mRNA surveillance
pathway, by targeting mRNAs. Alterations of miRNA-mRNA inter-
actions can affect the expression levels of target mRNAs, thereby
contributing to the development of cancer. Therefore, we reasoned
that miR-499 rs3746444 might increase glioma susceptibility through
the above-mentioned biological processes and pathways via targeting
mRNAs. Differential expression and univariate Cox regression ana-
lyses were conducted to screen the differentially expressed genes
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Table 5. Univariate and Multivariate Analyses of Associations among Genotypes, Various Factors, and PFS

Characteristics Patients (n) Events (n) Rate (%)

Univariate Analysis Multivariate Analysis

HR (95% CI) p Valuea HR (95% CI) p Valuea

Age (Years)

<40 267 239 89.51 ref. ref. ref. ref.

R40 338 324 95.86 1.19 (1.00–1.40) 0.047 1.21 (1.02–1.43) 0.030

Sex

Male 335 310 92.54 ref. ref.

Female 270 253 93.70 1.10 (0.93–1.30) 0.263

WHO Grade

I–II 382 353 92.41 ref. ref.

III–IV 223 210 94.17 1.15 (0.97–1.36) 0.116

Surgery

STR and NTR 189 183 96.83 ref. ref. ref. ref.

GTR 416 380 91.35 0.58 (0.48–0.69) <0.001 0.61 (0.51–0.74) <0.001

Chemotherapy

None 355 351 98.87 ref. ref. ref. ref.

Platinum 124 116 93.55 0.99 (0.80–1.22) 0.916 0.98 (0.79–1.21) 0.850

Temozolomide 52 32 61.54 0.35 (0.24–0.50) <0.001 0.38 (0.26–0.55) <0.001

Nimustine 74 64 86.49 0.73 (0.56–0.96) 0.022 0.83 (0.63–1.10) 0.189

Radiotherapy

None 60 55 91.67 ref. ref.

Conformal radiotherapy 162 137 84.57 1.13 (0.83–1.56) 0.436

Gamma knife 383 371 96.87 1.21 (0.91–1.60) 0.199

rs3746444

AA 391 366 93.61 ref. ref.

GA 147 132 89.80 0.92 (0.76–1.13) 0.434

GG 67 65 97.01 1.27 (0.97–1.65) 0.078

rs11614913

CC 139 131 94.24 ref. ref.

CT 274 254 92.70 1.00 (0.81–1.24) 0.985

TT 192 173 90.10 1.06 (0.84–1.32) 0.641

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; STR, subtotal resection; NTR, near-total resection; GTR, gross total resection; WHO, World Health Orga-
nization; ref., reference.
aCox’s proportional hazard regression analysis for univariate and multivariate analysis.
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associated with OS from the 573 targeted genes of miR-499
rs3746444. Through these analyses, we found that 33 targeted genes
that downregulated between glioma and brain samples were protec-
tive factors for glioma patients. A miR-499 rs3746444-mediated
network was constructed in this study. It was suggested that miR-
499 rs3746444might promote the progression of glioma by negatively
regulating the expression of the 33 genes that could be considered as
tumor suppressors. However, given that the results were on the basis
Figure 1. Kaplan-Meier Analyses for OS and PFS of Two miRNA SNPs

(A–D) Overall survival (OS) of rs3746444 (A) and rs11614913 (B), and progression-free

346 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
of computational biology, further studies are indispensable to verify
comprehensive mechanisms of these 33 miRNA-mRNA interactions
in glioma. Several studies have focused on the roles and mechanisms
of action of SNPs in noncoding regions in the development of can-
cer.31–33 For instance, miR-499 rs3746444 contributes to a poor prog-
nosis in lung cancer by regulating cancer-related gene expression and
thus is involved in tumorigenesis and cisplatin resistance.33 Further
functional experiments are required to verify our hypothesis.
survival (PFS) of rs3746444 (C) and rs11614913 (D).
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Figure 3. Identification of Differentially Expressed Genes between Glioma and Normal Samples

(A) Heatmap of differentially expressed genes in glioma and normal samples based on data from the CGGA and GTEx. (B) Forest plot illustrating the hazard ratios, 95%

confidence intervals of 41 differentially expressed genes calculated by univariate Cox regression analysis. (C) A regulatory network based on miR-499 rs3746444 and 33

targeted genes. The red node reflects miR-499 rs3746444. Purple nodes reflect 33 targeted genes.
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Given the importance of miR-499 rs3746444, we further explored
the role of rs3746444 on miR-499 expression by searches
against the GTEx database. The expression of miR-499 was higher
for the rs3746444 AG genotype than for the rs3746444 AA
genotype.

The relationships among genotypes, clinical variables, and prognosis
were further investigated. Contrary to our expectation, there were no
differences in OS and PFS among the different genotypes of the two
miRNA SNPs. In addition, we found that age, surgery, and chemo-
Figure 2. Enrichment Analyses of Target Genes Gained by miR-499 rs3746444

(A) Heatmap of top 20 Gene Ontology (GO)-enriched terms. (B) Network of top 20 GO-e

(KEGG)-enriched pathways. (D) Network of top 20 KEGG-enriched pathways. (E) A prote

from the PPI network. (F) Independent functional enrichment analyses of three MCODE
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therapy could serve as independent predictive indicators for OS
and PFS.

As we know, this is the first study of relationships between miR-196a-
2 rs11614913 and miR-499 rs3746444 and both glioma susceptibility
and survival in the Chinese Han population. The strengths of our
study include the large sample size and the use of the FPRP test to
avoid false-positive findings. Moreover, target gain and loss informa-
tion for rs3746444 in the miR-499 seed region provides a basis for
research on the function and mechanisms of action of miR-499
nriched terms. (C) Heatmap of top 20 Kyoto Encyclopedia of Genes and Genomes

in-protein interaction (PPI) network and sevenmost significant MCODE components

components.
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rs3746444. Our study had some limitations. First, only bioinformatics
analyses were performed to predict the functional significance of
miR-499 rs3746444 based on miRNA target binding and selection.
Further experiments are required to validate the effects of the poly-
morphism on biological processes and pathways in glioma. Second,
all of the participants were enrolled from a hospital located in north-
western China, and all participants were Chinese Han. Therefore, our
findings might not apply to other ethnicities. To establish the gener-
alizability of our findings, further studies of different ethnic groups
with larger cohorts of subjects are needed.

In summary, our results suggested that miR-499 rs3746444 and miR-
196a-2 rs11614913 are biomarkers with effects on glioma
susceptibility.
MATERIALS AND METHODS
Study Participants

A total of 605 glioma patients and 1,300 healthy controls were consec-
utively enrolled between September 2010 and May 2014. All patients
with glioma were diagnosed and confirmed by the histopathological
examination of specimens. Moreover, all participants had not previ-
ously received chemotherapy or radiotherapy. The clinical character-
istics of all subjects were collected, including ethnicity, age, sex, WHO
grade, radiotherapy, and chemotherapy. In addition, the patients were
followed up for about 5 years by telephone interviews and/or outpa-
tient records. Written, informed consent was acquired from all partic-
ipants before sampling. By complying with the Declaration of Hel-
sinki, the study was conducted in the Second Affiliated Hospital of
Xi’an Jiaotong University and approved by the Ethics Committee of
the Second Affiliated Hospital of Xi’an Jiaotong University.
Selection of SNPs

miR-499 rs3746444 and miR-196a-2 rs11614913 have been found to
be associated with cancer susceptibility in several studies.34,35 Their
associations with glioma susceptibility and survival have not been
thoroughly investigated. miR-196a-2 rs11614913 and miR-499
rs3746444 were selected for further analysis. Information for the
SNPs is presented in Table S1. The exact locations of rs11614913
and rs3746444 were identified using miRNASNP-v3.36 The
rs11614913 is located in the mature region of hsa-mir-196a-2. The
rs3746444 is located in the seed region of hsa-miR-499-3p.
DNA Extraction and Genotyping

Peripheral blood samples were collected from the subjects. Genomic
DNA was extracted from peripheral blood using the Universal
Genomic DNA Extraction Kit (TaKaRa, Kyoto, Japan)37 and
measured by spectrophotometry (DU530 UV-visible [vis] spectro-
photometer; Beckman Instruments, Fullerton, CA, USA).38 The Mul-
tiplexed SNP Mass Extend assay was designed using Sequenom Mass
Array Assay Design (version 3.0; Agena Bioscience, San Diego, CA,
USA).39 Sequenom Mass Array RS1000 and Sequenom Typer 4.0
were used for SNP genotyping and data analyses.40,41 The primers
for each SNP are provided in Table S2.
Bioinformatics Analyses

miRNASNP-v3 (http://bioinfo.life.hust.edu.cn/miRNASNP/#!/) pro-
vides information about SNPs, as well as genes with conserved sites
that are lost and gained by SNPs in the seed region of miRNA.36

An enrichment analysis of target genes gained by SNPs in the seed re-
gion may provide insight into the mechanisms underlying the effects
of the SNP. GO and KEGG enrichment analyses were conducted us-
ing Metascape (http://metascape.org).42 Terms with p <0.05, a mini-
mum count of 3, and an enrichment factor of >1.5 were considered
statistically significant. If >20 GO terms or pathways were deter-
mined, then the top 20 were selected for visualization. Moreover, to
understand the relationships between target mRNAs, a PPI network
was constructed and visualized using Metascape, and the MCODE al-
gorithm was employed to determine densely connected regions.42

RNA sequencing data of Chinese glioma patients were downloaded
from Chinese Glioma Genome Atlas (CGGA; http://www.cgga.org.
cn/). RNA sequencing data of normal brain tissue from the GTEx
were downloaded from University of California Santa Cruz (UCSC)
Xena (https://xena.ucsc.edu/). The CGGA database included 1,018
glioma samples without normal brain samples, and the GTEx data-
base contained 1,152 normal brain samples. These data were merged
to obtain differentially expressed genes between tumor and normal
samples. By using R, a differential expression analysis was conducted,
with an adjusted p value <0.05 and |log2 (fold change)| >1 as the
thresholds. Univariate Cox regression analyses were used to identify
the differentially expressed genes associated with OS (p < 0.05). To
further explore the role of the SNP on miRNA expression, the
GTEx database was used for searches.

Statistical Analyses

Data analyses were conducted using R (version 3.5.1). Hardy-Wein-
berg equilibrium (HWE) was assessed using c2 tests,38 where p
>0.05 indicated a balanced equilibrium. Five genetic models were
used to evaluate relationships between SNPs and glioma risk. In addi-
tion, FPRP values were calculated to validate significant associations
in the study.43 We assigned a prior probability of 0.1 to detect an OR
of 1.5 (or 0.67, for protective effect) for each SNP, according to the
previous study.44 Only FPRP <0.2 was considered “noteworthy.”Uni-
variate and multivariate Cox regression analyses were performed to
explore relationships among genotypes, clinical variables, and prog-
nosis. To evaluate the effects of the genotypes on the OS and PFS
in patients with glioma, Kaplan-Meier survival analyses were further
performed. All statistical tests were two sided, and the results were
considered statistically significant at p <0.05.
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