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Impact of RTN4 gene polymorphism and its
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Abstract N\
TheRTN4 gene plays a role in the development and progression of cancer. This case—control study aimed to investigate the |
association between the RTN4 gene polymorphism and its plasma level with the risk of nasopharyngeal carcinoma (NPC) in a
Chinese population.

RTN4 gene polymorphisms (rs2920891, rs17046583, rs117465650, rs10496040, and rs2588519) in 220 patients with NPC and
300 healthy controls were analyzed using Snapshot single-nucleotide polymorphism genotyping assays. The plasma level of RTN4
was measured using the enzyme-linked immunosorbent assay.

The allele frequencies of RTIN4 gene polymorphisms showed no significant difference between the patients and controls (P > .05).
Nevertheless, the rs2920891 polymorphism in a dominant model (A/C+C/C) and codominant model (A/C) was significantly
associated with the susceptibility to NPC (P=.017, odds ratio [OR]=1.54, 95% confidence interval [Cl]=1.08-2.21 and P=.034,
OR=1.64, 95% Cl=1.13-2.38, respectively). The plasma level of RTN4 was significantly higher in patients with NPC in comparison
with the controls (P < .001). Furthermore, we observed that patients with NPC carrying the rs2920891 A/C+C/C genotype had a
higher RTN4 level than those carrying the A/A genotype (P < .001).

Our findings indicated that the rs2920891 polymorphism may be associated with increased susceptibility to NPC, possibly by
increasing plasma RTN4.

Abbreviations: CSCC = cervical squamous cell carcinoma, Cl = confidence interval, ER = endoplasmic reticulum, HWE = Hardy—
Weinberg equilibrium, NPC = nasopharyngeal carcinoma, OR = odds ratio, RTN4 = reticulon-4, SNP = single-nucleotide
polymorphism, UL = uterine leiomyoma.
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1. Introduction Africa, and especially southern China.lV! Interestingly, the

Nasopharyngeal carcinoma (NPC) is a malignancy of the head  incidence rate in southern China is 100 times higher than that
and neck and is characterized by the invasion of adjacent regions ~ in Western countries, which is around 15 to 50 per 100,000
and metastasis to regional lymph nodes or distant organs. This ~ people each year I However, the exact pathogenesis of NPC is
distinct malignancy commonly occurs in Southeast Asia, North ~ not completely understood.
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Various risk factors have been proposed to be associated with the
pathogenesis of NPC, including environmental exposure, Epstein—
Barr virus infection, and genetic factors.”™ Previously, several
candidate genes were found to affect the susceptibility of
individuals to NPC, such as interleukin-1, interleukin-10, and
osteopontin.**! Identification of the relationship between suscep-
tibility genes and NPC may help elucidate the disease mechanisms
and provide effective treatment and prevention measures.

The reticulon-4 (RTN4) gene is located on the chromosome
2p12-14 and produces 3 isoforms (Nogo-A, Nogo-B, and Nogo-
C) through alternative promoter usage and splicing.!>*! Interest-
ingly, these 3 different isoforms share a C-terminal domain,
known as the highly conserved reticulon homology domain,
which is composed of 188 amino acid residues.”**®! In addition,
they have a wide range of tissue expression patterns and multiple
regulatory functions. Nogo-A (largest isoform) is a neurite
outgrowth inhibitor and is mainly secreted in the central nervous
system.!”! Nogo-B is expressed in various tissues, including vessel
walls, smooth muscles, skeletal muscles, and endothelium, and it
regulates the migration of olfactory ensheathing cells,’® tumor
cell migration and invasion,'® and vascular homeostasis and
remodeling.”'!! Nogo-C, a shorter protein of the Nogo family,
is secreted in the liver, vascular smooth muscles, skeletal muscles,
heart, and neurons, and it regulates cardiomyocyte/hepatocellu-
lar carcinoma cell apoptosis.l”!!

Few studies have considered the important role of Nogo
isoforms. Nogo-B is a mediator of vascular homeostasis and
remodeling.' ' Kritz et al'*™ reported that the lack of Nogo-B could
enhance the apoptosis of hepatic stellate cells, and the higher
expression of Nogo-B could inhibit apoptosis. However, Tagami
et al™ found that Nogo-B could interact with Bcl-XL/-2,
promoting localization on the endoplasmic reticulum (ER) and
decreasing anti-apoptotic activity. Nevertheless, various studies
have indicated that the overexpression of Nogo-B could induce the
apoptosis of cells via ER stress and ER-specific signaling path-
ways."3! A previous study reported the tumor-inhibiting activity of
Nogo-A, which has been observed to attenuate the malignancy of
oligodendroglial tumors."®! In addition, Nogo-C expression in
HEK293 cells was found to promote apoptosis by inducing the
activation of caspase-3 and p53 through the JNK-c-Jun-dependent
pathway.™! The studies suggest that Nogo proteins may play a
critical role in cellular apoptosis, especially in cancer cells.

It has been shown that single-nucleotide polymorphisms (SNPs)
in RTN4 may affect the susceptibility of individuals to a variety of
human diseases.">™'”! Nevertheless, no studies to date have
investigated the association of RTN4 gene polymorphism and its
plasma level between the risk of NPC in Chinese. Therefore, we
evaluated the association of RTN4 gene polymorphisms
(rs2920891, rs17046583, rs117465650, rs10496040, and
1rs2588519) with the susceptibility to NPC and further investigated
the effect of the SNPs on RTN4 plasma level in patients with NPC.

2. Materials and methods

2.1. Participants

Our study was approved by the ethics committee of the Youjiang
Medical University for Nationalities Affiliated Hospital (no:
yyfyll2016005), and all participants provided written informed
consent. The study population included 220 patients with NPC
and 300 healthy controls selected between May 2014 and
February 2017 at the Affiliated Hospital of Youjiang Medical
University for Nationalities (Guangxi, China). The patients were
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Characteristics of patients with NPC and healthy controls.
Patients with NPC

Healthy controls

Characteristics (n=220) (n=300) P
Age, median (range), yr 47 (41-55) 46 (46-53)
<47 116 (52.7) 166 (55.3) .556
>47 104 (47.3) 134 (44.7)
Gender, n (%)
Male 140 (63.6) 171 (57.0) 27
Female 80 (36.4) 129 (43.0)
T stage, n (%)
T1-12 120 (54.5)
T3-T4 100 (45.5)
N stage, n (%)
NO 83 (37.8)
N1/N2/N3 137 (62.2)
Metastasis, n (%)
No 146 (66.4)
Yes 74 (33.6)
Clinical stage, n (%)
- 100 (45.5)
[\ 120 (54.5)

NPC =nasopharyngeal carcinoma.

included if they were pathologically diagnosed with NPC and had
not received any chemotherapy or chemotherapy. All clinical
data were extracted from medical records, including gender, age,
tumor location, and metastasis. Patients with a history of familial
cancer were excluded. Control subjects were selected randomly
from routine health examination in the same hospital and
matched to each case by age and gender. The controls were
eligible if they had no history of cancer, chronic rhinitis,
nasosinusitis, and allergic rhinitis. Detailed characteristics are
shown in Table 1. The study protocol adhered to the ethical
principles for medical research of the Helsinki Declaration.

2.2. Determination of the RTN4 genotype

Genomic DNA was extracted from the peripheral blood using a
whole-blood genomic DNA isolation kit (Tiangen Inc, Beijing,
China). RTN4 polymorphisms were genotyped using the
multiple single-nucleotide primer extension technique. The
primers were designed according to the GenBank sequences
(Table 2). To confirm the genotyping results, 10% of the
samples were randomly selected and analyzed repeatedly, and the
results were 100% consistent.

2.3. Plasma RTN4 quantification

Blood samples were collected from the participants and
centrifuged at 1000g for 15 minutes, and plasma samples were
kept at —80°C until analysis. The level of plasma RTN4 was
measured using enzyme-linked immunosorbent assay kits (Life-
Span BioSciences, Inc, Seattle, WA). The detection range was
0.156 to 10ng/mL.

2.4. Statistical analysis

Demographic and clinical data were analyzed using the Pearson
Chi-squared test. The Hardy—Weinberg equilibrium (HWE) was
assessed by Chi-squared test. The genotype and allele frequencies
of RTN4 gene polymorphisms were compared between patients
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Primer sequences for genotyping RTN4 SNPs.

SNP Primer sequence
152920891 F: 5'-TGCATATCACAGAGCAAATTCATACCA-3
R: 5-AGTGAATACAGTGTACCTTTTGAGAGC-3'
E: 5-TTTTTITITTTTITITTITTITITTITTITITAAAAGGTTTT

CAAAAGATAAAGATTGC-3
. 5'-GGAAGAGCCCCCAGGAAAGTACA-3
. 5'-CAGGTTTTTGGGATTTAGGGGAATG-3
5 -TTTTTTTTTTTTITTTTTTITGGTTGAATTTCACAGTGGGTCATA-3
. 5-AGACTGCGGCAGCAGACAGC-3
: 5’-AGCCCGCGTTCAAGTACCAGTT-3'
. &'-TTTTTTCGCGGCCCCAGTGCCCACC-3
. 5-TGCATATCACAGAGCAAATTCATACCA-3'
: 5'-AGTGAATACAGTGTACCTTTTGAGAGC-3'
S -TTTTTTTTTTITTTTTTTTTTTTTTTTTTTTTCAGTTACCTTGA
TTCTGTTGTCATATTT-3
. 5-ACTTGGACCAGGCACACGGATA-3
: 5’-CCGCTCTTGCTAGCATGTGAAA-3
: B -TTTTTTTTTTTTTTTTAGGACTAATGAGCCCTGGAGTT-3

1$17046583

rs117465650

1510496040

M MM TMmI

1$2588519

m o m

E=extension primer, F=forward, R=reverse, SNP =single-nucleotide polymorphism.

with NPC and controls by Chi-squared test or Fisher exact test.
Genotypic association and haplotype analyses were conducted
using SNPstats (Sole et al, 2006). After logistic regression
analyses, the association of RTN4 polymorphisms with NPC risk
was assessed using odds ratio (OR) and 95% confidence interval
(CI). All statistical analyses were performed using SPSS 17.0
statistical software (SPSS Inc, Chicago, IL). A P-value <.05 was
considered statistically significant.

3. Results

3.1. Participant general information

The general information of participants is shown in Table 1. The
median age of the controls was 46.0 years (range, 46.0-53.0
years). The median age of the patients was 47.0 years (range,
41.0-55.0 years). The patients and controls showed no statistical
differences in age (P=.556) and gender (P=.127).

3.2. Allele and genotype frequencies of the RTN4 gene

Five SNPs were successfully genotyped in 220 patients with NPC
and 300 healthy controls. The allele and genotype frequencies of

www.md-journal.com

RTN4 gene polymorphisms in the patients and controls are
shown in Tables 3 and 4. The genotype frequencies of the 5
polymorphisms in the patients and controls were in HWE
(P>.05). The allele frequencies of the polymorphisms were not
significantly different between the patients and controls (P >.05).
For the rs2920891 polymorphism, a significantly higher NPC
risk was associated with the A/C+C/C genotype compared with
the A/A genotype in a dominant model (P=.017, OR=1.54,
95% CI=1.08-2.21). In addition, a considerably higher NPC
risk was associated with the A/C genotype in a codominant model
(P=.034, OR=1.64, 95% CI=1.13-2.38). Nevertheless, no
associations were found between NPC risk and the rs10496040,
rs117465650, rs17046583, and rs2588519 polymorphisms in
genotypic association analyses (P >.05).

3.3. Haplotype analysis of the RTN4 gene

Haplotype analysis of RTN4 polymorphisms was performed
using SNPstats software. As shown in Table 5, the major
haplotype (A-C-C-A-G) accounted for 51.0% and 56.1% of the
distribution in patients with NPC and healthy controls,
respectively. Adjusted for age and sex, the C-C-C-A-G haplotype
was associated with an increased risk of NPC in the patients
compared with the controls (P=.046, OR=1.44, 95% CI=
1.01-2.07).

3.4. Association between clinical characteristics and RTN4
polymorphisms

We further performed stratified analysis to determine the
genotype and allele distribution of RTN4 polymorphisms in
patients with different stages of NPC (T stage, N stage,
metastasis, and clinical stage) (Tables 6 and 7). The results
showed that the rs2920891 and rs10496040 polymorphisms
were associated with clinical stage (P=.027) and T stage
(P=.044), respectively. However, other polymorphisms were
not associated with clinical characteristics (data not shown).

3.5. Association between RTN4 gene polymorphisms and
plasma RTN4 levels

The plasma RTN4 levels of patients with NPC and healthy
controls were measured (Fig. 1A). The plasma level of RTN4 was
significantly higher in patients with NPC than in the controls
(P<.001), and the median plasma RTN4 level was 2.05 ng/mL
(range 1.54-2.24 ng/mL) in patients with NPC (n=220) and 0.83
ng/mL (range 0.49-1.17ng/mL) in the controls (n=300). We also

Allele frequencies of 5 RTN4 SNPs in patients with NPC and healthy controls.

SNP Allele NPC, n=220 (%) Control, n=300 (%) OR (95% Cl) P

152920891 A 284 (65.0) 412 (69.0) 1.20 (0.93-1.56) 163
c 156 (35.0) 188 (31.0)

110496040 c 392 (89.0) 540 (90.0) 1.10 (0.74-1.65) 635
A 48 (11.0) 60.0 (10.0)

1117465650 c 355 (81.0) 479 (80.0) 0.95 (0.70-1.29) 734
T 85.0 (19.0) 121 (20.0)

117046583 A 351 (80.0) 478 (80.0) 0.99 (0.73-1.35) 993
G 89 (20.0) 122 (20.0)

152588519 G 304 (69.0) 431 (72.0 1.14 (0.87-1.49) 337
A 136 (31.0) 169 (28.0)

Cl=confidence interval, NPC=nasopharyngeal carcinoma, OR=odds ratio, SNP = single-nucleotide polymorphism.
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Genotype frequencies of 5 RTN4 SNPs in patients with NPC and healthy controls.
Genetic model Genotype NPC (%) Control (%) OR (95% CI)* P
rs2920891
Codominant A/A 86 (39.1) 146 (48.7) 1.00 .034
AC 112 (50.9) 120 (40.0) 1.64 (1.13-2.38)
C/C 22 (10.0) 34 (11.3) 1.20 (0.65-2.20)
Dominant ANA 6 (39.1) 146 (48.7) 1.00 017
A/C+C/C 134 (60.9) 154 (51.3) 1.54 (1.08-2.21)
Recessive AA+A/C 198 (90.0) 266 (88.7) 1.00 .80
C/C 22 (10.0) 34 (11.3) 0.93 (0.52-1.64)
rs10496040
Codominant C/C 177 (80.5) 244 (81.4) 1.00 680
AC 8 (17.3) 52 (17.9) 0.98 (0.62-1.56)
AA 5.2 523 1.81 (0.48-6.85)
Dominant C/C 177 (80.5) 244 (81.3) 1.00 870
A/C+A/A 43 (19.5) 56 (18.7) 1.04 (0.67-1.62)
Recessive C/C+A/C 215 (97.7) 296 (98.7) 1.00 .380
A/A 5.3 4(1.3 1.81 (0.48-6.86)
rs117465650
Codominant C/C 147 (66.8) 193 (64.3) 1.00 .660
cr 61 (27.7) 93 (31.0) 0.86 (0.58-1.27)
i 12 (5.5) 44.7) 1.15 (0.52-2.58)
Dominant C/C 147 (66.8) 193 (64.3) 1.00 .560
C/T+T/T 73 (33.2) 107 (35.7) 0.90 (0.62-1.29)
Recessive C/C+CmT 208 (94.5) 286 (95.3) 1.00 640
7 12 (5.5) 14 (4.7) 1.21 (0.55-2.68)
rs17046583
Codominant AA 143 (65.0) 195 (65.0) 1.00 .990
AG 65 (29.5) 88 (29.3) 1.02 (0.69-1.51)
G/G 2 (5.5 17 (5.7) 0.99 (0.45-2.14)
Dominant A/A 143 (65.0) 195 (65.0) 1.00 .940
AG+G/G 77 (35.0) 105 (35.0) 1.01 (0.70-1.46)
Recessive AA+AG 208 (94.5) 283 (94.3) 1.00 .960
G/G 2 (5.5 17 (5.7) 0.98 (0.46-2.10)
rs2588519
Codominant C/C 108 (49.1) 158 (52.7) 1.00 540
cr 88 (40.0) 115 (38.3) 1.13 (0.78-1.64)
i 24 (10.9) 27 (9.0) 1.38 (0.75-2.53)
Dominant C/C 108 (49.1) 158 (52.7) 1.00 .360
C/T+T/T 112 (50.9) 142 (47.3) 1.18 (0.83-1.67)
Recessive C/C+Cm 196 (89.1) 273 (91.0) 1.00 370
i 24 (10.9) 27 (9.0) 1.31 (0.73-2.35)

CI confidence interval, NPC=nasopharyngeal carcinoma, OR=odds ratio.
" Adjusted for age and sex.

investigated the correlation between RTN4 gene polymorphisms
and plasma RTN4 levels. Notably, the rs2920891 polymorphism
was significantly associated with plasma RTN4 level in patients

Haplotype distribution in patients with NPC and healthy controls.

NPC, Control, OR
Haplotype ~ 2n=440 (%)  2n=600 (%) (95% CI)” P
A-C-C-A-C 224 (51.0) 336 (56.1) 1.00
C-C-C-A-C 78 (17.6) 88 (14.7) 1.44 (1.01-2.07) 046
C-C-T-G-T 34 (7.7) 59 (9.8) 0.94 (059-150)  .790
A-AT-G-T 37 (8.3) 54 (9.0) 113 (0.71-1.80) 600
C-C-C-A-T 33 (7.5) 39 (6.5) 1.35 (0.82-2.21) 230
A-C-C-A-T 14 3.2) 8 (1.3) 253 (1.00-6.37)  .050
A-C-C-G-T 5 (1.1) 6 (1.0) 1.38 (0.39-4.83) 620

Major haplotypeshaplotype frequencies <1% were not included in the statistical analysis.
CI confidence interval, NPC=nasopharyngeal carcinoma, OR=odds ratio.
" Adjusted for age and sex.

with NPC. Patients with NPC carrying the rs2920891 A/C+C/C
genotype had a higher RTN4 level than those carrying the A/A
genotype (Fig. 1B; P <.001). However, there was no relationship
between plasma RTN4 and rs17046583, rs117465650,
rs10496040, and rs2588519 (P> .05, data not shown).

4. Discussion

This is the 1st study to investigate the relationship between RTN4
gene polymorphism and individual susceptibility to NPC in a
Chinese population and the association of RTN4 gene
polymorphism with the plasma level of RTN4 and clinical
features. We demonstrated that the rs2920891 polymorphism
was associated with an increased risk of NPC. The increased risk
was observed in a dominant model (A/C+C/C genotype, P=.017,
OR=1.54, 95% CI=1.08-2.21) and a codominant model (A/C
genotype, P=.034, OR=1.64, 95% CI=1.13-2.38) and
associated with the C-C-C-A-G haplotype (P=.046, OR=1.44,
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Relationship between patient characteristics and the genotype and allele distribution of rs2920891.

Genotype, n (%) Allele, n (%)
Characteristics A/A A/C c/C P A c OR (95% CI)* P
T stage
T1-12 50 (41.7) 55 (45.8) 15 (12.5) 180 155 (64.6) 85 (35.4) 1.00 (0.69-1.49) 975
T3-T4 36 (36.0 57 (57.0) 7 (7.0) 129 (64.5) 71 (35.5)
N stage
NO 37 (44.6) 36 (43.4) 10 (12.0) 215 110 (66.3) 56 (33.7) 1.12 (0.75-1.69) 576
N1/N2/N3 49 (35.8) 76 (65.5) 12 (8.7) 174 (63.5) 100 (36.5)
Metastasis
No 60 (41.1) 68 (46.6) 18 (12.3) A1 188 (64.4) 104 (35.6) 1.00 (0.66-1.52) .992
Yes 26 (35.1) 44 (59.5) 4 (5.4) 96 (64.9) 52 (35.1)
Clinical stage
-l 42 (42.0) 43 (43.0) 15 (15.0) 027 127 (63.5) 73 (36.5) 0.93 (0.63-1.38) 715
-V 44 (36.7) 69 (57.5) 7 (5.8) 157 (65.4) 83 (34.6)
Cl=confidence interval, OR =odds ratio.
*Adjusted for age and sex.
Table 7
Relationship between patient characteristics and the genotype and allele distribution of rs10496040.
Genotype, n (%) P Allele, n (%)
Characteristics c/c A/C A/A c A OR (95% CI)° P
T stage
T1-T2 91 (75.8) 25 (20.8) 4 (3.9) 164 207 (86.3) 33 (13.7) 0.57 (0.27-0.98) .044
T3-T4 86 (86.0) 13 (13.0) 1 185 (92.5) 15 (7.5)
N stage 1.05 (0.56-1.96) .876
NO 67 (80.7) 14 (16.9) 2 (2.4) 1.00 148 (89.1) 18 (10.9)
N1/N2/N3 110 ((80.3) 24 (17.5) 3.2 244 (89.1) 30 (10.9)
Metastasis
No 115 (78.8) 27 (18.5) 4(2.7) 676 257 (88.0) 35 (12.0) 0.69 (0.35-1.35) 279
Yes 62 (83.8) 11 (14.9) 1(1.3 135 (91.2) 13 (8.8)
Clinical stage
i 76 (76.0) 21 (21.0) 3 (3.0 .330 173 (86.5) 27 (13.5) 0.61 (0.33-1.11) 104
-1V 101 (84.2) 17 (14.2) 2 (1 219 (91.3) 21 (8.7)

" Fisher exact test.
7 Adjusted for age and sex.

95% CI=1.01-2.07). Notably, the rs2920891 and rs10496040
polymorphisms were associated with clinical stage (P=.027)and T
stage (P=.044), respectively. Moreover, patients with NPC
carrying the rs2920891 A/C+C/C genotype had a higher level of
RTN4. These findings indicated that the rs2920891 polymorphism
may contribute to the susceptibility to NPC.

Several studies have demonstrated the association of RTN4
gene polymorphisms with the risk of various tumors. Chen
et al™ observed that the rs34917480 polymorphism in the

w -

RTN4(ng/mL)
Y
RTN4(ng/mL)

-

0
A rs2920891AJA rs2920891AIC+CIC B

Controls NPC

Figure 1. Enzyme-linked immunosorbent assay analysis of RTN4 expression.
(A) RTN4 plasma level in patients with NPC (n=220) and healthy controls (n=
300). (B) RTN4 plasma level in patients carrying the rs2920891 A/A genotype
(n=86) and patients carrying the A/C+C/C genotype (n=134).

RTN4 gene could contribute to the risk of nonsmall-cell lung
cancer in a Chinese population. Furthermore, sex, age, and
environmental exposure could influence the carcinogenic effects
0f rs34917480. A similar result was observed in a study of uterine
leiomyoma (UL), suggesting a high UL risk among homozygous
carriers of rs34917480.1'81 Moreover, Zhang et al!*®! demon-
strated statistically significant differences in the TATC and CAA
(insertion/deletion) polymorphisms in the RTN4 gene between
patients with cervical squamous cell carcinoma (CSCC) and
control subjects, and the polymorphisms may be associated with
the advanced clinical stage of CSCC. These studies investigated
the association of SNPs with several cancers, and the results were
consistent. Here, we reported for the 1st time that the rs2920891
polymorphism in RTN4 contributed to an elevated risk of NPC
in Chinese patients and was related to the abnormal expression of
RTN4. We believe that rs2920891, located in intron 1 of the
RTN4 gene, may inhibit transcriptional activity. Moreover,
recent studies have established that introns can serve as important
gene regulatory structures with various functional effects, such as
RNA editing, noncoding RNA, and transacting elements.!'?!
We do not know of studies that have investigated the effect of
RTN4 gene polymorphisms on the risk of NPC; hence, we could
not compare this study with other similar studies.
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There were some potential limitations in our study. First, the
sample size of this study was not large enough. Second, selection
bias in the hospital-based case—control study was inevitable.
However, deviation from the HWE was not detected in all SNPs,
indicating minimal probability. Nevertheless, our findings should
be interpreted with caution. Further studies with larger samples
and ethnically different populations could help elucidate the
relationship between these polymorphisms and the susceptibility
to NPC.

5. Conclusion

Our results demonstrated that the rs2920891 polymorphism
may contribute to the susceptibility to NPC. To our knowledge,
this is the 1st study to investigate the effect of RTN4 SNPs on
the risk of NPC in a Chinese population and evaluate the
difference in RTN4 expression between patients with NPC and
healthy controls. Nevertheless, to determine the exact mecha-
nism of RTN4 in NPC, further studies with larger samples are
needed.
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