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Abstract. At present, variants of the 5-hydroxytryptamine
receptor 2A (5-HTR2A) and interleukin-6 (/L-6) genes
may be susceptible markers to develop for obstructive sleep
apnea-hypopnea syndrome (OSAHS). Therefore, the aim of
the present study was to explore the potential associations
between the 5-HTR2A and IL-6 single-nucleotide polymor-
phisms (SNPs) and OSAHS. In total there were 130 cases
and 136 controls collected for genotyping of 5-HTR2A
(rs6311) and IL-6 (rs1800796) SNPs. The association of
these SNPs with OSAHS risk were evaluated by computing
the odds ratio (OR) and 95% confidence interval (CI) from
multivariate unconditional logistic regression analyses with
adjustment for gender and age. The results indicated that the
genotype and allele frequencies in these two loci (rs6311 and
rs1800796) were not significantly different between the cases
and controls. However, carrying the ‘C’ allele of rs6311 has
a protective effect against OSAHS via the gender-specific
comparison (P=0.0409; OR, 1.744; 95% CI, 1.021-2.978).
The ‘G’ allele and ‘CG’ genotype distribution of rs1800796,
and ‘C’ allele and ‘CT’ genotype distribution of rs6311 have
significant differences between the mild and moderate group
(P<0.05). Similarly, the genotype distribution of rs6311 has
differences between mild and severe cases (P=0.0026). The
current research demonstrated that variants of rs6311 have
an association with OSAHS in males. Additionally, polymor-
phisms of rs6311 and rs1800796 have relevance to the severity
of OSAHS.
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Introduction

Obstructive sleep apnea-hypopnea syndrome (OSAHS), due
to the reduction or complete cessation in airflow, resulted in
recurrent hypoxia and hypercapnia, and chronic excessive
daytime sleepiness, increased risk of hypertension, coro-
nary artery disease, congestive heart failure, stroke, cardiac
arrhythmias and sudden cardiac fatality. OSAHS involves
a collapsible upper airway that is dependent upon dilator
muscles for patency and normal respiration. The prevalence is
increasing worldwide, and may be a major public health issue,
estimated to affect 6-13% of the adult popultion in Western
society (1).

At present, the pathogenesis of OSAHS is not fully
understood at the molecular level. Certain genetic and epide-
miological studies have demonstrated that the risk of OSAHS
is associated with multiple genes (2), such as 5-hydroxytrypta-
mine receptor (5-HTR) and inflammatory factor interleukin-6
(IL-6) genes. Genetic variants contribute to an increase in the
susceptibility to OSAHS through four possible pathogenic
pathways, including upper airway anatomy and craniofacial
form, ventilation control and upper airway collapsibility, body
fat distribution and sleep-wake controlling (3).

Serotonergic neurons that are innervating motoneurons
increase the response to respiratory challenges. 5-HT regu-
lates physiological activity via 5-HTR, and 5-HTR2A is the
predominant excitatory 5-HTR subtype at the hypoglossal
motor neurons (4). This subtype has an important role in the
maintenance of upper airway stability and normal breathing.
Serotonin delivery is reduced to upper airway dilator motor
neurons in sleep and it contributes, at least in part, to
sleep-related reductions in dilator muscle activity and upper
airway obstruction (5), which suggests this characterization
of serotonin receptor subtypes in the hypoglossal nucleus
provides a focus for the development of pharmacotherapies
for sleep apnea. The polymorphism of the genes that code for
5-HTR alter its transcription, affecting the number of recep-
tors in the serotoninergic system, and may increase the risk
of OSAHS. Recently, 3 meta-analyses (6-8) revealed that no
differences were observed in the prevalence of T102C (rs6311)
polymorphisms in the case and control groups (P>0.05).
However, the -1438G-A polymorphism in the 5-HTR2A
gene was significantly correlated with the increased risk of
OSAHS, showing that the ‘“T” and ‘C’ allele are not involved
in OSAHS.
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Table I. Oligonucleotide sequences used for genotyping.
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Gene SNPs Primers Sequences

5-HTR2A rs6311 First 5'-ACGTTGGATGGGCTAGAAAACAGTATGTCC-3'
Second 5'-ACGTTGGATGTGGACACAAACACTGTTGGC-3'
Extension 5'-GGAGTGCTGTGAGTGTC-3'

IL-6 rs1800796 First 5'-ACGTTGGATGTGGAGACGCCTTGAAGTAAC-3'
Second 5'-ACGTTGGATGTCTTCTGTGTTCTGGCTCTC-3'
Extension 5-GGAATGCAGTTCTACAACAGCC-3'

5-HT2AR, 5-hydroxytryptamine receptor 2A; IL-6, interleukin-6.

Intense local and systemic inflammation are present in
patients, and this process may promote oropharyngeal inspira-
tory muscle dysfunction and amplify upper airway narrowing
and collapsibility, worsening the frequency and duration of
sleep apnea (9). Therefore, inflammation may contribute to
upper airway pathophysiology and OSAHS is usually associ-
ated with increasing levels of inflammatory cytokines (10-12).
At present, a previous study revealed the correlation between
the polymorphism located in the promoter region of the inflam-
matory cytokine genes and OSAHS (13). IL-6 is a circulating
cytokine, known to be secreted from a number of different cells,
including activated macrophages and lymphocytes. Evidence
has demonstrated that the plasma levels of pro-inflammatory
cytokines, such as IL-6, are observed to be elevated in OSAHS
patients, are associated with the severity of disease (12) and
are significantly reduced following continuous positive airway
pressure therapy (14). It appears reasonable to hypothesize that
abnormalities in the /L-6 gene could be relevant to the etiology
of OSAHS. Larkin et al (15) reported that one single-nucleo-
tide polymorphism (SNP) of the /L-6 gene was associated with
protecting against OSAHS following adjusting for body mass
index (BMI) [odds ratio (OR) for ‘T’ allele, 0.24; 95% confi-
dence interval (CI), 0.09-0.67; P=0.006), which suggests that
variants in /L-6 may influence the risk of OSAHS independent
of obesity.

Based on these findings, genetic susceptibility was one
possible factor influencing this disparity. Therefore, the present
study investigated the susceptibility of 5-HTR2A and IL-6
genes for OSAHS development, and a matched case-control
study was conducted to examine whether or not this associa-
tion resided in the Chinese Han population.

Materials and methods

Subjects. The patients were Chinese Han individuals living in
Southeast China and were enrolled from the Sleep Laboratory,
Department of Respiratory, Zhejiang Hospital (Zhejiang,
China) between March 2013 and December 2013. Controls
were negative personal and family history of sleep disorder
that enrolled from the same region. All the subjects provided
informed consent and received an overnight polysomnography
prior to classfication into cases or controls. All the subjects were
divided into two subgroups according to BMI: Overweight
BMI, =25 kg/m? and normal weight BMI, <25 kg/m?. The
research was approved by the Ethics Committee of Zhejiang
Hospital.

Polysomnography. The participants were diagnosed based on
overnight polysomnography (Alice LE; Philips Respironics,
Inc., Murrysville, PA, USA), comprising of pulsoxymetry,
electrophysiological signals (electroencephalography, elec-
trooculogram, electromyography and electrocardiography)
and sleep phases, thoracic movement observation, analysis
of sleep stages and snoring phases, and awakening reactions.
Two sleep specialists reviewed the recordings independently.
Apnea was referred to as the continuous cessation of airflow
>10 sec and hypopnea was defined as =50% of reduction
in airflow >10 sec with oxygen desaturation of =4%. The
apnea-hypopnea index (AHI) was calculated as the total
number of apneas + hypopneas/h. As for severity of OSAHS,
patients were grouped according to the following classification:
Mild (AHI from 5 to 15 events/h), moderate (AHI from 16 to
30 events/h) and severe OSAHS (AHI >30 events/h).

DNA extraction and genotyping. Whole blood samples were
obtained the morning after the polysomnogram and were
stored at -70°C. DNA was isolated from blood samples using
the AxyPrep Blood Genomic DNA Miniprep kit (Axygen
Biosciences, Union City, CA, USA) from peripheral leuco-
cytes genome. The polymorphisms of the 5-HTR2A and IL-6
genes were amplified by polymerase chain reaction (PCR)
using the GeneAmp PCR System 9700 (ABI Co., Ltd., USA).
Primers for PCR and single-base extension were designed
using the Assay Designers software version 3.0 (Sequenom
Inc., San Diego, CA, USA) and were processed following
standard protocols for iPLEX chemistry. Primers were
synthesized by Sangon Biotech Shanghai Co., Ltd. (Shanghai,
China; Table I).

Multiplex PCR was performed in 5 yl volumes containing
0.1 units of HotStarTaq polymerase (Qiagen, Hilden, Germany),
10 ng of whole-genome-amplified genomic DNA, 2.5 pmol
of each PCR primer and 2.5 ymol of deoxyribonucleotide
(ANTP). Thermocycling was at 94°C for 15 min followed by
45 cycles at 94°C for 20 sec, 56°C for 30 sec and 72°C for
1 min, and a final incubation at 72°C for 3 min. Unincorporated
dNTPs were deactivated using 0.3 units of shrimp alkaline
phosphatase (Sequenom Inc.) followed by primer extension
using 5.4 pmol of each primer extension probe, 50 ymol of
the appropriate dNTP combination and 0.5 units of iPLEX
enzyme (Sequenom Inc.). The extension reactions were carried
out at 94°C for 30 sec and subsequently 94°C for 5 sec, followed
by 5 cycles at 52°C for 5 sec and 80°C for 5 sec, for a total of
40 cycles, and finally 72°C for 3 min. A cation-exchange resin
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was used to remove residual salt from the reactions. Purified
primer extension reaction products were spotted onto a
384-well SpectroChip using the MassARRAY Nanodispenser
and determined by the matrix assisted laser desorptioniza-
tion time-of-flight mass spectrometer. Genotype calling was
performed in real-time (RT) with MassARRAY RT software
version 3.0.0.4 and analyzed using the MassARRAY Typer
software version 3.4.

Statistical analysis. Calculations of allele and genotype
frequency, and tests of Hardy-Weinberg equilibrium (HWE)
were performed using Microsoft Excel macro PHARE
version 2.1. Comparion of the allele and genotypes in cases
versus controls was carried out using Pearson's ¥ tests. OR
and 95% CI were obtained with Plink software. P<0.05 was
considered to indicate a statistically significant difference.
Statistical powers were calculated using software of Power
for Association with Error (PAWE version 1.2; Chad Haynes
Laboratory of Statistical Genetics, The Rockefeller University,
New York, NY, USA).

Results

General characteristics of studies. The characteristic data of
samples are shown in Table II. In total there were 130 OSAHS
patients (20 females and 110 males) and 136 healthy controls
(24 females and 112 males) of Chinese Han origin. The mean
age in cases and controls was 51.78 years (range, 31-67 years)
and 50.88 years (range, 31-60 years), respectively. The controls
were matched with cases by gender and age. BMI in the
patient group was predominantly overweight, constituting 116
(89.23%) cases, whereas 44 (32.35%) of the control group
were normal or lose weight (P=0.005). The studied population
was from HWE with the P-values of 0.42495 in rs6311 and
0.96779 in rs1800796, respectively, indicating that there was
no evidence of deviation (Table III).

Gene polymorphisms in case and control cohorts. For
5-HTR2A gene polymorphisms, there was no difference
between the genotypes and allele frequencies of the patients
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Table II. Demographic data of the OSAHS and control groups.

Variables Patients Controls P-value
Gender, n (%)
Male 110 (84.6) 112 (82.4) 0.817
Female 20 (15.4) 24 (17.6)
Age, years 51.78+12.24 50.88+8.21 0.617
BMI, kg/m? 28.17+3.62 25.38+3.17
Weight, n (%)
Normal 14 (10.8) 44 (32.4) 0.005
Overweight 116 (89.2) 92 (67.7)
AHI, n (%)
Mild 26 (20.0) UN
Moderate 22 (16.9) UN
Severe 82 (63.1) UN
Data are mean =+ standard deviation. OSAHS, obstructive sleep

apnea-hypopnea syndrome; BMI, body mass index; AHI, apnea-hypopnea
index; UN, unknown.

Table III. HWE Pearson's P-value in cases and controls.

Gene s HWE Pearson's P-value
5-HT2AR rs6311 0.42495
IL-6 rs1800796 0.96779

HWE, Hardy-Weinberg equilibrium; 5-HT2AR, 5-hydroxytryptamine
receptor 2A; IL-6, interleukin-6.

and controls (P>0.05) (Table IV). However, for male OSAHS
patients and controls, the allele frequencies of rs6311 were
60.2% (T) and 39.8% (C) in the cases, and 46.4% (T) and
53.6% (C) in the controls, and the difference between the two
groups was statistically significant (P=0.0409; OR, 1.744;
95% CI, 1.021-2.978) (Table V), which suggests that males
carrying the ‘T’ allele of rs6311 have a 1.744-fold chance

Table I'V. Allele and genotype distribution in patient and control groups and their association with OSAHS risk.

Gene Cases, n (%) Controls, n (%) ¥ test P-value OR (95% CI)
5-HTR2A 156311
T 155 (60.5) 133 (48.9)
C 101 (39.5) 139 (51.1) 3.1549 0.0757 1.555(0.954-2.533)
CcC 19 (14.8) 31(22.8)
TT 44 (344) 31(22.8)
CT 65 (50.8) 74 (54.4) 3.3948 0.1832
IL-6 rs1800796
C 195 (75.6) 188 (69.1)
G 63 (24.4) 84 (30.9) 1.4636 0.2264 1.398 (0.812-2.409)
cC 71(55.0) 65 (50.0)
GG 9(7.0) 11 (8.5)
CG 49 (38.0) 60 (44.1) 1.5671 0.4568

OSAHS, obstructive sleep apnea- hypopnea syndrome; OR, odds ratio; CI, confidence interval; 5-HT2AR, 5-hydroxytryptamine receptor 2A; IL-6, interleukin-6.
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Table V. Allele and genotype distributions in the patient and control groups for gender-specific analysis.

Male, n (%) Female, n (%)
Gene Cases Control P-value OR (95% CI) Cases Control P-value OR (95% CI)
5-HTR2A rs6311
T 130 (60.2) 104 (46.4) 23(57.5) 29(604)
C 86(39.8) 120(53.6) 0.0409 1.744(1.021-2.978) 17 (42.5) 19 (49.6) 0.8653  0.900 (0.266-3.042)
CC 16 (14.8) 32 (28.6) 2 (10.0) 14.2)
TT 38 (35.2) 24 (21.4) 5(25.0) 6 (25.0)
CT 54 (50.0) 56 (50.0)  0.1206 13 (65.0) 17 (70.8) 0.4892
1L-6 11800796
C 165 (75.0) 155 (69.2) 28 (77.8)  35(72.9)
G 55(25.0) 69 (30.5) 02093  1.456 (0.809-2.622) 8(222) 13(27.1) 0.8343 1.167 (0.275-4.950)
CC 61 (55.4) 55 (50.0) 12 (66.7) 12 (50.0)
CG 41 (37.3) 45 (40.9) 5(27.8) 12(50.0)
GG 8(7.3) 10 (9.1) 0.4427 1(5.6) 0(0.0) 0.2692
OR, odds ratio; CI, confidence interval; 5-HT2AR, 5-hydroxytryptamine receptor 2A; IL-6, interleukin-6.
Table VI. Allele and genotype distributions in the patient and control groups according to weight.
Normal weight, n (%) Overweight, n (%)
Gene Cases Control P-value OR (95% CI) Cases Control P-value OR (95% CI)
5-HTR2A rs6311
T 21(75.0) 47 (56.0) 130 (56.5) 85 (46.2)
C 7(250) 374400 0.1142  3.029 (0.737-12.455) 100 (43.5) 99 (53.8) 0.0803 1.637(0.941-2.848)
CC 1(7.1) 7(16.7) 20 (17.4) 26 (28.3)
TT 7(50.0) 11(26.2) 36 (31.3) 20 (21.7)
CT 6(429) 24(57.1) 02072 59 (51.3) 46 (50.0) 0.1963
IL-6 rs1800796
C 20(83.3) 60 (714) 171 (73.7) 125 (67.9)
G 4(16.7) 24 (28.6) 0.1481 4.400 (0.511-37.919) 61 (26.3) 59 (32.1) 0.2861 1.387(0.760-2.533)
CC 8(67.7) 21(50.0) 61 (52.6) 45 (48.9)
GG 0(0.0) 2(4.8) 10 (8.6) 11 (12.0)
CG 4(333) 19(@452) 0.2931 45 (38.8) 36 (39.1) 0.5713

OR, odds ratio; CI, confidence interval; 5-HT2AR, 5-hydroxytryptamine receptor 2A; IL-6, interleukin-6.

of developing OSAHS. Subgroup analysis was performed
according to the severity of disease. Allele frequencies of
rs6311 were 71.2 (T) and 28.8% (C) in the mild group, and
43.2 (T) and 56.8% (C) in the moderate group, with evident
differences observed between the two groups (P=0.0243;
OR,3.921;95% CI, 1.165-13.198). The “TT’ genotype was prev-
alent in mild patients and ‘CT’ was less frequent in moderate
patients (P=0.0045). Similarity, the ‘CC’, ‘TT’ and ‘CT’
genotype distributions have differences between the mild and
severe cases (P=0.0026), indicating that the genotype distri-
bution was associated with the severity of OSAHS. However,
logistic regression analysis had no statistical difference in the
other subgroups (Tables V-VII).

For allele and genotype frequencies of rs1800796 vari-
ants, no association was observed (Table I'V). Based on the
subgroup analysis according to the severity of disease, allele

frequencies of rs1800796 were 86.5 (C) and 13.5% (G) in the
mild group, and 56.8 (C) and 43.2% (C) in the moderate group,
with a significant difference (P=0.0064). The ‘CC’ genotype
was overexpressed in mild, and ‘CG’ and ‘GG’ was more
frequent in moderate patients, suggesting that patients with
the ‘G’ allele were inclined to develop more severe OSAHS
(P=0.0162). There were no statistical differences among the
other subgroups (Tables V-VII).

Discussion

In the present study, the hypothesis of whether the two SNPs
(rs6311 in 5-HTR2A and rs1800796 in IL-6) were associated
with OSAHS risk in the Chinese Han population was investi-
gated. The results showed that no associations with OSAHS
were observed for allele and genotype frequencies in rs6311
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Table VII. Allele and genotype distributions in patients according to the severity of disease.

OSAHS, n (%)

Mild versus moderate

Mild versus severe Moderate versus severe

Gene Mild Moderate Severe P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)
5-HTR2A rs6311
T 37(71.2) 19 (43.2) 100 (62.5)
C 15 (28.8) 25(56.8) 60 (37.5) 0.0243 3.921 (1.165-13.198) 0.2746 1.717 (0.647-4.559) 0.0880 0.438 (0.167-1.146)
CccC 7(1269) 6(273) 5(62)
TT 17(654) 2(09.1) 25(1.3)
CT 2(7.7) 14(63.6) 50 (62.5) 0.0045 0.0026 0.1137
IL-6 11800796
C 45 (86.5) 25(56.8) 125 (78.1)
G 7(13.5) 19(43.2) 35(21.9) 0.0064 8.308 (1.557-44.321) 0.0587 4.000 (0.867-18.449) 0.1429 0.481 (0.179-1.295)
CcC 22 (84.6) 5(22.7) 47(58.8)
GG 000 20.1 6 (7.5)
CG 4(154) 15(68.2) 27(33.7) 0.0162 0.1873 0.1928

OSAHS, obstructive sleep apnea- hypopnea syndrome; OR, odds ratio; CI, confidence interval; 5-HT2AR, 5-hydroxytryptamine receptor 2A; IL-6, interleukin-6.

and rs1800796. However, allele frequencies for rs6311 in male
patients had significant differences from the counterparts by
gender-specific comparison (P=0.0409). Additionally, variants
of rs6311 and rs1800796 were associated with the severity
of OSAHS. There were no significant differences among the
other subgroups (P>0.05).

The variables that promote pharyngeal collapse include
negative pressure within the airway and positive pressure
outside the airway, increasing the risk of OSAHS. Patency of
the human upper airway was maintained mostly by muscle
activation. Serotonin has an important role in upper airway
dilator muscle activity via modulation of hypoglossal motor
output. Therefore, variables that affect serotoninergic activi-
ties can lead to sleep and breathing disorders. 5-HTR2A
is an essential component of the serotoninergic system,
mainly distributed at the hypoglossal motor neurons, and
its expression is regulated by 5-HTR2A genes, located on
chromosome 13ql4-q21 (16). Therefore, polymorphisms in
the 5-HTR2A gene can affect the number of receptors and
contribute to OSAHS. Certain studies have been conducted
to investigate the association of OSAHS with the polymor-
phisms of the 5-HTR2A genes with the ‘T’ and ‘C’ allele.
Bayazit er al (17) reported on Turkish patients with OSAS,
de Carvalho et al (18) reported on Brazilian patients with
OSAS, Sakai et al (19) reported on Japanese patients with
OSA, and Chen et al (20) and Yin et al (21), reported on
Chinese patients with OSAS. All these studies showed that
genotypes and allele frequencies of the T102C (rs6311)
polymorphism of 5-HTR2A did not significantly increase
the OSAS risk. The present study found that carrying the
‘C’ allele of rs6311 has protection from developing OSAHS
in the male population, and genotypes and allele frequency
were associated with disease severity. However, the sample
size was small, which may increase the chance for spurious
findings. In future, larger clinical trials are required to
confirm the results.

A previous study revealed that the pathological condi-
tion in OSAHS can elevate serum levels of inflammatory
cytokines, including tumor necrosis factor-a, IL-6 and IL-18,
particularly in the upper airway, resulting in the collapse of

the pharyngeal airway (22). Polymorphisms of the gene that
influenced inflammation contributed to OSAHS suscepti-
bility. The present study indicated that no differences were
observed between patients and control. However, variants of
rs1800796 had clear differences between mild and moderate
patients, indicating a correlation to OSAHS severity, which
has discordance with previous studies. Popko er al (13)
confirmed that genotype distribution and allele frequency of
the G174C polymorphism in the /L-6 gene differed between
patients and control, and significant gender differences were
also observed regarding the ‘C’ and ‘G’ alleles of the IL-6
genotype in male patients. Kaditis er al (23) reported that
the 174G/C genetic variation in the /L-6 gene was associ-
ated with increased risk for OSA in European-Americans.
Larkin et al (15) demonstrated that SNP /L-6-6021 contrib-
uted to a decreased risk of OSA in African-Americans.
These differences were ascribed to the distinct genetic back-
ground and the different living environments of the Chinese
population compared with other ethnicities. Zhang et al (24)
identified that no distribution difference in the /L-6 gene was
observed between OSAS patients and controls in the Chinese
Han population. However, the minor allele ‘G’ (rs1800796)
decreased the risk of OSAS in non-obese subjects, compared
with the major allele ‘C’ (OR, 0.48; 95% CI, 0.26-0.86;
P=0.014). We believe it is primarily attributed to the
different definition for overweight or obese patients (BMI
>25 vs. 227 kg/m?), and in addition, subgroup analysis was
not conducted according to the severity of disease in the
Zhang et al (24) study.

In conclusion, the present study showed that variants of
rs6311 were associated with OSAHS in the male Chinese
population. Additionally, the polymorphisms of the 5-HTR2A
and /L-6 genes were associated with the severity of disease.
However, the limitation of the study is that the size is too small
to increase the chance for spurious findings.
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