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Genetic risk of TNFSF4 and FAM167A-BLK polymorphisms in children
with asthma and allergic rhinitis in a Han Chinese population

Yun Liu, MS, Xia Ke, PhD, Hou-Yong Kang, PhD, Xiao-Qiang Wang, PhD, Yang Shen, PhD, and Su-Ling Hong, PhD

Department of Otorhinolaryngology, The First Affiliated Hospital of Chongqing Medical University, Chongqing, People’s Republic of China

Abstract

Background: Asthma and allergic rhinitis (AR) frequently occur as comorbid diseases of the upper
airways. Single-nucleotide polymorphisms (SNPs) in the TNFSF4 and FAM167A-BLK genes have
recently been shown to be associated with various immune-related disorders. Objective: Our aim
was to determine whether TNFSF4 or FAM167A-BLK polymorphisms confer genetic susceptibility
toasthmaand AR in a Han Chinese population. Methods: We performed a case—control study of 290
asthmatic children and 252 healthy controls. Nine SNPs in the TNFSF4 region (rs1234313, rs1234314,
rs1234315, rsl 2039904, rs844648 and rsl 0912580) and the FAM167A-BLK region (rs2254546, rs13277113
and rs1600249) were detected using the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) assay. Results: This study revealed that three SNPs in TNFSF4 (rsl 234313,
rsl 234314 and rsl 234315) and two SNPs in FAM167A-BLK (rs2254546 and rsl 600249) were signifi-
cantly correlated with asthma and AR, while SNP rsI600249 was associated with asthma without
allergic rhinitis as a risk factor. Further, we demonstrated synergistic effects between the TNFSF4
and FAM167A-BLK SNPs. Conclusion: This study supports that the SNPs in TNFSF4 and FAM167A-BLK
may be involved in asthma and AR gene risk in the Han Chinese cohort.
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Introduction

Asthma and allergic rhinitis (AR) are common chronic, non-
infectious airway disorders, which are induced by aller-
gens and regulated by T lymphocytes and inflammatory
mediators [1]. Both diseases frequently coexist in the same
subject, and present a global health problem [2]. Several
factors [3-6], including epidemiologic, pathologic and phys-
iologic characteristics, are shared by both rhinitis and asthma
and hence, support the concept of “one airway, one disease” [1].
Over the last two decades, the mechanisms of pathogenesis of
asthma and AR have been studied widely and genetic factors
are thought to be major players affecting the development and
treatment of asthma and AR [7-9]. Various loci and candidate
genes show associations with asthma and AR [10,11]. We have
previously identified relationships between polymorphisms in
the interleukin-23R [12], interleukin-12 receptor B1/p2 [13],
interleukin-27 [14] and FCRL3 [15] genes and susceptibility
to AR in a Chinese population. These findings suggested that
an imbalance between Thl and Th2 cells possibly participates
in the pathogenic mechanisms of AR. However, the relation
between etiology and pathogenesis remain largely unknown.
TNFSF4 (also known as OX40 ligand, OX40L) belongs to
the tumor necrosis factor (TNF) superfamily. TNFSRF4 (OX40
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or CD 134) and its ligands play an important role in costimu-
lation of allergen-specific lymphocytes [16,17]. Recent stud-
ies have suggested that the OX40-OX40L interaction signif-
icantly contributes to the differentiation of some Th subsets,
such as Th2 cells and Tregs [18-20]. Atopic diseases are also
regulated by the innate and adaptive immune systems, espe-
cially the imbalance of Thl/Th2 cells. Two recent genome-wide
association studies (GWAS) [21,22] involving Chinese pop-
ulations reported TNFSF4 as a risk gene for systemic lupus
erythematosus (SLE). Several studies have demonstrated that
TNFSF4 gene polymorphisms are associated with susceptibil-
ity to immune-related diseases such as systemic sclerosis and
primary Sjogren’s syndrome (pSS) [23,24].

The FAM167A-B lymphoid tyrosine kinase (BLK) gene
region is associated with SLE [21,22,25], rtheumatoid arthri-
tis [26] and systemic sclerosis [27]. Zhou et al. [28] reported
that there were possible interactions of BLK, TNFSF4, TRAFI,
TNFAIP3 and REL in SLE, which may represent a syner-
gic effect of T cells and B cells through the nuclear fac-
tor (NF)-kB pathway in determining immunologie aberra-
tion. NF-kB plays an important role as a regulator of genes
of several pro-inflammatory mediators including cytokines,
chemokines, adhesion molecules, iNOS and costimulatory
molecules [29,30]. Since various genetic susceptibility factors
and signaling pathways are similar between inflammatory and
autoimmune diseases, asthma and AR may share a common
pathogenesis mechanism. The role of SNPs in TNFSF4 and
FAM167A-BLK in the development of asthma and AR has not
been investigated until date.
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We hypothesized that the TNFSF4 and FAM167A-BLK
genes may be involved in the pathogenic process of asthma
and AR. To test this hypothesis, we used the polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP) method to identify SNPs in these genes that correlate
with both comorbid diseases in a Han Chinese population.

Materials and methods

Ethics statement

The local ethics authorities (the Ethics Committee of the
First Affiliated Hospital of Chongqing Medical University,
Chongqing, China) provided permission and helped to obtain
informed consent from all participants. Written informed con-
sent was obtained from the next of kin, caretakers or guardians
on behalf of all minors participating in this study.

Subjects

We recruited 290 male and female asthmatic children between
1 and 12 years of age from September 2013 to September
2014. All diagnoses were made and treatments were contin-
ued at Children’s Hospital of Chongqing Medical University,
Chongqing, China. One hundred forty-one children had asthma
without allergic rhinitis and 149 had asthma with comorbid AR.
Two hundred fifty-two healthy volunteers of the same ethnicity
as the patients were recruited as the control group. The diag-
nosis of asthma was based on the patient’s signs and symp-
toms according to the Global Initiative for Asthma (GINA)
guidelines. Positive responses to a skin prick test (SPT; Aller-
gopharma, Hamburg, Germany) and to a panel of common
allergens were used to diagnose asthma. A positive SPT result
was defined as formation of a wheal with a diameter equal to
or larger than one-half that of the histamine control wheal, and
at least 3 mm larger than that of the negative control. Eighteen
inhaled allergens were tested, including house dust, grass, tree,
mold, food and cat and dog dander. Asthma with AR was deter-
mined based on positive diagnosis of asthma as described above
and factors such as medical history, nasal/ endoscopie inspec-
tion and positive SPT as defined by the ARIA 2008 guide-
lines [31]. SPTs were performed by specialists, technicians
and nurses, while diagnoses of asthma and asthma with AR
were made by clinical physicians and rhinologists. Children
with accompanying systemic disease were excluded from the
study. Blood samples were collected from all patients and con-
trol subjects in ethylene-diaminetetraacetate tubes and stored
at —70 °C until use.

DNA preparation

Genomic DNA was extracted from EDTA-anticoagulated
peripheral blood leukocytes using the Wizard® Genomic DNA
Purification Kit (Promega, Beijing, China) following the man-
ufacturer’s instructions. Briefly, 300 pL of blood was mixed
with cell lysis solution. Leukocytes were spun down and lysed
with nuclei lysis solution. Proteins were separated using protein
precipitation solution and removed by centrifu-gation. DNA
was recovered by precipitation with methyl alcohol and recon-
stituted in 100 wL. DNA rehydration solution.
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SNP selection and genotyping

Six SNPs (rs1234313, rs1234314, rs1234315 and rs12039904,
rs844648 and rsl0912580) for TNFSF4 and three SNPs
(rs2254546, rs13277113 and rs 1600249) for FAM167A-BLK,
which have been previously shown to be associated with cer-
tain immune-related diseases, were genotyped. PCR-RFLP was
adopted to analyze these SNPs. The primer sequences and reac-
tion conditions used in this study are shown in Supplemental
Table S1. The PCR products were incubated with restriction
enzymes for 1 or 16 h. The digestion products were visualized
on a 4% agarose gel and stained with Gold View (SBS Genen-
tech, Beijing, China). RFLP genotyping results were validated
by direct sequencing of the PCR-amplified DNA samples (20%
of the samples); the results were 100% concordant.

Statistical analysis

Quality of the genotype data was evaluated from the Hardy—
Weinberg equilibrium (HWE), which was estimated using
the chi-square test (X’ test). Statistical power was esti-
mated using Power and Sample Size Estimation Software
(http://bios-tat.mc.vanderbilt.edu/PowerSampleSize). Pairwise
linkage disequilibrium (LD) among the SNPs was examined
using Lewontin’s standardized coefficient D’ and LD coeffi-
cient 72, and haplotype blocks were defined by the solid spine of
LD method in Haploview 4.2 (http://www.broadinstitute.org./
haploview). This method defines a haplotype block if the first
and last SNP in a region are in strong LD (D" > 0.8) with all
intermediate SNPs, while the intermediate SNPs not necessar-
ily are in LD with each other. Genotype and allele frequencies
of patients and controls were compared using x? tests. Mean
clinical parameter values were compared using the indepen-
dent samples f-test, count data were compared using the x° test.
The online software platform SHEsis (http:// analysis2.bio-
x.cn/myanalysis.php) was used to analyze the haplotype data
and probabilities. The odds ratio (OR) and 95% confidence
interval (CI) were calculated by logistic regression with adjust-
ment for age and gender. All statistical analyses were per-
formed using the SPSS software, (version 20.0 (SPSS Inc.,
Chicago, IL) and p < 0.05 was considered significant.

We employed a multistage strategy for analyzing gene-gene
interactions by using the multifactor dimensionality reduction
(MDR) method [32]. This method includes a combined cross-
validation/permutation-testing procedure that minimizes false-
positive results by multiple examinations of the data. Each
best model was tested for its accuracy, cross-validation con-
sistency (CVC) and significance level determined with permu-
tation testing. The MDR analysis was performed by using ver-
sion 3.0.2 of the open-source MDR software package available
online (http://www.multifactordimensionalityreduction.org/).

Results

Comparison of clinical features

Socio-demographic characteristics of the subjects enrolled in
this study are summarized in Table 1. There were no signifi-
cant differences between the two patient groups and controls
in terms of mean age and gender distribution. Seventy-three
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Table 1. Selected clinical features and demographic characteristics of study population and controls.

Characteristics Asthma Asthma-AR Control p* PP
Gender [male/female] 80/61 85/64 140/112 0.821 0.873
Age [mean(range)] years 9.72 (1-12) 9.62 (1-12) 9.99 (2-12) 0.285 0.153
Allergen category [%]
House dust mite 73 (51.8) 83 (55.7) — — —
Pollen 56 (39.7) 51(34.2) — — —
Multiple allergens 12 (8.5) 15 (10.1) — — —

AR, allergic rhinitis.
4p Value for simple asthma patients.
bp Value for asthma comorbid allergic rhinitis.

(51.8%) asthmatic children and 83 (55.7%) asthmatic chil-
dren with comorbid AR were sensitive to house dust mite, 56
(39.7%) and 51 (34.2%), respectively, were sensitive to tree
pollen, and sensitivity to multiple allergens was noted for 12
(8.5%) and 15 (10.1%), respectively.

Representation of selected SNPs

Primary information for the SNPs in the TNFSF4 and
FAM167A-BLK genes is shown in Supplemental Table S2. The
genotype distribution of the nine SNPs was in Hardy—Weinberg
equilibrium in controls (p > 0.05). In addition, the call rates
were >98% for each of the nine SNPs, with minor allele fre-
quencies >5%.

To determine the statistical power of the study, we
assumed an alpha value of 0.05. The power was thus
>0.991 for rsl234313, rsl234314 and rsl234315; 0.449 for
1s12039904; 0.988 for rs10912580; 0.859 for 1s2254546; 0.465
for rs13277113; 0.707 for rs1600249; 0.065 for rs844648.

Frequencies of alleles and genotypes between
patients and controls

The genotype and allele frequencies in the controls and chil-
dren with asthma without allergic rhinitis are shown in Table 2.
There were obvious differences between patients and controls
in the frequencies of rs1234313 and rs1234315. The frequen-
cies of the rs1234313 A A genotype and the A allele were obvi-
ously higher in the patients with asthma without allergic rhinitis
than in controls (p = 1.0 x 10~*, OR 6.16, 95% CI 2.47-15.4
and p = 1.3 x 1073, OR 2.47, 95% CI = 1.65-3.71, respec-
tively). Significantly increased prevalence of the rs 1234315
CT genotype was found in patients with asthma without aller-
gic rhinitis compared to the controls (p = 6.6 x 107*, OR
4.99, 95% CI 1.98-12.62). The frequencies of the rs 1234314
CG genotype and the C allele were lower in the patients with
asthma without allergic rhinitis than in controls. The frequency
of the rs2254546 A allele was higher in patients with asthma
without allergic rhinitis than in controls, although the signifi-
cance was marginal.

The frequencies of rs 1234315 and rs2254546 were signifi-
cantly different between the asthmatic children with comorbid
AR and controls (Table 3). Significantly increased prevalence
of the rs 1234315 CT genotype was found in the patients com-
pared to the controls (p = 5.8 x 1074, OR 6.82, 95% CI 2.29—
20.36). The frequency of the rs2254546 AG genotype in the
patients’ group was significantly lesser than that in the con-
trols (p = 7.4 x 1073, OR 0.30, 95% CI 0.17-0.55). In addi-
tion, we found that the frequencies of rs1234313, rs1234314

and rs1600249 were different between the asthmatic children
with comorbid AR and the control individuals (p = 0.008, OR
3.76, 95% CI 1.42-9.95; p = 0.005, OR 0.30, 95% CI 0.13-
0.69; and p =0.001, OR 0.25,95% CI10.11-0.57, respectively).

Haplotype frequencies in patients and controls

Using the solid spine of the LD method for haplotype block
partitioning, three blocks were identified. As shown in Sup-
plemental Figure S1, rs1234313, rs1234314 and rs1234315
(D' > 0.82) belonged to haplotype block 1in TNFSF4, and they
generated eight haplotypes. The haplotype GGC had higher
frequency in the patients with asthma without allergic rhinitis
(4.0%, Table 4) than in the controls (0.6%) and the distribu-
tion rates of the GCC and GCT were lower in cases than in
controls (3.2% in cases and 11.7% in controls, 0.7% in cases
and 3.8% in controls, respectively). The SNPs rs12039904,
rs844648 and rs10912580 (D" > 0.88) belonged to haplotype
block 2 in TNFSF4, and they generated eight haplotypes. The
frequencies of CAG, TGA and TGG haplotypes were higher
in the patients with asthma without allergic rhinitis than in the
controls (5.0% in cases and 1.4% in controls, 3.8% in cases and
1.4% in controls, 3.8% in cases and 1.4% in controls, respec-
tively). The SNPs rs2254546, rs13277113 and rs1600249
(D' > 0.93) belonged to block 1" in FAM167A-BLK, and hap-
lotypes A AC and GGC had higher frequencies (3.7% and
12.4%) in the children with asthma without allergic rhinitis than
in the controls (0.6% and 4.4%). Haplotype GAA had a lower
frequency (42.9%) in the patients than in controls (53.1%).

The haplotype frequencies in the asthma patients with
comorbid AR and controls are summarized in Table 5. In block
1, the distribution rates of the AGT and GGC haplotypes were
higher (23.4% in cases and 12.6% in controls, 3.3% in cases
and 0.6% in controls, respectively) and those of GCT and GGT
were lower (0.8% and 19.5%) in the patients than in the con-
trols (3.8% and 26.2%). In block 2, the frequencies of TAA,
TGA and TGG haplotypes were higher (6.5%, 5.4%, and 4.7%,
respectively) in the patients and the frequency of the TAG hap-
lotype was lower (16.2%) in the patients than in the controls
(24.2%). In block I', the GGC haplotype frequency was obvi-
ously higher in the patients than in the controls (17.5% in cases
and 4.4% in controls), and the distribution rates of AGC and
GAA were lower (11.2% and 43.0%) in the patients than in the
controls (19.0% and 53.1%).

Locus-locus and gene-gene interactions

After cross-validation and permutation tests of the gene-
gene interactions in relation to the asthma without allergic
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Table 2. Genotype frequencies of nine SNPs in controls and patients with asthma without allergic rhinitis.

Genotypes Asthma (%) Control (%) Adjusted™* Unadjusted
SNP ID Allele (N =141) (N =252) ¥? p* OR (95% CI) OR (95% CI)
151234313 GG 11 (7.8) 43 (17.1) Reference Reference
AA 61 (43.3) 82 (32.5) 4.49 1.0 x 1074 6.16 (2.47-15.4) 3.01 (1.43-6.34)
AG 69 (48.9) 127 (50.4) 0.08 0.02 2.80 (1.22-6.40) 2.16 (1.04-4.46)
G 91 (32.3) 213 (42.3) Reference
A 191 (67.7) 291 (57.7) 7.61 1.3 x 107 2.47 (1.65-3.71)
rs1234314 GG 33 (23.4) 47 (18.7) Reference Reference
CC 39 (27.7) 78 (31.0) 0.47 0.11 0.41(0.14-1.21) 0.71 (040-1.29)
CG 69 (48.9) 127 (50.4) 0.08 0.004 0.28 (0.12-0.66) 0.77 (046-1.33)
G 135 (47.9) 221 (43.8) Reference
C 147 (52.1) 283 (56.2) 1.18 0.023 0.57 (0.35-0.92)
151234315 TT 18 (12.8) 59 (23.4) Reference Reference
CC 37 (26.2) 83 (32.9) 1.91 0.14 2.35(0.75-7.37) 1.47 (0.76-2.82)
CT 86 (61.0) 110 (43.7) 10.87 6.6 x 107* 4.99 (1.98-12.62) 2.57 (1.41-4.67)
T 122 (43.3) 228 (45.2) Reference
C 160 (56.7) 276 (54.8) 0.29 0.040 1.71 (1.02-2.84)
112039904 TT 11(7.8) 21 (8.3) Reference Reference
CcC 55 (39.0) 125 (49.6) 4.09 0.33 0.55 (0.16-1.84) 0.84 (0.38-1.86)
CT 75(53.2) 106 (42.1) 4.51 0.43 0.65 (0.22-1.91) 1.36 (0.62-2.98)
T 97 (34.4) 148 (29.4) Reference
C 185 (65.6) 356 (70.6) 2.13 0.33 0.77 (0.45-1.31)
rs844648 GG 39 (27.7) 72 (28.6) Reference Reference
AA 28 (19.9) 56 (22.2) 0.30 0.52 0.73 (0.27-1.94) 0.92 (0.51-1.68)
AG 74 (52.5) 124 (49.2) 0.39 0.29 0.70 (0.37-1.36) 1.11 (0.68-1.80)
G 152 (53.9) 268 (53.2) Reference
A 130 (46.1) 236 (46.8) 0.04 0.70 0.94 (0.698-1.27)
rs10912580 GG 14 (9.9) 26 (10.3) Reference Reference
AA 50 (35.5) 127 (50.4) 8.15 0.13 0.46 (0.17-1.27) 0.73 (0.35-1.51)
AG 77 (54.6) 99 (39.3) 8.59 0.80 1.13 (0.45-2.82) 1.44 (0.71-2.95)
G 105 (37.2) 151 (30.0) Reference
A 177 (62.8) 353 (70.0) 4.36 0.16 0.54 (0.33-0.89)
1$s2254546 GG 61 (43.3) 153 (60.7) Reference Reference
AA 5(3.5) 19 (7.5) 2.52 0.08 0.29 (0.08-1.19) 0.66 (0.23-1.84)
AG 75 (53.2) 80 (31.7) 17.41 0.36 1.29 (0.75-2.22) 2.38 (1.54-3.67)
G 197 (69.9) 386 (76.6) Reference
A 85 (30.1) 118 (23.4) 4.27 0.012 1.53 (1.10-2.14)
rs13277113 GG 14 (9.9) 26 (10.3) Reference Reference
AA 38 (27.0) 120 (47.6) 16.07 0.18 0.44 (0.14-1.45) 0.60 (0.28-1.26)
AG 89 (63.1) 106 (42.1) 16.04 0.74 0.83 (0.27-2.54) 1.58 (0.78-3.22)
G 117 (41.5) 158 (31.3) Reference
A 165 (58.5) 346 (68.7) 8.17 0.168 0.77 (0.52-1.12)
rs1600249 CC 17 (12.1) 32 (12.7) Reference Reference
AA 19 (13.6) 89 (35.3) 21.64 0.08 0.40 (0.14-1.11) 0.40 (0.19-0.87)
AC 105 (74.5) 131 (52.0) 19.05 0.70 1.20 (0.48-2.96) 1.51 (0.79-2.87)
C 139 (49.3) 195 (38.7) Reference
A 143 (50.7) 309 (61.3) 8.32 0.085 0.72 (0.49-1.05)
*p Value for Asthma without allergic rhinitis patients.
**OR values from logistic regression analyses, adjusted for age and gender.
OR, odds ratio.
rhinitis group, the best models included a 2-marker model Discussion

(rs2254546 and rs13277113) with 63.78% balanced accu-
racy and a CVC of 9/10, a 3-marker model (rs2254546,
1513277113 and rs1600249) with 64.95% balanced accuracy and
a 8/10 CVC, and a 4-marker model (rs1234315, rs2254546,
1rs13277113 and rs1600249) with 64.14% balanced accuracy and
a 9/10 CVC (Table 6).

Regarding the role of these interactions in predicting asthma
with comorbid AR, we identified a 2-marker model (rs2254546
and rs13277113) that had maximum CVC and a maximum
balanced accuracy of 65.02%, a 3-marker model (rs2254546,
rs13277113 and rs 1600249) with 62.43% balanced accuracy
and a 7/10 CVC, and a 4-marker model (rs12039904, rs844648,
1s2254546 and rs13277113) with 62.59% balanced accuracy
and a 5/10 CVC (Table 6).

Single-nucleotide polymorphisms (SNPs) in the TNFSF4 gene
have previously been shown to be associated with AR [33]. In
the current study, we investigated the association of SNPs in
TNFSF4 and FAM167A-BLK with asthma, whether or not with
comorbid AR, in children in a Han Chinese population.

We found a significant difference between TNFSF4 and
FAM167A-BLK polymorphisms in adults with AR in our
previous study (600 AR patients and 700 controls, unpub-
lished). The TNFSF4 gene is highly expressed by antigen-
presenting cells, particularly dendritic cells [34]. In addi-
tion, B cells, macrophages and Langerhans cells can express
TNFSF4 in inflammatory diseases [34]. The homologous
receptor TNFRSF4, which binds TNFSF4, regulates cytokine
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Table 3. Genotype frequencies of nine SNPs in controls and patients with asthma comorbid AR.

Genotypes Asthma-AR (%) Control (%) Adjusted*™ OR Unadjusted OR
SNP ID Allele (N =149) (N =252) ¥? p* (95% CI) (95% CI)
rs 1234313 GG 8(5.4) 43 (17.1) Reference Reference
AA 59 (39.6) 82 (32.5) 2.05 0.008 3.76 (1.42-9.95)  3.70 (1.62-8.49)
AG 82 (55.0) 127 (50.4) 0.81 0.014 3.12(1.26-7.77)  3.46 (1.55-7.75)
G 98 (32.9) 213 (42.3) Reference
A 200 (67.1) 291 (57.7) 6.93 0.002 1.82 (1.23-2.65)
rs1234314 GG 35(23.5) 47 (18.7) Reference Reference
CC 33 (22.1) 78 (31.0) 3.63 0.01 0.24 (0.08-0.73)  0.59 (0.32-1.08)
CG 81 (54.4) 127 (50.4) 0.59 0.005 0.30 (0.13-0.69)  0.87 (0.52-1.47)
G 151 (50.7) 221 (43.8) Reference
C 147 (49.3) 283 (56.2) 3.50 0.002 0.44 (0.26-0.73)
rs1234315 TT 21 (14.1) 59 (23.4) Reference Reference
CC 38 (25.5) 83 (32.9) 2.46 0.03 441 (1.18-16.56)  1.34 (0.71-2.52)
CT 90 (60.4) 110 (43.7) 10.51 58 x 1074 6.82(2.29-20.36)  2.37 (1.33-4.21)
T 132 (44.3) 228 (45.2) Reference
C 166 (55.7) 276 (54.8) 0.07 0.029 1.81 (1.06-3.09)
rs12039904 TT 10 (6.7) 21(8.3) Reference Reference
CC 61 (40.9) 125 (49.6) 2.83 0.19 0.44 (0.13-1.53) 1.03 (0.46-2.33)
CT 78 (52.3) 106 (42.1) 3.99 0.95 0.97 (0.31-3.00) 1.54 (0.68-3.46)
T 98 (32.9) 148 (29.4) Reference
C 200 (67.1) 356 (70.6) 1.09 0.019 0.53 (0.32-0.90)
rs844648 GG 47 (31.5) 72 (28.6) Reference Reference
AA 30 (20.1) 56 (22.2) 0.24 0.91 1.06 (0.40-2.77)  0.80 (0.45-1.43)
AG 72 (48.3) 124 (49.2) 0.03 0.06 0.56 (0.30-1.02)  0.86 (0.54-1.38)
G 166 (55.7) 268 (53.2) Reference
A 132 (44.3) 236 (46.8) 0.48 0.42 0.89 (0.66-1.91)
rsl0912580 GG 13 (8.7) 26 (10.3) Reference Reference
AA 81 (54.4) 127 (50.4) 0.59 0.78 1.16 (0.41-3.28) 1.30 (0.63-2.69)
AG 55 (36.9) 99 (39.3) 0.22 0.48 0.70 (0.26-1.87) 1.15 (0.54-2.42)
G 81(27.2) 151 (30.0) Reference
A 217 (72.8) 353 (70.0) 0.70 0.12 1.48 (0.89-2.22)
1$2254546 GG 109 (73.2) 153 (60.7) Reference Reference
AA 11(7.4) 19 (7.5) 0.003 0.03 0.28 (0.08-0.92)  0.79 (0.36-1.75)
AG 29 (19.5) 80 (31.7) 7.14 74 x 107 0.30 (0.17-0.55)  0.51 (0.31-0.84)
G 247 (82.9) 386 (76.6) Reference
A 51(17.1) 118 (23.4) 4.47 0.03 0.67 (0.46-0.97)
rs13277113 GG 15 (10.1) 26 (10.3) Reference Reference
AA 57 (38.3) 120 (47.6) 3.33 0.75 0.84 (0.27-2.50)  0.84 (0.41-1.71)
AG 77 (51.7) 106 (42.1) 3.49 0.21 1.92 (0.69-5.32) 1.28 (0.63-2.59)
G 107 (35.9) 158 (31.3) Reference
A 191 (64.1) 346 (68.7) 1.76 0.97 1.01 (0.70-1.45)
rs1600249 CC 38 (25.5) 32 (12.7) Reference Reference
AA 44 (29.5) 89 (35.3) 1.42 0.001 0.25 (0.11-0.57)  0.41 (0.23-0.75)
AC 67 (45.0) 131 (52.0) 1.85 0.001 0.28 (0.13-0.61)  0.45 (0.26-0.79)
C 143 (48.0) 195 (38.7) Reference
A 155 (52.0) 309 (61.3) 6.64 0.024 0.67 (0.47-0.95)

*Asthma comorbid AR patients.

**OR values from logistic regression analyses, adjusted for age and gender.

OR, odds ratio.

production in various immune cells. Furthermore, the intra-
cellular region of TNFRSF4 associates with TNFR-associated
(TRAFS) factors, which can form a complex with inhibitor
of NF-kB, thereby allowing activation of both canonical and
non-canonical NF-kf signaling pathways [35]. Salman et al.
[36] revealed that OX40 and OX40L expression was increased
in bronchial submucosal tissue in mild asthmatic patients.
Our results indicated that three SNPs in TNFSF4 (rs1234313,
rs1234314 and rs1234315) were associated with asthma in a
population of Han Chinese children. The SNP rs1234313,
located in intron 1 from the promoter 5 kb upstream of the 5’
end to 5 kb downstream of the 3’ end of TNFSF4, is an impor-
tant variant leading to susceptibility to SLE in Asians and Euro-
peans [37]. In the current study, the AA genotype and the A
allele of rs1234313 increased the risk of both asthma and AR,
while the AG genotype decreased the risk of asthma without

allergic rhinitis but increased the risk of asthma with comor-
bid AR. Kong et al. [24] reported that the TNFSF4 tag SNP
rs1234313 is not associated with increased susceptibility to pSS
in Han Chinese populations. With regard to rs1234314, the CG
genotype and the C allele are protective factors for asthma with-
out allergic rhinitis, while the CC genotype and the C allele
provide protection for asthma with comorbid AR. Similarly,
Bossini-Castillo et al. [38] reported that SNPs in rs1234314
were associated with systemic sclerosis in a European cohort.
The variant rs1234314 is 931 bp away from exon 1 b, which
falls within a transcription factor-binding site, closest to the
start of the exon in the upstream region of TNFSF4. Further, we
found significant association between the CT genotype and the
Callele of rs1234315 and susceptibility to both asthma and AR,
while the CC genotype decreased the risk only for asthma with
comorbid AR. The rs1234315 SNP is a T/C variation in a region
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Table 4. Associations between common haplotypes and asthma risk.

J Asthma, 2016; 0(0): 1-9

Block Asthma (%) Control (%) X2 p 0dds Ratio (95% CI)
Blockl: (TNESF4) 1s1234313-rs12343 14-rs1234315
ACC 124.45 (44.1) 191.35 (38.0) 2.860 0.091 1.291 (0.960-1.735)
ACT 11.45 (4.1) 13.32 (2.6) 1.190 0.275 1.559 (0.698-3.483)
AGC 15.14 (5.4) 22.83 (4.5) 0.277 0.599 1.196 (0.614-2.329)
AGT 39.96 (14.2) 63.50 (12.6) 0.390 0.532 1.145 (0.748-1.753)
GCC 9.14 (3.2) 58.95 (11.7) 16.342 0.036 0.253 (0.124-0.516)
GCT 1.96 (0.7) 19.38 (3.8) 6.790 0.009 0.175 (0.040-0.766)
GGC 11.27 (4.0) 2.86 (0.6) 12.031 53 x 1074 7.284 (1.974-26.876)
GGT 68.63 (24.3) 131.80 (26.2) 0.313 0.576 0.908 (0.649-1.272)
Block2: (TNFESF4) rs12039904—rs844648—1s10912580
CAA 40.19 (14.3) 95.09 (18.9) 2.704 0.100 0.715 (0.478-1.068)
CAG 14.22 (5.0) 7.11 (1.4) 9.037 0.003 3.712 (1.490-9.246)
CGA 114.99 (40.8) 239.07 (47.4) 3.238 0.072 0.763 (0.568-1.025)
CGG 15.60 (5.5) 14.73 (2.9) 3319 0.069 1.945 (0.940-4.026)
TAA 11.03 (3.9) 11.79 (2.3) 1.587 0.207 1.700 (0.738-3.916)
TAG 64.56 (22.9) 122.02 (24.2) 0.173 0.677 0.930 (0.659-1.312)
TGA 10.79 (3.8) 7.05 (1.4) 4.802 0.028 2.803 (1.073-7.325)
TGG 10.61 (3.8) 7.14 (1.4) 4510 0.033 2.721 (1.042-7.107)
Block3: (FAM167A-BLK) 1s2254546-1s13277113-1600249
AAA 5.59 (2.0) 1.12(0.2) — — —
AAC 10.34 (3.7) 3.18 (0.6) 10.119 0.001 6.115 (1.724-21.689)
AGA 3.39(1.2) 17.81 (3.5) 3.619 0.0571 0.338 (0.105-1.090)
AGC 65.68 (23.3) 95.89 (19.0) 2.392 0.122 1.323 (0.927-1.887)
GAA 120.95 (42.9) 267.71 (53.1) 6.410 0.011 0.683 (0.509-0.918)
GAC 28.12 (10.0) 74.00 (14.7) 3.229 0.072 0.656 (0.414-1.041)
GGA 13.08 (4.6) 22.36 (4.4) 0.033 0.855 1.067 (0.531-2.146)
GGC 34.85 (12.4) 21.93 (4.4) 17.957 0.015 3.164 (1.814-5.517)

appropximately 15 kb distant from the 5’-untranslated region
of the TNFSF4 gene. A recent meta-analysis [39] showed sig-
nificant association between SLE and the SNP rsl234315 in
Korean subjects.

The function of FAM167A, also known as C8orfl3, remains
unknown. BLK is known to encode a nonreceptor tyrosine

Table 5. Associations between common haplotypes and asthma with AR risk.

kinase of the src family that is mainly involved in cell pro-
liferation and differentiation. The protein plays a role in B-
cell receptor signaling and B-cell development by activating
NF-kB [40], which shows high-level expression in the airways
of asthmatic patients [41]. SNPs rs13277113 and rs2254546
lie in the intergenic region between FAM167A and BLK

Block Asthma-AR (%) Control (%) ¥? P Odds ratio (95% CI)
Blockl: (TNFSF4) rs1234313-1s1234314-1s1234315
ACC 114.89 (38.6) 191.35 (38.0) 0.003 0.956 0.992 (0.738-1.333)
ACT 1.89 (0.6) 13.32 (2.6) — — —
AGC 13.63 (4.6) 22.83 (4.5) 0.001 0.974 0.989 (0.498-1.965)
AGT 69.58 (23.4) 63.50 (12.6) 14.647 1.3 x 1074 2.066 (1.418-3.011)
GCC 27.75 (9.3) 58.95 (11.7) 1.315 0.251 0.757 (0.470-1.219)
GCT 2.46 (0.8) 19.38 (3.8) 6.648 0.010 0.204 (0.054-0.774)
GGC 9.72 (3.3) 2.86 (0.6) 8.551 0.003 5.783 (1.536-21.779)
GGT 58.06 (19.5) 131.80 (26.2) 5.306 0.021 0.664 (0.468-0.942)
Block2: (TNFSF4) rs12039904-rs844648-rs10912580
CAA 56.27 (18.9) 95.09 (18.9) 0.008 0.927 1.017 (0.705-1.468)
CAG 7.98 (2.7) 7.11(1.4) — — —
CGA 125.17 (42.0) V239.07 (47.4) 1.809 0.179 0.819 (0.612-1.096)
CGG 10.59 (3.6) 14.73 (2.9) 0.276 0.599 1.240 (0.555-2.769)
TAA 19.34 (6.5) 11.79 (2.3) 8.896 0.002 2.940 (1.404-6.159)
TAG 48.41 (16.2) 122.02 (24.2) 6.672 0.009 0.616 (0.425-0.891)
TGA 16.23 (5.4) 7.05(1.4) 11.125 0.001 4.116 (1.680-10.087)
TGG 14.02 (4.7) 7.14 (1.4) 8.073 0.005 3.483 (1.398-8.680)
Block3: (FAM167A-BLK) rs2254546-rs13277113-1s1600249
AAA 5.70 (1.9) 1.12(0.2) — — —
AAC 6.17 (2.1) 3.18 (0.6) — — —
AGA 5.61(1.9) 17.81 (3.5) 1.622 0.203 0.541 (0.207-1.413)
AGC 33.52(11.2) 95.89 (19.0) 7.387 0.007 0.559 (0.366-0.854)
GAA 128.07 (43.0) 267.71 (53.1) 5.653 0.017 0.702 (0.524-0.940)
GAC 51.06 (17.1) 74.00 (14.7) 1.254 0.263 1.250 (0.846-1.847)
GGA 15.62 (5.2) 22.36 (4.4) 0.383 0.536 1.233 (0.635-2.393)
GGC 52.25 (17.5) 21.93 (4.4) 40.949 7.8 x 1073 4.866 (2.885-8.206)

AR, allergic rhinitis.
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Table 6. MDR analysis summary.

TNFSF4 and FAM167A-BLK polymorphisms with asthma 7

Best candidate model

Testing balanced accuracy (%)

Permutation p value Cross-validation consistency

Simple asthma versus HC

rs1600249 53.47%
rs2254546 rs13277113 63.78%
1$2254546 rs13277113 rs1600249 64.95%
rs1234315 rs2254546 rs13277113 rs1600249 64.14%
Asthma-AR versus HC

rs1234315 55.1%

rs 2254546 1s 13277113 65.02%
1$2254546 rs13277113 rs1600249 62.43%
rs12039904 rs844648 rs2254546 rs13277113 62.59%

0.526 6/10
0.002 9/10
0.001 8/10
0.002 9/10
0.333 9/10
0.001 10/10
0.005 7/10
0.004 5/10

HC, healthy control; AR, allergic rhinitis; MDR, multifactor dimensionality reduction.

at 8p22-23, a region harboring SNPs associated wit several
autoimmune diseases. Chen et al. [42] suggested that the SNP
rsl13277113, but not rs2254546, in FAM167A-BLK is asso-
ciated with polymyositis/dermatomyositis. Another study has
shown that the rs2254546 genetic variation was significantly
associated with Kawasaki disease susceptibility [43]. The vari-
ant rs1600249 is located in an intron region and might serve as
a cis-effect regulator of rheumatoid arthritis (RA)-associated
genes. Deng et al. [44] have provided functional evidence for
contribution of SNP rs1600249 to susceptibility to RA. In the
current study, only rs2254546 had a weak relationship with
asthma without allergic rhinitis. However, the SNPs rs2254546
and rs1600249 had an association with asthma with comorbid
AR. With regard to rs2254546, the AA and AG genotypes and
the A allele decreased the risk of asthma with comorbid AR.
For rs1600249, the A A and AC genotypes and the A allele
were protective factors for asthma with comorbid AR. The SNP
rs13277113 did not exhibit significant correlation with asthma
and AR in our population.

Haplotype analysis of the TNFSF4 gene revealed that the
GCC and GCT haplotypes in block 1 conferred decreased risk
of asthma without allergic rhinitis, whereas the haplotype GGC
in block 1 and the CAG, TGA and TGG haplotypes in block
2 were associated with susceptibility to asthma without aller-
gic rhinitis. We found that the AGT and GGC haplotypes in
block 1 and TAA, TGA and TGG in block 2 increased the risk
of asthma with comorbid AR, while the GCT and GGT hap-
lotypes in block 1 and TAG in block 2 were protective fac-
tors for asthma with comorbid AR. Haplotype analysis of the
FAM167A-BLK gene suggested that GAA conferred reduced
risk for asthma without allergic rhinitis, whereas the haplotypes
AAC and GGC from block 1’ were associated with susceptibil-
ity to asthma without allergic rhinitis. Further, we found that
the AGC and GAA haplotypes provided protection for asthma
with comorbid AR, while GGC increased the risk of asthma
with comorbid AR.

As is well known, asthma and AR are polygenic inher-
itance diseases. The identification of gene-gene interactions
is important because these may more accurately predict the
disease risk than a single gene. In our study, MDR analy-
sis was used to predict potential gene-gene interactions that
may partly determine the complex pathogenesis of asthma and
AR. Our results showed that rs1234315, rs2254546, rs13277113
and rs1600249 were associated with asthma without allergic
rhinitis, whereas rs2254546 and rs13277113 were associated
with asthma with comorbid AR. We also found unique sets of

polymorphisms that had synergistic effects between TNFSF4
and FAM167A-BLK. The development and progression of
all atopic diseases are complicated and the temporal pattern
described in the atopic march [45,46] may not be a simple pro-
gression from atopic dermatitis to AR to asthma. Therefore,
more research in this field is needed, including analysis of the
gene—gene and gene—environment interactions in asthma and
AR cohorts.

In the current study, we made many efforts to decrease
the impact of possible confounding factors on the results.
We selected all patients and controls using strict guidelines
and confirmed the genotyping results by direct sequenc-
ing. We revealed novel relationships between gene polymor-
phisms of TNFSF4 (151234313, rs1234314 and rs1234315) and
FAM167A-BLK (rs2254546 and rs 1600249) with asthma and
AR in a Han Chinese population. However, our study has some
limitations. First, our study population was restricted to a Han
Chinese cohort. Research on multiethnic populations may be
useful to confirm our findings on the association of TNFSF4
and FAM167A-BLK with asthma and AR. Second, we neither
investigated the protein levels of TNFSF4 and FAM167A-BLK
in the peripheral blood nor did we perform a functional analy-
sis study. Third, we did not study the SNPs associations among
various forms of asthma (atopic, non-atopic, controlled and
uncontrolled) and the possible relationship between the degree
of asthma control and even therapeutic strategy. Therefore, we
cannot draw a definitive conclusion on the influence of the stud-
ied polymorphisms on the cytokine levels.

Conclusions/key findings

In summary, our results suggested that SNPs in TNFSF4
(rs1234313, rsl234314 and rs1234315) and FAM167A-BLK
(rs2254546 and rs 1600249) are risk factors for developing
asthma and AR in Han Chinese. To the best of our knowl-
edge, this is the first study to investigate the interactive asso-
ciations of TNFSF4 and FAM167A-BLK gene polymorphisms
with asthma and AR. However, more advanced techniques and
analysis methods such as MassArray, genome-wide association
studies and gene—environment interaction analysis are required
to fully explain the underlying molecular mechanisms. Our
study provides a first step in understanding the relation between
genetic variability in the TNFSF4 and FAM167A-BLK genes
and offers incentive for further research on asthma and
AR.
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