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Abstract

Background: The polymorphisms inside microRNA target
sites locating in the 3'-UTR region may introduce the micro-
RNA-binding changes, which may regulate the gene expres-
sion and correlate with the potential diseases. Objectives:
We aimed to investigate whether the polymorphisms in mi-
croRNA target sites of transforming growth factor beta
(TGF-B) signaling pathway genes are associated with the
susceptibility of mite-sensitized allergic rhinitis (AR) in a Han
Chinese population. Methods: In this case-control study, 454
AR patients and 448 healthy controls were recruited. Three
HapMap single-nucleotide polymorphisms (SNPs) were
mapped to putative microRNA recognition sites and geno-
typed by TagMan allelic discrimination assay. Results: The
genotype and allele frequencies of 3 SNPs (rs1590 in TGFBR1;
rs1434536 and rs17023107 in BMPR1B) showed lack of sig-
nificant association with AR. However, in the subgroup anal-
ysis, the TG, GG, and TG/GG genotypes of rs1590 exhibited

significantly increased risk of AR in the male subgroup (TG:
adjusted OR = 1.57, 95% Cl = 1.08-2.31; GG: adjusted OR =
1.76, 95% Cl = 1.09-2.86; TG/GG: adjusted OR = 1.62, 95%
Cl=1.13-2.33). The CT genotypes of rs17023107 might have
potential to protect against AR in the patients age of <15
years (adjusted OR =0.37,95% Cl = 0.14-0.95) and the males
(adjusted OR = 0.48, 95% Cl = 0.25-0.95). No significant as-
sociation was found between SNPs and the total serum IgE
level. Conclusions: In a Han Chinese population, stratified by
age and gender, susceptibility to mite-sensitized AR may be
associated with 2 SNPs (rs1590 and rs17023107) in microRNA
target sites of TGF-f signaling pathway genes.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Allergic rhinitis (AR) affects 10-42% of the population
worldwide [1]. The prevalence of adult AR in China in-
creased from 11.1% in 2005 to 17.6% in 2011 in major
cities [2-4]. As a heterogeneous disorder of the nasal mu-
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cosa, AR is induced by T helper 2 cells and IgE responses
that are specific to aeroallergens in allergen-sensitized in-
dividuals. Since the 1990s, genetic studies using the can-
didate gene approaches have found linkage between cy-
tokine-encoding genes and other immunomodulatory
mediators [5, 6].

Transforming growth factor beta (TGF-) is a pleio-
tropic cytokine that directs cellular responses including
proliferation, differentiation, apoptosis, migration, tissue
repair, and immunoglobulin isotype switching [7]. Dys-
function of TGF-f signaling pathway shows intimacy
with multiple human disorders, such as cancer, asthma,
autoimmune, and cardiovascular diseases [8, 9]. TGF-f
superfamily is a composite of fibrogenic and immuno-
modulatory factors propping up the structure of the up-
per and lower airways [10, 11]. The elevated levels of
TGF-B1 could act as a healing molecule in the airways of
asthmatics, promoting the process of tissue repair [12]
and diminishing airway hyperresponsiveness [13]. A cy-
tosine to thymine transition within the TGFBI promoter
(rs1800469) has been reported significantly associated
with a higher plasma concentration of TGF-p1 [14] in the
development of asthma [15, 16] Moreover, our previous
study has confirmed that rs1800469 in TGFBI is associ-
ated with increased risk and severity of persistent AR in a
Chinese population [17]. Allelic variations in the constit-
uents of TGF- pathway may regulate transcription and
expression of target genes and proteins, which in turn
changes the function of TGF-f pathway and the process
of allergic diseases.

MicroRNAs are a class of endogenous short noncod-
ing RNAs (18-25 nt long) that act posttranscriptionally
as negative regulators in gene expression principally via
interaction with target sites in the 3'-UTRs of regulated
genes in metazoans [18]. The introduction of a single-
nucleotide polymorphism (SNP) into a 3'-UTR can have
numerous functional consequences potential associated
with human disorders, by either introducing or removing
microRNA target sequences or changing the binding ef-
ficiency [19]. Studies have shown that C minor allele
(SNP rs4245739A<C) in the 3'-UTR of MDM4 has been
shown to decrease the risk of cancer, as the C minor SNP
creates a new binding site for miR-191 and/or miR-887-
3p [20, 21]. On the other hand, it was known that miR-
498, miR-155, miR-205, and let-7e may play a role in de-
velopment of AR [22, 23]. Experimentally validated re-
sults suggested a bidirectional cross-talk between
microRNAs and TGF-P pathway [18], as evidenced by the
role of miR-146a polymorphism in asthma [24, 25]. This
study was undertaken, for the first time, to evaluate the
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associations between SNPs in the putative microRNA tar-
get sites of 3'-UTR of TGF-p signaling pathway genes and
the susceptibility to mite-sensitized AR in a Han Chinese
population.

Materials and Methods

Subjects

A total of 454 AR patients (304 males and 150 females) were re-
cruited from the First Affiliated Hospital of Nanjing Medical Univer-
sity since May 2008. AR was diagnosed according to the ARIA 2008
update [26]. The presence of other allergic diseases, like asthma, ec-
zema, atopic dermatitis, urticaria, and food and drug allergies, as well
as a family history of allergy was determined according to a question-
naire. Patients enrolled were sensitized mainly by dust mites, includ-
ing Dermatophagoides pteronyssinus (Der p) or Dermatophagoides
farinae (Der f). According to the questionnaire results, 105 AR
(23.1%) patients were accompanied with asthma, and 272 (59.9%)
patients without asthma; 77 (17.0%) patients’ asthma information
was missing because the related items in their questionnaires were
not answered. The 448 healthy controls (277 males and 171 females)
were recruited from the annual physical exams, which confirmed
that they had normal nasal examination, no clinical features of nasal
diseases, and no clinical features or family history of allergy. The
Phadiatop assay exhibited negative allergen-specific IgE in their se-
rum. Age and gender of the patients and the controls were matched.
The response rate in the study was >85%. After the interview, 5 mL
peripheral blood was taken by venipuncture from each subject. How-
ever, in all cases before taking peripheral venous blood, glucocorti-
coids were not used within 4 weeks; H1 antihistamines, leukotriene
receptor antagonists, and other antiallergic drugs were not used
within 2 weeks. The study was approved by the Ethics Committee of
Nanjing Medical University (20080305). Written informed consent
was obtained from all participants who were genetically unrelated
Han Chinese from Jiangsu and Anhui provinces in eastern China.

Quantitative IgE Measurements

Serum total IgE and specific IgE were measured by the Immu-
noCAP system (Phadia, Uppsala, Sweden). Total IgE was deter-
mined in all the subjects. Phadiatop tests were performed in the
healthy controls. Specific IgE antibodies to common aeroallergens
were determined in the patients, including Der p (d1), Der f (d2),
cat epithelium and dander (el), dog dander (e5), Blatella germa-
nica (i6), Alternaria alternate (m6), Ambrosia elatior (wl), and Ar-
temisia vulgaris (w6). When the serum allergen-specific IgE was
higher than 0.35 KUA/L, the result was considered positive. We
chose patients who are allergic to dust mites (d1 and/or d2), a type
of allergen that is the most common in East China. The positive
rates of other aeroallergens (el, €5, i6, m6, wl, and w6) were low
and not the main allergens causing symptoms.

Selection of Polymorphisms within the TGF-f8 Signaling

Pathway

Forty-six potential SNPs derived from HapMap consortium
were mapped to prospective microRNA target sites in 15 genes
(TGFBI1, TGFB2, TGFB3, TGFBRI, TGFBR2, TGFBR3, BMP2,
BMP4, BMPR1A, BMPRIB, SMADI1, SMAD2, SMAD3, SMAD4,
and SMAD?). The combined predictions by TargetScan [27], Pa-
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Table 1. Primers and probes for genotypes screening by TagMan allelic discrimination

Target gene SNPs Primers

Probes

TGFBR1 rs1590 F: 5-ACAAATGTGCTGACCCAAAGG-3' C Allele: 5'-FAM-CATCATGCCCCACTG-MGB-3'

R: 5-GGCTTTTCTCCACATGCTTAGG-3" A allele: 5'-HEX-CATCATGCCCCAATG-MGB-3'
BMPRIB rs1434536  F: 5-TCCTTCTGGGAGCTTCTCTGTCT-3' G allele: 5'-FAM-CTCCCTGAGAGGTGA-MGB-3'

R: 5'-TGCTTCCCAGTGGGTTCAG-3' A allele: 5'-HEX-CTCCCTGAAAGGTGA-MGB-3’
BMPRIB rs17023107 F:5'-CCGCCTGTCTAGGACCACAT-3' T Allele: 5-FAM-TGGAATTCCTGTAGGTGG-MGB-3'

R: 5'-CATATTGCCTGAAGCTGCAAAA-3'

C Allele: 5'-HEX-TGGAATTCCTGCAGGTG-MGB-3'

Bold represents mutation sites. SNPs, single-nucleotide polymorphisms.

Table 2. Distribution of selected variables between cases and controls

Variables Cases (n = 454) Controls (n = 448) p value
n % n %
Age, median (IQR), years 15.0 (11.0-26.0) 15.5(9.9-29.0) 0.890
Gender
Male 304 67.0 277 61.8 0.108
Female 150 33.0 171 38.2
Concomitant asthma®
Yes 105 23.1
No 272 59.9
Serum total IgE, median (IQR), kU/L 284.0 (128.5-594.2) 25.0 (10.4-47.4) <0.001

Allergen-specific IgE, median (IQR), kU,/L

Dermatophagoides pteronyssinus
Dermatophagoides farinae

29.7 (6.6-72.3)
24.6 (6.2-66.9)

Bold represents statistical significance. IQR, interquartile range. * Information of concomitant asthma was

unavailable in some cases.

trocles [28], PolymiRTS [29], and microRNA SNP [30], based on
different biological parameters, empowered the identification of
SNPs inside 3'-UTR that could potentially alter microRNA bind-
ing (referred to as target SNPs). Related documents published in
MEDLINE/PubMed databases from January 2008 were reviewed,
and 30 target SNPs were found. Consequently, 3 target SNPs in
TGFBRI (rs1590) and BMPRIB (rs1434536 and rs17023107) that
may affect the binding affinity of microRNA::mRNA constituted
the selection set to be genotyped. The primers and TagMan probes
are shown in Table 1.

DNA Extraction and Genotyping

Genomic DNA was purified from peripheral blood leukocytes
using a commercial kit (Tiangen Biotech, Beijing, China) according
to the manufacturer’s instructions and stored at —70°C until usage.
Genotyping was performed with the TagMan SNP Genotyping As-
say using the 384-well ABI 7900HT Real-Time PCR System (Ap-
plied Biosystems, Foster City, CA, USA) with the following proto-
col: 50°C for 2 min, 95°C for 10 min followed by 40-45 cycles of 95°C
for 15 s, and 60°C for 1 min. For the TagMan assay, both PCR prim-
ers and MGB TagMan probes are shown in Table 1. The genotype

MicroRNA Target Site SNPs of TGF-f3
Pathway and Allergic Rhinitis

analysis was performed by 2 persons independently blinded to the
study. More than 15% of the samples were randomly selected for
confirmation, and the discordance rate between genotypes was be-
low 0.3%. All SNPs were in Hardy-Weinberg equilibrium (HWE).

Statistical Analysis

Demographic characteristics were compared by Student’s  test
(for continuous variables) and ¥ test (for categorical variables).
Departure from HWE proportions of each SNP was tested by a
goodness-of-fit x> test among controls. The abnormally distribut-
ed values were described by quartiles. Unconditional logistic re-
gression analysis was performed to evaluate the effect of SNP gen-
otypes on AR status, with age and sex as covariates; linear regres-
sion analysis was used to evaluate the effect of specific IgE level on
AR outcome. Stratification analyses were performed by age, gen-
der, asthma, and total IgE. p < 0.05 was considered statistically
significant. The Bonferroni method was used for multiple com-
parisons. All tests were 2-sided and performed with Statistical
Analysis System software (version 9.1.3; SAS Institute, Cary, NC,
USA) and Stata 8.2 statistical package (StataCorp LP, College Sta-
tion, TX, USA).
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Table 3. Primary information of genotyped SNPs in microRNA target sites of TGF- signaling pathway genes

Target gene ~ SNPs Location Base MAF p value for
h HWE

change HapMap Case Control WE test
TGFBR1 rs1590 3'UTR T>G 0.439 0.459 0.444 0.611
BMPRI1B rs1434536  3'UTR C>T 0.326 0.381 0.391 0.797
BMPRI1B rs17023107 3'UTR C>T 0.067 0.037 0.041 0.838

SNPs, single-nucleotide polymorphisms; TGF-B, transforming growth factor beta; MAF, minor allele
frequency; HWE, Hardy-Weinberg equilibrium.

Table 4. Genotype and allele frequencies of TGFBRI and BMPRIB among cases and controls

Genotypes Cases Controls Crude OR AdjustedbOR
0, 0, > C

" % " % (95% CI) (95% CI)
TGFBR1
rs1590 n =453 n =446
T 127 28.0 140 31.4 1.00 1.00
TG 236 52.1 215 48.2 1.21 (0.89-1.64) 1.21 (0.89-1.63)
GG 90 19.9 91 20.4 1.09 (0.75-1.59) 1.09 (0.75-1.60)
TG/GG 326 72.0 306 68.6 1.17 (0.88-1.56) 1.17 (0.88-1.56)
G allele? 1.06 (0.88-1.28) 1.07 (0.88-1.28)
BMPRI1B
rs1434536 n =452 n =442
cC 183 40.5 165 37.3 1.00 1.00
CT 194 429 208 47.1 0.84 (0.63-1.21) 0.84 (0.63-1.21)
T 75 16.6 69 15.6 0.98 (0.66-1.45) 0.99 (0.56-1.16)
CT/ITT 269 59.5 277 62.7 0.88 (0.67-1.15) 0.88 (0.67-1.15)
T allele? 0.96 (0.79-1.16) 0.96 (0.79-1.16)
rs17023107 n =454 n =446
cC 420 92.5 409 91.7 1.00 1.00
CT 34 7.5 37 8.3 0.90 (0.55-1.45) 0.92 (0.57-1.50)
T 0 0.0 0 0.0 - -
CT/TT 34 7.5 37 8.3 0.90 (0.55-1.45)  0.92 (0.57-1.50)
T allele? 0.90 (0.56-1.45)  0.92 (0.57-1.49)

2 Additive model. ® Adjusted for age and gender in logistic regression model. ¢ Thousand times permutation

test.

Results

Characteristics of the Subjects

The characteristics of the studied population are pre-
sented in Table 2. A total of 454 mite-sensitized AR pa-
tients showed a median age of 15.0 (IQR, 11.0-26.0) years,
including 304 (67.0%) males and 150 (33.0%) females.
The 448 healthy controls had a median age of 15.5 (IQR,
9.9-29.0) years and 277 males (61.8%) and 171 females
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(38.2%). There were no statistically differences in age or
gender between 2 groups (p > 0.05).

Total serum IgE levels (284.0 [128.5-594.2] kU/L) in
the patients were significantly higher than those in healthy
controls (25.0 [10.4-47.4] kU/L) (p < 0.001). In AR pa-
tients, the serum levels of allergen-specific IgE against
Der p and Der f were 29.7 (6.6-72.3) and 24.6 (6.2-66.9)
kU /L, respectively.
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TGFBR1T mRNA:: hsa-miR-4286 MFE: =17.4 kcal/mol
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M
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rs143536-T 5 C C
UCAC

AGUG

G 3

miR-125b 3

Fig. 1. Predicted binding of miR-4286 to TGFBRI (a, b) and miR-
125b to BMPRIB (c, d). The seed region of the target site is shown
in bold letter and every SNP is indicated by an arrow. The MFE of
the RNA duplex was analyzed by RNA hybrid. MFE, minimum
free energy.

Discussion

The airway inflammation is regulated by a network of
mutually interacting cytokines and effector cells in asth-
ma or rhinitis that could be triggered by genetic and en-
vironmental factors [31]. TGF-p represents a master
switch in inflammation and remodeling processes in both
the upper and lower airways [32]. Experimental studies
show that the effect of TGF- is decided by its level, but
also some regulatory proteins [33]. Ierodiakonou et al.
[34] indicated that TGFB1 SNPs could influence serum
TGEF-B1 serum level and asthma severity.

Genetic variants of TGF- signaling pathway genes are
implicated in the development of allergic disease, yet only
a few studies have further investigated how these variants
relate to specific dysfunction [35, 36]. MicroRNAs are
dysregulated in various human diseases, such as cancer,
rheumatoid arthritis, asthma, rhinosinusitis, and AR
[37]. So far, none has delved into the roles of microRNA-
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Table 6. MDR models for locus-locus interactions

Model* Training balance Test balance Cross-validation p value
accuracy accuracy consistency

A2 0.5253 0.4815 6/10 0.8281

A1 A2 0.5322 0.5004 10/10 0.6230

A1 A2A3 0.5351 0.4832 10/10 0.9990

MDR, multifactor dimensionality reduction. * The genotypes
of 151590, rs1434536, and rs17023107 were renamed as Al, A2,
and A3, respectively.

related SNPs in AR. The present study evaluated the con-
tribution of the polymorphisms inside microRNA target
sites in 3'-UTR of TGF-p pathway to mite-sensitized AR
susceptibility in a Han Chinese population. Using bio-
informatic tools, we obtained TGFBRI rs1590T/G,
BMPRIB rs1434536C/T, and rs17023107C/T as target
SNPs that may modify (increase/decrease) the binding af-
finity of putative microRNA-mRNA duplexes.

TGFBRI (56 kb in length and consisting of 9 exons)
maps to 9q22.33. Functioning as the central propagator
of TGF-p signaling, TGFBRI encodes a serine/threonine
protein kinase receptor. We employed RNA hybrid [38]
to model the targeting between specific microRNA and
TGFBRI mRNA. According to the minimum free energy,
miR-4286 was more stably bound to rs1590-G allele than
to 1590-T allele (Fig. 1). These results are consistent with
those in DNA microarray in the nasal mucosa, showing
that attenuated TGF-f signaling may contribute to AR
[39]. Polymorphisms in 3'-UTRs may decrease mRNA
stability and interfere with its translation through dis-
rupting microRNA-mRNA interaction and polyadenyl-
ation in protein-mRNA [40]. Moreover, allele-specific
expression could reduce the expression of genes encoding
TGFBRI1 in TG mutants [41]. Although subtle, the reduc-
tion in constitutive TGFBRI expression may alter Smad-
mediated TGF-p signaling and AR pathophysiology. Col-
lectively, these data point out that repressed TGF-p sig-
naling contributes to AR risk. However, we cannot rule
out the chance that TGF-p signaling is also enhanced in a
critical developmental stage and/or cell type-specific
manner.

In this study, we found lack of association between the
TGFBR1 and BMPR1B polymorphisms and the suscepti-
bility of mite-sensitized AR in a Han Chinese population.
However, it has been proposed that the effects of poly-
morphisms may rely on factors such as age, sex, and eth-
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nicity. Compared with the wild-type TT genotype, the
TG, GG, and TG/GG genotypes of TGFBRI rs1590 exhib-
ited a significantly increased risk of AR in the subgroup
of males. On the contrary, the GG genotype of rs1590 ex-
hibited a significantly decreased risk of AR in the sub-
group of females. Moreover, compared with the wild-type
CC genotype, the CT genotype of BMPRIB rs17023107
exhibited a significantly decreased risk of AR in the sub-
group of males. The significant association between the 2
SNPs and AR in subgroups of gender may result from the
interaction between the genotypes and sexual hormones.
It has been reported that estrogen can suppress the func-
tion of bone morphogenetic proteins (BMPs) by interfer-
ing with Smad transcriptional activity and by inhibiting
BMP gene expression [42].

BMPs are a body of conserved signaling molecules
from TGEF-P superfamily [43]. BMPs can lead to tumori-
genesis and regulate cancer progression in different stag-
es [44]. In a mouse model of asthma, BMP receptors were
activated upon allergen provocation in the airway epithe-
lium [45], suggesting BMP signaling may be involved in
the tissue repair and inflammatory processes. As shown
in Figure 1, it suggested that replacing C allele by T allele
reduced binding ability of miR-125b to BMPR1B mRNA.
In the present study, rs1434536C/T in the BMPRI1B gene
showed no association with AR risk. However, in the sub-
group of AR without asthma, we found a significant de-
creased risk of AR in the CT genotype of rs1434536. Com-
pared with the wild-type genotype CC, the CT genotype
of rs17023107 in BMPRIB exhibited a significantly de-
creased risk of AR in the subgroup of age <15 years old.
The reason may be that the immune system of the adoles-
cent has not fully developed.

IgE is an atopy-related quantitative trait; however, the
underlying mechanisms remain incompletely defined
[46]. TGF-P can downregulate the T helper 2 response to
reduce IgE release. Serum total IgE and eosinophil cat-
ionic protein were found significantly associated with
TGFBI rs1800469 [47]. In the present study, the TGFBRI
genotypes did not show a significantly multiplicative in-
teraction effect with BMPR1B genotypes for AR risk. That
might be explained by the complexity of immune mecha-
nism. In the bronchial inflammation of asthmatics, IgE
synthesis is realized by several biological networks that
could modulate the effects of TGF-p1 on IgE production
[14].

Major strengths of this study include a stratified study
design, a large sample size and a comprehensive analysis
of TGF-p pathway genes. However, limitations should
also be considered. First, only the Smad-dependent

MicroRNA Target Site SNPs of TGF-f8
Pathway and Allergic Rhinitis

TGEF-B pathway was evaluated. Second, the effect of envi-
ronmental and genetic polymorphisms was ignored. En-
vironmental influence is a crucial factor in the progres-
sion of allergic diseases. More research on gene-environ-
ment interaction is needed in the future.

In summary, our data suggested that in this Han Chi-
nese population stratified by age and gender, the suscep-
tibility of mite-sensitized AR may be associated with 2
SNPs (rs1590 in TGFBRI and rs17023107 in BMPRIB)
inside microRNA target sites of TGF-f signaling pathway
genes. Larger, better-designed studies are to be carried
out using appropriate molecular and statistical methods
to further analyze this functional association.
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