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Abstract
Background: Asthma is a chronic airway in�ammation disease and the diagnosis and treatment
strategies remain di�cult. The study and application of miRNAs have rapidly become one of the hot
spots of translational medical sciences. There is no study con�rming the contribution of the genotypes of
miR-145 to asthma. We hypothesized the genotypes of miR-145 may in�uence the risk of asthma and
aimed to test this hypothesis.

Methods: In 198 asthma patients and 453 healthy controls, the genotypes of miR-145 rs4705342 and
rs4705343 were determined, and the correlation of miR-145 genotypes with asthma severity were
evaluated.

Results: The distribution of miR-145 rs4705342 genotypes between asthma patients and non-asthmatic
control groups were signi�cantly different (p=0.0187). In detail, the variant CC genotypes were of lower
proportions in asthma patients than in controls (OR=0.41, 95%CI=0.21-0.79, p=0.0102). The allele
frequency analysis also showed a signi�cantly differential distribution between the two groups (OR=0.69,
95%CI=0.53-0.90, p=0.0070). As for rs4705343, there was no such differential distribution. In addition,
miR-145 rs4705342 variant genotypes were correlated with the symptom severity (p=3×10-5). Further,
from the genotype-phenotype observation, there was a trend that C allele carriers prone to have a lower
miR-145 expression level in their serum (p=0.0001).

Conclusions: Our data provide evidence for miR-145 to serve as a novel biomarker for asthma risk
prediction and early detection.

Background
Asthma is a prevalent chronic obstructive disease characterized with remodeling of airways. Globally,
about 300 million people are attacked by asthma, and its prevalence is continuously increasing [1, 2]. The
incidence of asthma varies among different areas in the world. Generally, in developed countries, more
environmental exposures such as smog, air particles and other factors, usually result in a signi�cantly
higher incidence of asthma compared with those in developing countries [3]. Previous studies have found
that the occurrence of asthma has strong genetic characteristics, with a heritability of up to 60%–80%
[4–6]; however, those genomic factors contributing to asthma are largely unknown and still under
investigation. In 2014, an animal disease model of human asthma suggested that about two hundreds of
genes may contribute to the etiology of asthma [7]. There have been numerous candidate gene studies
investigating the contributions of DNA repair genes, extracellular metabolism genes, cell cycle regulating
genes, cytokines and immunological genes to asthma susceptibility, focusing on the gene-environment
interactions and endotypes of asthma etiology [6, 8–13]. There are still other genes which are closely
related to the etiology of asthma waiting to be revealed.

MicroRNAs (miRNAs) are small non-coding RNAs, which act as regulators of gene expression as they
bind to the 3’-untranslated regions of its target mRNAs and can in�uence many cellular signaling
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networks [14]. Recently, single nucleotide polymorphisms (SNPs) affecting miRNAs have become one of
the focuses of research. MiRNA SNPs can affect several processes including primary target gene
transcription, pri-/pre-miRNA processing disturbance, or miRNA-mRNA interactions [15]. MiRNA
dysregulation has been associated with various diseases, especially cancer, as it targets the genes which
are involved in regulation of cell proliferation and survival, DNA repair and the immune response [16].

MiR-145 was previously found to be signi�cantly increased in the plasma of patients with chronic
obstructive pulmonary disease and asthma, indicating that plasma miR-145 is a speci�c biomarker of
respiratory disease [17]. Ozone, a poisonous form of oxygen, has been reported to associate with lots of
adverse health effects and signi�cantly increase the expression of a variety of miRNAs, including miR-
145 in human bronchial airways [18]. Moreover, in house dust mite (HDM)-induced asthma mice models,
HDM increased the expression of miR-145, while miR-145 inhibition reduced eosinophilic in�ammation,
mucus hypersecretion, type 2 helper T cell (Th2) cytokine production, and airway hyperresponsiveness
[19]. Furthermore, Liu and his colleagues have found that miR-145 was aberrantly overexpressed in
airway smooth muscle cells exposed to cytokine stimulation that mimic the etiology of asthma patients
[20]. However, although the upregulation of miR-145 plays a role in the pathogenesis of asthma, its
underlying mechanism remains unclear.

MiR-145 gene is located in the extremely conserved sequences in chromosomal region 5q32 [21]. In 2013,
several SNPs were identi�ed upstream from the transcription start site of miR-145 gene [21]. Among
them, miR-145 rs4705342 and rs4705343 were reported to be functional, with C allele carriers exhibiting
relatively higher reporter gene activity by increasing the extent of NF-kB binding [22–24]. Although more
and more evidence has suggested that miR-145 gene were associated with cancer risk [25, 26], the
in�uence of miR-145 genotypes on asthma risk has never been studied. In this study, we �rst examine the
associations of miR-145 rs4705342 and rs4705343 genotypes with the risk of asthma, and then reveal
the miR-145 genotypes’ contribution to clinical severity, and the genotype-phenotype correlation.

Methods
Recruitment of asthmatic cases plus non-asthmatic healthy controls in Taiwan

One hundred and ninety-eight asthmatic cases were recruited at China Medical University Hospital in
central Taiwan. Simultaneously, 453 non-asthmatic individuals matched by gender and age were enrolled
as controls as we have previously published [10]. The study was approved and supervised by Research
Ethics Committee of China Medical University Hospital (CMUH106-REC1-004). The symptom severity for
each asthmatic case was veri�ed by at least two experienced pulmonary doctors under Dr. Hsia’s
leadership according to the Global Initiative for Asthma guidelines [2]. Based on the clinical features of
the asthmatic patients, they had been categorized into different severity stages accordingly as shown in
Tables 1 and 4.

Genotyping methodology for miR-145 genotypes
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Peripheral blood was collected from all subjects, and their genomic DNA was extracted [27]. Genotyping
methodology were described as previously published [24]. Brie�y, the rs4705342 genotype was
determined by using a TaqMan Assay on an ABI 7500 Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA), and the rs4705343 genotype was identi�ed via the polymerase chain reaction-
restriction fragment length polymorphism methodology.

Transcriptional expression of miR-145

To evaluate the correlation between the miR-145 expression and miR-145 rs4705342 and rs4705343
genotypes, 45 blood samples were subjected to extraction of the total RNA using Trizol Reagent
(Invitrogen, Carlsbad, CA, USA). Serum expression levels of miR-145 expression were measured using
GAPDH as an internal control as usual [28-30]. The quantitation of RNA was performed via real-time
quantitative reverse transcription-PCR methodology applying FTC-3000 real-time quantitative PCR
instrument series (Funglyn Biotech Inc., Canada). During the analysis procedure, the levels of miR-145
expression was normalized by the levels of GAPDH expression and compared with each other. The TT
wild-types of miR-145 rs4705342 and rs4705343 were set as 1.0 fold as reference. Each assay in RNA
analysis was conducted at least thrice.

Statistical methodology

The frequencies of rs4705342 and rs353292 of the control group were estimated by good-of-�t Chi-
square test, examining for �tness of Hardy-Weinberg equilibrium. The Student’s t-test was used to
examine the differential distributions of ages between the case and control groups. The Pearson’s Chi-
square test was used to examine the differential distribution of various miR-145 genotypes and the
interaction between miR-145 genotypes with symptom severity. Odds ratios (ORs) and 95% con�dence
intervals (CIs) were calculated after adjustment based on age, gender and other confounding factors. Any
p-value less than 0.05 is considered as statistically signi�cant.

Results
Demographics of asthmatic and non-asthmatic groups

First, the age and gender were matched and there was no signi�cant difference in these characteristics
between the198 asthmatic case group and the 453 no-asthmatic control group (p=0.2972 and 0.9956,
respectively). Second, as for the pulmonary functions, both the average ratio of forced expiratory volume
in the �rst second (FEV1) to forced vital capacity (FVC) (FEV1/FVC, %) and percentage of predicted FEV1
(FEV1%), were lower among the asthmatic cases than among the control subjects (both p<0.0001). Third,
there were 60 (30.3%), 65 (32.8%), 34 (17.2%) and 39 (19.7%) subjects of asthma patients belonging to
the symptom severity 1, 2, 3 and 4 stages, respectively (Table 1).

Association of miR-145 genotypes with the risk of asthma



Page 5/14

First, the genotypic frequencies of miR-145 rs4705342 in the control group �t well with the Hardy-
Weinberg equilibrium (p=0.4451, Table 2). Second, the genotypic frequencies of miR-145 rs4705342 were
differentially distributed among the asthmatic cases and the non-asthmatic healthy controls (p for
trend=0.0187). In logistic regression analysis, compared with the wild-type TT genotype, individuals
carrying the variant genotypes had progressively decreased risks of asthma: the ORs for the
heterogeneous variant genotype (CT) and homozygous variant genotype (CC) were 0.77 (95% CI=0.55-
1.10, p=0.1788) and 0.41 (95% CI=0.21-0.79, p=0.0102), respectively (p for trend=0.0187) (Table 2). In the
dominant model, individuals with the variant genotypes (CT+CC) exhibited a 31% reduced risk of asthma
(OR=0.69, 95%CI= 0.50-0.97, p= 0.0385) (Table 2). 

The miR-145 rs4705343 genotypes were not signi�cant associated with the risk of asthma in any models
(Table 3).

Allelic frequency distribution analysis 

The allelic frequency analysis showed that individuals with the C allele at miR-145 rs4705342 were at a
signi�cantly lower risk of asthma than those with the T allele (OR=0.69, 95%CI=0.53-0.90, p=0.0070)
(Table 4). The rs4705343 alleles were not signi�cantly associated with asthma risk (Table 4). These
�ndings were consistent with those in Tables 2 and 3.

MiR-145 rs4705342 genotypes were associated with symptom severity among asthma patients

We are interested in whether the miR-145 rs4705342 genotypes can also serve as a symptom severity
predictor. To answer this question, the asthmatic cases were strati�ed according to their miR-
145 rs4705342 genotypes and symptom severity records, and the results are presented in Table 5. The
asthma patients with CT and CC genotypes at miR-145 rs4705342 were pulled together. The results
showed that variant genotype (CT or CC) carriers at miR-145 rs4705342 were at lower risk to suffer from
severe symptom than those wild-type (TT) ones (p=3×10-5) (Table 5). There were no signi�cant
associations between miR-145 rs4705343 genotypes and symptom severity (Table 5).

Transcriptional expression levels of miR-145 among people

We have also checked the in�uences of various genotypes of miR-145 rs4705342 and rs4705343 on
serum miR-145 level in 45 healthy samples. The results suggested that the miR-145 rs4705342 variant
genotypes (CC and CT) were associated with progressively reduced serum miR-145 levels than the wild-
type genotype (TT): the serum miR-145 level of CT (0.7742) and CC (0.5429) genotype carriers were 23%
and 46% lower than that of the wild-type TT genotype carriers (p<0.0001 for both comparison) (Figure
1A). The comparison of homozygous variant genotype (CC) with heterogeneous variant genotype (CT)
carriers was also signi�cantly different (0.5429 versus 0.7742, p=0.0074) (Figure 1A). There was no
signi�cant difference of the expression levels of miR-145 for the miR-145 rs4705343 TT, CT or CC
genotype carriers (all p>0.05) (Figure 1B). 
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Discussion
Asthma, a chronic and allergic respiratory illness, is caused by the combination of internal and external
factors, while miRNAs may serve as critical internal factors [20, 31]. MiR-145, together with miR-138, miR-
214, miR-371 and miR-544, can modulate the balance of T helper cells in asthma etiology in a
combinational manner [31]. MiR-145 has been identi�ed as a suppressor of tumorigenesis, although its
expression levels were not conclusive in certain types of cancer. Most importantly, miR-145 has been
found to be signi�cantly up-regulated in asthma [31]. In that study, among 30 asthmatic patients and 25
healthy subjects, miR-145 was found to have lower level in the serum of healthy subjects, and may serve
as a predictor for asthma [31]. In addition, its over-expression can suppress the expression of Runx3,
regulate the balance between Th1 and Th2 [31, 32]. To our surprise, there has no report on either the
association of miR-145 genotypes with asthma risk or genotype-clinical correlation of miR-145 in asthma
patients.

In the current study, we revealed that the genotypic proportions for TT, CT, and CC of miR-145 rs4705342
are 44.4, 43.3, and 12.3% in the control Taiwanese population (Table 2). Those of miR-145 rs4705343 are
47.0, 43.9 and 9.1% (Table 3). For the �rst time, the variant genotypes (CT and CC) and the C variant allele
of miR-145 rs4705342 were found to be signi�cantly associated with reduced asthma risks (Tables 2 and
4). For the �rst time, the present study also found that those patients with the variant genotypes (CT + CC)
at miR-145 rs4705342 were at lower risks to suffer from severe symptoms than those patients with wild-
type genotype (Table 5). Moreover, the genotype-phenotype correlation analysis revealed that miR-145
rs4705342 C allele is correlated with a down-regulation of miR-145 in serum from the healthy people
(Fig. 1A). Our studies demonstrated that not only miR-145 rs4705342 genotypes can serve as a novel
predictor for asthma risk, but a signature for asthma patients to suffer from severe symptoms. Although
the detailed mechanisms of how miR-145 genotype contribute to sever symptoms remain elusive, this
association may assist in predicting the prognosis of asthma patients for more precise therapy and
medication.

The detailed signaling network between miR-145 and asthma etiology is remained unclear, but there are
some clues. In 2015, Liu and colleagues reported that miR-145 up-regulation in airway smooth muscle
cells can inhibit KLF4, and affect downstream expressions of p21, MMP-2 and MMP-9 [20]. In 2017, miR-
145 and other 4 miRNAs were con�rmed to modulate the Th1/Th2 balance in asthma via regulating the
expression level of Runx3 in a combinational manner [31]. In 2019, Xiong and colleagues found that miR-
145 was up-regulated in airway epithelial cells of asthmatic mice and an miR-145 antagonist can
signi�cantly improve the asthmatic symptoms [33]. MiR-145 can promote the HDM-induced release of
cytokines and epithelial barrier dysfunction via KIF3A [33]. MiR-145-induced signaling pathways are
complex and warrant more investigations. We provided evidence that the variant genotypes and alleles
were associated with lower expression of miR-145 (Fig. 1A), and literature reported that miR-145 is up-
regulated in asthma patient serum [31], therefore, it is consistent that the variant genotypes and alleles
conferred reduced asthma risks by reducing the miR-145 levels.
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Traditionally, there is no effective methodology for the diagnosis or prognosis of asthma. Pulmonary
function examinations are not applicable if patients lose consciousness. Our results suggest that miR-
145 genomic marker and/or miR-145 protein may serve as an auxiliary diagnostic indicator for asthma
and used for early screening in clinical practice. The prevalence of asthma is extremely high in urban
areas and there are lots of childhood or even baby asthmatic cases who may not be able to go to the
hospitals readily. Detecting of miR-145 in the serum would be much more convenient and objective and
can be conducive at any place even outside of the hospital, when people are suffering from epidemic
burst of diseases, such as covid-19.

There are a few limitations of the current study. First, the �ndings were only based on genomic analysis
of a single gene with a relatively moderate sample size, which needs to be validated and extended.
Second, environmental factors mentioned in the introduction may all contribute to asthma etiology,
however, the current study had incomplete information for those factors. Last, we measure serum miR-
145 in non-asthmatic subjects for genotype-correlation analysis. It would be valuable to also measure
serum miR-145 in asthma patients.

Conclusion
In conclusion, this study provides evidence for the �rst time that the genotypes at miR-145 rs4705342
may serve as a predictor of asthma occurrence and symptom severity. There is an obvious genotype-
phenotype correlation between miR-145 rs4705342 genotype and the expression level of miR-145 in the
serum. MiR-145 is a putative target for asthma, and may facilitate the detection and prediction of asthma
occurrence and severity.

Abbreviations
miRNAs: microRNAs; HDM: house dust mite; Th2: type 2 helper T cell; ORs: Odds ratios; CIs: con�dence
intervals; FEV1: forced expiratory volume in the �rst second; FVC: forced vital capacity
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Table 1 Distributions of baseline characteristics among the 198 asthmatic patients and 453 controls
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Index   Controls (n=453) Cases (n=198) p-Valuea

    n % n %  

Age (years) 25-40 285 63.4% 133 67.2%  

  >40 168 36.6% 65 32.8% 0.2972

Gender Male 190 41.9% 83 41.9%  

  Female 263 58.1% 115 58.1% 0.9956

Pulmonary functions  (mean ± SD)          

FEV1/FVC (%)   80.8 ± 8.1 62.0 ± 13.0 <0.0001

FEV1%   92.9 ± 5.8 69.1 ± 12.9 <0.0001

Symptoms severity            

1 (mild)       60 30.3%  

2       65 32.8%  

3       34 17.2%  

4 (severe)       39 19.7%  

Abbreviation: FEV1, forced expiratory volume in �rst second; FVC, forced vital capacity; FEV1%, percent of
predicted FEV1; aChi-square without Yate’s correction test or Student’s t-test. 

Table 2 Distributions of mir145 rs4705342 genotypic frequencies between asthmatic patient and control
groups

Polymorphism Genotype Cases Controls p-Value OR (95%CI)

rs4705342 TT 106 (53.5%) 201 (44.4%)   1.00 (Ref)

  CT 80 (40.4%) 196 (43.3%) 0.1788 0.77 (0.55-1.10)

  CC 12 (6.1%) 56 (12.3%) 0.0102* 0.41 (0.21-0.79)

  CC+CT  92 (46.5%) 252 (55.6%) 0.0385* 0.69 (0.50-0.97)

Ptrend       0.0187*  

PHWE       0.4451  

p-Values were calculated by Chi-square without Yates' correction; Ptrend: p-Value for trend; PHWE: p-Value
for Hardy-Weinberg Equilibrium; *: p<0.05

Table 3 Distributions of mir145 rs4705343 genotypic frequencies between asthmatic patient and control



Page 12/14

groups

Polymorphism Genotype Cases Controls p-Value OR (95%CI)

rs4705343 TT 86 (43.4%) 213 (47.0%)   1.00 (Ref)

  CT 95 (48.0%) 199 (43.9%) 0.3956 1.18 (0.83-1.68)

  CC 17 (8.6%) 41 (9.1%) 0.9328 1.03 (0.55-1.91)

Ptrend       0.6314  

PHWE       0.5715  

Recessive TT+CT 181 (91.4%) 412 (90.9%)   1.00 (Ref)

  CC 17 (8.6%) 41 (9.1%) 0.9665 0.94 (0.52-1.71)

Dominant TT 86 (43.4%) 213 (47.0%)   1.00 (Ref)

  CC+CT 112 (56.6%) 240 (53.0%) 0.4478 1.16 (0.83-1.62)

p-Values were calculated by Chi-square without Yates' correction; Ptrend: p-Value for trend; PHWE: p-Value
for Hardy-Weinberg Equilibrium; *: p<0.05

Table 4 Distribution of mir-145 allelic frequencies among asthmatic patients and non-asthmatic controls

Allelic type Asthmatic 

cases, n (%)

Non-asthmatic controls, n (%) OR (95%CI) p-Valuea

rs4705342        

  Allele T 292 (73.7) 598 (66.0) 1.00 (Reference)  

  Allele C 104 (26.3) 308 (34.0) 0.69 (0.53-0.90) 0.0070*

         

rs4705343        

  Allele T 267 (67.4) 625 (69.0) 1.00 (Reference)  

  Allele C 129 (32.6) 281 (31.0) 1.07 (0.83-1.38) 0.6222

OR: Odds ratio; CI: con�dence interval. aBased on Chi-square test without Yates’ correction; *Statistically
signi�cant. 

Table 5 Association of miR-145 polymorphisms with the symptoms severity among asthmatic patients
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Genotype Symptom severity, n (%) p-Valuea

1 (mildest) 2 3 4 (severest)

rs4705342          

  Wild-type genotype 24 (22.6) 27 (25.5) 23 (21.7) 32 (30.2)  

  Variant genotypes 36 (39.1) 38 (41.3) 11 (12.0) 7 (7.6) 3.0*10-5#

           

rs4705343          

  Wild-type genotype 26 (30.2) 32 (37.2) 13 (15.1) 15 (17.5)  

  Variant genotypes 34 (30.3) 33 (29.5) 21 (18.8) 24 (21.4) 0.6468

aChi-square without Yate’s correction test; The signi�cant p-value and odds ratio are bolded and marked
with a #.

Figures

Figure 1

Correlation between miR-145 rs4705342 and rs4705343 genotypes and miR-145 expression in the blood
of non-asthmatic healthy subjects. (A) MiR-145 expression levels of 45 healthy samples according to
miR-145 rs4705342 genotypes; (B) MiR-145 expression levels of 45 healthy samples according to miR-
145 rs4705343 genotypes. * Statistically signi�cantly different from TT genotypes; # Statistically
signi�cantly different from TC genotypes.
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