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 Background: The methylation status of RUNX3 promoter region, its impact on RUNX3 gene expression, and Th1/Th2 imbal-
ance are unknown in bronchiolitis. This study aimed to explore the predictors of bronchiolitis developing into 
asthma.

 Material/Methods: The methylation status of RUNX3 promoter was assessed using Illumina HiSeq platform method. The relative 
RUNX3 mRNA levels in PBMCs were measured by qRT-PCR. Serum IL-4 and IFN-g concentrations were mea-
sured by ELISA.

 Results: A series of sites with significantly higher levels of methylation as compared to their corresponding controls 
were identified, including 24 sites in group Ba vs. group Cn, 13 sites in group Ba vs. group Ca, 7 sites in group 
Ba vs. group Bn, 16 sites in group Bn vs. group Cn, 11 sites in group Ca vs. group Cn, and 23 sites in group B 
vs. group C; P<0.05. The relative mRNA levels in group Ba were significantly lower than those in groups Cn, 
Ca, Bn; P<0.05. The serum IL-4 concentrations in group Ba were significantly higher than those in group Cn; 
P<0.05. The serum IFN-g concentrations in group Ba were significantly lower than those in groups Cn, Ca, Bn; 
P<0.05. Correlation analysis showed that differentially methylated RUNX3 promoter region sites were signif-
icantly negatively correlated with levels of relative RUNX3 mRNA and IFN-g, and were significantly positively 
correlated with IL-4 levels.

 Conclusions: The methylation status of RUNX3 promoter region plays a role in Th1/Th2 imbalance by silencing RUNX3 gene 
expression, which can serve as predictive marker for the development of bronchiolitis into asthma.
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Background

Bronchiolitis is a common lower respiratory tract infection dis-
ease caused by respiratory syncytial virus (RSV) in early life. 
Bronchiolitis due to RSV infection is the most common cause 
of infant’s first wheezing, and it is associated with recurrent 
wheezing and even asthma [1]. At present, it is generally be-
lieved that bronchiolitis and asthma have a similar pathogene-
sis. Previous studies have shown that both diseases appear to 
have improper balance and proportion of Th1/Th2 cells, accom-
panied by increased levels of Th2 cell cytokines and decreased 
levels of Th1 cell cytokines in the respiratory tract [2–4]. Th1 
cells produce cytokines such as IFN-g and IL-2, which can an-
tagonize inflammation by activating T cells and phagocytes, 
inducing Th0 cells to transform into Th1 cells and inhibiting 
Th2 cells [4]. Th2 cells produce cytokines IL-4, IL-5, and IL-13, 
which can induce inflammation by promoting immunoglobu-
lin E (IgE) secretion and sensitizing mastocytes and eosino-
phils [5–7]. Th1 cell inactivation and Th2 cell hyperactivation 
are crucial factors in the development of asthma [8,9]. While 
bronchiolitis is known as a risk factor for the development of 
asthma, only a relative some proportion of infants with bron-
chiolitis develop into asthma, and most infants can be cured 
after the acute period of treatment. The role and mechanism 
of Th1/Th2 cells imbalance in infants with bronchiolitis re-
main unclear.

Human runt-related transcription factor 3 (RUNX3), which 
is located in the short arm of the human first chromosome 
(1P36.1) with 2 large and highly conservative CpG islands in 
the total length of 67 KB, is a transcription factor of the runt 
domain family [10]. It is the key regulator of lineage-specific 
gene expression, cell identities, and functions [11]. Repression 
of the RUNX3 gene expression will influence various aspects 
of T cell-mediated immune pathologies [12], which can eas-
ily lead to human diseases. Recently, some studies reported 
that RUNX3 influences the differentiation of T cells, modu-
lates the Th1/Th2 balance, and is a vital downstream target 
of transforming TGF-b [13,14]. In a murine model of asthma 
study, it was found that upregulation of RUNX3 gene expres-
sion attenuates allergic airway inflammation and airway hy-
perresponsiveness [15]. In contrast, downregulation of RUNX3 
gene expression results in the occurrence of asthma with mul-
tiple mechanisms involved, such as Th1/Th2 imbalance and 
DC function abnormalities [13,16]. RUNX3 gene expression 
is controlled by 2 promoters, a proximal promoter and a dis-
tal promoter, located approximately 100 bp upstream of the 
transcription start site [17]. Studies have shown that meth-
ylation of the promoter region is closely related to silencing 
of RUNX3 gene expression [18,19]. Previous research has in-
dicated that the proximal promoter consists of more CpG is-
lands than does the distal promoter, so the proximal promot-
er has a relatively higher probability of being methylated than 

the distal promoter [20]. Methylation of the CpG islands in the 
RUNX3 gene promoter will result in silencing of the RUNX3 
gene expression, which may lead to Th1/Th2 cells imbalance 
and eventually the development of asthma. Therefore, it is im-
portant to study the methylation of the RUNX3 promoter re-
gion in infants with bronchiolitis as it may develop into asth-
ma in the future. However, methylation status of RUNX3 gene 
promoter region and its association with the gene expression 
levels of RUNX3 and the Th1/Th2 cells imbalance in bronchi-
olitis remain elusive.

In this study, we first used the Illumina HiSeq-based method 
to examine the methylation status of RUNX3 gene promoter 
region in PBMCs of infants with bronchiolitis. Then, the ex-
pression levels of RUNX3 mRNA were measured by quantita-
tive real-time PCR (qRT-PCR). Finally, we measured serum IL-4 
and IFN-g concentrations by ELISA. We evaluated the signifi-
cance of the methylation status of RUNX3 promoter region in 
infants with bronchiolitis through analysis of its correlation 
with mRNA expression levels of RUNX3 and concentrations of 
serum IL-4 and IFN-g. Our findings revealed a strong associ-
ation of the methylation status of RNUX3 gene promoter re-
gion with its mRNA expression and Th1/Th2 cells imbalance, 
and will provide important clinical evidence for the prediction 
of whether infants with bronchiolitis will develop into asthma.

Material and Methods

Patients and samples

In this study, 27 infants with bronchiolitis (group B) aged from 
3 months to 2 years were recruited from the Lianyungang 
Maternal and Child Health Hospital from October 2017 to 
March 2018, including 13 cases with an atopic constitution 
(group Ba) and 14 cases with a non-atopic constitution (group 
Bn). Twenty-four age- and gender-matched healthy control in-
fants (group C) were recruited from a physical examination 
center in the hospital, including 12 cases with an atopic con-
stitution (group Ca) and 12 cases with a non-atopic constitu-
tion (group Cn). All infants with bronchiolitis met the diagnos-
tic criteria for bronchiolitis in the 8th edition of ‘Zhu Futang 
Practice of Pediatrics’. The exclusion criteria were as follows: 
infants with endocrine, heart, liver, kidney, autoimmune dis-
eases and other serious diseases. The clinical characteristics 
assessed at enrollment are shown in Table 1. The PBMCs and 
serum were collected from 51 infants, separated immediately 
and stored at –80°C.The separated PBMCs were divided into 2 
parts, one for DNA extraction and the other for RNA extraction. 
All protocols used in this study were accepted by the patients 
and were approved by the Ethics Review Board of Lianyungang 
Maternal and Child Health Hospital.
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Extraction of genomic DNA and total RNA from PBMCs

Genomic DNA from PBMCs was isolated using a DNA Cell Mini 
Kit (Tiangen, Dalian, China) according to the manufacturer’s in-
structions and was then used for methylation detection. Total 
RNA from PBMCs was isolated using TRIzol reagent (Invitrogen, 
California, USA); after reverse transcription, it was then used 
for qPCR. The DNA and RNA were quantified by a NanoDrop™ 
ND-2000 spectrophotometer (NanoDrop, DE, USA).

Bisulfite modification and targeted bisulfite 
pyrosequencing assay

Genomic DNA conversion via bisulfite modification using the 
EZ DNA Methylation™ Kit (ZYMO, CA, USA) was performed on 
2 μg of extracted DNA. Based on the positions of the candidate 
CpG sites for RUNX3 (NM_004350), we designed 16 sequential 
pairs of primers by Primer 5.0. The primers and primer com-
position and concentration of the Multiplex PCR Panel were 
optimized by capillary electrophoresis. The primer sequence 
information is shown in Table 2, and the gene sequence am-
plification strategy is shown in Figure 1. Multiplex PCR was 

performed to amplify the targeted DNA sequence. Then, the tar-
geted DNA fragments were sequenced by Illumina HiSeq 2000 
(San Diego, CA, USA). BS-Seeker2 was used for mapping bisul-
fite-treated reads as well as for methylation calling and for an-
alyzing the bisulfite sequencing results [21].

Quantification of RUNX3 mRNA level

For determination of relative RUNX3 mRNA levels, we used 
a relative quantitative method. Total RNA was used for re-
verse-transcription reactions by the PrimeScript RT Reagent 
Kit (TaKaRa, Dalian, China) to synthesize cDNA. The obtained 
cDNA was amplified by qRT-PCR using SYBR Premix Ex Taq™ II 
(TaKaRa, Dalian, China). To normalize the results, OAZ1 was 
used as a reference gene for RUNX3 detection. The reaction 
conditions for qRT-PCR were 95°C for 30 s, followed by 40 cy-
cles of 95°C for 5 s, optimal annealing temperature 60°C for 
31 s, and 72°C for 10 s. The relative RUNX3 mRNA levels were 
calculated by the 2–DDCT method. The primer sequence infor-
mation for RUNX3 and OAZ1 is shown in Table 3.

Ba Bn Ca Cn
P1

(Ba/Bn)
P2

(Ba/Ca)
P3

(Ba/Cn)
P4

(Bn/Cn)
P5

(Ca/Cn)
P6

(B/C)

n 13 14 12 12

Male  10 (76.9%)  10 (71.4%) 9 (69.2%)  6 (50%)
0.75 0.91 0.16 0.26 0.21 0.37

Female  3 (23.1%)  4 (28.6%) 3 (31.8%)  6 (50%)

Age (months)  12.46±8.35  8.64±4.38  10.75±6.98  15±13.87 0.15 0.59 0.58 0.12 0.35 0.29

Weight (kg)  2.97±0.50  3.32±0.51 3.21±0.55  3.17±0.46 0.08 0.26 0.32 0.43 0.84 0.81

Caesarean  4 (30.7%)  9 (64.3%)  5 (41.7%)  5 (41.7%) 0.08 0.57 0.57 0.25 1 0.64

Breast Feeding  6 (46.2%)  6 (42.9%)  6 (50%)  8 (66.7%) 0.86 0.85 0.30 0.23 0.41 0.32

Premature  1 (7.7%)  1 (7.1%)  0 (0)  0 (0) 0.96 0.33 0.33 0.35 – 0.17

Passive smoking  8 (61.5%)  8 (57.1%)  8 (66.7%)  7 (58.3%) 0.82 0.79 0.87 0.95 0.67 0.81

Paroxysmal continuous 
cough

 4 (30.8%)  6 (42.9%) – –

0.52 – – – – –
Paroxysmal solitary 
cough

 9 (69.2%)  8 (57.1%) – –

No fever  5 (38.5%)  5 (35.7%) – –

0.09 – – – – –Moderate fever  6 (46.2%)  2 (14.3%) – –

Ardent fever  2 (15.4%)  7 (50%) – –

Disease course (<7 days)  8 (61.5%)  9 (64.3%) – –
0.88 – – – – –

Disease course (>7 days)  5 (38.5%)  5 (35.7%) – –

Table 1. Study population demographics.

B – represents bronchiolitis; Ba – represents atopic constitution bronchiolitis; Bn – represents non-atopic constitution bronchiolitis; 
C – represents heathy control; Ca – represents atopic constitution heathy control; Cn – represents non-atopic constitution heathy 
control.
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Measurement of serum cytokines

IFN-g and IL-4 are representative cytokines of Th1 and Th2 cells, 
respectively, which can reflect the Th1/Th2 balance. The serum 
IL-4 and IFN-g concentrations in the bronchiolitis (Ba and Bn) 
and healthy control (Ca and Cn) groups were detected using 
a human IL-4 ELISA kit and a human IFN-g ELISA kit accord-
ing to the manufacturer’s protocol (Neobioscience, Shenzhen, 
China). The OD450 nm value was detected by a microplate reader 

(Labsystems Dragon, USA). The serum IL-4 and IFN-g concen-
trations were calculated according to standard curves.

Statistical analysis

We applied the Wilcoxon rank-sum test for the differential 
methylation status in each CpG site. The FDR (false discovery 
rate) was applied for multiple test correction. The differential 
analysis of relative RUNX3 mRNA levels, DNA methylation lev-
els, and the comparative analysis of serum IL-4 and IFN-g con-
centrations were assessed using ANOVA and the SNK-q test. 
Correlations were performed using Pearson’s correlation test. 
All statistical analyses were conducted with SPSS 22.0 soft-
ware and R version 3.2.1. P<0.05 was considered significant-
ly different.

Number Forward primer (5’®3’) Reverse primer (5’®3’) Size

1 GTYGTGGTTAGGTAGGGTTTTG CAAAAATCCCTCATTCTCTAAAAACT 215 bp

2 AAAGGAAGGAYGGTAAAGGTTTTT AACRAATCATAATCCCRCAACCT 263 bp

3 GTTTTAGGGGYGAAGGATTTTG AAATAAAAACRCCCAAACTAAATCACTC 252 bp

4 TTTTGGAGAYGGGGTTAGATT AAATCCCRAAATAAATAAAAACCAACTC 254 bp

5 AGTAGATTTAGGGGTYGGTTATAGTTG CRCTAAACAAAAATCAAATCCATAATAAAATC 267 bp

6 TTAAAATAAGTTTTAGGATTTTGTAGGTT CATAAAAAAAAAAAATTCTCTCCTCTAAA 237 bp

7 GGGGTTTTAGGGTYGGTGA AAAACTCCCTTCCRCCTATCC 222 bp

8 TGTGGGGTGGAGGTTTTT CAACCCCTTCRCTCCTCCT 200 bp

9 GTAGTTTTAGAATAAATTTTTTAGAATTAAGTGG CCCTAAACTATAACACTAAAACCTCCTC 246 bp

10 GGGTTTTAGGGYGTAGGG ACCCCRCCACTTAATTCTAA 290 bp

11 GGGGAGGGAGGTGTGAAG AACRAACCCTAACRAATAATAACC 228 bp

12 GTTTYGGGTTTYGTATTTATTTTGAAG ACCTCCCTCCCCRACCTT 261 bp

13 GGGGTAATTTYGTTAAAAGTTATTTTTGTAG CCCTCRCACTAACRCTACAACAAA 263 bp

14 TTYGTTATTYGTAGGGTTGTATTTGAG AACCAAAACCTCRAAAACAATAAAA 269 bp

15 GTTYGAGGGTGTGAGTAGGAAGT AAATTTTACRCCCCCCTAAC 184 bp

16 ATGGTTGGGGGTTGTTAGG CCTCCAACACCCCTCCTC 191 bp

Table 2. The methylation primer sequence informations.

TSS

1
2

3 5
4 6

7
8

9 11 13 15
10 12 14 16

200 bp

CpG islands

Figure 1. RUNX3 promoter region CpG sites amplification map.

Number Forward primer (5’®3’) Reverse primer (5’®3’) Size

RUNX3 GTCGCCTTCAAGGTGGTGGC TAGGTCGCCACTTGGGTGGG 227 bp

OAZ1 AGCAAGGACAGCTTTGCAGTTCTC GATGCCCCGGTCTCACAATC 154 bp

Table 3. The primer sequence informations of RUNX3 and OAZ1.
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Results

Methylation status of the RUNX3 promoter region in 
PBMCs

An Illumina HiSeq 2000 was used to analyze the methylation 
state of the RUNX3 gene promoter region in PBMCs of infants 
with bronchiolitis (group B) and healthy control (group C) in-
fants. It was found that for 358 CpG sites in the RUNX3 gene 
promoter region, the hypermethylation status occurred mainly 
in the RUNX3 gene upstream promoter, and the hypomethyl-
ation status occurred mainly in the RUNX3 gene downstream 
promoter. The methylation heatmap for the 4 groups is shown 
in Figure 2. The Wilcoxon rank-sum test was used to detect the 
difference at each CpG site among the 4 groups. We found that 
24 methylation sites in group Ba exhibited significantly high-
er mean methylation levels than those in group Cn, 13 meth-
ylation sites in group Ba had higher mean methylation levels 
compared to those in group Ca, 7 methylation sites in group 
Ba had higher mean methylation levels compared to those in 
group Bn, 16 methylation sites in group Bn had higher mean 
methylation levels compared to those in group Cn, 11 meth-
ylation sites in group Ca had higher mean methylation levels 
compared to those in group Cn, and 23 methylation sites in 
group B had higher mean methylation levels compared to those 
in group C. All P values were less than 0.05 (P<0.05), and the 
results are shown in Supplementary Tables 1–6.

Analysis of RUNX3 relative mRNA levels in PBMCs

In the 4 groups of PBMCs, relative RUNX3 mRNA levels were 
measured by the 2–DDCT method, and the OAZ1 gene was used 
as a reference gene. We found that the relative RUNX3 mRNA 
levels in PBMCs of infants with bronchiolitis (group B) were sig-
nificantly lower than those in healthy control infants (group C), 
(P<0.05); in particular, those in the atopic infants with bronchi-
olitis (group Ba) were significantly lower than those in atopic 
healthy control infants (group Ca), non-atopic healthy control 
infants (group Cn) and non-atopic infants with bronchiolitis 
(groups Bn), (P<0.05). These results suggest that the relative 
RUNX3 mRNA levels were significantly decreased in PBMCs 
from infants with bronchiolitis, especially for those with atop-
ic constitution. The results are shown in Figure 3.

Analysis of serum IFN-g and IL-4 concentrations

Two cytokine concentrations in the 4 groups were measured 
by ELISA. The serum IL-4 and IFN-g concentrations in infants 
with bronchiolitis (group B) were significantly different (P<0.05) 
from those in healthy control infants (group C). The serum IL-4 
concentration in infants with bronchiolitis (group B) was sig-
nificantly higher than that in healthy control infants (group C) 
(P<0.05); in particular, serum IL-4 concentration in atopic in-
fants with bronchiolitis (group Ba) was significantly higher than 
that in non-atopic healthy control infants (group Cn) (P<0.05), 
as shown in Figure 4A. The serum IFN-g concentration in infants 
with bronchiolitis (group B) was significantly lower than that 

TSS
DownstreamUpstream

Ba

Bn

Ca

Cn

Group

1.0

0.8

0.6

0.4

0.2

0.0

Figure 2.  RUNX3 promoter region methylation 
heatmap.
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in healthy control infants (group C) (P<0.05); in particular, se-
rum IFN-g concentration in atopic bronchiolitis infants (group 
Ba) was significantly lower than that in atopic and non-atopic 
healthy control infants and non-atopic infants with bronchi-
olitis (groups Ca, Cn and Bn) (P<0.05), as shown in Figure 4B. 
These results suggest that the serum IL-4 concentration was 
significantly increased in PBMCs of infants with bronchiolitis, 
especially for those with atopic constitution, while the IFN-g 
concentration showed the opposite result.

The correlation between relative RUNX3 mRNA levels and 
DNA methylation

It is widely accepted that promoter methylation can strongly 
influence gene expression. To evaluate the correlation between 
differential methylation of RUNX3 gene promoter region sites 
and relative RUNX3 mRNA levels, Pearson’s correlation test was 
applied. For comparison of groups Ba/Cn, the average meth-
ylation levels of 24 differentially methylated CpG sites were 
significantly negatively correlated with relative RUNX3 mRNA 

levels (Figure 5A; P<0.05). For comparison of groups Ba/Ca, 
the average methylation levels of 13 differentially methylat-
ed CpG sites were negatively correlated with relative RUNX3 
mRNA levels, but did not reach significance (Figure 5B). For 
comparison of groups Ba/Bn, the average methylation levels 
of 7 differentially methylated CpG sites were significantly neg-
atively correlated with relative RUNX3 mRNA levels (Figure 5C; 
P<0.05). For comparison of groups Bn/Cn, the average meth-
ylation levels of 16 differentially methylated CpG sites were 
significantly negatively correlated with relative RUNX3 mRNA 
levels (Figure 5D; P<0.01). For comparison of groups Ca/Cn, 
the average methylation levels of 11 differentially methylat-
ed CpG sites were significantly negatively correlated with rela-
tive RUNX3 mRNA levels (Figure 5E; P<0.05). For comparison of 
groups B/C, the average methylation levels of 23 differentially 
methylated CpG sites were significantly negatively correlated 
with relative RUNX3 mRNA levels (Figure 5F; P<0.01). These re-
sults suggest that the methylation levels of the RUNX3 promot-
er region are negatively associated with its gene expression.

The correlation between the methylation of RUNX3 
promoter region and serum cytokine levels

In addition, we also evaluated the correlation between dif-
ferential methylation of RUNX3 gene promoter region sites 
and serum cytokine concentrations, including IL-4 and IFN-g, 
in the serum of 27 infants with bronchiolitis and 24 control 
infants by ELISA. Pearson’s correlation test was conducted to 
assess the correlation between serum IL-4 and IFN-g levels and 
differential methylation of the CpG sites. For comparison of 
groups Ba/Cn, the average methylation levels of 24 differen-
tially methylated CpG sites were significantly positively cor-
related with serum IL-4 concentration (Figure 6A; P<0.05) and 
significantly negatively correlated with serum IFN-g concen-
tration (Figure 6A; P<0.05). For comparison of groups Ba/Bn, 
the average methylation levels of 7 differentially methylated 
CpG sites were significantly positively correlated with serum 
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Figure 3.  RUNX3 relative mRNA levels in PBMCs, with OAZ1 as 
reference gene (* P<0.05).
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IL-4 concentration (Figure 6B; P<0.05) and significantly neg-
atively correlated with serum IFN-g concentration (Figure 6B; 
P<0.05). For comparison of groups Ba/Ca, the average meth-
ylation levels of 13 differentially methylated CpG sites were 
positively correlated with serum IL-4 concentration and nega-
tively correlated with serum IFN-g concentration, but the cor-
relations were not significant (Figure 6C). For comparison of 
groups Bn/Cn, the average methylation levels of 16 differentially 

methylated CpG sites were significantly positively correlated 
with serum IL-4 concentration (Figure 6D; P<0.05) and signif-
icantly negatively correlated with serum IFN-g concentration 
(Figure 6D; P<0.05). For comparison of groups Ca/Cn, the av-
erage methylation levels of 11 differentially methylated CpG 
sites were significantly positively correlated with serum IL-4 
concentration (Figure 6E; P<0.05) and significantly negatively 
correlated with serum IFN-g concentration (Figure 6E; P<0.01). 
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Figure 5.  The correlation between RUNX3 promoter region methylation levels and relative mRNA levels. (A) Represents the result 
of comparison between group Ba and group Cn. (B) Represents the result of comparison between group Ba and group Ca. 
(C) Represents the result of comparison between group Ba and group Bn. (D) Represents the result of comparison between 
group Bn and group Cn. (E) Represents the result of comparison between group Ca and group Cn. (F) represents the result of 
comparison between group B and group C.
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For comparison of groups B/C, the average methylation lev-
els of 23 differentially methylated CpG sites were significantly 
positively correlated with serum IL-4 concentration (Figure 6F; 
P<0.01) and significantly negatively correlated with serum IFN-g 
concentration (Figure 6F; P<0.01). These results indicate that 
the methylation states of RUNX3 promoter region affected the 
Th1/Th2 balance in vivo.

Discussion

Epigenetic modification refers to hereditary alteration of gene 
expression without changes in DNA sequence, which can be 
transmitted steadily during development and cell proliferation 
and includes DNA methylation, histone acetylation, and RNA-
associated silencing [22]. Among these modifications, DNA 
methylation is the most common and important mechanism 
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Figure 6.  The correlation between RUNX3 promoter region methylation levels and relative mRNA levels. (A) Represents the result 
of comparison between group Ba and group Cn. (B) Represents the result of comparison between group Ba and group Ca. 
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influencing gene expression, and it is an enzyme-mediated 
chemical modification that occurs after birth with the methyl-
ation of the 5’ end of cytosine [23,24]. It is important for nor-
mal development of mammalian genes and embryos, during 
which gene promoter methylation inhibits gene expression [25]. 
Research has shown that methylation of the 5’-CpG islands in 
the RUNX3 gene promoter is a major gene-silencing mecha-
nism [17]. Therefore, our study was based on whether RUNX3 
gene promoter methylation influences its gene expression 
in bronchiolitis. For DNA methylation detection, we used the 
high-accuracy Illumina HiSeq platform method to ensure the 
reliability of the detection. The data showed that some CpG 
sites in the RUNX3 gene promoter region were significantly 
methylated in PBMCs from subjects with bronchiolitis, espe-
cially in subjects with an atopic constitution (group Ba, high-
risk asthma infants), and the methylation levels of CpG sites 
were significantly higher in subjects with bronchiolitis than 
in the 2 control groups (Ca and Cn). These data indicate that 
RUNX3 gene promoter region methylation plays an important 
role in bronchiolitis. To our knowledge, this is the first study 
revealing the methylation status of the RUNX3 promoter re-
gion in different constitutions of bronchiolitis.

The RUNX3 gene has 2 promoters. The distal promoter does 
not contain a CpG island, and the proximal promoter has a 
CpG island with binding sites for Sp1, and Sp1 elements lo-
cated upstream and downstream of the transcription start site 
that have been shown to protect CpG islands from methyla-
tion [20,26]. Our results showed that the hypermethylation 
sites were mainly located in the upstream of the promoter, 
whereas the downstream sites were mostly maintained in the 
hypomethylation states. In accordance, most of the differen-
tially methylated sites identified in comparison between sub-
groups were located in the upstream hypermethylation re-
gion. These results are essentially consistent with previous 
studies on the methylation of RUNX3 promoter region [17,26].

Since the relative RUNX3 mRNA levels in PBMCs of infants with 
bronchiolitis were significantly reduced, we wondered wheth-
er the significantly methylated CpG sites in RUNX3 gene pro-
moter influenced its gene expression in these infants, as in 
other diseases [27–29]. Therefore, we performed a correlation 
analysis between the RUNX3 promoter region methylation lev-
els and the gene expression levels. RUNX3 promoter region 
methylation levels were negatively correlated with relative 
RUNX3 mRNA levels. In the pathogenesis of allergic respira-
tory diseases such as asthma, it has been confirmed that the 
decrease in RUNX3 gene expression is caused by RUNX3 DNA 
methylation [30]. RUNX3 promoter region methylation, as an 
epigenetic regulation mechanism, resulted in the decrease in 
RUNX3 expression in bronchiolitis.

Many studies have confirmed that DNA methylation plays an 
important role in the mechanism of infant asthma by influ-
encing gene expression [31,32]. Our results confirmed a nega-
tive correlation between RUNX3 methylation and gene expres-
sion in bronchiolitis. Therefore, we evaluated the relationship 
between RUNX3 promoter region methylation and serum cy-
tokine levels. We found that RUNX3 promoter region meth-
ylation was positively correlated with serum IL-4 levels and 
negatively correlated with IFN-g levels. This result further sup-
ported previous studies of the relationship between serum cy-
tokines and RUNX3 gene expression. Therefore, we conclude 
that when the RUNX3 gene promoter region is significantly 
methylated, its mRNA expression will decrease, which may 
influence the secretion and serum levels of IL-4 and IFN-g and 
T lymphocyte differentiation (Th1/Th2 imbalances), and ulti-
mately lead to bronchiolitis.

Based on our present results, we conclude that RUNX3 pro-
moter region methylation can play a role in the development 
of bronchiolitis into asthma. However, there are still some lim-
itations in our study. The research was carried out in PBMCs. 
Although PBMCs can be used as a representative of methyla-
tion changes in many diseases [33-35], respiratory epithelial 
cells may be better to confirm our findings. In addition, due to 
the small number of samples included in this study, the results 
may not be exactly accurate. Also, more scientific methods to 
predict biomarkers should be employed, such as logit-lapnet 
method or network-regularized cox model [36,37]. The inclusion 
of respiratory epithelial cells, larger sample sizes and more sci-
entific methods in later studies will yield more reliable results.

Conclusions

RUNX3 is a promising specific marker for the development 
of bronchiolitis into asthma, especially in diagnosis and dis-
ease prognosis. The methylation landscape and significance of 
the RUNX3 promoter regions that can be used in the risk as-
sessment of bronchiolitis and provide useful information for 
genetic diagnosis and treatment. However, this study had a 
small sample size and was not used respiratory epithelial cells. 
Therefore, further study is need in the future.
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Supplementary Tables

Chromosomal site Ba Cn P (Ba/Cn) FDR

1 Chr1: 25258221 0.977±0.011 0.961±0.015 0.006000 1.029×10–2*

2 Chr1: 25258264 0.756±0.052 0.689±0.037 0.001331 3.194×10–3**

3 Chr1: 25258257 0.841±0.030 0.788±0.034 0.000611 1.833×10–3**

4 Chr1: 25258289 0.802±0.033 0.763±0.029 0.004678 9.356×10–3**

5 Chr1: 25258384 0.912±0.012 0.854±0.034 0.000113 7.000×10–4**

6 Chr1: 25258426 0.809±0.030 0.741±0.026 0.000090 7.000×10–4**

7 Chr1: 25258402 0.915±0.014 0.872±0.021 0.000140 7.000×10–4**

8 Chr1: 25258404 0.753±0.023 0.691±0.031 0.000175 7.000×10–4**

9 Chr1: 25258406 0.965±0.007 0.938±0.017 0.000907 2.419×10–3**

10 Chr1: 25258412 0.840±0.019 0.785±0.033 0.000268 9.189×10–4**

11 Chr1: 25258416 0.946±0.011 0.909±0.022 0.000175 7.000×10–4**

12 Chr1: 25258418 0.883±0.015 0.819±0.030 0.000072 7.000×10–4**

13 Chr1: 25258479 0.947±0.009 0.930±0.018 0.019341 2.443×10–2*

14 Chr1: 25258485 0.872±0.024 0.838±0.037 0.025740 3.089×10–2*

15 Chr1: 25258546 0.707±0.059 0.629±0.075 0.012347 1.976×10–2*

16 Chr1: 25258531 0.917±0.021 0.880±0.042 0.029577 3.380×10–2*

17 Chr1: 25258557 0.482±0.057 0.420±0.066 0.038471 4.043×10–2*

18 Chr1: 25258613 0.191±0.027 0.151±0.030 0.005528 1.021×10–2*

19 Chr1: 25258623 0.340±0.044 0.282±0.043 0.004678 9.356×10–3**

20 Chr1: 25258633 0.169±0.028 0.135±0.028 0.015074 2.128×10–2*

21 Chr1: 25258654 0.728±0.058 0.677±0.069 0.014200 2.128×10–2*

22 Chr1: 25258673 0.811±0.021 0.788±0.027 0.044164 4.416×10–2*

23 Chr1: 25258679 0.782±0.042 0.730±0.068 0.038741 4.043×10–2*

24 Chr1: 25257392 0.472±0.017 0.441±0.027 0.016698 2.226×10–2*

Supplementary Table 1. The mean methylation level analysis of methylation sites in group Ba and group Cn.

Ba – represents atopic constitution bronchiolitis; Cn – represents non-atopic constitution heathy control. * P<0.05, ** P<0.01.

Chromosomal site Ba Ca P (Ba/Ca) FDR

1 Chr1: 25258136 0.985±0.012 0.973±0.009 0.007681 1.248×10–2*

2 Chr1: 25258264 0.756±0.052 0.721±0.018 0.025740 3.042×10–2*

3 Chr1: 25258257 0.841±0.030 0.813±0.013 0.005537 1.028×10–2*

4 Chr1: 25258384 0.912±0.012 0.874±0.016 0.000036 4.680×10–4**

5 Chr1: 25258426 0.809±0.030 0.769±0.026 0.004670 1.012×10–2*

6 Chr1: 25258402 0.915±0.014 0.892±0.016 0.001606 5.220×10–3**

7 Chr1: 25258404 0.753±0.023 0.716±0.021 0.000611 3.972×10–3**

8 Chr1: 25258406 0.965±0.007 0.957±0.008 0.016698 2.171×10–2*

Supplementary Table 2. The mean methylation level analysis of methylation sites in group Ba and group Ca.
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Chromosomal site Bn Cn P (Bn/Cn) FDR

1 Chr1: 25258264 0.729±0.049 0.688±0.037 0.042153 4.215×10–2*

2 Chr1: 25258257 0.822±0.030 0.788±0.034 0.023629 3.926×10–2*

3 Chr1: 25258402 0.904±0.019 0.872±0.021 0.001704 1.284×10–2*

4 Chr1: 25258404 0.714±0.027 0.691±0.031 0.039650 4.215×10–2*

5 Chr1: 25258406 0.953±0.014 0.938±0.017 0.034961 4.215×10–2*

6 Chr1: 25258412 0.812±0.022 0.785±0.033 0.017982 3.926×10–2*

7 Chr1: 25258416 0.934±0.013 0.909±0.022 0.002408 1.284×10–2*

8 Chr1: 25258418 0.861±0.022 0.819±0.030 0.002028 1.284×10–2*

9 Chr1: 25258426 0.776±0.031 0.741±0.026 0.003973 1.589×10–2*

10 Chr1: 25258479 0.971±0.011 0.930±0.018 0.034961 4.215×10–2*

11 Chr1: 25258537 0.960±0.012 0.946±0.015 0.023629 3.926×10–2*

12 Chr1: 25258568 0.825±0.037 0.781±0.060 0.026989 3.926×10–2*

13 Chr1: 25258633 0.162±0.030 0.135±0.028 0.039650 4.215×10–2*

14 Chr1: 25257392 0.467±0.025 0.441±0.027 0.015631 3.926×10–2*

15 Chr1: 25257229 0.127±0.017 0.114±0.015 0.026936 3.926×10–2*

16 Chr1: 25257217 0.117±0.016 0.104±0.014 0.026936 3.926×10–2*

Supplementary Table 4. The mean methylation level analysis of methylation sites in group Bn and group Cn.

Bn – represents non-atopic constitution bronchiolitis; Cn – represents non-atopic constitution heathy control. * P<0.05.

Ba – represents atopic constitution bronchiolitis; Ca – represents atopic constitution heathy control. * P<0.05, ** P<0.01

Chromosomal site Ba Bn P (Ba/Bn) FDR

1 Chr1: 25258384 0.912±0.012 0.882±0.023 0.000262 1.386×10–3**

2 Chr1: 25258416 0.951±0.012 0.934±0.013 0.022564 2.256×10–2*

3 Chr1: 25258426 0.809±0.030 0.776±0.031 0.002620 6.113×10–3**

4 Chr1: 25258404 0.753±0.023 0.714±0.027 0.000396 1.386×10–3**

5 Chr1: 25258406 0.965±0.007 0.953±0.014 0.017417 2.032×10–2*

6 Chr1: 25258412 0.840±0.019 0.813±0.022 0.004885 8.549×10–3**

7 Chr1: 25258418 0.883±0.015 0.861±0.022 0.013330 1.866×10–2*

Supplementary Table 3. The mean methylation level analysis of methylation sites in group Ba and group Bn.

Ba – represents atopic constitution bronchiolitis; Bn – represents atopic constitution heathy control. * P<0.05, ** P<0.01.

Chromosomal site Ba Ca P (Ba/Ca) FDR

9 Chr1: 25258412 0.840±0.019 0.810±0.020 0.002319 6.029×10–3**

10 Chr1: 25258416 0.946±0.011 0.930±0.017 0.033895 3.390×10–2*

11 Chr1: 25258418 0.883±0.015 0.852±0.021 0.001100 4.767×10–3**

12 Chr1: 25258613 0.191±0.027 0.166±0.019 0.033861 3.390×10–2*

13 Chr1: 25257629 0.834±0.030 0.804±0.026 0.016698 2.171×10–2*
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Chromosomal site Ca Cn P (Ca/Cn) FDR

1 Chr1: 25258264 0.721±0.018 0.689±0.037 0.011074 3.045×10–2*

2 Chr1: 25258257 0.813±0.013 0.788±0.034 0.024343 3.347×10–2*

3 Chr1: 25258289 0.786±0.027 0.763±0.029 0.043308 4.331×10–2*

4 Chr1: 25258390 0.982±0.003 0.978±0.005 0.017901 3.282×10–2*

5 Chr1: 25258426 0.769±0.026 0.741±0.026 0.007912 2.901×10–2*

6 Chr1: 25258402 0.892±0.016 0.872±0.021 0.015314 3.282×10–2*

7 Chr1: 25258404 0.716±0.021 0.691±0.031 0.020921 3.288×10–2*

8 Chr1: 25258406 0.957±0.008 0.938±0.017 0.003235 2.901×10–2*

9 Chr1: 25258412 0.810±0.020 0.785±0.033 0.037667 4.143×10–2*

10 Chr1: 25258416 0.930±0.017 0.909±0.022 0.037667 4.143×10–2*

11 Chr1: 25258418 0.852±0.021 0.819±0.030 0.007912 2.901×10–2*

Supplementary Table 5. The mean methylation level analysis of methylation sites in group Ca and group Cn.

Ca – represents atopic constitution heathy control; Cn – represents non-atopic constitution heathy control. * P<0.05.

Chromosomal site B C P (B/C) FDR

1 Chr1: 25258264 0.742±0.051 0.705±0.032 0.007577 1.793×10–2*

2 Chr1: 25258257 0.831±0.031 0.801±0.028 0.000958 2.947×10–3**

3 Chr1: 25258384 0.897±0.023 0.864±0.028 0.000068 5.213×10–4**

4 Chr1: 25258426 0.792±0.034 0.755±0.029 0.000217 1.248×10–3**

5 Chr1: 25258402 0.909±0.018 0.882±0.021 0.000028 5.213×10–4**

6 Chr1: 25258404 0.733±0.032 0.704±0.029 0.000958 2.947×10–3**

7 Chr1: 25258406 0.959±0.013 0.948±0.016 0.009208 1.925×10–2*

8 Chr1: 25258412 0.826±0.024 0.797±0.030 0.001025 2.947×10–3**

9 Chr1: 25258416 0.940±0.013 0.920±0.022 0.000553 2.544×10–3**

10 Chr1: 25258418 0.872±0.022 0.835±0.030 0.000050 5.213×10–4**

11 Chr1: 25258479 0.945±0.009 0.935±0.017 0.018329 3.011×10–2*

12 Chr1: 25258485 0.866±0.026 0.846±0.036 0.028559 3.285×10–2*

13 Chr1: 25258546 0.687±0.066 0.648±0.074 0.041540 4.154×10–2*

14 Chr1: 25258531 0.914±0.022 0.889±0.038 0.024724 3.285×10–2*

15 Chr1: 25258537 0.958±0.012 0.949±0.015 0.023540 3.285×10–2*

16 Chr1: 25258557 0.473±0.057 0.437±0.068 0.037909 3.963×10–2*

17 Chr1: 25258568 0.823±0.040 0.794±0.057 0.029992 3.285×10–2*

18 Chr1: 25258613 0.181±0.028 0.159±0.026 0.013429 2.574×10–2*

19 Chr1: 25258623 0.327±0.043 0.297±0.048 0.028592 3.285×10–2*

20 Chr1: 25258633 0.165±0.029 0.144±0.033 0.023450 3.285×10–2*

21 Chr1: 25258673 0.809±0.017 0.792±0.023 0.017417 3.011×10–2*

22 Chr1: 25257629 0.827±0.034 0.812±0.026 0.029992 3.285×10–2*

23 Chr1: 25257392 0.469±0.030 0.445±0.032 0.007794 1.793×10–2*

Supplementary Table 6. The mean methylation level analysis of methylation sites in group B and group C.

B – represents bronchiolitis; C – represents heathy control. * P<0.05, ** P<0.01.

7806
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Men S. et al.: 
RUNX3 promoter region methylation induced Th1/Th2 imbalance in bronchiolitis

© Med Sci Monit, 2019; 25: 7795-7807
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



References:

 1. Garcia-Garcia ML, Calvo RC, Del Rosal Rabes T. [Pediatric asthma and viral 
infection.] Arch Bronconeumol, 2016; 52: 269–73 [in Spanish]

 2. Zhu M, Liang Z, Wang T et al: Th1/Th2/Th17 cells imbalance in patients 
with asthma with and without psychological symptoms. Allergy Asthma 
Proc, 2016; 37: 148–56

 3. Ji NF, Xie YC, Zhang MS et al: Ligustrazine corrects Th1/Th2 and Treg/Th17 
imbalance in a mouse asthma model. Int Immunopharmacol, 2014; 21: 
76–81

 4. Diao M, Min J, Guo F, Zhang CL: Effects of salbutamol aerosol combined 
with magnesium sulfate on T-lymphocyte subgroup and Th1/Th2 cytokines 
of pediatric asthma. Exp Ther Med, 2017; 13: 117–20

 5. Bagnasco D, Ferrando M, Varricchi G et al: A critical evaluation of anti-IL-13 
and anti-IL-4 strategies in severe asthma. Int Arch Allergy Immunol, 2016; 
170: 122–31

 6. Foster PS, Martinezmoczygemba M, Huston DP, Corry DB: Interleukins-4, 
-5, and -13: emerging therapeutic targets in allergic disease. P Pharmacol 
Ther, 2002; 94: 253–64

 7. Patterson MF, Borish L, Kennedy JL: The past, present, and future of mono-
clonal antibodies to IL-5 and eosinophilic asthma: A review. J Asthma Allergy, 
2015; 8: 125–34

 8. Guo HW, Yun CX, Hou GH et al: Mangiferin attenuates Th1/Th2 cytokine 
imbalance in an ovalbumin-induced asthmatic mouse model. PLoS One, 
2014; 9: e100394

 9. Zoratti E, Havstad S, Wegienka G et al: Differentiating asthma phenotypes 
in young adults through polyclonal cytokine profiles. Ann Allergy Asthma 
Immunol, 2014; 113: 25–30

 10. Levanon D, Groner Y: Structure and regulated expression of mammalian 
RUNX genes. Oncogene, 2004; 23: 4211–19

 11. Qiao J, Liu Y, Wu Y et al: Aberrant expression of RUNX3 in patients with im-
mune thrombocytopenia. Int Immunopharmacol, 2015; 28: 252–56

 12. Collins A, Littman DR, Taniuchi I: RUNX protein in transcription factor net-
works that regulate T-cell lineage choice. Nat Rev Immunol, 2009; 9: 106–15

 13. Fan L, Wang X, Fan L et al: MicroRNA-145 influences the balance of Th1/Th2 
via regulating RUNX3 in asthma patients. Exp Lung Res, 2016; 42: 417–24

 14. Fainaru O, Woolf E, Lotem J et al: Runx3 regulates mouse TGF-beta-mediated 
dendritic cell function and its absence results in airway inflammation. EMBO 
J, 2004; 23: 969–79

 15. Zhou X, Zhu J, Bian T et al: Mislocalization of Runt-related transcription 
factor 3 results in airway inflammation and airway hyper-responsiveness 
in a murine asthma model. Exp Ther Med, 2017; 14: 2695–701

 16. Fainaru O, Shseyov D, Hantisteanu S, Groner Y: Accelerated chemokine re-
ceptor 7-mediated dendritic cell migration in Runx3 knockout mice and the 
spontaneous development of asthma-like disease. Proc Natl Acad Sci USA, 
2005; 102: 10598–603

 17. Ge MH, Chen C, Xu JJ, Ling ZQ: Critical regions and spreading of runt-relat-
ed transcription factor-3 C-phosphate-G (CpG) island methylation in human 
salivary gland adenoid cystic carcinoma. Hum Pathol, 2011; 42: 1862–72

 18. Saikia S, Rehman AU, Barooah P et al: Alteration in the expression of MGMT 
and RUNX3 due to non-CpG promoter methylation and their correlation with 
different risk factors in esophageal cancer patients. Tumour Biol, 2017; 39: 
1010428317701630

 19. Wang S, He Z, Li D et al: Aberrant methylation of RUNX3 is present in 
Aflatoxin B1-induced transformation of the L02R cell line. Toxicology, 2017; 
385: 1–9

 20. Bangsow C, Rubins N, Glusman G et al: The RUNX3 gene-sequence, struc-
ture and regulated expression. Gene, 2001; 279: 221–32

 21. Guo W, Fiziev P, Yan W et al: BS-Seeker2: A versatile aligning pipeline for 
bisulfite sequencing 25 data. BMC Genomics, 2013; 14: 774

 22. Egger G, Liang G, Aparicio A, Jones PA: Epigenetics in human disease and 
prospects for epigenetic therapy. Nature, 2004; 429: 457–63

 23. Jin Z, Liu Y: DNA methylation in human diseases. Genes Dis, 2018; 5: 1–8

 24. Hamidi T, Singh AK, Chen T: Genetic alterations of DNA methylation ma-
chinery in human diseases. Epigenomics, 2015; 7: 247–65

 25. Schübeler D: Function and information content of DNA methylation. Nature, 
2015; 517: 321–26

 26. Homma N, Tamura G, Honda T et al: Spreading of methylation within RUNX3 
CpG island in gastric cancer. Cancer Sci, 2006; 97: 51–56

 27. Liu ZH, Liu JJ, Li SS, Yang XM: Association of RUNX3 methylation with clin-
ical outcome and cell migration/invasion in laryngeal squamous cell carci-
noma. Cancer Invest, 2016; 34: 9

 28. Kang HF, Dai ZJ, Bai HP et al: RUNX3 gene promoter demethylation by 5-Aza-
CdR induces apoptosis in breast cancer MCF-7 cell line. Onco Targets Ther, 
2013; 6: 411–17

 29. Jeong D, Kim H, Ryu A et al: Loss of RUNX3 is significantly associated with 
advanced tumor grade and stage in endometrial cancers. Mol Med Rep, 
2018; 17: 8173–79

 30. Clifford RL, Patel JK, Shaw DE et aL: Investigating genome-wide DNA meth-
ylation in airway smooth muscle cells from asthmatic and non-asthmatic 
donors. Thorax, 2016; 71: A215–16

 31. Mgbemena V, Segovia J, Chang T, Bose S: Krüppel-like factor 6 regulates 
transforming growth factor-b gene expression during human respiratory 
syncytial virus infection. Virol J, 2011; 8: 409

 32. Yang IV, Pedersen BS, Liu A et al: DNA methylation and childhood asthma 
in the inner city. J Allergy Clin Immunol, 2015; 136: 69–80

 33. Yuferov V, Nielsen DA, Levran O et al: Tissue-specific DNA methylation of 
the human prodynorphin gene in post-mortem brain tissues and PBMCs. 
Pharmacogenet Genomics, 2011; 21: 185–96

 34. Stefanowicz D, Hackett TL, Garmaroudi FS et al: DNA methylation profiles 
of airway epithelial cells and PBMCs from healthy, atopic and asthmatic 
children. PLoS One, 2012; 7: e44213

 35. Jiang R, Sava F, Kobor MS, Carlsten CR: Genomewide DNA methylation dy-
namics upon diesel exhaust exposure in asthmatics. Allergy Asthma Clin 
Immunol, 2014; 10: A67

 36. Zhang W, Wan YW, Allen GI et al: Molecular pathway identification using 
biological network-regularized logistic models. BMC Genomics, 2013; 14: 
1–8

 37. Wan YW, Nagorski J, Allen JI et al: Identifying cancer biomarkers through a 
network regularized Cox model. IEEE, 2013; 36–39

7807
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Men S. et al.: 
RUNX3 promoter region methylation induced Th1/Th2 imbalance in bronchiolitis
© Med Sci Monit, 2019; 25: 7795-7807

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


