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Abstract
Background. IL-4 and IL-4RA are key factors in allergic inflammation. IL-4 stimulates both IgE production 
and Th2 lymphocyte differentiation. Increased levels of IL-4 and IL-4RA have been shown in allergic patients. 
Genetic analyses have confirmed that polymorphisms within the IL-4RA gene influence the risk of allergy and 
can change the expression of the protein. Due to gene-environment interactions, this process is also likely to 
be modified by environmental exposure.

Objectives. The aim of the study was to evaluate the IL-4RA gene expression in peripheral blood mononuclear 
cells (PBMC) from atopic and non-atopic subjects with regard to place of living (urban vs rural).

Material and methods. We enrolled 38 subjects into the study, 18 of whom were atopic. Atopy was 
estimated according to the results of a skin prick test. PBMC were isolated from whole blood, total RNA was 
extracted and reverse transcribed into cDNA. We performed real-time PCR to measure gene expression, 
the ACTB gene was chosen as a reference and the delta-delta Ct (∆∆CT) method was applied for relative 
quantification. The Mann-Whitney U test was used for statistics.

Results. We did not observe any statistically significant differences in the gene expression profile between 
atopic and non-atopic subjects regardless of their place of living. However, a trend was observed for atopic 
rural inhabitants to have lower levels of IL-4RA gene expression than atopic subjects living in the town.

Conclusions. The regulation of IL-4RA gene expression is complex and probably influenced by both genetic 
and environmental factors, such as farming exposures, which could provide the counterbalance to atopy.
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Atopy, regarded as a susceptibility to react with IgE to com-
mon allergens, is a complex trait involving gene-environment 
interactions. Even though the genetic background seems to be 
obvious due to family inheritance of atopic disorders such as 
asthma or allergic rhinitis, recent genetic studies using gene-
candidate and Genome Wide Association Study (GWAS) 
approaches have not provided a simple solution for disease 
susceptibility. We know much more about the pathogenesis 
owing to these studies, but there is still “a missing heritabil-
ity”, and the genetic effect associated with a single nucleotide 
polymorphism (SNP) or gene seems to be of minor impor-
tance. Environmental factors influence genes changing their 
expression pattern by silencing or activating specific path-
ways, and this process is crucial as a disease trigger.1

In recent years, there have been several studies in which 
the expression profile was estimated in relation to atopy 
or asthma. As an example, global gene expression stud-
ies in asthma have been performed in peripheral blood 
mononuclear cells (PBMC), bronchial biopsy specimens 
and epithelial cells from nasal lavage.2–4

This genetic profiling could be used as a new marker  
of atopic disorders or an indicator of disease severity. 
In that context, transcriptomic profiles of airway smooth 
muscle cells have been used for distinguishing atopic 
asthma subjects from atopic patients without asthma.5 
The cap analysis of gene expression (CAGE) method has 
been performed in children with asthma (study sample 
n = 37) to reveal that in subjects with severe asthma, 1305 
transcription start sites and 816 known genes are differen-
tially expressed.6 Further, epithelial gene expression pat-
terns have been pursued to differentiate atopic children 
from healthy controls (study sample n = 45).7

Both atopy per se and atopic disorders, are associated 
with increased Th2 cell activity. This is characterized by 
excessive production of IgE in response to different anti-
gens. IL-4 is the key cytokine in IgE-dependent reactions, 
as it activates Th2 differentiation and directs the immu-
noglobulin production to generate IgE from IgM. Together 
with IL-13, IL-4 is also responsible for increasing mucus 
production and remodeling in asthma. IL-4 exerts its func-
tion by binding to IL-4RA, which is the common receptor 
for both IL-4 and IL-13. The signal is transmitted by activa-
tion of Janus kinase (JAK) and phosphorylation of STAT6.8

Increased expression of the IL-4RA gene has been re-
vealed in only a few studies regarding different atopic phe-
notypes. One example is the recent research that showed 
that transfectants carrying SNP within the FCER2 gene 
(rs2228137), which is associated with severe asthma, pre-
sented higher expression of the IL-4RA gene after stimula-
tion with CD23. This phenomenon was related strictly to 
IL-4RA, and did not affect the gene expression of IL-1A, 
IL-2, IL-4, TNFA or IL8.9 Two further studies were done 
in patients with asthma with the same result.10,11

The IL-4RA gene has long been considered a good can-
didate for the asthma and atopy susceptibility gene. In dif-
ferent types of studies – linkage analysis, gene-candidate 

studies and GWAS – its role has been proven.12,13 The gene 
is highly polymorphic. The majority of SNPs are inherited 
in blocks. The most relevant are present in exon 12 (E375A, 
S411L, S478P, and Q551R), 1 identified in the promoter 
(C3223T), and 1 coding for amino acid changes in the ex-
tracellular portion of the receptor (I50V). SNPs within the 
IL-4RA gene have been described as associated with severe 
asthma exacerbations, lower lung function, and increased 
mast-cell-related tissue inflammation.14 Cells presenting 
different forms of IL-4RA (I50 or V50) have been shown as 
presenting an altered phosphorylation pattern of STAT6 
during IL-4 stimulation, thus affecting IL-4RA function.8 
Previously, we have demonstrated the effect of C3223T 
polymorphism within the promoter of the IL-4RA gene 
and I50 on atopy susceptibility.15 These polymorphisms 
are also associated with a decreased level of soluble IL-4R.16

Here we report the difference in IL-4RA gene expres-
sion with regard to atopy status and place of living (urban 
vs rural).

Material and methods

In the study, we enrolled 38 subjects attending an al-
lergy outpatient or inpatient clinic, 18 of whom were 
atopic. Atopy was estimated according to the results  
of a skin prick test to common allergens (dust mites – Der-
matophagoides pteronyssinus, Dermatophagoides farinae 
– cat, dog, birch, mix of grasses) with at least 1 positive 
result of ≥3 mm. Control subjects had a negative skin prick 
test result. The procedure was performed according to the 
European Academy of Allergy and Clinical Immunology 
standards. Venous blood samples were taken into ethylene-
diaminetetraacetic acid (EDTA) probes (SARSTEDT AG 
& Co., Nümbrecht, Germany). PBMC were isolated from 
whole blood using the gradient method. We extracted total 
RNA using the QIAamp DNA Blood Mini Kit (Qiagen Inc., 
Valencia, USA) according to the manufacturer’s protocol. 
Reverse transcription to cDNA was carried out using the 
First Strand DNA Reverse Transcription Kit (Roche Ltd., 
Basel, Switzerland) according to the manufacturer’s pro-
tocol. We performed real-time PCR for gene expression 
using LightCycler 1.5 with specific hybridization probes 
(Universal ProbeLibrary, Roche, Basel, Switzerland) and 
LightCycler TaqMan Master Mix (Roche) according to 
the manufacturer’s protocol. We chose the ACTB gene as 
a reference gene. Delta Ct (ΔCT) and delta-delta Ct (ΔΔCT) 
values were determined (ΔCT = Ct GENE – Ct ACTB) 
for relative quantification and 2^–ΔΔCT for the related 
fold change estimation. The Mann-Whitney U test was 
used for statistics to compare ΔCT between the groups. 
The study was approved by the Ethics Committee of Wro-
claw Medical University, Poland. All participants signed 
an informed consent.
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Results

The characteristics of the study group are presented 
in Table 1. The group consisted of children and adults. 
The expression level of IL-4RA in children vs adults did 
not differ significantly. Four subjects skipped the skin prick 
tests, so the atopy status was not estimated.

We did not observe statistically significant differences 
in IL-4RA expression within the groups (p > 0.05). Atopic 
subjects had slightly higher IL-4RA gene expression levels 
than non-atopic subjects (Fig. 1). When comparing gene 
expression according to the place of living (urban vs rural), 
a trend was observed for rural dwellers to have lower gene 
expression levels of the IL-4RA than their urban coun-
terparts. The urban inhabitancy was a similar stimulator 
for IL-4R expression and atopy (2^-ΔΔCT 2.07 vs 2.0139) 
(Fig. 2). This phenomenon was more pronounced in atopic 
subjects (urban vs rural 2^-ΔΔCT 2.75) (Fig. 3).

Table 1. Characteristics of study group

Parameter Control (n = 16) Atopic (n = 18)

Age

mean 14.84 ±12.1
min 1.5
max 47

median 10.5 (7.5–18.5)

mean 11.55 ±7.42
min 3

max 36
median 11.5 (6–14)

Sex
males 5

females 11
males 7

females 11

Place of living
village 4
town 12

village 5
town 13

Fig. 1. IL-4RA gene expression in PBMC in atopic vs control subjects

Gene expression of the IL-4RA gene was expressed as ΔCT, where 
ΔCT = Ct IL-4RA – Ct ACTB for each sample; the lower the ΔCt values, the 
greater the amount of gene expression; the Y-axis has been reversed 
to better illustrate the effect; data is given as mean ±SE and ±SD; fold 
change 2^-ΔΔCT = 2.0139.
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Fig. 2. IL-4RA gene expression in PBMC in urban vs rural subjects 

Gene expression of the IL-4RA gene was expressed as ΔCT, where 
ΔCTC = Ct IL-4RA – Ct ACTB for each sample; the lower the ΔCt values, 
the greater the amount of gene expression; the Y-axis has been reversed 
to better illustrate the effect; data is given as mean ±SE and ±SD; fold 
change 2^-ΔΔCT = 2.07.

Fig. 3. IL-4RA gene expression expressed as ΔCT in atopic subjects living in 
urban vs rural environment

Gene expression of the IL-4RA was expressed as ΔCT, where ΔCT = Ct 
IL-4RA – Ct ACTB for each sample; the lower the ΔCt values, the greater 
the amount of gene expression; the Y-axis has been reversed to better 
illustrate the effect; data is given as mean ±SE and ±SD; fold change  
2^-ΔΔCT = 2.75.
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Discussion

In this study, we report that IL-4RA gene expression did 
not differ significantly in terms of atopy and place of liv-
ing (urban vs rural). Only slight differences were observed 
for atopic and urban subjects to have higher IL-4RA ex-
pression. Most interestingly, atopic subjects living in ru-
ral settings tend to have lower IL-4RA gene expression in 
comparison to atopic subjects living in urban ones. In rela-
tion to that fact, it could be presumed that the expression 
of IL-4RA is regulated by both atopy and environmental 
factors. What is more, farming exposures associated with 
the rural environment seem to be a protective factor, cor-
responding with lower levels of IL-4RA expression.

IL-4RA gene expression has been studied in several ge-
nome-wide expression analyses as one of the components; 
however, there were only a few studies focused specifically 
on IL-4RA expression. In 2014, Pascual et al. performed 
genome-wide expression profiling of B lymphocytes and 
revealed the IL-4RA protein-coded transcript was one  
of the most differentially expressed transcriptomes of the 
B cells between the group of patients with allergic asthma 
and the controls.10 These results were further validated 
within the relative expression analysis of IL-4RA in CD19+ 
B  cells from 10 subjects and PBMC from 25 subjects. 
It has also been shown recently that decreased expression  
of IL-4RA in B cells is observed during anti-IgE biological 
treatment for severe asthma.11 Some evidence of the envi-
ronmental interaction with IL-4RA gene expression was 
provided by a study conducted in the Republic of Karelia 
in 2014, which showed that the maternal genetic variants 
in IL-4/IL-13 pathway genes, among them IL-4R Ile50Val, 
influenced IgE levels in school children, independently 
of the children’s genetic effects. These effects differed in 
“Western or Eastern” environments (Finnish and Rus-
sian Karelian populations). These alternations could be 
explained by the epigenetic mechanism related to both 
the genetic background of the mother and environmental 
exposures in the prenatal period.17

Environment exposures associated with farming have 
been proposed as protective against atopy and this relation 
was proved in several studies. However, it has been shown 
that different farm exposures have different effects on the 
expression of genes related to innate immunity, i.e., toll-
like receptors, possibly highly tied with early development 
of the atopic phenotype.18 One of these exposures – raw 
milk consumption in the first year of life – was shown to 
change the expression of these genes in farm children.19 
Another study found that in farm children there was an 
increase in gene expression of IRAK-4 and RIPK1, and in-
nate regulatory modules, such as SOCS4, IL10 and TGFB, 
as well as lower expression of IFN-g and IL-4 and higher  
of Th2-associated molecules, such as GATA3. However, the 
authors were not able to associate these differences with 
atopic conditions. These findings provide arguments that 
the molecular basis of allergic disorders possibly cannot 

be explained by the Th2 paradigm alone.20 There are also 
studies in which farming is indicated as a risk factor for 
different conditions associated with the respiratory sys-
tem, particularly on large farms.21 Others conclude that 
the protective effects, seen as the altering gene expres-
sion of innate immunity, depend on the specificity of farm 
exposure.20

The IL-4 receptor has recently been proposed as a thera-
peutic target for asthma and atopic dermatitis.22 Hamilton 
et al. observed in patients with atopic dermatitis that the 
transcriptome profile and disease severity changed dur-
ing the treatment with dupilumab, which is human mAb 
directed at IL-4RA.23 Specifically, in the skin biopsy speci-
mens, the change before and after treatment was related 
to the suppression of immune and epidermal response, 
but no change in IL, IL13, IL5, and IL31 was observed. 
Dupilumab treatment was also used in uncontrolled per-
sistent asthma as add-on therapy in a phase IIb clinical 
trial. It was effective for both FEV1 improvement and de-
crease of exacerbation rate.24 Bechert et al. also described 
anti-IL-4RA effectiveness in the therapy of nasal polyps 
refractory to GKSs.25

The question arises about the exact role of IL-4. Is it 
simply an atopy cytokine? After all, IL-4 also regulates the 
response to parasites.26 The cord blood CD34+ progenitor 
cell response to LPS, which is a component of the bacterial 
wall, is dependent on IL-4. IL-4 but not IL-13 reduces cord 
blood progenitor cell Eo/B differentiation in response to 
LPS and this process is dependent on IL-4R signaling.27 
Simple allergy triggering seems not the only action taken 
by IL-4. There are studies in cancer in which the expres-
sion of IL-4 pathway genes was shown to change depending 
on disease status.28 IL-4 is also fundamental for cognition 
and brain function. In mice, the performance of learning 
and memory tasks is dependent on an increase of T cells 
in the meninges, producing cytokines such as IL-4. Mice 
lacking T cells exhibit cognitive impairment.29 IL-4 can 
also counterbalance the aging process in the brain and 
could possibly play a role in Alzheimer’s disease.30

The effect of IL-4 could depend on the specificity of the 
tissue and local environment. In a mouse model of asthma, 
IL-4 function depends on the cell type producing this cy-
tokine. Both IL-4 and IL-13 are produced by T cells and 
a variety of cell types of the innate immune system. IL-4/
IL-13 derived from the innate immune cells are responsible 
for the Th2 response in lungs and intestines, and protect 
against parasite Nippostrongylus brasiliensis. On the other 
hand, IL-4/IL-13 from T cells are critical for the induction 
of allergic inflammation and bronchial hyperresponsive-
ness, with IgG1 and IgE production, eosinophil and ba-
sophil recruitment to the lungs, goblet cell hyperplasia, 
expression of Muc5ac, Clca3, RELM-b, and the differentia-
tion of alternatively activated macrophages.31
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Conclusions

The regulation of IL-4RA gene expression is complex 
and probably influenced by both genetic – specific poly-
morphism – and environmental factors, such as farming 
exposures, which could provide a counterbalance to atopy.
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