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Abstract. Allergic asthma is a chronic airway inflammatory
disorder triggered by inhalant allergens. Interleukin (IL)-4 and
IL-13 play a main role in the generation of T helper cell type 2
(Th2) immune response, induction of immunoglobulin E (IgE)
synthesis and persistence of airway inflammation. The
aim of the present study was to investigate the influence of
Dermatophagoides pteronyssinus allergen Der p 1, the major
allergen of house dust mite, on the synthesis of IL-4 and
IL-13 by monocyte-derived dendritic cells (DCs) and naive
CD4* T cells cocultured with DCs, as well as their role in the
production of serum IgE, in house dust mite (HDM) allergic
patients. Peripheral blood mononuclear cells (PBMCs) were
isolated from venous blood of patients allergic to HDM and
healthy donors and incubated with granulocyte-macrophage
colony-stimulating factor (GM-CSF) and IL-4 to generate
immature DCs. The obtained cells were stimulated for
24 h with Der p 1 to induce DC maturation, washed, and
afterwards cocultured for 24 h with autologous naive CD4*
T cells. Culture supernatants were harvested for IL-4, IL-13
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and IFN-vy level measurements. DCs stimulation with Der p 1
induced higher synthesis of IL-4 and IL-13 in HDM allergic
patients, compared to healthy donors. The allergic group
showed significant correlation between IL-13 production by
Der p 1-pulsed DCs, and total serum IgE and IL-4 produc-
tion of the same cells and Der p-specific IgE. To conclude,
IL-4 and IL-13 are critically related to the regulation of
serum IgE production in patients with allergic asthma. The
relevance of these two cytokines in the pathophysiology of
Th2 asthma endotype makes them an appropriate target in its
management.

Introduction

Allergic asthma is a chronic airway inflammatory disorder
characterized by reversible airway obstruction and bronchial
hyperreactivity (1). Experimental evidence shows that the
main mediators of allergic inflammation are T helper cell
type 2 (Th2) cells and their cytokines. The stimulation of
Th2 cells enhances expression of interleukin (IL)-4, IL-5 and
IL-13, the key cytokines responsible for the allergic immune
response by induction of airway inflammation, immuno-
globulin E (IgE) production and eosinophilia (2,3). The role of
these cytokines was confirmed by in vivo functional assays on
animal models (4). Because the presence of IL-4 is absolutely
required in the differentiation process of naive CD4* T cells
into Th2 cells, this is considered the critical immunoregula-
tory cytokine implicated in the Th2 immune response. IgE
synthesis in naive B lymphocytes is preferentially stimulated
by IL-4 and IL-13 and inhibited by interferon (IFN)-y (5). A
close correlation was found between production of serum IgE
and the development of allergic asthma. Allergic rhinitis seems
to be independent of total IgE level, but there is an association
with cutaneous reactivity to aeroallergens (6,7). Both IL-4 and
IL-13 promote acute inflammatory processes, but it was shown
that IL-4 can induce lung inflammation even in the absence of
IL-13, and the stimulatory role of IL-4 is not inhibited by IL-13
antagonists (8). It has been suggested that IL-13 alone may be
sufficient to initiate eosinophilic airway infiltration through
its ability to stimulate chemokine expression. In addition to
eosinophilic inflammation and mucus hypersecretion, IL-13
also induces bronchial hyperreactivity (9).
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Some authors have demonstrated the ability of IL-13 to
downregulate the synthesis of proinflammatory cytokines by
macrophages and monocytes and to induce the expression of
MHC 1II on antigen-presenting cells (10). On the other hand,
IL-4 has a stimulatory effect on the function of CD8" T cells.
One study observed that IL-4-deficient mice, that generally
have undetectable IgE levels, can still produce them after
certain antigenic stimulations or infections (11). It was postu-
lated that IL-4 induces the switch of IgM production to IgE by
differentiating B cells. This cytokine is countered by IFN-y,
which can inhibit the immunoglobulin class switch (12). IFN-y
also inhibits allergic eosinophilia and airway hyperreac-
tivity (13).1It was demonstrated that a decreased production of
IFN-vy in neonates is an important risk factor for the subsequent
development of any atopic disease (14). There are conflicting
data demonstrating that elevated IFN-y is significantly
correlated with allergic disorders (15).

IL-4, IL-5 and IL-13 are also involved in the generation
and maintenance of chronic inflammation found in other
atopic diseases, such as atopic dermatitis (AD), in a similar
manner. In addition, they have a role in downregulation of
the expression of various genes that control integrity and
function of the skin barrier (16,17). Dupilumab, recently
approved for the therapy of adult patients with moderate to
severe AD, is a fully human monoclonal antibody directed
against IL-4 receptor a, with an inhibitory effect on I1L-4
and IL-13 signaling (18). There are ongoing studies which
demonstrate that patients who undergo this treatment present
a significantly downregulation of markers associated with
T-cell activation and eosinophils, and suppressed serum
total IgE from baseline (19,20). In 2018, dupilumab was
also approved by the US Food and Drug Administration as
an add-on maintenance treatment in patients aged 12 years
and older, with moderate to severe asthma and eosinophilic
phenotype or with oral corticosteroid-dependent asthma.
Studies in patients who received dupilumab have shown
a significant decrease in severe exacerbations and better
asthma control (21).

Although many studies have shown the involvement
of IL-4 and IL-13 in IgE production, their specific role in
inducing and maintaining IgE synthesis is not well clarified.
The purpose of the present study was to investigate the influ-
ence of Der p 1, the major allergen of house dust mite (HDM)
Dermatophagoides pteronyssinus,on IL-4 and IL-13 synthesis
by monocyte-derived dendritic cells (DCs) and naive CD4* T
cells cocultured with DCs, as well as their role in production
of serum IgE, in HDM allergic patients.

Materials and methods

Ethics approval and consent to participate. All peripheral
blood samples were obtained after signing informed consent
expounded under an approved protocol by the Ethics in
Scientific Research Commission of the County Emergency
Clinical Hospital ‘Pius Brinzeu’ Timisoara, which complies
with Romanian laws (95/2006, article L67 and article
28, chapter VIII 904/2006) and with EU GCP Directives
[2005/28/EC (22), International Conference of Harmonisation
of Technical Requirements for Registration of Pharmaceuticals
for Human Use (ICH) (23)] and the Declaration of Helsinki

(Recommendations Guiding Medical Doctors in Biomedical
Research Involving Human Subjects) (24).

Study groups. The present study included 9 HDM allergic
patients (APs), aged between 19 and 60 years (mean age
32.67+£3.95 years), who presented between October 2017 and
March 2018 at the Allergy Outpatient Department of the
Timisoara Infectious Diseases and Pneumology Hospital. The
APs fulfilled the diagnostic criteria for allergic rhinitis and
allergic asthma, according to ARIA and GINA guidelines,
respectively (25,26). For the control group, 7 healthy donors
(HDs) with no personal history of allergic or respiratory
diseases and normal lung function, aged between 22 and
59 years (mean age 36.32+14.87 years), were selected. HDM
allergy was diagnosed based on highly positive skin prick
test for Dermatophagoides pteronyssinus antigens (wheal
of =3 mm + pseudopods), increased total serum IgE levels
(1,165.92+1,097.52 TU/ml) and positive Der p-specific IgE
(23.26+12.73 TU/ml). In the control group, the skin prick test to
HDM and Der p-specific IgE were negative, with normal total
serum IgE levels (Table I). All participants enrolled in one of
the two groups did not use any antihistaminic and corticoste-
roid drugs in the last 30 days before entering the study and
any other medication was discontinued 12 h before biological
sampling.

Evaluation of serum IgE and interleukin levels. The
peripheral venous blood collected from the subjects of the
study was analyzed for the level of IL-4, IL-13, IFN-vy,
Der p-specific IgE, and total IgE using a specific ELISA
technique (R&D Systems) in accordance with the manufac-
turer's instructions. For the three cytokines, the sensitivity
of detection was <0.11, 32 and 8 pg/ml, respectively. Der
p-specific IgE levels higher than 0.35 TU/ml were considered
as positive. In the healthy group, the reference range of total
IgE was up to 150 TU/ml.

Isolation and culture of cells. Peripheral blood mononuclear
cells (PBMCs) were isolated from heparinized peripheral
venous blood by density Ficoll gradient centrifugation
(1,500 x g, 15 min). The cells at the interface were harvested
and washed three times in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.). After the centrifuga-
tion (600 x g, 5 min) purified PBMCs were resuspended
(5x10° cells/ml) in RPMI-1640 supplemented with 10%
fetal calf serum (FCS), 1% penicillin/streptomycin and
1% L-glutamine, and incubated for adhesion into 6-well
culture plates at 37°C and 5% CO, for 90 min. In order to
generate immature DCs, adherent cells were washed and
subsequently cultured for the next 7 days in the same medium
as previously mentioned by adding granulocyte-macrophage
colony-stimulating factor (GM-CSF) (1,000 U/ml) and IL-4
(400 U/ml) (R&D Systems). These immature DCs were
maturated by incubation for 24 h with 10 ng/ml Der p 1
(GenWay Biotech, Inc.).

Immunoassay of cytokine level. After 24 h, the supernatant
from Der p 1-pulsed DCs was harvested and the levels of IL-4,
IL-13 and IFN-y were determined with ELISA kits using
Eli-pairs (R&D Systems) in accordance with the manufacturer's
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Table II. Serum cytokines levels in the two groups of study.

APs HDs
Number 9 7
Sex (male/female) 6/3 3/4
Age (years) 32.67£3.95 36.32+14.87
Total IgE (IU/ml) 1,165.92+1,097.52 62.83+55.12
Der p-specific IgE (IU/ml) 23.26+12.73 <0.35

Data are expressed as mean + SD. APs, allergic patients; HDs, healthy
donors; IgE, immunoglobulin E.

instructions. The sensitivity of cytokine detection was <0.11,
32 and 8 pg/ml, respectively.

Coculture of DCs with autologous T cells. Autologous naive
CD4* T cells were isolated from fresh heparin-anticoagulated
peripheral blood by depletion of non-T helper cells and memory
CD4* T cells from PBMCs, using a negative separation by an
indirect immunomagnetic labelling system with a cocktail of
biotin-conjugated monoclonal antibodies (Miltenyi Biotech)
following the manufacturer's instructions.

DC:s previously matured with Der p 1 for 24 h were washed
and cocultured with autologous naive CD4* T cells at a ratio
of 1:10 for 24 h.

Immunoassay of cytokine levels. As we described above,
the supernatant was harvested and IL-4, IL-13 and IFN-y
production was assayed by the same specific ELISA kits (R&D
Systems) in accordance with the manufacturer's instructions,
with detection sensitivity of <0.11, 32 and 8 pg/ml, respectively.

Statistical analysis. Data were analyzed with SPSS v. 20.0
software (IBM Corp.). Apart from descriptive statistics
for the numerical results (mean, standard error), statistical
significance of the difference observed in the DC response
in allergic patients vs. healthy donors was determined using
paired t-test. To investigate the relationship between the sero-
logical outcome and the DC response to allergenic stimulation,
a multivariable regression analysis was conducted. For the
statistical tests, the 0.05 (i.e. 5%) two-tailed level of signifi-
cance was considered, while values close to 0.1 (i.e. 1%) were
also discussed.

Results

Serum cytokine profile. The serum cytokine profile of the
two groups of study is shown in Table II. It was observed that
the concentration of serum IL-4 was extremely significantly
higher in the AP group when compared with the healthy
donors (HDs) (P<0.001). It should be noted that the levels of
this cytokine were on average 4.75 times higher in the APs
than in the control group. This was not observed for IL-13 and
IFN-y (P>0.05) (Table II and Fig. 1).

Cytokine production by stimulated DCs. In the HDM
allergic patients, the production of IL-4 and IL-13 by Der p 1

Cytokine levels

(pg/ml) APs HDs P-value
IL-4 0.038+0.023 0.008+0.006  <0.001
IL-13 19.433+9.680 20.569+2.861  >0.05
IFN-y 5.523+0.917 6.695+0.864  >0.05

Data are expressed as mean + SD. APs, allergic patients; HDs, healthy
donors; IL, interleukin; IFN, interferon.
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Figure 1. Serum cytokine (IL-4, IL-13 and IFN-v) levels in allergic patients
(APs) and healthy donors (HDs). IL, interleukin; IFN, interferon.

pulsed-DCs generated from PBMCs was higher in comparison
with the HDs, but did not differ significantly (P>0.05). In
contrast, IFN-y amounts were very high, but comparable in
both groups (Table III).

Cytokine production by autologous T cells in coculture with
DCs. Coculture of autologous T cells with Der p 1-pulsed DCs
induced significantly higher production of IL-4 (P<0.05) and
extremely significant lower synthesis of IFN-y (P<0.001) in
the AP group compared with the HDs. We found no statisti-
cally significant difference in the IL-13 level between the two
groups (Table IV).

Correlation between levels of serum cytokines and total or
Der p-specific IgE in the AP group. There was no significant
correlation between IL-4, IL-13 and IFN-y serum levels and
production of total or Der p-specific IgE (Table V).

Correlation between cytokine synthesis by Der p I-pulsed
DCs and total or Der p-specific IgE. We observed that
Der p I-pulsed DCs produced levels of IL-4 that were
significantly correlated with Der p-specific IgE serum levels
in the HDM allergic patients (r=0.619, P=0.04). Although
the production of IL-13 was comparable with that of IL-4,
this was significantly correlated only with total IgE levels
(r=0.71,P=0.01) and appeared not to be related to the specific
IgE sensitization; we have found no correlation between
IFN-y levels and total serum IgE, nor Der p-specific IgE
(Fig. 2).
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Table III. Cytokine production by stimulated DCs.

Cytokine production (pg/ml) APs HDs P-value
IL-4 14.120+12.546 9.458+8.936 >0.05
IL-13 10.180+12.208 7.538+8.632 >0.05
IFN-vy 319.637+628.179 423.723+345.283 >0.05
Data are expressed as mean + SD. DCs, dendritic cells; APs, allergic patients; HDs, healthy donors; IL, interleukin; IFN, interferon.

Table I'V. Cytokine production by autologous T cells in coculture with DCs.

Cytokine production (pg/ml) APs HDs P-value
IL-4 5.576+8.061 2.863+5.428 <0.05
IL-13 8.177£7.795 7.842+6.588 >0.05
IFN-y 72.116+180.559 184.581+121.392 <0.001

Data are expressed as mean + SD. DCs, dendritic cells; APs, allergic patients; HDs, healthy donors; IL, interleukin; IFN, interferon.

Table V. Correlation between the levels of serum cytokine and total or Der p-specific IgE in the AP group.

IgE Cytokines P-value Regressional model R-square, ANOVA, P-value
Total IgE 1L-4 0.409 r=0413

IL-13 0.669 F=4.933; df=3,21; P=0.146

IFN-y 0.567
Der p-spec IgE IL-4 0.359 r=0.311

IL-13 0.727 F=2.260; df=3,15; P=0.123

IFN-y 0.223

AP, allergic patient; IgE, immunoglobulin E; IL, interleukin; IFN, interferon.

Correlation between cytokine synthesis by autologous
T cells and total or Der p-specific IgE. The production of
IL-4, IL-13 and IFN-vy by autologous T cells in coculture
with Der p 1-pulsed DCs was not significantly correlated
with total or Der p-specific IgE levels in the HDM allergic
patients (Fig. 3).

Discussion

Allergic diseases are a group of immunoglobulin E
(IgE)-dependent inflammatory disorders associated with the
presence of the T helper cell type 2 (Th2) cell subpopulation
and specific cytokine secretion. The major role in the develop-
ment of the allergic reactions is played by the activation of
CD4* T cells. The main cytokines involved in the inflamma-
tory process, which have a critical role in the Th2 immune
response are interleukin (IL)-4, IL-5, IL-13 and IL-10. The
cellular and humoral factors that contribute to the development
of atopic diseases are complemented in a significant manner
by exposure to the environment and the genetic background of
the individual (27-29).

IL-4 is a key element in the differentiation and stimulation
of B cells with increased IgE production. High amounts of IL-4
are associated with elevated IgE levels (30,31). The expres-
sion of the gene for IL-4 in peripheral blood mononuclear
cells (PBMCs) is also correlated with the serum IgE level,
supporting their synthesis in an IL-4-dependent manner (32).
IL-13 regulates IgE production similarly to IL-4, but does not
influence Th2 cell differentiation (33). Both IL-4 and IL-13
promote inflammatory processes, determining structural
changes in the airways.

The present study observed extremely significantly higher
IL-4 serum levels in allergic patients, in comparison with the
healthy population, but this could not be correlated with total
or Der p-specific IgE levels. No significant differences were
identified for serum IL-13 and IFN-y levels between the two
groups and no relationship was found between these cytokines
and IgE levels. Similar observations regarding serum IL-13
levels were also made in other studies (34,35). The importance
of IL-4 in the pathogenesis of the allergic immune response
was confirmed by the significant correlation between IL-4
synthesis by Der p 1-pulsed dendritic cells (DCs) and serum
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stimulated-DCs and total or Der p-specific IgE in the AP group. AP, allergic

patient; IL, interleukin; IFN, interferon; DCs, dendritic cells; IgE, immunoglobulin E.

levels of Der p-specific IgE in the house dust mite (HDM)
allergic patients. These data suggest that the role of IL-4 is
more relevant than that of IL-13 in the stimulation of specific
IgE production.

A very significant correlation was also identified between
total IgE amounts and the levels of IL-13 produced by
Der p 1-pulsed DCs. These findings confirm the main role of
this cytokine in inducing total IgE production.

Most studies conclude that IL-4 is the cytokine more
responsible for the initiation and IL-13 for the effector phase
of Th2 allergic response (36). Both IL-13 and IL-4 have syner-
gistic effects with tumor necrosis factor (TNF)-a and IL-5 on
eosinophil activation (37,38). We did not observe any correla-
tion between synthesis of IL-4 and IL-13 by autologous T cells
and total or Der p-specific IgE levels.

There are data suggesting that IL-4 and IL-13 partly
share the same receptor and signaling pathways, and, as we
discussed previously, it was demonstrated that both of them
are involved in IgE synthesis and eosinophil activation.
Because of this, these cytokines appear as the most suitable
targets to treat Th2-mediated forms of asthma, but some

recent controversial observations have shown that neither
IL-4 nor IL-13 are absolutely necessary for the production of
IgE by B lymphocytes, or for the activation of IgE-dependent
mast cells (39). Based on these findings, different thera-
peutic strategies such as anti-IL-13 agents (lebrikizunab
and tralokinumab), and anti-IL-4 agents (dupilumab and
pascolizumab) have been tested, but from all of these
agents, dupilumab has been recognized as having the best
therapeutic response. This leads to the conclusion that only
certain endotypes of allergic asthma respond to these types
of treatments and supports the hypothesis of an additional
pathway of IgE synthesis (40,41).

It seems that IL-4 and IL-13 receptors are unregulated
by the decrease in IFN-vy level (42). IFN-y induces IL-12
production by DCs and macrophages, favoring a Thl immune
response. This cytokine also induces a specific inhibition of
IL-4-induced IgE synthesis by B cells (43). In HDM allergic
patients we observed that autologous T cells cocultured with
Der p 1-pulsed DCs synthesized lower amounts of IFN-vy
compared with the control group, thereby allowing IL-4 to
induce the allergen-specific response. Decreasing IFN-y level
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is associated with an increase in IgE production, but there is no
correlation between them.

Genetic studies have identified a correlation between the
expression of IL-4 gene and the serum IgE level in untreated
asthmatic patients, but not in steroid-dependent patients, due
to gene suppression. Correlations between IL-13 mRNA
expression and the severity of allergic asthma have also been
observed, suggesting the regulatory function of this cytokine
in the disease development (44,45). A significant observation
for the role of IL-13 was provided by Brusselle et al (46).
They found that the blocking of IL-13 activity by intratracheal
administration of soluble IL-13 receptor in a mouse model of
asthma significantly reduced bronchial hyperreactivity and
mucus production, but did not influence IgE production and
eosinophil level.

Some authors have reported that the CD8* T cell implica-
tion in allergic immune response is comparable with CD4*
T cells (47). It was observed that peripheral blood CD8* T cells
in asthma patients produced significantly higher amounts of

IL-4 than those in healthy patients (48,49). From this point of
view, it is considered that this type of cells warrants the same
attention regarding its role in the allergic cascade, but further
clarifications are needed.

In summary, our findings suggest the crucial importance
of IL-4 and IL-13 in inducing the Th2 immune response, but
their specific place in the inflammatory process is different
and needs further confirmation regarding the certain role
played by each of them in allergic asthma.
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