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Abst rac t
Introduction: Atopic dermatitis (AD) is a heterogeneous inflammatory skin disease. A fresh look on the AD patho-
physiology has focused on the skin barrier defect and immune dysfunctions. IL-17A and IL-19 seem to play role in 
AD pathogenesis. 
Aim: The aim was to investigate associations of SNPs of IL-17A (rs2275913) and IL-19 (rs22431188) with AD features, 
course and occurrence. Searching for prognostic panels composed of FLG (2282del4, R501X) mutations with IL-17A 
and IL-19 polymorphisms.
Material and methods: Blood samples were collected from 239 patients with AD and 170 controls. Two SNPs, IL-17A 
and IL-19 and FLG null mutations were analyzed. PCR and RFLP restriction fragment length polymorphism analysis 
were used. SCORAD score to establish AD severity, VAS to estimate pruritus.
Results: None polymorphisms of studied cytokines caused more frequent AD occurrence compared to controls. 
We found no associations between IL-17A and IL-19 gene polymorphisms and AD severity (respectively p = 0.954; 
p = 0.498), IgE level (p = 0.707; p = 0.584), VAS (p = 0.953; p = 0.478), concomitant asthma (p = 0.488, p = 0.764). 
The G/G genotype in IL-17A (rs2275913) occurrence with coexisting 2282del4 FLG gene mutation increased the AD 
frequency 9 times (p = 0.0266).
Conclusions: The SNPs of IL-17A rs2275913 and IL-19 rs22431188 SNP seem not to have influence on AD course and 
occurrence while studied alone. The coexistence of GG genotype of IL-17A and 2282del4 FLG mutation may play 
a role as prognostic AD factor.
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Introduction

Atopic dermatitis (AD) is a chronic, recurrent, hetero-
geneous and inflammatory skin disease, which involves 
severe pruritus. The number of people suffering from AD 
is relatively high. Epidemiological research demonstrates 
that 20% of children and 2–5% of adults suffer from  
AD [1–3]. Atopic dermatitis pathogenesis is multifactorial 
and consists of genetic, immunological, and environmen-
tal factors with a skin barrier defect and microbial dys-
biosis. A fresh look on the AD pathophysiology has focused 
on the skin defect barrier and immune dysfunctions.

Skin barrier defect includes disorders of cornified en-
velope proteins, intracellular lipids of stratum corneum 
abnormalities, antimicrobial peptides, tight junctions and 
proteases dysfunctions. Filaggrin is a major structural 
protein in the stratum corneum of the epidermis. The FLG 
gene is located in the epidermal differentiation complex 
on chromosome 1q21. The null mutations of the FLG gene 

observed in up to 50% of AD patients are known as key 
players in AD pathogenesis associated with the severe 
AD course, early onset, elevated IgE and concomitant 
asthma [4–6]. Skin barrier defect facilitates allergen and 
microbiome penetration and increases inflammation.

It is known that immune aberrations in AD concern 
Th2 lymphocyte disorders and the cytokines released by 
them, interleukin (IL)-4, IL-5, IL-13, leading to increased 
IgE processing, exacerbation of the skin inflammation 
and aggravation of the epidermal barrier defect [7]. Apart 
from the Th2-dependent response, lymphocytes Th17 and 
Th22 affect the inflammation of the skin in patients with 
atopic dermatitis releasing, among others, such cyto-
kines as IL-17, IL-19, and IL-22 [8, 9]. It is widely known 
that T helper 2 (Th2) and Th22 cells activation is the prin-
cipal initiator of acute AD pathology, with the emergence 
of Th1 and Th17/IL-23 pathway activation marking the 
transition to a chronic state [10]. Ethnic differences in im-
munologic characteristics are observed.
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The IL-17 family of cytokines is a group of homolo-
gous proteins: IL-17A and IL-17B to IL-17F [11]. Interleu-
kin-17A, a distinctive cytokine, is produced not only by 
the T helper 17 cells (Th17 cells) but also by other cells 
such as cytotoxic CD8+ T cells (Tc17 cells), invariant natu-
ral killer T cells (iNKT cells), innate lymphoid cells (ILC),  
B cells, neutrophils, and other non-hematopoietic cells. 
All of these lymphocytes express the retinoic acid re-
ceptor-related orphan nuclear receptor C (RORC). During 
development, Th17 cells show flexible or plastic features 
distinct from those of Th1 and Th2 cells [12]. Genes for 
IL-17A are located on chromosome 6p12 [13]. Interleukin-
17A is a secreted pro-inflammatory cytokine that acts on/
affects a variety of cells, e.g. fibroblasts, epithelial cells, 
endothelial cells, and monocytes to induce the produc-
tion of other cytokines, including IL-6, tumour necrosis 
factor-α (TNF-α), granulocyte-macrophage colony-stim-
ulating-factor (GMCSF), granulocyte colony-stimulating-
factor (GCSF), chemokines (CXCL1, CXCL2, CXCL5, and 
CXCL8), antimicrobial peptides (defensins) and matrix 
metalloproteinases (MMP1, MMP3, and MMP13) [14, 15]. 
The effect of this process is the recruitment, activation 
and migration of neutrophils and myeloid cells, and also 
angiogenesis and tissue destruction. 

Receptor A IL-17 (IL-17RA) belongs to the IL-17 fam-
ily of receptors, which consists of five members (IL-17RA, 
IL-17RB, IL-17RC, IL-RD, IL-RE). They share sequence ho-
mology but IL-17RA is ubiquitously expressed on a wide 
range of tissues and cell types. Receptor IL-17 RA after 
stimulating IL-17 initiates and activates downstream sig-
nalling pathways of pro-inflammatory molecules produc-
tion. However, IL-17RA stimulation is insufficient, because 
IL-17 signals must be transmitted by a heterodimeric re-
ceptor complex composed of IL-17RA and IL-17RC [16–18]. 
The IL-17A may affect the pathology of AD by different 
means. The murine model of AD lacks IL-17 attenuated 
skin inflammation, IgE and IL-4 production [19].

Furthermore, IL-17A induced the differentiation of Th2 
producing IL-4, confirming that IL-17 also modulates Th2 
mediated immune response [19]. Interleukin-17A exacer-
bates the phases of AD by producing the downstream 
chemokines such as CXCL1, CXCL2, CXCL10, and CCL2 
through the inhibition of EGFR (epidermal growth factor 
receptor) signalling pathway [20]. In the acute phase of 
AD, the level of IgE is increased. When cells were stimu-
lated by IL-17A, B cells show increased survival, prolifera-
tion, and differentiation into plasma cells [21]. Research 
has confirmed that IL-17A provoked the IgE production by  
B cells in humans [22].

Interleukin-17A enhances epidermal TJ barrier integ-
rity [23]. Tight junctions are transmembrane proteins 
important in keratinocyte adhesion. Atopic dermatitis 
patients demonstrate proteins of tight junctions, par-
ticularly in filaggrin mutations [24]. 

Interleukin-19 (IL-19) is a pro-inflammatory cytokine 
that stimulates the production of type 2 T-helper cells (Th2) 

[25]. Interleukin-19 belongs to the IL-10 family of cytokines 
(including IL-20, 22, 24, and 26). Its gene is located on chro-
mosome 1q32 [26]. The human IL-19 gene is composed of 
seven exons and six introns and is encoded by exons 3–7. 
The IL-19 subfamily has 3 members, IL-19, IL-20 and IL-24 
of a similar structure. The IL-19 receptor consists of IL-20R1 
and IL-20R2. A heterodimer complex mediates its signal 
transduction and is an activator of transcription (STAT) 3 
[27, 28]. Vital cellular sources of IL-19 are monocytes 
[29] and keratinocytes [30]. In monocytes, lipopoly-
saccharide (LPS) and granulocyte macrophage colony 
stimulating factor (GM-CSF) upregulate IL-19 expres-
sion. Interleukin-19 stimulates IL-6 and tumour necro-
sis factor (TNF) expression and activates monocyte 
apoptosis and the production of reactive oxygen spe-
cies (ROS) [31]. Activities and functions of IL-19 and  
IL-10 are different. IL-10 inhibits production of TNF-α, 
IL-6, cell apoptosis, and ROS production, in contrast to 
IL-19. Monocytes may use the production of TNF-α to 
cause apoptosis in other cells as a defence mechanism 
against infection after receiving a signal from IL-19, which 
means a paracrine and not an autocrine effect. In turn, 
keratinocytes express IL-19 receptors suggesting that IL-19 
may act in an autocrine manner [32]. Still little is known 
about the molecular mechanism of IL-19 signalling in the 
pathogenesis of AD; IL-19 which was originally associated 
with the development of type 2 helper T cell-responses 
and it is also associated with the development of type 1 
helper T cell-responses [33]. It has been proved that IL-19 
increases Th2 cytokine expression in activated T cells [34]. 
Oka et al. demonstrated that IL-19 protein levels in sera 
of AD patients were significantly elevated compared with 
normal controls. Serum IL-19 levels increased according 
to AD severity. Konrad et al. demonstrated that in atopic 
dermatitis, IL-19 was significantly elevated, correlated 
with EASI scores, and lowered with skin improvement [35].  
In vitro, IL-19 is strongly expressed in AD lesional skin un-
der the influence of IL-17A, because it is up-regulated in 
keratinocytes by IL-17A and IL-4. It indicates that IL-19 may 
be important for bridging Th17 to Th2 in AD [25].

Aim

In our paper we have decided to examine the influ-
ence of the occurrence of polymorphism rs2275913 in 
the promoter region of the IL-17A gene and rs22431188 
in the promoter region of IL-19 with AD alone and while 
combining 2282del4 FLG gene mutations. Concerning the 
complex character of AD, searching for prognostic panels 
in AD is needed.

Material and methods 

Material

239 AD patients were analysed (140 women and  
99 men) who were the patients of the Department of 



202

Jolanta Klonowska, Jolanta Gleń, Roman J. Nowicki, Magdalena Trzeciak

Advances in Dermatology and Allergology 1, February/2022

Dermatology, Venerology and Allergology, Medical Uni-
versity of Gdansk. Patients were recognised as suffering 
from AD according to valid criteria proposed by Hanifin 
and Rajka [36]. The AD patients taking immunosuppres-
sive treatment or other immunotherapy (UV photother-
apy, cyclosporine A, oral corticoid, breast feeding and 
pregnant women, patients with inflammatory autoim-
mune and cancer diseases were excluded from the study. 
The control group was composed of 170 healthy persons 
(83 women and 87 men) with a negative individual and 
family interview for atopic illnesses. The groups were not 
ethnically different.

Methods

This study was performed to assess a potential as-
sociation of AD with IL-17A, IL-19 genes and 2282del4 
and R510X FLG mutation single nucleotide polymor-
phisms (SNPs). The analysis of polymorphic variants of 
IL-17A gene rs22431188 and IL-19 gene rs2275913 and 
2282del4 and R510X FLG mutations was performed 
by the amplification – the polymerase chain reaction 
method (ARMS-PCR) using designed sequence-specific 
primers (PCR-SSP). All test samples were evaluated 
together with the growth hormone internal amplifica-
tion control 1 (GH1). Genomic DNA was isolated from 
peripheral blood samples using Blood DNA Prep Plus 
(A&A Biotechnology, Gdansk, Poland). Serum total IgE 
levels were measured by the fluoroimmunoenzyme as-
say using the Uni-CAP 100 System (Phadia, Uppsala, 
Sweden). The cut-off point for serum IgE was 100 kU/l. 
All analyses were performed according to the manufac-
turer’s protocols. Atopic dermatitis severity was assessed 
using the SCORAD scale (severe (SCORAD > 50, moderate  
(SCORAD 25–50, and mild (SCORAD < 25) [37]. The assess-
ment of pruritus severity was performed using the visual 
analogue scale (VAS) (< 3 mild pruritus, 3–6.9 – moderate 
pruritus, 7–8.9 – severe and 9–10 – very severe) [38].

The study was approved by the local ethics commit-
tee of the Medical University of Gdansk (no. NKBBN/ 
113/2019). 

Statistical analysis

Data were calculated for measurable variables: arith-
metic mean (x–) and median (Me) and standard deviation 
(SD), coefficient of variation (v%). Minimum (min) and 
maximum (max) values were also given. Before making 
a comparison of averages in the examined groups, the 
coherence of analysed measurable variables with nor-
mal division was checked by means of Shapiro-Wilk test. 
When comparing averages in two groups, Mann-Whitney 
test was used, and in a few subgroups – ANOVA Kruskal-
Wallis test. In order to compare frequencies, different 
types of variables in examined groups and subgroups 
were used. To check the reliance between qualitative 
variables, unreliance test χ2 was performed. In the case 

of a theoretical numerical amount lower than 5, Yates 
alteration was taken into consideration. In case of a very 
small numerical amount in the chart (< 3), the Fisher’s 
precise test was used. The odds ratio (OR) was calcu-
lated and reliance divisions were determined for them. 
The statistical significance of all tests is 0.05. Statistical 
analysis was made by means of statistical programme 
Statistica 10.0 StatSoft® [39].

Results

Atopic dermatitis features

The average age of AD patients was 25.5 years. The 
average age of controls was 27.1 years. Severity of AD 
was as follows: severe (SCORAD > 50, n = 66), moderate 
(SCORAD 25–50, n = 50), and mild (SCORAD < 25, n = 21). 
The average SCORAD score was 52.0 (48.3–52.7) 95% CI. 
Assessment of pruritus severity revealed: mild pruritus 
20.7%, moderate pruritus 37.9%, severe 30.8% and very 
severe 10.6%. The average pruritus was 5.65 (5.09–6.21; 
95% CI).

Genotyping for IL-17A gene polymorphism
rs2275913 and IL-19 polymorphism rs22431188

Distribution of the genotypes and alleles for IL-17A 
and IL-19 was consistent with HWE (Hardy-Weinberg 
equilibrium) in patient and control groups and it is pre-
sented in Table 1.

We found three genotypes for IL-17A (G/G, G/A and 
A/A) and for IL-19 (C/C, C/A, A/A) in both groups.

The distribution frequency of polymorphisms and al-
leles did not show any statistical significance (p > 0.05) 
(Table 1). 

We found no evidence of any effect of IL-17A and IL-19 
on the occurrence of AD in the Polish population (p > 0.05).

The association between rs2275913/17a 
and rs22431188/IL-19 polymorphisms with IgE
levels, SCORAD score, pruritus severity 
and coexisting asthma

We found no association between the presence of 
the SNPs of rs2275913/17a and rs22431188/IL-19 and IgE 
levels (p > 0.05) (rs2275913/17a: χ2 = 0.693; p = 0.707 
and rs22431188/IL-19: χ2 = 1.074; p = 0.584, respectively 
(Figure 1 A, B).

No evidence was found of a link between rs2275913/  
17a and rs22431188/IL-19 polymorphisms with the AD  
intensification severity measured by SCORAD: mild, mode-
rate and severe (p > 0.05) (Figure 1 A, B; rs2275913/17a: 
χ2 = 0.682, p = 0.954; rs22431188/IL-19: χ2 = 3.367,  
p = 0.498, respectively).

In both rs2275913/17a and rs22431188/IL-19 poly-
morphisms, no significant relationship in average pru-
ritus results was revealed nor the frequency of occur-
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rence of mild, moderate, severe and very severe pruritus  
(p > 0.05) (Figure 1 A, B).

No significant statistical correlation between asthma 
and polymorphisms rs2275913/17a (p > 0.05; χ2 = 1.436; 
p = 0.488) and rs22431188/IL-19 (p > 0.05; χ2 = 0.539;  
p = 0.764) was found.

Association between rs2275913/IL-17A 
and rs22431188/IL-19 polymorphisms 
and concomitant 2282del4 FLG mutation 
and the frequency of AD

The connection of IL-17a-rs2275913/17a and 
rs22431188/IL-19 polymorphisms with 2282del4 FLG mu-
tation gene was examined (Table 2).

There has been a significant statistical link of AD oc-
currence in patients with G/G IL-17A polymorphism with 
2228del4 FLG mutation revealed (p = 0.0266, χ2 = 4.917). 
It turned out that in the group of patients with the G/G 
polymorphism, the frequency of AD was not statistically 
higher than in controls, however when we combine the 
G/G polymorphism and FLG mutation, such a combina-
tion was much more frequent among AD patients com-
pared to the control group (92.3% vs. 7.7%; OR = 9.1; 
confidence interval is 1.16–71.4). This means that among 
the study subjects having the polymorphism and FLG mu-
tation, AD occurs 9 times more often than in the study 
subjects with the GG polymorphism only. 

Similar statistical difference in the AD occurrence 
was noticed in the case of patients with the G/A poly-
morphism of IL-17a and FLG mutation. It turned out that 
in the group of the G/A genotype in IL-17a (rs2275913) 
the frequency of AD was much smaller than in the group 
of patients with the G/A polymorphism and FLG mutation 
(0% vs. 100.0%; χ2 = 5.707; p = 0.0169).

In the group of the C/C IL-19 polymorphism, the fre-
quency of AD was much smaller than in the group of 
patients with the CC polymorphism and FLG mutation 
present. A significant statistical difference was noted (0% 
vs. 100.0%; p < 0.01; χ2 = 10.490, p = 0.0012).

In turn, there has been a non-significant but close 
to statistical significance of AD occurrence revealed in 
patients with the C/A IL-19 polymorphism. It turned out 
that in the group of patients with the C/A polymorphism, 
the frequency of AD was much lower than in the study 
group with the C/A polymorphism and FLG gene muta-
tion (10% and 90.0%; OR = 6.0). The reliance division is 
0.74-49.0 (p = 0.055). This means that among the study 
subjects having the C/A polymorphism and FLG muta-
tion, AD occurs 6 times more often than in the study 
subjects with the polymorphism only. As it can be seen, 
among 10 patients with a FLG mutation and C/A IL-19 
polymorphism, 9 suffered from AD and one was from 
the control group. 

The frequency of FLG rs2282del4 and R501X muta-
tion was examined. A statistically significant correlation 

Table 1. The comparison of the frequency of polymorphisms

Genotypes Patients Controls OR (95% CI)
Odds ratio

Statistical 
significance n % n %

IL-17A:

GG 115 51.8 78 53.4 Ref. χ2 = 0.245
p = 0.885GA 83 37.4 51 34.9 1.10 (0.70–1.73)

AA 24 10.8 17 11.6 1.04 (0.52–2.06)

Alleles:

G 313 70.5 207 70.9 Ref. χ2 = 0.013
p = 0.909A 131 29.5 85 29.1 1.02 (0.74-1.41)

IL-19:

CC 151 63.7 109 66.5 Ref. χ2 = 1.224
p = 0.542CA 78 32.9 47 28.7 1.20 (0.77-1.86)

AA 8 3.4 8 4.9 1.39 (0.51-3.82)

Alleles:

C 380 80.2 265 80.8 Ref. χ2 = 0.047
p = 0.828A 94 19.8 63 19.2 1.04 (0.73-1.48)

FLG rs2282del4 mutation:

F1/F1 75 70.8 31 29.2 χ2 = 7.669
p = 0.0213F1/F2 26 96.3 1 3.7 10.7 (1.18-69.9)

F2/F2
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was found in the results distribution for FLG rs2282del4 
mutation in the patient and control group (p < 0.05;  
χ2 = 7.699; p = 0.0213, OR = 10.7; 95% CI: 1.18–69.9).

This section may be divided by subheadings. It 
should provide a concise and precise description and 
interpretation of the experimental results as well as the 
experimental conclusions that can be drawn.

Discussion

Atopic dermatitis often coexists with other atopic dis-
eases such as conjunctivitis, allergic rhinitis or asthma. 
It is a chronic, recurrent, heterogeneous and inflamma-
tory skin disease, which involves severe pruritus. Atopic 

dermatitis pathogenesis is multifactorial and consists  
of genetic, immunological and environmental factors 
with the skin barrier defect and microbial dysbiosis.

Some part of AD vulnerability was identified. The FLG 
mutation is a risk factor for AD in the European popu-
lation. It exists in one tenth of the Northern European 
population but only 1% of Africans [40, 41]. Our results 
confirm a significant FLG mutation contribution to AD 
pathogenesis.

Traditionally, it is believed that Th cells differentiate 
into Th1 and Th2 subgroups. Atopic dermatitis is char-
acterized by a strong Th2-dependent immune response. 
However, lymphocytes Th1, Th22, Th17/IL-23 have an in-
fluence on the inflammation process. IL-17 is produced 

Figure 1. A – Average IgE BIN level (normal IgE ≤ 100, elevated IgE > 100), SCORAD score (mild, moderate and severe) and 
average pruritus severity in patients depending on IL-17A polymorphisms. B – Average IgE BIN level (normal IgE ≤ 100, 
elevated IgE > 100), SCORAD score (mild, moderate and severe) and average pruritus severity in patients depending on 
IL-19 polymorphisms
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by subgroups of T CD4 + lymphocytes – Th17 cells. The 
Th17 cells are vital to the adaptive immune response 
against bacterial and fungal infections, and also con-
tribute to the pathogenesis of several inflammatory 
diseases.

The pathogenetic role of Th17 and IL-17 cells in dif-
ferent autoimmune and inflammatory processes was 
observed [42–44]. IL-17A which is produced by type 17 
helper T cells has been related to neutrophilic inflamma-
tion in asthma [45]. Thus, numerous research in differ-
ent populations was aimed to examine the connection 
between the IL-17A polymorphism not only with AD, 
but also with asthma. In Portuguese adults, a connec-

tion between polymorphisms of the IL-17A (rs2275913) 
gene with rhinitis and/or asthma was evaluated. IL-17A 
rs2275913 AA genotype was less associated with asthma 
than with rhinitis [43]. 

The research conducted in Saudi Arabia showed that 
AG heterozygotes of rs17880588 in IL-17A were signifi-
cantly more common in the control group than among 
asthma patients. For any of the other SNPs examined 
(rs17878530), no significant associations were observed 
in this population. Hence, the results revealed an asso-
ciation between rs17880588 (G/A) and protection from 
asthma in the Saudi population [46]. Research results in 
the Chinese population preliminarily indicate that the  

Table 2. Comparison of the frequency of separate polymorphisms and alleles in the patients and control groups for 
IL-17A and IL-19

Group n % n % Odds ratio
OR (95% CI)

Statistical 
significance

Polymorphism IL-17A

Genotype G/G Genotype G/G 
+2282del4 FLG mutation

Patients 103 56.9 12 92.3 9.1 (0.70–1.73) χ2 = 4.917
p = 0.0266Controls 78 43.1 1 7.7

Total 181 100 13 100

Genotype G/A Genotype G/A
+2282del4 FLG mutation

Patients 72 58.5 11 100.0 – χ2 = 5.707
p = 0.0169Controls 51 41.5 – – –

Total 123 100 11 100

Genotype A/A Genotype A/A
+2282del4 FLG mutation

Patients 22 56.4 2 100.0 – p = 0.337

Controls 17 43.6 – – –

Total 39 100 2 100

Polymorphism IL-19

Genotype C/C Genotype C/C
+ 2282del4 FLG mutation

Patients 135 55.3 16 100.0 – χ2 = 10.490
p = 0.0012Controls 109 44.7 – – –

Total 244 100 16 100

Genotype C/A Genotype C/A
+2282del4 FLG mutation

Patients 69 60.0 9 90.0 6.0 (0.74–49.0) p = 0.055

Controls 46 40.0 1 10.0

Total 115 100 10 100

Genotype A/A Genotype A/A
+ 2282del4 FLG mutation

Patients 7 46.6 1 100.0 – p = 0.50

Controls 8 53.4 – – –

Total 15 100 1 100
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IL-17A genotype AT (rs7758579 – rs11966760) was 
thought to be a risk of allergy rhinitis (AR) – asthma (A). 
Moreover, SNPs and some intergenic variants have a po-
tential association with AR and comorbid asthma [47]. 
Maalmi results suggested that SNPs in IL-17A and IL-17F 
confer susceptibility to childhood asthma in Tunisia [48]. 
However, Wang et al. failed to find an association be-
tween IL-17A rs2275913 polymorphism and asthma risk 
[49]. The variant genotype of IL-17A rs2275913 polymor-
phism GA or AA was a significant protective factor for 
asthma in schoolchildren aged 7 to 13 years in the study 
group with bronchiolitis in early infancy [50].

In the meta-analysis assessing the effect of IL-17A 
rs2275913 polymorphism on the risk of asthma, ten 
studies with a total of 5016 participants (2510 asthma 
cases and 2506 controls) were ultimately identified.  
The results of this meta-analysis indicate that the G allele 
of rs2275913 in IL-17A is a protective factor for the devel-
opment of asthma. The G allele of rs2275913 in IL-17A 
is significantly associated with a reduced risk of asthma 
in children and Asians, in subgroup analysis by age and 
ethnicity [51].

Narbutt et al. found that the A/A genotype in IL-17A 
predisposed to increased AD severity and coexistence of 
AD and asthma [52]. However, they found no evidence of 
any effect of IL-17A on the occurrence of AD in the Polish 
population, which was consistent with our results.

However, we found no correlation between the AD 
severity and asthma coexistence combined with exam-
ined polymorphisms IL-17A. This may be a result of dif-
ferent ethnic roots in these two parts of Poland. In our 
study, patients were mainly from northern Poland rather 
than central Poland and the number of AD patients ex-
amined in our group was bigger.

Interleukin-19 is primarily made by monocytes, where 
its expression can be induced by LPS, IL-4, and GM-CSF. 
IL-19 signals through a receptor complex composed of the 
IL-20R1 as well as IL-20R2 chains and activates monocytes 
in an autocrine and paracrine way to release cytokines  
IL-6, TNF-α, and numerous ROSs. Interleukin-19 stimulates 
the production of Type 2 T-helper cells (Th2). It is thought 
that IL-19 is crucial for bridging Th17 to Th2 pathway. 

What is also important, they put attention to the pos-
sible influence of FLG mutation coexisting with certain 
IL-17 and IL-19 polymorphisms on the AD occurrence.  
The combination of FLG mutations and SNPs of IL-17A 
and IL-19 influences the frequency of AD occurrence. 

Expression of epidermal FLG is down regulated by cy-
tokines IL-4, IL-13, IL-17A, IL-22, IL-25, IL-31, TNF-α in AD 
patients [53–59]. 

Filaggrin expression at the mRNA level is directly and 
indirectly downregulated by IL-17A by affecting profilag-
grin mRNA expression, production of functional filaggrin 
monomers and their degradation at the level of enzymatic 
processing. Keratinocytes stimulation with IL-17A alters 
many cellular processes that can affect the barrier func-

tion of the skin, with a special influence on the response to 
inflammation, epidermal differentiation, formation of cor-
nified envelope, and stress as well as chemotaxis [54]. It is 
also worth reminding the study by Teunissen et al. which 
reported that IL-17A upregulates both HLA-DR molecules 
and ICAM-1 in keratinocytes. It contributes to the forma-
tion of a functional immunological synapse and enhance-
ment of antigen presenting function of these cells [60]. 

Research on polymorphism genes of IL-19 is not com-
mon. In the north Indian population, IL-19 –35402 C/C 
(rs2243158) genotype was associated with an increased 
risk of psoriasis. Researchers did not find any significant 
association of IL-19 –42232 C/A (rs2243188), –38386 T/C 
(rs2073186) with psoriasis [61]. In turn, the study on the 
European population reveals that there is no significant 
difference of IL-19 gene SNPs in psoriasis patients and 
controls [62]. Interleukin-19 belongs to the IL-10 family of 
cytokines and its gene is located on chromosome 1q32. 
Interleukin-10 –1082 A/G, –819 T/C and –592 A/C polymor-
phisms were not strongly connected with the susceptibility 
to atopic dermatitis [63].

There might be a phenomenon existing in genet-
ics of the additive influence of coexistence of 2282del4 
FLG mutations with the polymorphism in promotor re-
gion rs2275913 of IL-17A and rs22431188 of IL-19 gene 
SNPs on the development of AD. It is claimed that pa-
tients with a 2282del4 FLG mutation who have certain 
polymorphism variants are at a greater risk of an illness 
occurrence than patients with polymorphisms only and 
without FLG mutation. 

Limitations of the study may result from the fact that 
the group was ethnically limited and there could be some 
gene-environment interaction. Patients were heteroge-
neous as far as AD severity and its course are concerned. 
The majority had a moderate and severe course, which 
may influence the results. Moreover, the number of pa-
tients taking part in the research was also limited. 

These discrepancies could be due to differences in 
patient demographics, sample size, environmental fac-
tors, and genetic background, all of which can affect as-
sociation studies.

Various research results may come from choos-
ing a different group of patients so further cytokines 
research is vital. Our research results, on the contrary, 
showed the correlation of AD occurrence in the case of 
polymorphisms IL-17A and IL-19 with coexisting FLG mu-
tation. It may indicate an additive influence of immune 
and genetic disorders on AD pathogenesis. We are aware 
that both IL-17A and IL-19 play an essential role in patho-
physiology of AD. 

Research continuation in the future with even better 
patient choice will not only provide better understanding 
of the AD mechanism but also contribute to the therapy 
individualization. It is a vital direction in the future re-
search. 
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Conclusions

Our research gives new insights into the complex 
AD pathophysiology on mutual interaction of 2282del4 
FLG mutations and SNPs of IL-17A (rs2275913) and IL-19 
(rs22431188) which have an influence on AD occurrence. 
It seems that in this complex disease, not only one ge-
netic marker, but rather panels are useful for diagnostics 
and prediction. 
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