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Abst rac t
Introduction: Atopic dermatitis (AD) is a common, chronic, relapsing and heterogeneous inflammatory skin disease. 
Its main causes are genetic predispositions, the epidermal barrier defect, and immune system dysfunction. Thymic 
stromal lymphopoietin (TSLP) is highly expressed in the epidermis of AD patients and its production is triggered by 
exposure to environmental factors, allergens, microorganisms and irritants.
Aim: To search for the associations between rs1898671 polymorphism in the promotor region of the TSLP gene 
(SNP) and AD occurrence and course. 
Material and methods: The frequency of polymorphism occurrence was examined, connection with IgE level, the 
severity of AD, itching, and concomitant asthma occurrence and combination with FLG gene mutations (2282del4, 
R501X) in the population of northern Poland. Blood samples were collected from 239 patients with AD and 170 con-
trols. SNP of TSLP and FLG null mutations were analysed. PCR and RFLP restriction fragment length polymorphism 
analysis was used.
Results: No polymorphisms of studied cytokines caused more frequent occurrence of AD compared to controls. We 
found no associations between TSLP gene polymorphism and AD severity (p = 0.395), IgE level (p = 0.895), VAS  
(p = 0.918) or concomitant asthma (p = 0.742).
Conclusions: The SNP of TSLP rs1898671 does not influence the AD course and occurrence. 2282del4 FLG mutation 
is a key influencer in AD. However, the coexistence of FLG mutations and SNP of TSLP may play a protective role.
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Introduction

Thymic stromal lymphopoietin (TSLP) was discovered 
over 20 years ago as a secreted factor of a mouse thymic 
stromal cell line. It is a heterodimer formed of a chain 
characteristic for TSLP and the IL7R α-chain in human 
and mice. However, opposite to IL7, TSLP signalling re-
sults in JAK3-independent STAT5 phosphorylation [1, 2].

The location of the human TSLP gene is on chromo-
some 5q22.1 next to the atopic cytokines (IL-4, IL-5, IL-13, 
IL-3) cluster of chromosome 5q31 [1].

Thymic stromal lymphopoietin is initially expressed 
by epithelial cells, and keratinocytes in the skin, gut, 
lungs and ocular tissue and is engaged in the regulation 
of inflammatory processes in the barrier surfaces. 

Thymic stromal lymphopoietin exerts its biological 
function through TSLP receptor – TSLPR. The functional 
TSLPR is mainly expressed in hematopoietic cells (den-
dritic cells (DC), T cells, B cells, natural killer (NK) cells, 

iNKT, monocytes, basophils, mast cells and eosinophils), 
liver, brain, skeletal muscle, kidney, spleen and thymus [3]. 

There has been a lot of evidence that TSLP is impor-
tant for the maturation of APCs and for skewing a T-help-
er immune response towards the Th2 phenotype, typical 
of allergic inflammation. Thymic stromal lymphopoietin 
genetic variants and its dysregulated expression cause 
atopic diseases such as AD, asthma, allergic rhinocon-
junctivitis (AR) and eosinophilic esophagitis (EoE). It also 
causes cancer, rheumatoid arthritis and immune defence 
against helminth, too [4–9]. 

Thymic stromal lymphopoietin is able to induce a Th2 
adaptive immune response, but also it plays a crucial role 
in promoting the development of Th2 innate immune 
cells. For example, ILC2, mast cells, NKT cells, basophils 
and eosinophils express the TSLPR. They respond to TSLP 
with enhanced Th2 cytokine production, causing serious 
Th2 inflammation in AD [9, 10]. 



Combination of FLG mutations and SNP of TSLP (rs1898671) influence on atopic dermatitis occurrence

153Advances in Dermatology and Allergology 1, February/2022

The main target for TSLP is dendritic cells (DCs), 
which upregulate OX40L, CD80, and CD86 in response 
to TSLP. Thymic stromal lymphopoietin-treated DCs can 
cause IL-4, IL-5, and IL-13 production from naïve CD4+  
T cells [11, 12]. What is more, through antigen presenting 
cells, TSLP can act directly on CD4+ T cells, CD8+ T cells, 
and Treg cells. Thymic stromal lymphopoietin induces 
proliferation of T cells and Th2 cells [13, 14]. 

Thymic stromal lymphopoietin promotes Th2 cyto-
kine responses through its action on mast cells, innate 
lymphoid cells (ILCs), epithelial cells, macrophages and 
basophils [3, 15–19].

Additionally, TSLP can co-stimulate the activation of 
human mast cells to induce Th2 cytokines together with 
IL-1 and tumour necrosis factor [17]. 

A recent study presented that TSLP further enhances 
GATA3 expression in human ILC2 and therefore may be 
a mechanism of ILC2 Th2 cytokine production induced 
by TSLP [20]. 

It has been proved that TSLP is important for AD de-
velopment because there is a link between TSLP and AD 
by the association with SNPs in the TSLP gene and its 
receptor. It is strongly associated with four TSLP-SNPs 
(rs1898671, rs11466749, rs10043985 and rs2289276AD) 
[21–23]. 

Thymic stromal lymphopoietin is overexpressed in 
the skin stratum corneum and it corresponds to the score 
index and epidermal barrier function (stratum corneum 
hydration and transepidermal water loss) [24].

The moisturizer application lowers levels of TSLP and 
reduces AD symptoms and score index. 

Thymic stromal lymphopoietin and IL-31 stimulate 
sensory cutaneous neurons involved in the induction of 
pruritus. Thymic stromal lymphopoietin acts directly on 
a subset of TRPA1-positive sensory neurons which start 
itchiness [25].

Thymic stromal lymphopoietin may play a crucial role 
in the atopic march from AD to the development of food 
allergy, AR and asthma [26, 27].

Taking into consideration the facts presented above 
and confirmed in various research done in previous 
years, we made an attempt to search for TSLP SNP as-
sociations with AD in our population.

Aim

The aim of our research was to look for the associa-
tions between rs1898671 polymorphism in the promotor 
region of the TSLP gene (SNP) and AD occurrence, course 
and features. The frequency of polymorphism occurrence 
was examined, its connection with the IgE level, the se-
verity of AD, itching, and concomitant asthma occurrence 
and combination with FLG gene mutations (2282del4, 
R501X) in the population of northern Poland. 

Material and methods

Two hundred thirty-nine patients of the Department 
of Dermatology, Venerology and Allergology of Medical 
University of Gdansk who suffer from AD (140 women 
and 99 men) were analysed. Their average age was 25.5. 
Patients were recognised as suffering from AD according 
to valid criteria proposed by Hanifin and Rajka [28]. 

There were some patients excluded from the study 
such as AD patients taking immunosuppressive treat-
ment or other immunotherapy (UV phototherapy, cyclo-
sporine A, oral corticoid), breast feeding and pregnant 
women, patients with inflammatory autoimmune and 
cancer diseases.

 Atopic dermatitis severity was assessed using 
SCORAD index (severe (SCORAD > 50, n = 66), moder-
ate (SCORAD 25–50, n = 50), and mild (SCORAD < 25,  
n = 21)). The average SCORAD index was 52.0 (48.3–52.7) 
95% CI. The assessment of pruritus severity was per-
formed using the visual analogue scale (VAS) (< 3 mild 
pruritus 20.7%, 3–6.9 moderate pruritus 37.9%, 7–8.9 
severe 30.8% and 9–10 very severe 10.6%). The average 
pruritus was 5.65 (5.09–6.21) 95% CI.

In the control group there were 170 healthy persons 
(83 women and 87 men) with a negative individual and 
family interview in the direction of atopic illnesses. Their 
average age was 27.1.

The groups were not ethnically different.
The analysis of polymorphic variants of TSLP gene 

polymorphism rs1898671 and 2282del4 and R510X FLG 
mutations was performed by the amplification refractory 
mutation system – polymerase chain reaction method 
(ARMS-PCR) using designed specific sequences of oligo-
nucleotides. The samples tested in our study were evalu-
ated (genotyping) with internal amplification control of 
growth hormone 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 fluo
roimmunoenzyme assay 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 manu-
facturer’s protocols.

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

Statistical analysis

Various methods were used for data development, 
description and statistical conclusion. The following was 
calculated for measurable variables: arithmetic mean (x) 
and median (Me) and standard deviation (SD) coefficient 
of variation (v%). Minimum (min) and maximum (max) 
values were also given. 
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Before making a comparison of the average in the 
examined groups, the coherence of analysed measurable 
variables with normal division was checked by means 
of Shapiro-Wilk test. For comparing the average in two 
groups, the Mann-Whitney test was used, and in a few 
subgroups – ANOVA Kruskal-Wallis test. In order to com-
pare the frequency of occurrence, different types of vari-
ables in examined groups and subgroups and in order to 
check the reliance between qualitative variables, unreli-
ance test c2 was used. In the case of a theoretical nu-
merical amount lower than 5, Yates alteration was taken 

into consideration. In the case of a very small numerical 
amount in the chart (< 3), precise Fisher test was used. 
The odds ratio (OR) was calculated and reliance divisions 
were stated for them. The statistical significance of all 
tests indicated is judged at the 0.05 significance level. 
Statistical analysis was made by means of statistical pro-
gramme Statistica 10.0 StatSoft® [29].

Results

Atopic dermatitis features

The average age of AD patients was 25.5. The average 
age of controls was 27.1. Severity of AD: 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 se-
verity showed: 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 TSLP gene polymorphism
rs1898671

Distribution of the genotypes and alleles for TSLP was 
consistent with HWE (Hardy-Weinberg Equilibrium) in pa-
tient and control groups and it is presented in Table 1.

Three genotypes for TSLP (G/G, G/A and A/A) were found 
in both groups.

The distribution frequency of polymorphism and al-
leles did not show any statistical significance (p > 0.05) 
(Table 1). No evidence of any effect of TSLP on the oc-
currence of AD in the population of Northern Poland  
(p > 0.05) was found.

The association between rs1898671/TSLP
polymorphism and IgE levels, SCORAD score,
pruritus severity and coexisting asthma

We found no association between the presence of 
the SNPs of rs1898671 and IgE levels (p > 0.05) (Figure 1).

Table 1. The comparison of the frequency of polymorphism and allele occurrence in patients and control groups for 
thymic stromal lymphopoietin

Variable Patients Control OR (95% CI) Statistical significance 

N % N %

Genotype GA 100 43.1 73 46.5 0.93 (0.61–1.41) c2 = 1.859; p = 0.395

Genotype GG 112 48.3 76 48.4

Genotype AA 20 8.6 8 5.1 1.69 (0.71–4.03)

232 100 157 100

Allele G 324 69.8 225 71.7 c2 = 0.301
p = 0.583Allele A 140 30.2 89 28.3

464 100 314 100

2282del4 FLG mutation F1/F1 75 70.8 31 29.2 OR 10.7 (1.18–69.9)
c2 = 7.669; p = 0.0213F1/F2; F2/F2 26 96.3 1 3.7

Figure 1. Average IgE BIN level (normal IgE ± 100; elevated 
IgE > 100) c2 = 0.222, p = 0.895
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We found no link between rs1898671 polymorphism 
and the AD severity measured by SCORAD index: mild, 
moderate and severe (p > 0.05) (Figure 2).

In the case of rs1898671/TSLP polymorphism, non-
significant relationship in average pruritus results, fre-
quency of occurrence of mild, moderate, severe and very 
severe pruritus (p > 0.05) were revealed (Figure 3).

No significant statistical correlation between asthma 
and polymorphism rs1898671/TSLP was found (p > 0.05) 
(c2 = 0.596; p = 0.742).

Association between rs1898671/TSLP
polymorphism and concomitant 2282del4FLG
mutation and the frequency of AD

Although no statistical difference has been stated  
(p > 0.05), it is important to notice that in a group of patients 
with GG polymorphism, the AD frequency was much lower 
than in a group of patients with GG polymorphism and pres-
ent FLG mutation F1/F2 or F2/F2 (67.9% vs. 100.0%) (Table 2).

In a group of GA patients the frequency of AD was 
much lower than in a group of patients with GA poly-
morphism and present mutation of filaggrin (74.3% vs. 
94.1%) (p > 0.05); OR = 5.54 and confidence interval is 
0.64–47.9. Therefore, among patients with GA polymor-
phism and FLG mutation, AD occurs 5.5 times more often 
than in patients with GA polymorphism only. 

In a group of patients with AA polymorphism there 
were no patients with FLG mutation and in a control 
group there were no people with AA polymorphism with 
an examined FLG mutation. 

The frequency of FLG rs2282del4 and R501X muta-
tion was examined. A statistically significant correlation 
was found in the results’ distribution of FLG rs2282del4 
mutation in the patient and control groups (p < 0.05);  
c2 = 7.699; p = 0.0213; OR = 10.7 (95% CI: 1.18–69.9).

Discussion

Atopic dermatitis is a chronic, relapsing and hetero-
geneous inflammatory skin disease. The AD development 
has been linked with skin barrier dysfunction, genetic 
polymorphisms and host immune dysregulation. Re-
search has been done to identify AD vulnerability genes 

for many years. It is a stated fact that the null-type muta-
tions in the gene FLG such as 2282del4 and R501X muta-
tion are the risk factor for AD in 10% of the European 
population but in only 1% of Africans [30, 31].

Fifteen years ago, loss-of-function mutations in the 
FLG gene were associated with AD. FLG mutations result 
in the skin barrier dysfunction and are connected with 
an increased risk of AD development and persistence of 
skin symptoms [32–35]. 

The results of our research confirm a significant FLG 
mutation contribution to frequency of AD occurrence.

TSLP promotes the differentiation of naïve T-cells 
into T helper type 2 (T

H
2) cells which are engaged in AD 

pathogenesis [36, 37]. Elevated TSLP expression has been 
associated with AD, asthma, food allergy and AR [37–40]. 
It has been proved that the concentration of TSLP in 
blood serum, in both children and adults with AD, is sig-
nificantly elevated compared to healthy people. Higher 
cytokine expression was shown in keratinocytes of AD 
patients. It correlated with the severity of the course of 
the disease and also influenced the impaired function of 
the epidermal barrier measured by the degree of hydra-
tion of the stratum corneum and transdermal water loss. 
Moisturizing substances lower TSLP levels, the severity 
of AD course and its symptoms [24, 41, 42]. In our study 
we decided to search for associations of SNP in the TSLP 
gene, and AD. Especially that there are some indications 
in the literature but there were no such studies amongst 
the Polish population.

Figure 3. Average % mild, moderate, severe and very severe 
pruritus 
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Table 2. Comparison of the frequency of separate polymorphism and allele occurrence in patients and control groups 
for thymic stromal lymphopoietin

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

Genotype GG Genotype GG + 2282del4 FLG mutation

Patients 36 67.9 10 100.0 c2 = 2.921; p = 0.088

Controls 17 32.1 – –

Genotype GA Genotype GA + 2282del4 FLG mutation

Patients 26 74.3 16 94.1 c2 = 1.763; p = 0.185

Controls 9 257 1 5.9
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A gene coding polymorphism for TSLP has been asso-
ciated with the risk of AD development and course. Gao 
et al. selected 29 single nucleotide polymorphisms (SNPs) 
from TSLP, IL7R, and TSLPR (15, 11, and 3, respectively) for 
genotyping. Out of these, there were 23 tagging SNPs val-
idated TSLPR – dbSNPs. Gao et al. made an assessment 
of the variability of TSLP as a risk factor for the develop-
ment of atopic dermatitis and the diagnosis of herpetic 
eczema (ADEH) in AD in primary European American pa-
tients. They observed that the TSLP gene polymorphism, 
rs1898671, was associated with a reduced risk of herpetic 
eczema [43]. We were unable to confirm this in our study 
because we had no information about herpetic eczema 
in patients’ medical records. Researchers demonstrated 
that people with FLG gene loss mutations are more likely 
to suffer from severe forms of AD if they had the TSLP 
genetic variant rs1898671. Those patients are nearly five 
times less likely to have persistent AD in comparison to 
patients without this TSLP genetic variant [44]. 

We drew similar conclusions in our study. Among pa-
tients with GA genotype polymorphism rs1898671 and 
FLG mutation, AD occurs 5.5 times more often than in 
patients with GA genotype polymorphism only. Taking 
into consideration the fact that TSLP acts to promote 
Th2 cell responses, it is obvious that those with dimin-
ished TSLP expression, even in the setting of the skin 
barrier dysfunction due to a FLG loss-of-function muta-
tion, would be less likely to show active AD symptoms. 
The aim of Margolis et al. study was first of all to evalu-
ate the association between TSLP variation and the per-
sistence of skin symptoms of AD. This research deter-
mines if TSLP variation changes common association 
between FLG loss-of-function mutations and the persis-
tence of AD [44]. Margolis study was conducted among 
the white, African-American and children populations. 
Our study is held among Polish/European population. 

Other results confirmed that TC and CC genotypes 
rs1837253 may be associated with eczema in Japan. In 
women with these genotypes the risk of eczema as-
sociated with age and nicotinism was not significant 
however in crude analysis. No relationship was found 
between SNPs rs3806933 or rs2289276 and eczema in 
the literature [45]. The carriers of the genotype, CC, of 
the TSLP gene, rs2289278, had an increased risk of AD 
development. The correlation was stronger in atopic 
children than in children without atopy. Apart from that, 
the C rs2289278 allele significantly increased the risk of 
developing asthma in children with AD [46]. On the oth-
er hand, Margolis et al. found in other studies that this 
genetic variant of TSLP rs1898671 was associated with 
a lowered likelihood of a persistent form of AD and it did 
not show any additional risk of asthma [44]. In our study 
we also did not confirm the connection of rs1898671 and 
an additional asthma risk, so our results were consistent 
with the previous study.

Hui et al. showed that rs1837253 polymorphism may 
be directly involved in the regulation of TSLP secretion 
which may explain the protective association of this 
genetic variant and asthma. They hypothesized that 
rs1837253 genotype would influence TSLP secretion 
from mucosal surfaces. They evaluated the secretion of 
TSLP protein from primary nasal epithelial cells (NECs) 
of atopic and non-atopic individuals and its association 
with rs1837253 genotype. After double-stranded RNA 
(dsRNA) stimulation, decreased TSLP secretion from NECs 
was noticed in CT and TT genotypes [47].

Thymic stromal lymphopoietin genetic variants may 
result in a lowered expression and activity of the TSLP 
protein that provides a protective effect for the AD devel-
opment and allergy [44]. As mentioned above, we cannot 
verify this information in our results because we did not 
study TSLP protein levels in our study. It was reported in 
conducted research that the existence of polymorphisms 
in the TSLP coding gene could be linked to the risk of de-
veloping AD (rs2289278) [46] or asthma (rs3806933 and 
rs2289276) [48]. However, it is a well-known fact in AD 
pathogenesis that mRNA levels do not exactly refer to 
protein levels and may be independent of SNP. It would 
be very interesting to study both mRNA and protein lev-
els of TSLP in the context of checked SNPs. The protein 
levels may be diminished by chronic inflammation even 
though there are no gene mutations or even if the mRNA 
level is still proper.

Patients with rs1898671 homozygotes were less likely 
to use less topical calcineurin inhibitor TCI. Patients that 
stopped using TCIs were more prone to discontinue other 
treatment [49]. It is a very interesting conclusion and it 
is worth taking it into consideration while planning the 
future study. 

To sum up, TSLP is a characteristic promoter of atopic 
inflammation, leads to a chronic Th2 inflammatory re-
sponse, and plays a key role in AD. The effects of TSLP 
polymorphisms due to complex AD pathophysiology are 
not clear.

Polymorphisms, even those not strongly associated 
with AD, should be found important. There are differ-
ences in the polymorphisms occurrence in various pop-
ulations. Mutual dysfunctional epidermal barrier and 
immune responses interaction influence the AD develop-
ment and course. Finally SNP and genetic polymorphism 
help us to predict AD risk and course, but there is also 
a long way from gene to protein development and all 
stages on the pathway should be deeply examined and 
tracked. It is difficult to unambiguously conclude to what 
degree TSLP variants influence the risk of AD develop-
ment, course and coexistence with other allergy diseas-
es. Opposite results are caused by ethnic differences in 
different ethnic groups; when the study protocols vary, 
the numbers are different. 

There are limitations to the interpretation of our re-
sults as far as all research is concerned. 
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Various research results may come from choos-
ing a different group of patients so further cytokines 
research is therefore vital. Our research results did not 
show any correlation of TSLP polymorphism with the fre-
quency of AD occurrence with the severity IgE level and 
contaminant asthma. Our study groups were ethnically 
limited and there could be gene-environment interac-
tions. Patients were heterogeneous as far as AD severity 
and course are concerned. We examined only the most 
prevalent European FLG mutations and one TSLP poly-
morphism, limiting our ability to draw conclusions about 
other variants and genes. Moreover, the number of pa-
tients taking part in the research was also limited and 
we had no or limited information about EH. These dis-
crepancies could be due to differences in patient demo-
graphics, sample size, environmental factors, and genetic 
background. However, an important effect of our study 
was to evaluate the potential confirmation of the inter-
play between barrier dysfunction and immune activation. 
It is important to realize that we tested most common 
European FLG mutations. These FLG mutations have been 
found only rarely in those of African population.

Finally these are the first studies on SNP of TSLP in 
Polish/European population including a proper number of 
subjects and controls to draw conclusions and addition-
ally combining FLG gene mutations. 

Conclusions

The GA genotype in TSLP occurrence with coexisting 
2282del4 FLG gene mutation caused AD occurrence 5.5 
times more often than in patients with GA polymorphism 
only, whereas 2282del4 FLG mutation increases the risk 
over 10 times. It again underlines the role of FLG muta-
tions in AD pathogenesis, but on the other hand it may 
also suggest the hypothesis of protective role of TSLP SNP. 
Our results open new space for further studies on the role 
of TSLP in AD probably depending on ethnic background 
and also indicating the need of further studies with the 
estimation of mRNA and the protein level of TSLP in AD. 
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