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ABSTRACT

BACKGROUND: Toll-like receptor 7 (TLR7) plays a significant role in the development of inflammation in psoriasis. However,
there are very few data on the role of different polymorphic markers of the TLR7 gene in psoriasis and psoriatic arthritis.

AIM: Study of the role of polymorphic marker rs179009 of TLR7 gene in patients with severe psoriasis.

MATERIALS AND METHODS: The study was conducted during the period of 2016-2024. The analysis of innate immunity
indicators in the study group was performed by obtaining RNA in peripheral venous blood and polymorphisms of the gene
recognizing marker rs179009 of the TLR7 receptor were investigated by polymerase chain reaction with TagMan probes. To
assess the area and severity of psoriatic lesions of the skin process, we used a standardised method of assessment —
determination of the PASI index.

RESULTS: The main group consisted of 168 patients (100%) with psoriasis. Of these, 45 (26.8%) were women and 123 men
(73.2%). The average age of the patients was 54.0+14.0 years. The mean duration of psoriasis course was 11.8+0.6 years.
The mean psoriasis area and severity index (PASI) value was 17.7+7.2. When analyzing the genotypes of polymorphic marker
rs179009 in the TLR7 gene in patients with psoriasis of different severity, it was revealed that heterozygote CT was significantly
more frequent in patients with mild psoriasis, and homozygote CC and homozygote TT were registered at PASI >10 (p <0.05).
The C allele of the studied marker was significantly more frequent in patients with late psoriasis debut and late development of
psoriatic arthritis (p <0.01). In contrast, the T allele was significantly more frequent in patients with early debut of psoriasis and
psoriatic arthritis (p <0.01). When analyzing the genotypes of polymorphic marker rs179009 in the TLR7 gene, the occurrence
of homozygous CC and TT genotypes was also found to have statistically significant differences. The CC genotype was more
frequently registered in patients with late onset of psoriasis and late onset of arthritis (p <0.05). In contrast, the TT genotype
was significantly more frequently registered in patients with the debut of skin and joint process before 40 years of age (p <0.05).
CONCLUSION: In our study it was found that homozygous carriage of CC and TT genotypes of polymorphic marker rs179009 in
the TLR7 gene predisposes to a more severe course of the skin process in psoriasis. Also, the presence in the patient of allele
C or homozygote CC of marker rs179009 in the TLR7 gene is a predictor of late onset of the skin process and the development
of arthritis. While the presence of the T allele or TT homozygote statistically significantly predisposes to early onset of psoriasis
and early onset of joint symptoms with the development of psoriatic arthritis.
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ODVII'VIHaJ'IbHOG nccnenoBsaHme

Ponb TLR7 B MMyHONaToreHese ncopuasa
U NCcopuaTMYeCcKoro apTpura

H.B. baTkaesa', 0.10. Onucosa?, M.M. MtuHoBa'
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AHHOTALMSA

06ocHoBaHue. Tonn-nofobHbiii peuentop 7 (TLR7) urpaeT 3HauMmyto posib B pasBUTUM BOCMaNeHUs Npy ncopuase, 04HaKo
KpaiHe Mano AaHHbIX 0 POSIA pasfMyHbIX NOMMOPQHLIX MapKepoB reHa TLR7 npu ncopuase 1 NCopUaTMYecKoM apTpuTe.
Lenb uccnepoBaHms — usydeHne ponn noammopdHoro Mapkepa rs179009 reHa TLR7 y 60MbHbIX TAXKENBIMU OpMaMK
ncopuasa.

Matepuanbl 1 MeTofbl. AHanM3 NoKa3aTesiel BPOXAEHHOTO MMMYHUTETA Y YYaCTHUKOB MUCCNEL0BaHNSA NPOBOLUNCA NYTEM
nonyyenns PHK 13 nepudepnyeckoin BeHO3HON KPOBYW; METOLOM NONMMEPa3HOiA LienHomn peakumm ¢ TagMan 3oHaamm uccne-
A0Banuch nonmMopduamel reHa TLR7 (rs179009). st oLeHKW NAOLLAAM M TAXKECTU NCOPUATUYECKUX MOPAXKEHUN KOXHOMO
npoLiecca UCMosb30BaH CTaHAAPTU30BaHHbIA METOA, OLEeHKWM — onpefeneHue unaekca PASI.

Pe3synbtathl. OcHoBHyto rpynny coctaBuiu 168 6onbHbIX NCOPUA30M, U3 HUX KeHLUMH 45 (26,8%), MyxunH — 123 (73,2%).
CpenHuii BospacT naumeHToB 54,0+14,0 roga. CpegHsa pnntenbHocTb TeveHus ncopuasa 11,8+0,6 ropa. CpefHee 3HaueHue
WHAEKCa NNOLLAAM U TAXKECTU ncopuatmyeckux nopaxenuin PASI 17,7+7,2. Mpu aHanu3e reHoTMNoB nosMMophHOro MapKepa
rs179009 B reHe TLR7 BbisiBNEHO, 4To retepo3urota CT 3HauMMo yallle BCTpeyanach y NaUMeHTOB C NETKOM CTEMeHbH TeYeHUs
ncopumasa, a romo3urotel CC v TT peructpuposanmcs npu PASI >10 (p <0,05). Annenb C u3yyaemMoro Mapkepa AOCTOBEPHO
yallle BCTpeYasncsa y naLmeHToB C Mo3gHAM LebloToM ncopuasa 1 Mo3gHAM pasBuTUEM ncopuatuyeckoro apTputa (p <0,01),
annenb T, HaNpoTMB, — [0CTOBEPHO Yalle Y MaUMeHTOB C paHHUM [ebloToM ncopuasa M paHHUM pasBUTUEM McopuaThye-
ckoro aptputa (p <0,01). AHanu3 reHoTMnoB nonuMopdHoro Mapkepa rs179009 B reHe TLR7 nokasan, 4to BCTPEYaeMoCTb
romo3uroTHblx reHotunos CC u TT TakxKe MMeeT CTaTUCTMYECKW 3HauMMble pasnnums. eHotun CC valle peructpupoBancs
y BosbHBIX C NO34HMM AeboTOM ncopuasa M No3gHUM NpucoeuHeHneM apTputa (p <0,05), reHotun TT, HanpoTuBs, JocToBep-
HO YalLe perucTpupoBancsa y bonbHbIX ¢ 4eOHTOM KOXHOMO U cycTaBHOro npouecca Ao 40 net (p <0,05).

3aksitoyeHme. B HaweM nccnepoBaHum obHapyXeHo, YTO roMO3UroTHoe HocuTenbeTBo reHotunoB CC v TT nonumopdHoro
mapkepa rs179009 B rene TLR7 npeppacnonaraet K 6onee TAXKENOMY TEUEHUIO KOKHOMO npouecca npu ncopuase. Hannuve
y bonbHoro annens C uamn romo3urotel CC Mapkepa rs179009 B reHe TLR7 sBnsieTca NpeavMKTOPOM NO3LHEr0 Havasna KoXHOro
npoLiecca 1 pa3BuUTUS apTpUTa, B TO BpeMs Kak Hanuume annens T uam roMo3urotbl TT cTaTUCTUYECKM 3HaUMMO Mpeapacno-
naraeT K paHHeMy [ebroTy ncopuasa U paHHeMy NPUCOeMHEHMIO CYCTAaBHOM CUMNTOMATUKK C PasBUTMEM MCOPUATMYECKOro
apTpuTa.

KnioueBble cnoBa: ncopuas; NCOpUaTUHECKMIA apTpUT; TONI-peLenTopbl; nonuMopdHeid Mapkep rs179009 rexa TLRY.
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BACKGROUND

Psoriasis is a chronic disease of multifactorial nature,
with a predominant genetic component. It is characterized
by accelerated proliferation and impaired differentiation of
keratinocytes, and an imbalance between pro-inflammatory
and anti-inflammatory cytokines, leading to frequent
pathologic changes in the musculoskeletal system [1].
Currently, psoriasis is the most common chronic dermatosis,
affecting 1%—-2% of the population in developed countries.

The molecular mechanisms underlying the pathogenesis
of psoriasis remain to be elucidated. The functions of
various components of the innate immune system in the
development of psoriasis, particularly the role of toll-like
receptors (TLRs), are subjects of active research. TLRs
represent a class of receptors within the innate immune
system that identify pathogen-associated molecular
patterns, thereby activating the immune response.
Therefore, TLRs serve as critical sensors of diverse viral
and bacterial infections. In addition, TLRs detect molecular
markers associated with damage of endogenous origin
[2]. Several studies demonstrated that TLRs may function
as effectors of psoriasis. TLRs were observed to recruit
adaptor proteins and activate transcription factors, which
in turn produce inflammatory cytokines that contribute to
the initiation of adaptive immune responses [3].

In humans, the TLR family comprises 10 types of
receptors that are expressed on the cell surface and within
the cell. Intracellular TLRs, particularly TLR3, TLR7, TLRS,
and TLRY, are capable of recognizing nucleic acids [4]. TLR7
was shown to detect single-stranded RNA and subsequently
facilitate its transportation to endosomes [5]. Several recent
scientific studies have indicated that TLR7 activation may
contribute to the development of psoriasis [6]. However, the
exact mechanisms of such activation are not fully understood.
The TLR7 gene is responsible for encoding a transmembrane
protein which consists of 1049 amino acids. The gene is
located in the region of chromosome X 12.87-12.89 and
contains one exon [7]. TLR7 is capable of recognizing single-
stranded RNAs (ssRNAs), including those found in some
viruses. TLR7 activation may lead to the activation of various
immune cells, such as dendritic cells and macrophages,
resulting in the release of pro-inflammatory cytokines.
Pro-inflammatory cytokines, including tumor necrosis
factor-alpha (TNF-a) and interleukin (IL) 6, are potential
stimulants for keratinocytes, leading to their proliferation
and accelerated differentiation [6-8].

The fact that TLR7 activation may contribute to joint
inflammation through activation of synovial macrophages
and dendritic cells is important in understanding the
pathogenesis of psoriasis and PsA. This results in the
release of pro-inflammatory cytokines, which can stimulate
joint inflammation and lead to joint tissue damage [9].
TLR7 activation may occur in response to environmental
conditions and biophysical factors, often influenced by
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genetic predispositions. This reaction of innate and adaptive
immune response leads to increased secretion of various
cytokines such as IL-1, IL-6, TNF-a, IL-17, and IL-23 [10-
12]. Furthermore, the activation of T cells and macrophages
is regarded as a prerequisite for the initiation of inflammatory
and destructive processes in joints. The pathogenesis of joint
inflammation in PsA is outlined as follows: dendritic cells
induce T cell differentiation by presenting antigens and
secreting various pro-inflammatory cytokines. An increased
expression of TLR-2 was detected in immature dendritic
cells of patients with PsA [13]. Patients diagnosed with PsA
exhibit an elevated proportion of immature myeloid dendritic
cells in the synovial fluid compared with plasmacytoid
dendritic cells. In PsA, the stimulation of TLRs leads to
the polarization of T cells toward the Th1 subpopulation,
which subsequently increases the production of interferon
gamma (IFN-y), TNF-a, and IL-2. Plasmacytoid dendritic
cells, in turn, generate cytokines such as IFN-y, TNF-q,
IL-12, and IL-23, which subsequently act as signals for
clonal proliferation of both CD4+ and CD8+ T cells. Activated
macrophages are involved in several proinflammatory
processes in the synovial membrane of joints. For example,
skin inflammation induced by TLR-7 ligand in mouse models
was associated with infiltration of CD68+ macrophages and
stimulation of inflammatory cytokine expression in joints.
This study demonstrated that macrophages may contribute
to the inflammatory process in PsA and may be a critical
factor in the transition of inflammation from skin to joints
[9]. In contrast, TLR-7 activation was shown to increase the
ratio of pro-inflammatory (M1) to anti-inflammatory (M2)
macrophages in psoriatic skin lesions [14]. Macrophages
with an M1 phenotype in PsA secrete pro-inflammatory
cytokines that activate T and B cells through antigen
presentation and stimulate bone resorption [15]. Mast cells,
located in the synovial membrane of joints, were shown to
induce angiogenesis, neutrophil recruitment, and synovial
fibroblast proliferation, indicating that these cells may
actively contribute to inflammatory arthritis. In the synovial
membrane of peripheral spondyloarthritis, mast cells are the
predominant source of IL-17A [16].

TLR7 induces the production of the membrane-bound
chemokine CXCL16 by dendritic cells, which is expressed on
their surface. Lu et al. [17] demonstrated that this chemokine
is overexpressed in skin lesions of pustular psoriasis and that
neutrophils express a receptor for this chemokine. CXCL16 is
known to activate the secretion of inflammatory factors IL-8
and TNF-a by neutrophils.

The co-culture of neutrophils with dendritic cells that were
treated with a TLR7 inhibitor or TLR7 agonist demonstrated
that TLR7 plays a regulatory role in the activation, migration,
and apoptosis of neutrophils. Based on these studies, the
authors suggested that TLR7 may influence the release of
CXCL16 by dendritic cells and the pro-inflammatory effects
of neutrophils by interfering with the signaling pathway of the
myeloid differentiation primary response gene 88 (MyD88).
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Activation of the TLR7-MyD88-DC-CXCL16 pathway results in
neutrophil migration to skin lesions, their activation, and the
inflammatory response in pustular psoriasis.

Accordingly, the analysis of recent Russian and foreign
studies indicate that TLR7 plays a significant role in the
development of inflammation in psoriasis and PsA. However,
there is limited data on the role of various polymorphic
markers of the TLR7 gene.

In this study, the polymorphic marker rs179009 in the
TLR7 gene was examined, along with its association with
psoriasis of varying severity.

The role of TLR7 markers in various diseases has been
a subject of active investigation in Russia and abroad [18-
20]. In particular, Galimova et al. [7] analyzed the association
of polymorphic variants (rs179003, rs179008, rs179020,
rs850632, and rs12013728) of the TLR7 gene with the risk of
psoriasis in individuals of Tatar ethnicity and demonstrated
that, among all the studied polymorphic variants of the TLR7
gene, only rs179008 significantly correlated with the risk
of psoriasis. However, studies of the polymorphic marker
rs179009 in the TLR7 gene and its associations in patients
with psoriasis and PsA have not yet been conducted.

The aim of the study was to investigate the role of the
polymorphic marker rs179009 in the TLR7 gene in patients
with severe psoriasis.

MATERIALS AND METHODS
Study design

A case-control study was conducted.

The primary endpoint was to detect differences in alleles
and genotypes of the polymorphic marker rs179009 in the
TLR7 gene in patients with psoriasis and PsA according to
severity and time of disease onset. There were no interim
endpoints.

Eligibility criteria

Inclusion criteria: first or previously diagnosed psoriasis;
age 18 years and older; patients of different sexes.

Non-inclusion criteria: failure to meet the inclusion
criteria; severe comorbidities or other autoimmune diseases
in the patient’s history; patient’s unwillingness to participate
in the study for any reason.

Exclusion criteria: patient’s willingness to discontinue
participation in the study.

Study setting

The study was conducted in the Branch No. 8 of the
Burdenko Main Military Clinical Hospital of the Ministry of
Defense of the Russian Federation; the European Medical
Center; and the Korolenko Clinic of the State Budgetary
Healthcare Institution Moscow Scientific and Practical Center
of Dermatovenereology and Cosmetology of the Moscow
Healthcare Department.

Tom 27 N2 6, 2024

BOI: https://doi.org/10.17816/dv635500

Poccuickmit KypHan
KOMHBIX 1 BEHEPMYECKMX DONe3Hen

Study duration
The study was conducted between 2016 and 2023.

Intervention description

All patients underwent a comprehensive clinical and
laboratory evaluation, including family and medical history,
physical examination, clinical blood count, urinalysis, and
blood biochemistry.

The assessment of the area and severity of psoriatic
lesions was conducted using the PASI (Psoriasis Area
and Severity Index), a standardized assessment method.
According to clinical guidelines [1], a PASI of <10 points
indicates a relatively mild disease, a PASI of 10-19 points
indicates a moderate disease, and a PASI of >20 points
indicates a severe psoriatic disease.

The analysis of innate immunity indicators in the study
group was performed by obtaining RNA from peripheral
venous blood using the kit for RNA isolation from clinical
material (Interlabservice, Russia). Polymorphisms of the
TLR7 gene (rs179009) were investigated by polymerase chain
reaction (PCR) with TagMan probes. The reverse transcription
reaction was performed using the Reverse Transcription Kit
(Syntol, Russia) according to the manufacturer’s instructions.
Subsequently, real-time PCR (RT-PCR) was conducted using
SYBR Green dye (DT-96), with the primers and reagents for
the PCR being synthesized by Syntol (Russia).

Main study outcome

The primary outcome of the study was to detect differences
in allele and genotype frequencies of the polymorphic marker
rs179009 in the TLR7 gene in patients with psoriasis and PsA.

There were no other study outcomes.

Subgroup analysis

The study group comprised 168 patients (100%) with
moderate to severe psoriasis, including 45 women (26.8%)
and 123 men (73.2%), with a mean age of 54.0+14.0 years.
The diagnosis of PsA was confirmed in 31 (18.5%) cases
using CASPAR (Classification Criteria for Psoriatic Arthritis)
criteria. Consequently, the study group was divided into
two subgroups. Subgroup 1 comprised patients with skin
manifestations of psoriasis exclusively (n=137), while
subgroup 2 consisted of patients with PsA (n=31).

Methods for registration of outcomes

Peripheral blood samples were obtained from all
patients, from which RNA was extracted, and polymorphisms
of the TLR7 recognition receptor gene were studied by
PCR using TagMan probes. After RT-PCR, the dependence
of fluorescence intensity on the number of amplification
cycles was obtained. The growth of the curve indicated the
accumulation of amplificate. The data obtained after PCR
amplification for each of the genes studied were recalculated
by the AACt method relative to the housekeeping B-actin
gene.
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The level of gene expression was determined relative to
the reference sample using the 2-22% method. The results
were expressed in relative units, indicating how many
times the gene expression changed in the test sample
compared to the reference sample. The B-actin gene, which
is a housekeeping gene with a stable expression level in
different cells regardless of conditions, was used as an
internal control.

Ethical review

The study was approved by the Ethics Committee of the
Medical Institute of the Federal State Autonomous Educational
Institution of Higher Education Patrice Lumumba People’s
Friendship University of Russia (Protocol No. 13 dated
December 15, 2022).

Statistical analysis

Statistical analysis and visualization of the obtained
data were performed using the R 4.3.0 statistical computing
environment (R Foundation for Statistical Computing, Vienna,
Austria) and the Microsoft Excel program of the Microsoft
Office 2016 package.

The following descriptive statistics were presented: the
number of observations (relative frequency) for categorical
variables, the mean (+ standard deviation) and the median
(1st and 3rd quartiles) for quantitative variables. The
Mann-Whitney test was used to compare groups with
respect to quantitative variables, and the Fisher's exact
test was used for categorical variables. When examining
intergroup differences, the mean differences were estimated
with corresponding 95% confidence intervals (95% Cl) for
guantitative variables, odds ratios (OR) were estimated with
corresponding 95% ClI for binary variables, and proportional
OR were estimated with corresponding 95% Cl (using ordinal
regression) for ordinal variables. Two-factor linear, logistic,
and regression models were used to obtain these estimates
adjusted for disease duration.

The analysis of allele and genotype frequencies in
the studied groups was calculated using the ¥? test. If
the expected value in any of the cells was <10, the ¥?
test was calculated using the Yates's correction. If the

Table 1. Distribution of patients by sex and age (n=168)
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expected value was <5, the Fisher’s exact test was used
for analysis. The OR and 95% Cl were calculated to quantify
the association between PsA and carriage of an adverse
polymorphic marker.

Results with p <0.05 were considered statistically
significant.

RESULTS

Participant characteristics

The study group (n=168, 100%) was divided into
two subgroups. Subgroup 1 included 137 patients with
skin manifestations of psoriasis only, while subgroup 2
included 31 patients with PsA. The mean age of patients
was 54.0+14.0 years, ranging from 53.8+14.4 years for
subgroup 1 to 54.7+12.5 years for subgroup 2. The mean
duration of psoriasis was 25.7+16.6 years, and the mean
duration of PsA was 8.3+9.5 years. Table 1 presents the sex
and age characteristics of the study participants. Comparative
analysis showed that PsA was statistically significantly more
frequently diagnosed in women than in men (OR 3.34; 95%
Cl: 1.48-7.59; p=0.006). Thus, 30 (66.7%) out of 45 women in
the study group were diagnosed with psoriasis and 15 out of
45 (33.3%) were diagnosed with PsA. In men, psoriasis was
diagnosed in 107 (87.0%) of 123 cases and PsA in 16 (13%)
of 123 patients. Therefore, PsA was diagnosed 3-fold more
frequently in women than in men (p <0.05). The groups were
comparable in age.

The mean PASI was 17.7+7.2, indicating a severe course
of psoriasis in all patients of the study group. In patients with
only skin manifestations of psoriasis, the mean PASI was
17.3£7.2. In patients with PsA, the mean PASI was 19.5+6.9,
indicating a more severe skin condition. The distribution of
patients in the study group according to the severity of skin
involvement is shown in Figure 1. As illustrated, 49.4% of
patients in the study group exhibited a PASI ranging from
20 to 30, indicating a severe psoriasis. In subgroup 1, the
distribution was as follows: PASI <10 in 24.8%, PASI 10-20 in
25.5%, and PASI 20-30 in 47.4% of patients. Consequently, in
subgroup 1, which exclusively comprised skin manifestations

Patients
Characteristics e Subgroup 1 Subgroup 2 P

=137 =31

Sex:

 Female 45 30 (66.7%) 15 (33.3%) 0.006

» Male 123 107 (87.0%) 16 (13.0%)

Ade. vears 54.0+14.0 53.8+14.4 54.7+12.5 0.925

ge. y 55 (43-65) 55 (43-65) 54 (b4-67) '
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Fig. 1. Distribution of patients depending on the severity of the skin process (n=168, %). [lcA — psoriatic arthritis.

of psoriasis, the majority of patients exhibited a medium to
severe skin condition. In subgroup 2 (PsA), patients were
distributed by severity as follows: PASI <10 in 6.5%, PASI 10—
20 in 32.3%, and PASI 20-30 in 58.1% of patients. Therefore,
in subgroup 2, as well as subgroup 1, the majority of patients
exhibited moderate to severe skin condition. Notably, only
4 patients (2.4%) in the study group had PASI >30 and were
excluded from further comparative analysis due to the limited
number of cases.

Primary findings

A comparison of the frequency of occurrence of alleles
and genotypes of the rs179009 marker in the TLR7 gene
revealed that C and T alleles of the studied marker were found
in psoriasis and PsA with approximately equal frequency,
with the T allele occurring less frequently in psoriasis than
in PsA (0.446 and 0.556, respectively; OR 1.55; 95% ClI:
0.76-3.18; p >0.05). In contrast, the C allele was reported
more frequently in psoriasis than in PsA (0.554 and 0.444,
respectively; OR 1.55; 95% Cl: 0.76-3.18; p >0.05) (Fig. 2).
Genotype analysis of the polymorphic marker rs179009 in
the TLR7 gene revealed that the CC homozygote was more
prevalent in patients with psoriasis than in patients with PsA
(0.344 and 0.222, respectively; OR 1.83; 95% Cl: 0.56—6.04;
p >0.05). Conversely, the TT homozygote was detected less
frequently in patients with psoriasis than in those with PsA
(0.237 and 0.333, respectively; OR 0.62; 95% Cl: 0.21-1.84;
p >0.05) (Fig. 2). As illustrated, there is a tendency to detect
the C allele and the CC homozygote in patients with psoriasis,
while the detection of the T allele and the TT homozygote is
more frequent in patients with PsA.

Furthermore, the distribution of the polymorphic marker
rs179009 in the TLR7 gene was examined in relation to the
severity of skin condition in patients with psoriasis (see
Fig. 3). Figure 3 shows that the C and T alleles of the
studied marker occur with approximately equal frequency
across various severity of the skin condition. Furthermore,

DOl https://doiorg/10]

the analysis of the genotypes of the polymorphic
marker rs179009 in the TLR7 gene revealed that the CT
heterozygote was found to be significantly more prevalent
in patients with mild psoriasis (0.567 cases; OR 2.94; 95%
Cl: 0.98-8.86). CC and TT homozygotes were predominantly
observed in patients with moderate to severe psoriasis.
CC homozygotes were identified in only 0.267 cases with
PASI <10 and 0.708 cases with PASI >10 (p <0.05). The TT
homozygote was recorded in 0.167 cases with PASI <10 and
0.686 cases with PASI >10 (p <0.05). These findings suggest
that homozygous carriage of the CC and TT genotypes of
the polymorphic marker rs179009 in the TLR7 gene may
predispose individuals to a more severe course of skin
psoriasis.

The age of disease onset may vary according to the specific
type of psoriasis. Type | psoriasis, for example, is associated
with the human leukocyte antigen (HLA) system, specifically
HLA Cwé, HLA B13, and HLA B17. This type of psoriasis was
observed to manifest in 65% of patients and is characterized
by its early onset, occurring between the ages of 18 and 25.
In contrast, type Il psoriasis, which is not associated with the
HLA antigen system, manifests at a later age, typically after
40 [21]. The mean age of psoriasis onset in the present study
was 45 (31-58) years, with a minimum age of 11 years and
a maximum age of 79 years. Furthermore, more than half
of the patients (57.1%) had psoriasis duration of more than
a year, and no statistically significant differences were found
regarding the age of psoriasis onset between the groups of
patients with psoriasis and PsA. The mean age of PsA onset
was 52 (35-57) years, with a minimum age of 22 years and
a maximum age of 69 years. Notably, 21 (67.7%) patients had
PsA at the time of disease onset.

The association between the presence of the polymorphic
marker rs179009 in the TLR7 gene and the age of psoriasis
onset was analyzed to assess the influence of the TLR7 gene
on the age of psoriasis onset (Fig. 4). The results demonstrated
that the C allele of the studied marker was significantly more
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prevalent in patients with late-onset psoriasis. Specifically, in
patients with psoriasis onset before and after the age of 40,
the frequency of the C allele was 0.400 and 0.632, respectively
(OR 0.38; 95% Cl: 0.2-0.74; p <0.01). In contrast, the T allele
was found to be significantly more prevalent in patients with
early-onset psoriasis. Specifically, the T allele was observed
at a frequency of 0.600 and 0.368 in patients with psoriasis
onset before and after the age of 40, respectively (OR 0.38;
95% Cl: 0.2-0.74; p <0.01). In the analysis of the genotypes
of the polymorphic marker rs179009 in the TLR7 gene, the
occurrence of homozygous CC and TT genotypes was found
to be statistically significant. The CC genotype manifested at
a frequency of 0.175 in patients with early-onset psoriasis
and 0.395 in patients with late-onset psoriasis (OR 0.32; 95%
Cl: 0.11-0.92; p <0.05). In contrast, the TT genotype was
found to be significantly more prevalent in patients with skin
disease onset before the age of 40 compared to those with
the onset after the age of 40, with 0.375 and 0.132 cases,
respectively (OR 3.96; 95% Cl: 1.27-12.35; p <0.05). Thus,
the presence of the C allele or homozygous CC marker
rs179009 in the TLR7 gene in a patient is indicative of the
late-onset skin disease, while the presence of the T allele
or TT homozygote is a statistically significant predictor of the
early-onset disease.

o] !
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0
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0.6
0.5
0.4
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Furthermore, a comparative analysis of the frequency
of alleles and genotypes of polymorphic marker rs179009
in the TLR7 gene in patients with PsA revealed significant
differences depending on the age of arthritis onset (Fig. 5).
Specifically, the T allele was observed to be more prevalent
in patients with PsA and early-onset arthritis compared to
those with psoriasis and late-onset arthritis, with a frequency
of 0.75 and 0.25, respectively (OR 0.11; 95% Cl: 0.02-0.58;
p < 0.05). The C allele was associated with late-onset
arthritis in comparison with the group of patients with
psoriasis and early-onset arthritis, with frequencies of 0.75
and 0.25, respectively (OR 0.11; 95% CI: 0.02—-0.58; p <0.05).
Furthermore, an analysis of the genotypes of the polymorphic
marker rs179009 in the TLR7 gene, depending on the age of
disease onset, revealed a trend toward a higher frequency
of the TT homozygote in patients with early-onset PsA.
CC homozygotes and CT heterozygotes were more prevalent
among patients with psoriasis who experienced a late onset of
joint symptoms. Specifically, CC homozygotes were observed
in 0.1 cases of early-onset PsA and 0.5 cases of late-onset
PsA (OR 0.11; 95% CI: 0.01-1.52; p <0.05). Conversely, the
CT homozygote was observed in 0.3 cases of early-onset PsA
and 0.5 cases of late-onset PsA (OR 0.42; 95% Cl: 0.05-3.48;
p <0.05).

ECmT

0.55

0.44

PsA

mCC mCT =TT

0.44
0.33

PsA

Fig. 2. Distribution of allele (a) and genotype (b) frequencies of polymorphic marker rs179009 in TLR7 gene in patients with psoriasis
and psoriatic arthritis (n=168). The abscissa axis represents the studied groups, the ordinate axis represents the frequency (p >0.05).

McA — psoriatic arthritis.
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Fig. 3. Distribution of allele (a) and genotype (b) frequencies of polymorphic marker rs179009 in the TLR7 gene in psoriasis patients

depending on the severity of the skin process (n=164). The abscissa axis represents the studied groups, the ordinate axis represents the
frequency (p >0.05).
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Fig. 4. Distribution of allele (a) and genotype (b) frequencies of polymorphic marker rs179009 in the TLR7 gene in psoriasis patients
depending on the age of psoriasis debut (n=168). The abscissa axis represents the studied groups, the ordinate axis represents the fre-
quency (p <0.05).
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Fig. 5. Distribution of allele (a) and genotype (b) frequencies of polymorphic marker rs179009 in TLR7 gene in patients with psoriatic
arthritis depending on the age of psoriasis debut (n=31). The abscissa axis represents the studied groups, the ordinate axis represents

the frequency (p <0.05).

Adverse events
No adverse events were reported.

DISCUSSION

Summary of the primary study results

This study was the first to analyze the frequency of
occurrence of alleles and genotypes of the rs179009 marker
of the TLR7 gene in patients with psoriasis and PsA. The study
indicates that the T allele and the TT homozygote are not only
more prevalent in patients with psoriasis and PsA compared
to healthy individuals, but they also predominate in patients
with PsA. In other words, the presence of the TT homozygote
in patients with PsA significantly increases the risk of a more
severe course of psoriasis and frequently results in triggering
synovial inflammation in joints.

Discussion of the primary study results

Activated TLR7 is known to be able to stimulate dendritic
cells and macrophages, which in turn leads to the release of
pro-inflammatory cytokines (TNF-a, IL-6). These cytokines, in
turn, stimulate the proliferation and accelerated differentiation
of keratinocytes [6—8]. Furthermore, TLR7 activation may
contribute to the triggering of joint inflammation through
the activation of synovial macrophages and dendritic cells,
leading to the release of pro-inflammatory cytokines that can
stimulate joint inflammation and result in joint tissue damage

BOI: https://doi.org/10.17816/dv635500

[9]. Consequently, TLR7 activation plays a pivotal role in the
onset and exacerbation of psoriatic process.

The role of the TLR7 receptor in various infectious
and immune-mediated diseases, including hepatitis C,
human immunodeficiency virus infection, systemic lupus
erythematosus, and bronchial asthma, has been a subject
of recent study [18, 20]. Galimova et al. [7] demonstrated
a significant correlation between the polymorphic variant
rs179008 of the TLR7 gene and the risk of psoriasis.
Specifically, the presence of the T allele (rs179008) in the
TLR7 gene significantly increases the risk of the disease and
predisposes to the late onset of skin condition. However,
current literature lacks evidence regarding the association
of polymorphic marker rs179009 in the TLR7 gene with
psoriasis and PsA.

When analyzing the occurrence of the polymorphic
marker rs179009 in the TLR7 gene in relation to the severity
of the skin condition in patients with psoriasis, a significant
association of CC and TT homozygotes with the severe
course of skin condition was found. Thus, CT heterozygous
carriage predisposes to a mild course of psoriasis with the
formation of psoriatic lesions of a severity corresponding to
PASI <10. On the contrary, homozygous CC and TT carriage
was a significant marker for moderate and severe psoriasis
with psoriatic lesion severity corresponding to PASI >10.

An evaluation of the association of alleles and
polymorphisms of the TLR7 gene with the age of psoriasis
onset revealed that the C allele and the CC genotype were
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statistically significantly associated with late-onset psoriasis
(after 40 years of age). In contrast, the presence of the T allele
or the TT homozygote was statistically significantly associated
with early-onset psoriasis (before 40 years of age). A similar
correlation was observed in the analysis of the dependence
of different alleles and genotypes of the polymorphic marker
rs179009 in the TLR7 gene in patients with the age of PsA
onset. In this case, the TT homozygote was more prevalent
in patients with early-onset arthritis (before 40 years of age),
while the CC homozygote and the CT heterozygote were
significantly more prevalent in patients with psoriasis and late-
onset joint symptoms (after 40 years of age).

Thus, our study was the first to demonstrate the
association of the polymorphic variant rs179009 in the TLR7
gene with PsA in patients with psoriasis, and to identify the
genotypes correlated with early-onset psoriasis and PsA, as
well as with the severe course of the skin condition.

CONCLUSION

The immunological patterns described in this study
underscore the significance of TLR7 genes located on the X
chromosome in psoriasis and contribute to the understanding
of the etiopathogenesis of this disease. The present study
identified an association between specific TLR7 rs179009
alleles and genotypes and an earlier and more severe
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