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Abstract: Recent studies have indicated a key role of the impaired suppressive capacity of regulatory
T cells (Tregs) in psoriasis (PsO) pathogenesis. However, the genetic background of Treg dysfunctions
remains unknown. The aim of this study was to evaluate the association of PsO development with
selected single nucleotide polymorphisms (SNPs) of genes in which protein products play a significant
role in the regulation of differentiation and function of Tregs. There were three study groups in
our research and each consisted of different unrelated patients and controls: 192 PsO patients and
5605 healthy volunteers in the microarray genotyping group, 150 PsO patients and 173 controls in the
ARMS–PCR method group, and 6 PsO patients and 6 healthy volunteers in the expression analysis
group. The DNA microarrays analysis (283 SNPs of 57 genes) and ARMS–PCR method (8 SNPs in
7 genes) were used to determine the frequency of occurrence of SNPs in selected genes. The mRNA
expression of selected genes was determined in skin samples. There were statistically significant
differences in the allele frequencies of four SNPs in three genes (TNF, IL12RB2, and IL12B) between
early-onset PsO patients and controls. The lowest p-value was observed for rs3093662 (TNF), and
the G allele carriers had a 2.73 times higher risk of developing early-onset PsO. Moreover, the study
revealed significant differences in the frequency of SNPs and their influence on PsO development
between early- and late-onset PsO. Based on the ARMS–PCR method, the association between some
polymorphisms of four genes (IL4, IL10, TGFB1, and STAT3) and the risk of developing PsO was
noticed. Psoriatic lesions were characterized with a lower mRNA expression of FOXP3, CTLA4, and
IL2, and a higher expression of TNF and IL1A in comparison with unaffected skin. In conclusion, the
genetic background associated with properly functioning Tregs seems to play a significant role in
PsO pathogenesis and could have diagnostic value.

Keywords: psoriasis; T lymphocytes; regulatory T cells; genetics; single nucleotide polymorphisms

1. Introduction

Psoriasis (PsO) is a chronic, inflammatory, immune-mediated disease with a prevalence
of approximately 2–3% in the general population [1]. The development and course of PsO
are associated with complex interplay between genetic, environmental, and immunological
factors [2]. The activated T lymphocytes as well as cytokines and the growth factors secreted
by them constitute a major component of the inflammatory infiltrate within PsO lesions.
In particular, dysfunctional helper T cells (Th1, Th17, Th22, and regulatory T cells) are
recognized as relevant triggers in PsO development [3].
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The regulatory T cells (Tregs) are known as suppressor lymphocytes. Tregs play a
fundamental role in the regulation of the immune system and contribute to the prevention
of autoimmune diseases by suppressing the immune response [4–6]. They are divided
into two main groups on the basis of the place of formation, effector mechanisms, and the
profile of cytokines produced: (1) primary regulatory lymphocytes, which are formed in
the thymus and referred to as nTreg (natural occurring Tregs); and (2) secondary (adaptive),
inducible regulatory lymphocytes, referred to as Tr1 and Th3, arising in the periphery from
mature T lymphocytes under the influence of antigenic stimulation and/or costimulation
(inductive/adaptative iTregs) [7,8]. Tregs inhibit the activity of CD4 and CD8 lymphocytes
and thus cause a decrease in the pro-inflammatory cytokine production. The inhibitory
effect of Tregs occurs either by direct contact with the target cells (primary suppression) or
by secretion of inhibitory cytokines such as IL10 and TGF-β1 (secondary suppression). The
quiescence, differentiation, and exhaustion of Tregs are regulated by multilayered factors,
including cytokines, antigens, T-cell receptor (TCR) signaling, transcription factors, and
epigenetic modifiers [9,10].

Recent studies have revealed that PsO Tregs are characterized by impaired suppressive
function leading to an altered T-helper 17/Treg balance [4,11–13]. Moreover, it has been
shown that Tregs with the phenotype CD4+CD25+highFoxp3+CTLA4+ isolated from the
peripheral blood and skin of PsO patients have a reduced ability to suppress effector CD4+

T cells, contributing to the accelerated proliferation of PsO pathogenic T cells in vivo [14].
However, the mechanism and genetic background of Treg dysfunctions in PsO remain not
fully understood [15,16].

The aim of the study was to determine the association of PsO development with
selected single nucleotide polymorphisms (SNPs) of genes in which protein products play
a significant role in the regulation of the differentiation and function of Tregs.

2. Results
2.1. Comparison of Variation in Frequency for Tested SNPs of Selected 57 Candidate Genes Related
to the Functioning of Tregs Using Microarrays Methods

From 57 selected candidate genes related to the functioning of Tregs (Supplementary
Material S1), we selected 283 SNPs and investigated whether these SNPs contribute to
PsO risk, including type I (early-onset) and II (late-onset) PsO. The p-values reported
in our study are not adjusted for multiple testing, although we have included statistical
significance values (p adj) with the Bonferroni correction in the Tables (Tables 1–3). In
our study, we did not aim to search for new variants with genetic susceptibility to PsO,
but we wanted to check differences in the distribution of SNPs of genes regulating Tregs,
which may indirectly affect the risk of developing PsO. However, after taking into account
adjustment for multiple testing, we found a strong statistically significant correlation of type
I PsO risk with four SNPs: rs3093662 (p adj = 1.51 × 10−6, OR = 2.73, 95% CI = 1.92–3.88),
rs2201584 (p adj = 0.005, OR = 1.82, 95% CI = 1.38–2.40), as well as rs3213094 and rs3212220
(p adj = 0.020, OR = 0.47, 95% CI = 0.33–0.69) within three different genes (TNF, IL12RB2,
and IL12B).
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Table 1. Comparison of the allele frequency of SNPs in PsO patients and controls.

CHR SNP A1 F_A F_U CHISQ p p adj OR SE L95 U95 Overlapped Gene Annotation

6 rs3093662 G 0.1094 0.05343 22.25 2.40 × 10−6 0.0007031 2.175 0.1688 1.563 3.029 TNF intronic
5 rs1295686 A 0.1719 0.2494 12.01 0.0005296 0.1552 0.6246 0.137 0.4775 0.817 IL13/TH2LCRR intronic, non-coding intronic
5 rs20541 T 0.1719 0.2475 11.48 0.0007035 0.2061 0.631 0.137 0.4824 0.8254 IL13/TH2LCRR coding nonsyn, non-coding
1 rs2201584 T 0.1953 0.1399 9.381 0.002192 0.6422 1.493 0.1316 1.153 1.932 IL12RB2 intronic
5 rs3213094 A 0.1354 0.198 9.24 0.002367 0.6936 0.6343 0.151 0.4718 0.8527 IL12B intronic
5 rs3212220 T 0.1354 0.198 9.24 0.002367 0.6936 0.6343 0.151 0.4718 0.8527 IL12B intronic
1 rs12142823 T 0.1731 0.1238 7.819 0.005171 1 1.482 0.1415 1.123 1.955 IL12RB2 5utr, 5upstream
1 rs10489630 G 0.4453 0.3795 6.808 0.009076 1 1.312 0.1045 1.069 1.611 IL23R intronic
1 rs4845625 T 0.5547 0.4908 6.061 0.01382 1 1.292 0.1044 1.053 1.586 IL6R intronic, non-coding intronic
1 rs2064689 A 0.3411 0.2869 5.323 0.02104 1 1.287 0.1096 1.038 1.596 IL23R intronic
1 rs10789224 C 0.3385 0.2847 5.264 0.02177 1 1.286 0.1099 1.037 1.595 IL23R intronic
21 rs2268288 C 0.1623 0.2099 5.076 0.02426 1 0.7292 0.1407 0.5535 0.9608 RUNX1 intronic, 5upstream
1 rs6693065 G 0.25 0.203 5.045 0.0247 1 1.309 0.1202 1.034 1.656 IL12RB2 intronic
10 rs734187 T 0.237 0.2893 4.968 0.02583 1 0.7628 0.1218 0.6008 0.9685 NRP1 intronic, 3downstream
22 rs2241042 A 0.3455 0.4017 4.862 0.02746 1 0.7863 0.1093 0.6346 0.9741 IL17RA intronic, non-coding intronic
3 rs4135280 C 0.03646 0.06396 4.754 0.02923 1 0.5537 0.275 0.323 0.9493 PPARG intronic, 3downstream
10 rs1044268 A 0.1328 0.1753 4.655 0.03096 1 0.7208 0.1524 0.5346 0.9717 NRP1 3utr
21 rs2014300 A 0.1276 0.1682 4.398 0.03598 1 0.7234 0.155 0.5339 0.9803 RUNX1 intronic
1 rs7553796 A 0.5312 0.477 4.383 0.0363 1 1.243 0.104 1.014 1.524 IL6R intronic
1 rs4537545 T 0.3125 0.364 4.258 0.03905 1 0.7943 0.1118 0.6379 0.9889 IL6R intronic, non-coding intronic
10 rs4582902 T 0.5262 0.4726 4.254 0.03915 1 1.239 0.1042 1.01 1.52 ENTPD1 intronic, non-coding intronic

2 rs231779 T 0.4583 0.4074 3.989 0.0458 1 1.231 0.1042 1.004 1.51 CTLA4 intronic, 5upstream,
non-coding intronic

17 rs9900213 T 0.1094 0.1458 3.975 0.04617 1 0.7197 0.1657 0.5201 0.9958 STAT5B intronic, non-coding intronic
9 rs10481593 A 0.1875 0.231 3.972 0.04627 1 0.7683 0.1327 0.5924 0.9964 CD274 intronic, non-coding intronic
10 rs734186 T 0.3698 0.4206 3.936 0.04726 1 0.8083 0.1074 0.6549 0.9978 NRP1 intronic, 3downstream

1 rs4129267 T 0.3073 0.3564 3.904 0.04816 1 0.8013 0.1124 0.6429 0.9986 IL6R intronic, 5upstream,
non-coding intronic

CHR—chromosome; SNP—single nucleotide polymorphism; A1—minor allele name (based on whole sample); F_A—frequency of this allele in PsO cases; F_U—frequency of this allele
in controls; CHISQ—basic allelic test chi-square; p—p-value; p adj—Bonferroni single-step adjusted p-values; OR—estimated odds ratio; SE—standard error; L95—lower bound of 95%
confidence interval for odds ratio; U95—upper bound of 95% confidence interval for odds ratio.
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Table 2. Comparison of the frequency of SNPs in the group of patients with type I PsO and the control group.

CHR SNP A1 F_A F_U CHISQ p p adj OR SE L95 U95 Overlapped Gene Annotation

6 rs3093662 G 0.129 0.0515 34.13 5.15 × 10−9 1.51 × 10−6 2.73 0.18 1.92 3.88 TNF intronic
1 rs2201584 T 0.228 0.1396 18.36 1.83 × 10−5 0.00539 1.82 0.14 1.38 2.40 IL12RB2 intronic
5 rs3213094 A 0.105 0.1989 15.84 6.90 × 10−5 0.02029 0.47 0.19 0.33 0.69 IL12B intronic
5 rs3212220 T 0.105 0.1989 15.84 6.90 × 10−5 0.02029 0.47 0.19 0.33 0.69 IL12B intronic
1 rs6693065 G 0.289 0.2024 13.25 0.0002732 0.08032 1.60 0.13 1.24 2.07 IL12RB2 intronic
1 rs12142823 T 0.196 0.1237 13.14 0.0002895 0.08512 1.73 0.15 1.28 2.34 IL12RB2 5utr, 5upstream
5 rs1295686 A 0.170 0.2505 9.92 0.001633 0.48 0.61 0.16 0.45 0.83 IL13/TH2LCRR intronic, non-coding intronic
5 rs20541 T 0.170 0.2486 9.50 0.002059 0.6052 0.62 0.16 0.46 0.84 IL13/TH2LCRR coding nonsyn, non-coding
3 rs4135280 C 0.027 0.0643 6.64 0.00997 1 0.41 0.36 0.20 0.83 PPARG intronic, 3downstream
10 rs1044268 A 0.119 0.1756 6.37 0.01159 1 0.63 0.18 0.44 0.91 NRP1 3utr
10 rs4582902 T 0.545 0.4715 6.08 0.01367 1 1.34 0.12 1.06 1.69 ENTPD1 intronic, non-coding intronic
22 rs2241042 A 0.329 0.4003 6.08 0.01367 1 0.73 0.13 0.57 0.94 IL17RA intronic, non-coding intronic
21 rs2268288 C 0.151 0.2096 5.99 0.01442 1 0.67 0.17 0.48 0.93 RUNX1 intronic, 5upstream
10 rs734187 T 0.228 0.2901 5.40 0.02011 1 0.72 0.14 0.55 0.95 NRP1 intronic, 3downstream
21 rs2834655 A 0.252 0.3121 4.89 0.02707 1 0.74 0.14 0.57 0.97 RUNX1 intronic
21 rs2268278 A 0.286 0.3472 4.78 0.02876 1 0.75 0.13 0.58 0.97 RUNX1 intronic

11 rs2228055 G 0.024 0.0519 4.65 0.03101 1 0.45 0.38 0.21 0.95 IL10RA coding nonsyn, 5upstream, 3utr,
non-coding, 3downstream

10 rs11188484 A 0.384 0.3257 4.47 0.03447 1 1.29 0.12 1.02 1.64 ENTPD1 intronic, non-coding intronic
2 rs10515944 A 0.188 0.1442 4.46 0.03474 1 1.38 0.15 1.02 1.86 CD28 intronic
1 rs2064689 A 0.344 0.2872 4.43 0.0353 1 1.30 0.12 1.02 1.66 IL23R intronic
1 rs10789224 C 0.340 0.2850 4.27 0.0389 1 1.29 0.12 1.01 1.65 IL23R intronic
1 rs10489630 G 0.439 0.3802 4.16 0.04142 1 1.27 0.12 1.01 1.61 IL23R intronic
9 rs10481593 A 0.180 0.2303 4.05 0.04411 1 0.74 0.15 0.54 0.99 CD274 intronic, non-coding intronic
9 rs1411262 A 0.245 0.2981 3.88 0.04875 1 0.76 0.14 0.58 1.00 CD274 intronic, non-coding intronic

11 rs2256111 G 0.537 0.4795 3.84 0.04993 1 1.26 0.12 1.00 1.59 IL10RA coding syn, 5upstream, coding
nonsyn, non-coding, 3utr

CHR—chromosome; SNP—single nucleotide polymorphism; A1—minor allele name (based on whole sample); F_A—frequency of this allele in PsO cases; F_U—frequency of this allele
in controls; CHISQ—basic allelic test chi-square; p—p-value; p adj—Bonferroni single-step adjusted p-values; OR—estimated odds ratio; SE—standard error; L95—lower bound of 95%
confidence interval for odds ratio; U95—upper bound of 95% confidence interval for odds ratio.
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Table 3. Comparison of the frequency of SNPs in the group of patients with type II PsO and the control group.

CHR SNP A1 F_A F_U CHISQ p p adj OR SE L95 U95 Overlapped Gene Annotation

17 rs8069645 G 0.12 0.27 9.56 0.00199 0.5857 0.38 0.32 0.20 0.72 STAT3 intronic
8 rs7820268 T 0.23 0.36 6.38 0.01154 1 0.54 0.25 0.33 0.88 IDO1 intronic, 3downstream, non-coding intronic
1 rs7553796 A 0.61 0.48 6.37 0.01163 1 1.72 0.22 1.12 2.63 IL6R intronic
1 rs4845618 G 0.62 0.49 6.02 0.01414 1 1.70 0.22 1.11 2.60 IL6R intronic, 5upstream
17 rs9900213 T 0.06 0.15 5.88 0.01531 1 0.34 0.46 0.14 0.85 STAT5B intronic, non-coding intronic
17 rs3816769 C 0.21 0.32 5.27 0.02165 1 0.56 0.26 0.33 0.92 STAT3 intronic, non-coding intronic, 3downstream
1 rs4845625 T 0.61 0.49 5.16 0.02314 1 1.63 0.22 1.07 2.49 IL6R intronic, non-coding intronic

1 rs1041937 A 0.18 0.28 4.51 0.03376 1 0.56 0.28 0.33 0.96 LGALS8 intronic, coding nonsyn, non-coding, coding
syn, 5upstream, 3downstream

1 rs3819001 G 0.09 0.04 4.46 0.03480 1 2.16 0.37 1.04 4.49 TNFRSF18 3utr, 3downstream
17 rs1026916 A 0.22 0.33 4.33 0.03750 1 0.59 0.25 0.36 0.98 STAT3 intronic
17 rs1053005 G 0.10 0.18 4.23 0.03978 1 0.49 0.35 0.25 0.98 STAT3 3utr, 3downstream

11 rs2228055 G 0.10 0.05 4.17 0.04115 1 2.03 0.35 1.01 4.06 IL10RA coding nonsyn, 5upstream, 3utr, non-coding,
3downstream

17 rs2293154 A 0.09 0.17 4.14 0.04190 1 0.48 0.37 0.23 0.99 STAT5A intronic, non-coding intronic, 3downstream
5 rs10940495 G 0.34 0.25 4.10 0.04294 1 1.57 0.22 1.01 2.42 IL6ST intronic, non-coding intronic
10 rs10490938 A 0.28 0.19 4.03 0.04462 1 1.60 0.24 1.01 2.55 NRP1 intronic
2 rs231779 T 0.51 0.41 3.98 0.04601 1 1.52 0.21 1.00 2.30 CTLA4 intronic, 5upstream, non-coding intronic
17 rs744166 C 0.28 0.38 3.90 0.04819 1 0.63 0.24 0.40 1.00 STAT3 intronic

CHR—chromosome; SNP—single nucleotide polymorphism; A1—minor allele name (based on whole sample); F_A—frequency of this allele in PsO cases; F_U—frequency of this allele
in controls; CHISQ—basic allelic test chi-square; p—p-value; p adj—Bonferroni single-step adjusted p-values; OR—estimated odds ratio; SE—standard error; L95—lower bound of 95%
confidence interval for odds ratio; U95—upper bound of 95% confidence interval for odds ratio.
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We observed differences in the allele frequencies of 26 SNPs in 14 genes (Table 1). For
11 SNPs (rs3093662, rs2201584, rs12142823, rs10489630, rs6693065, rs4845625, rs2064689,
rs10789224, rs7553796, rs4582902, and rs231779), we observed an increased risk of PsO
(p < 0.005; OR > 1.0). The lowest p value was observed for rs3093662 (TNF); the G allele
carriers had a 2.175 times higher risk of developing PsO. Other SNPs included in Table 1
reduced the risk of PsO (p < 0.005; OR < 1.0). All results are presented in the Supplementary
Material S2.

Moreover, differences in the frequency of SNPs were noticed between patients with
type I PsO, type II PsO and controls.

Out of the 283 polymorphisms analyzed, differences were found in the scope of
25 SNPs in 13 different genes between the group of patients with type I PsO and the
control group (Table 2; Supplementary Material S3). In the type I PsO group, incidence
of the risk allele in the following six genes was higher than in the control group: TNF
(rs3093662 G), IL12RB (rs2201584 T, rs12142823 T, and rs6693065 G), CD28 (rs10515944 A),
ENTPD1 (rs4582902 T and rs11188484 A), IL23R (rs2064689 A, rs10789224 C, and rs10489630
G), and IL10RA (rs2256111 G). There was a tendency observed for these risk allele carriers
to develop type I PsO (OR > 1.0). On the other hand, we noticed a decrease in allele
frequencies of 14 SNPs (the lowest p-value was observed for two SNPs in IL12B gene:
rs3213094 A and rs3212220 T) among patients with type I PsO compared with the control
group, suggesting that their presence had a protective effect against the development
of PsO.

Association analysis between the group of patients with type II PsO and the control
group revealed different results than those observed in the group of patients with type I
PsO (Table 3; Supplementary Material S4).

From the examined SNPs, eight of them were associated with a higher risk of type
II PsO (the lowest p-values were identified for IL6R SNPs: rs7553796, rs4845618, and
rs4845625), whereas the protective effect against the development of type II PsO was
observed for nine SNPs (the lowest p-value was identified for rs8069645 in STAT3).

Interestingly, we found the opposite effect of the tested IL10RA SNP between results
obtained from the analysis of type I PsO and type II PsO. The G allele frequency of rs2228055
(IL10RA) was significantly higher in a group of patients with type II PsO compared with
the controls, whereas the G allele was significantly less frequent in a group of patients
with type I PsO compared with the controls. Thus, the G allele frequency of rs2228055 was
observed as a risk factor for developing type II PsO, whereas in the group of type I PsO
this allele had a protective effect against PsO (p = 0.04, OR = 2.03 and p = 0.03, OR = 0.45,
respectively) when compared with the control group.

2.2. Analysis of the Frequency of Selected Gene Polymorphisms by ARMS–PCR Method

We analyzed eight SNPs in seven genes (IL4, IL6, IL10, TGFB1,CTLA4, STAT3, and
FOXP3) (Table 4). The CT genotype and the T allele of the −590 IL4 polymorphism
(rs2243250) were observed more often among PsO patients and significantly increased the
risk of PsO (OR = 2.52, p = 0.0001; OR = 2.0, p = 0.0002). The CC genotype and the C allele
of the −590 IL4 were significantly less frequent in patients than in the control group and
their presence decreased the risk of PsO (OR = 0.38, p < 0.001 and OR = 0.5, p = 0.002,
respectively). The protective effect against PsO development was also observed for the
GG genotype and the G allele of the −1082 IL10 (rs1800896) (OR = 0.56, p = 0.04; OR = 0.7,
p = 0.02). Both the TT genotype and the T allele of the TGFB1 codon10 polymorphism
(rs1982073) were significantly more frequent in the group of patients (p < 0.0001), and their
presence increased the risk of PsO more than five times (OR = 5.5) in the case of the TT
genotype and more than four times (OR = 4.47) in the case of the T allele. The TC genotype,
CC, and the C allele were significantly rarer in the PsO group compared with the controls,
and their presence reduced the risk of PsO (OR = 0.3, OR = 0.24, and OR = 0.22, respectively).
Additionally, the presence of the CC genotype of the STAT3 polymorphism (rs2293152) was
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found to exert a protective effect against PsO development (OR = 0.31; p = 0.04). In the case
of other polymorphisms, no statistically significant differences were noticed.

Table 4. The occurrence of genotypes and alleles for selected gene polymorphisms in PsO patients
and the control group.

Genotypes
and Alleles

Control
N = 173

Psoriasis
N = 150 OR (95% CI) p-Value

IL4-590
rs2243250

CC 115
66.5%

64
42.7% 0.38 (0.24–0.59) <0.0001

CT 51
29.5%

77
51.3% 2.52 (1.60–3.99) 0.0001

TT 7
4.0%

9
6.0% 1.51 (0.55–4.17) 0.42

C 281
81.2%

205
68.3% 0.50 (0.35–0.72) 0.0002

T 65
18.8%

95
31.7% 2.00 (1.39–2.88) 0.0002

IL6-174
rs1800795

GG 30
15.3%

31
20.7% 1.24 (0.71–2.17) 0.45

GC 107
63.2%

82
54.7% 0.74 (0.48–1.16) 0.19

CC 36
21.5%

37
24.6% 1.25 (0.74–2.10) 0.41

G 167
48.3%

144
48.0% 0.99 (0.73–1.35) 0.95

C 179
51.7%

156
52.0% 1.01 (0.74–1.38) 0.95

IL10-1082
rs1800896

GG 47
27.2%

26
17.3% 0.56 (0.33–0.96) 0.04

GA 90
52.0%

81
54.0% 1.08 (0.70–1.68) 0.72

AA 36
20.8%

43
28.7% 1.53 (0.92–2.55) 0.10

G 184
53.2%

133
44.3% 0.70 (0.51–0.96) 0.02

A 162
46.8%

167
55.7% 1.43 (1.05–1.95) 0.02

TGFB1 codon10
rs1982073

TT 71
41.0%

119
79.3% 5.50 (3.35–9.07) <0.0001

TC 56
32.4%

19
12.7% 0.30 (0.17–0.54) 0.0001

CC 46
26.6%

12
8.0% 0.24 (0.12–0.47) <0.0001

T 198
57.2%

257
85.7% 4.47 (3.03–6.58) <0.0001

C 148
42.3%

43
14.3% 0.22 (0.15–0.33) p < 0.0001
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Table 4. Cont.

Genotypes
and Alleles

Control
N = 173

Psoriasis
N = 150 OR (95% CI) p-Value

CTLA4-318
rs5742909

CC 140
80.9%

110
73.3% 0.65 (0.38–1.09) 0.11

CT 32
18.5%

40
26.7% 1.60 (0.95–2.72) 0.08

TT 1
0.6%

0
0.0% 0.38 (0.02–9.45) 0.56

C 312
90.2%

260
86.7% 0.71 (0.44–1.15) 0.16

T 34
9.8%

40
13.3% 1.41 (0.87–2.30) 0.16

STAT3
rs2293152

GG 73
42.8%

57
38.0% 0.84 (0.54–1.31) 0.44

GC 86
49.7%

89
59.3% 1.48 (0.95–2.30) 0.08

CC 14
7.5%

4
2.7% 0.31 (0.10–0.97) 0.04

G 232
67.1%

203
67.7% 1.03 (0.74–1.43) 0.87

C 114
32.9%

97
32.3% 0.97 (0.70–1.35) 0.87

STAT3
rs4796793

CC 88
50.9%

87
58.0% 1.33 (0.85–2.07) 0.20

CG 69
39.9%

51
34.0% 0.78 (0.49–1.22) 0.28

GG 16
9.2%

12
8.0% 0.85 (0.39–1.87) 0.69

C 245
70.8%

225
75.0% 1.24 (0.87–1.75) 0.23

G 101
29.2%

75
25.0% 0.81 (0.57–1.15) 0.23

FOXP3
rs2232365

AA 61
35.3%

63
42.0% 1.33 (0.85–2.08) 0.21

AG 40
23.1%

29
19.3% 0.80 (0.47–1.36) 0.41

GG 72
41.6%

58
38.7% 0.88 (0.57–1.38) 0.59

A 162
46.8%

155
51.7% 1.21 (0.89–1.65) 0.22

G 184
53.2%

145
48.3% 0.82 (0.60–1.12) 0.22

OR—odds ratio, CI—confidence interval.

2.3. Analysis of Expression of Selected Genes in Skin Biopsies of PsO Patients and Controls

Within the PsO plaques, a significantly higher mRNA expression of TNF (Figure 1A)
was observed in comparison with the skin surrounding the lesions and the skin of healthy
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individuals, whereas, in spite of the observed tendency, the changes in the expression of
IL1A were not statistically significant between the groups (Figure 1B).
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Figure 1. mRNA expression of pro-inflammatory genes (TNF and IL1A) in healthy skin, marginal
tissue, and PsO lesions. The graphs on the left compare the expression levels of TNF (A) and IL1A
(B) in PsO lesions and their marginal tissue (n = 6) with the skin of healthy individuals (n = 6). The
graphs on the right show the paired gene expressions of TNF (A) and IL1A (B) in PsO skin lesions
and marginal tissue from each individual patient (n = 6).

Compared with healthy skin and marginal tissue, PsO lesions showed a significant reduc-
tion in the mRNA expression of the FOXP3 (Figure 2A), IL2 (Figure 2B), and CTLA4 (Figure 2C)
genes in which protein products are associated with Tregs development and activation.
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Figure 2. mRNA expression of anti-inflammatory genes (FOXP3, IL2, and CTLA4) in healthy skin,
marginal tissue, and PsO lesions. The graphs on the left compare the expression levels of FOXP3
(A), IL2 (B), and CTLA4 (C) in PsO lesions and their marginal tissue (n = 6) with skin of healthy
individuals (n = 6). The graphs on the right show the paired gene expressions of FOXP3 (A), IL2 (B),
and CTLA4 (C) in PsO skin lesions and marginal tissue from each individual patient (n = 6).

3. Discussion

The Tregs play a crucial role in the inhibition of the excessive immune response and
mediate in the maintenance of immunological homeostasis. It has been shown that PsO
patients have functional defects in CD4+CD25+Foxp3+ Tregs [17]. Disturbances in Treg
activity as well as factors contributing to increased Treg inhibition and/or impaired stimu-
lation appear to be involved in the etiology of PsO [17,18]. Our results indicate the possible
role of the genetic background associated with defects of Tregs in the PsO pathogenesis.
After adjustment for multiple testing, the study revealed significant differences in the allele
frequencies of four SNPs in three genes, including TNF, IL12RB2, and IL12B, between type
I PsO and controls. However, there are likely differences between the allele frequencies
for another 22 SNPs in 12 genes (IL13/TH2LCRR, IL12RB2, IL23R, IL6R, RUNX1, NRP1,
IL17RA, PPARG, ENTPD1, CTLA4, STAT5B, and CD274) in the group of all PsO patients
compared with the control group. The products of these genes include cytokines and their
receptors, antigens, and transcription factors. All of them are involved in the production,
differentiation, and activity of Tregs, and that is why they are worth discussing.

The tumor necrosis factor (TNF) is a pro-inflammatory cytokine produced by mono-
cytes and macrophages as well as other immune cells, including dendritic cells, B cells,
activated natural killer cells, and T cells [19]. The TNF plays a significant role in the
pathogenesis of various inflammatory and autoimmune diseases. It is believed that this
cytokine may affect Treg activity [20]. Tregs have been suggested to suppress Th1 and Th17
effector T cell responses. Some studies have reported that TNF reduces the suppressive
function of Tregs mainly by decreasing FOXP3 expression and therefore contributes to
chronic inflammation [21]. However, other studies have shown that TNF enhances the
suppressive function of Tregs [22]. The interactions between TNF and Tregs have not
been clearly defined. A study investigating rheumatoid arthritis found that memory Tregs
(CD4+CD45RO+CD25+CD127low) can acquire the ability to produce pro-inflammatory
cytokines, including not only IFN-γ and IL17, but also TNF, in response to inflammatory
stimuli [23]. It is postulated that genetic factors associated with the functioning of TNF
may play a role in the pathogenesis of PsO. It has been found that TNF (SNP rs3093662) is
a susceptible gene for PsO in the Chinese population [24,25]. Our research also indicated a
potential role of rs3093662 (TNF) in PsO etiology as we noticed that G allele carriers had
a 2.175 times higher risk of developing PsO (p = 2.40 × 10−6). Similarly to other studies,
we observed a significant increase in mRNA TNF in PsO [26,27]. Therefore, it seems likely
that the involvement of genetic factors in TNF function may indirectly contribute to the
Treg-mediated response in PsO, but this requires further research.

The role of IL12B in the genetics of PsO was explored broadly, and potentially causative
variants of IL12B were identified throughout genome-wide association studies (GWAS)
worldwide [28–33]. IL12B encodes the IL-12p40 subunit of two distinct heterodimeric
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cytokines, IL12 and IL23, which are involved in the immune responses. SNPs in IL12B- and
IL12B-related genes including IL12A, IL23A (encoding the IL-12p35 and IL-23p19 subunits,
respectively), and genes encoding the receptors of IL12 and IL23 (IL12RB1, IL12RB2, and
IL23R) are suggested to play a role in PsO susceptibility [29]. Hunter et al. highlighted
the unique significance of these two cytokines as they drive the development of distinct
subsets of T-cells [34]. IL-12 contributes to the induction and enhancement of Th1 cells,
whereas IL-23 is associated with the generation of Th17 response and the production of
IL17 [35]. Through subunits of its receptor, IL-12 activates a cascade of signaling factors
including STAT4 and NFKβ, and thus promotes the production of pro-inflammatory Th1-
type cytokines such as TNFα and IFN-γ [36]. Moreover, IL12 induces IFN-γ expression by
Tregs and inhibits Treg proliferation and Foxp3 expression [37]. In this study, we confirmed
that SNPs rs3213094 and rs3212220 in IL12B- and IL12B-related genes (rs2201584 in IL12RB2)
were associated with PsO pathogenesis. Our results are parallel with earlier studies which
have reported that rs3212220 confers protection against PsO [29,32].

Literature data indicate the concept of two subtypes of PsO based on the age of onset,
showing not only different epidemiological and immunocytochemical features but also
genetic ones [38–40]. Our study revealed significant differences in the frequency of SNPs
and their influence on PsO development between early- and late-onset PsO, thus emphasiz-
ing various genetic backgrounds of the above types of PsO. The greatest differences in this
respect concerned the polymorphism of the IL10RA gene. IL10 receptor (IL10R) signaling in
Tregs has been implicated in the downregulation of Th17 cell-mediated inflammation [41],
but the underlying molecular mechanisms and functional relevance of this process remain
unclear. In one study, abolition of IL10Ra signaling in Tregs was shown to increase the
activation of dendritic cells and the production of Th17-inducing cytokines [42]. Interest-
ingly, we found the opposite effect of tested IL10RA SNP (rs2228055) when comparing
obtained results from the analysis of type I PsO and type II PsO, which requires further
evaluation. Moreover, we noticed the protective effect against PsO development for the GG
genotype and the G allele of the −1082 IL10 polymorphism (rs1800896). In the literature,
data concerning the possible role of rs1800896 are controversial [43]. Some authors high-
lighted its significance in predisposition to PsO [44–47]. However, in contrast with these
results, Reich et al. [48], Baran et al. [49], and Peddle et al. [50] found no significant role of
rs1800896 polymorphism in PsO patients.

The IL4 is an anti-inflammatory cytokine which affects the function of many types
of cells. It inhibits Th1/Th17 cells and decreases the cytokine level of IFN-γ [51]. Tregs
exposed to IL4 are more likely to suppress the proliferation of naïve CD4+ T cells as well
as to inhibit IFN-γ production by CD4+ T cells. Some authors concluded that the anti-
inflammatory properties of IL4 could be partly mediated by the effect on the function
of Tregs [52]. Yang WC et al. confirmed the essential role of IL4 in supporting Treg-
mediated immune suppression [53]. Another study revealed a decreased serum level
of IL4 and IL4 gene expression in PsO patients [54]. It has been suggested that the IL4
polymorphism (rs2243250) might be associated with genetic susceptibility to autoimmune
diseases [55]. Indhumathi S et al. postulated that this polymorphism is protective against
PsO [56]. Our study also revealed a potential role of IL4 polymorphism (rs2243250) in PsO
development. We noticed that the presence of the CC genotype and C allele of rs2243250
had a protective effect against the development of PsO. However, we have also shown a
significant association between the CT genotype and T allele of rs2243250 and an increased
risk of PsO of 2.5-fold and 2-fold, respectively.

Many cytokines seem to be involved in the pathogenesis of PsO, including trans-
forming growth factor beta 1 (TGF-β1), whose function is not limited to the inhibition of
keratinocyte proliferation [57]. TGF-β1 signaling is essential for the differentiation of both
thymus-derived nTregs and peripherally-induced iTregs [58]. Divyapriya et al. revealed a
significantly decreased serum level of TGF-β1 in PsO patients compared with controls [54].
The research performed among the population of Iraq showed a significant association be-
tween TGFB1 gene polymorphism at codon 10 (T869C, rs1982073) and 25 (G915C, rs1800471)
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with PsO susceptibility and revealed a significantly lower mean serum TGF-β1 level in
PsO patients compared with controls [59]. El-Hadidi et al. reported an association between
TGFB1 gene polymorphism at codon 10 (rs1982073) with susceptibility to PsO in Egyptian
patients [60]. To our knowledge, the presented study is the first evaluating the significance
of TGFB1 codon 10 polymorphism (rs1982073) in a Caucasian PsO population. We found
that both the TT genotype and the T allele of the TGFB1 codon 10 polymorphism (rs1982073)
were significantly more frequent in the group of patients, and their presence increased the
risk of PsO more than five times in the case of the TT genotype and more than four times in
the case of the T allele. The TC genotype, CC, and the C allele were significantly rarer in the
PsO group compared with controls and their presence decreased the risk of PsO (OR = 0.3,
OR = 0.24, and OR = 0.22, respectively).

The forkhead box P3 (FOXP3) is a key transcription factor in the development and
function of Tregs [17]. Previous studies have demonstrated a genetic association between
the FOXP3 gene and PsO [61,62]. FOXP3 gene polymorphism may change FOXP3 pro-
tein activity, leading to the dysfunction of Tregs. The FOXP3 polymorphisms, including
rs2232365, appear to contribute to the risk of PsO among the Chinese majority Han popu-
lation [61]. In our study, we did not observe a significant impact of rs2232365 on the risk
of PsO development. However, we found decreased mRNA FOXP3 levels within PsO
lesions compared with both control (healthy) and marginal tissue. These observations are
in accordance with other studies. Kuang et al. revealed that the number of Tregs and the
level of FOXP3 mRNA were lower in the spleen of mice with PsO than in the control group
(p < 0.05) [63]. Furthermore, the authors reported the association of clinical improvement
after methotrexate treatment with an increase in the number of Tregs and the Foxp3 mRNA
level in PsO dermatitis in mice [63].

According to the literature data, IL2 is necessary for the growth and survival of
Tregs in the peripheral lymphatic tissues [64]. Moreover, the relative deficiency of IL2
observed in the course of some autoimmune disorders contributes to the disturbance of Treg
homeostasis, which reinforces the vicious circle of tolerance violation and the development
of chronic inflammation [65]. Wang et al. reported that psoriatic arthritis (PsA) patients
exhibited peripheral low Treg numbers [66]. However, the combination treatment with low-
dose IL2 restored this number and reduced PsA activity without noticeable side effects [66].
Our study revealed a significant decrease in the mRNA expression of the IL2 gene in PsO
lesions compared with the skin of healthy volunteers.

Gene expression studies of the skin showed a significant decrease in the mRNA
expression of genes in which protein products are essential for proper suppressor activity
of Tregs. Our research showed that PsO lesions were characterized not only with lower
mRNA levels of FOXP3 and IL2 but also with lower mRNA levels of the cytotoxic T
lymphocyte-associated antigen 4 (CTLA4) gene. CTLA4 is a critical negative regulator of
immunological responses. CTLA4 plays an important role in the process of the proper
functioning of Tregs [67]. Loss of CTLA4 in Tregs contributes to impaired Treg suppressive
activity and the abnormal function of conventional T cells [68]. Moreover, we noticed that
the mRNA gene levels of proinflammatory cytokines, such as TNF and IL1A, were more
increased within PsO plaques than within unaffected skin. Because IL1 signaling leads to
the release of many proinflammatory cytokines, including TNFα, IL17A, and IL6, it has
been implicated in preventing immune suppression by Tregs [69]. Therefore, it is believed
that IL1 and its associated signaling pathways may contribute to the functional deficiency
of Tregs in PsO [69].

Limitations of the Study

The limitation of the presented study is the size of the tested group. Larger population-
based studies are needed to confirm our findings as well as to assess the possible relation-
ship between gene SNPs and disease severity. The study of possible interactions between
the allele and/or genotype of the tested gene SNPs could be also helpful in further un-
derstanding the genetic basis of PsO. Furthermore, we have not tested the impact of PsO
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therapies on Tregs. It was suggested that many current or prospective treatments for PsO
appear to affect Treg frequency and/or functionality and the Th17/Treg balance in PsO [4].

4. Materials and Methods
4.1. PsO Group

The PsO group included 192 adult (age > 18 years), unrelated patients (men and
women) with PsO vulgaris who were admitted to the Department of Dermatology as
well as to the Dermatology Outpatient Clinic of the Medical University of Gdansk. The
diagnosis was confirmed by histology or clinical examination. The recruited patients
had not been treated systemically for PsO (e.g., cyclosporine, methotrexate, retinoids, or
photochemotherapy) for at least the previous 3 months and had not received topical anti-
psoriatic treatment for the previous 3 weeks. Patients suffering from other chronic skin
disorders, systemic inflammatory diseases, or malignancies as well as those treated with
biological drugs were excluded. All patients were exclusively of Polish descent.

The patients were divided into two subgroups: type I PsO (early-onset PsO; onset
age < 40 years; n = 147) and type II PsO (late-onset PsO; onset age ≥ 40 years; n = 45) [39].

4.2. Control Group

A total of 5605 adult (age > 18 years) donors (men and women) were enrolled in this
study with their genetic data. The control group (Caucasian population, Central Europe)
were recruited between 2010 and 2012 as a part of the TESTOPLEK research project and
registered as the POPULOUS collection at the Biobank Lab of The Department of Molecular
Biophysics of The University of Łódź, Poland [70]. The exclusion criteria involved PsO,
family history of PsO, current or past history of malignancy (including myeloid disorders),
or bone marrow transplantation.

Peripheral blood was collected from all PsO patients, whereas saliva (for microarray
genotyping) and blood samples (for ARMS–PCR genotyping) were collected from donors
from the control group.

4.3. DNA Isolation

For the samples from the POPULOUS collection, procedures concerning DNA ex-
traction and sample processing have previously been described [71,72]. Briefly, saliva
samples first underwent lysis and protein precipitation followed by DNA precipitation
with isopropanol. A total of 50 uL of water (molecular grade) was used for the rehydration
of precipitated DNA.

For the group of PsO patients, genomic DNA was extracted from whole blood using
the MagNa Pure LC 2.0 (Roche, Basel, Switzerland).

In both cases, the NanoDrop 1000 (Thermo Fisher Scientific Inc., Waltham, MA, USA)
and Qubit 2.0 (Thermo Fisher Scientific Inc., Waltham, MA, USA) were used to determine
DNA quality and concentrations. Afterward, DNA samples underwent a PCR reaction for
sex verification. The same method was performed as in our previous study [73].

4.4. Microarrays Analysis

As in our previous study [61], the DNA samples were genotyped using Infinium
CoreExome microarrays (Illumina Inc., San Diego, CA, USA). Array genotyping was
performed according to standard Illumina protocols. Microarray scan data were then
converted to genotypes using Genome Studio (Illumina Inc., San Diego, CA, USA). SNPs
were limited to the autosomes and a 10% GenCall > 0.4. We further filtered the dataset on
sample call rates, and only those >0.94 were included. The results were then exported from
GenomeStudio using PLINK Input Report Plug-in v2.1.4 by forward strand.

4.5. ARMS–PCR

Genomic DNA was prepared from blood samples of 150 randomly selected PsO
patients and 173 randomly selected controls using Blood DNA Prep Plus in accordance



Int. J. Mol. Sci. 2023, 24, 6061 14 of 19

with the protocol of the manufacturer (A&A Biotechnology, Gdynia, Poland). The selected
gene polymorphisms (rs2243250, rs1800795, rs1800896, rs1982073, rs5742909, rs2293152,
rs4796793, and rs2232365) were analyzed using the amplification refractory mutation
system–PCR (ARMS–PCR) method, using specific sequences of oligonucleotides.

4.6. mRNA Level of the Genes in Skin Samples

For mRNA isolation, 4 mm diameter biopsies were taken from disease-affected
skin (PsO lesions) of the buttocks and additionally from potentially unaffected margins
(marginal tissue in the distance of about 2 cm from the plaque) of 6 volunteers from the
PsO group and from healthy skin of the buttocks of 6 volunteers from the control group.
The primer sequences used in the study are given in Table 5.

Table 5. Primer sequences used in the study.

Gene Name Forward Primer (5′–3′) Reverse Primer (5′–3′)

TNF CCAGGGACCTCTCTCTAATCA TCAGCTTGAGGGTTTGCTAC
IL1A CTGAAGAAGAGACGGTTGAGTT GCTGACCTAGGCTTGATGATT

FOXP3 CTGCTCGCACAGATTACTT GCAGCTTTGAGGTTGTTTG
IL2 AAGAAGGCCACAGAACTGAAA GTCCCTGGGTCTTAAGTGAAAG

CTLA4 TTTTTCTTCTCTTCATCCCTGTCTT CACACACAAAGCTGGCGAT

Briefly, the relative mRNA levels for the genes analyzed (TNF, IL1A, FOXP3, IL2,
and CTLA4) were established using the quantitative polymerase chain reaction (qPCR)
in matching samples (PsO lesion and marginal skin) and control biopsies. Following
mechanical homogenization of tissue samples, total RNA was isolated using the Total
RNA Mini kit (A&A Biotechnology, Gdynia, Poland). The amount and purity of the RNA
samples were determined spectrophotometrically (Epoch BioTek, Winooski, VT, USA). One
microgram of RNA was used for reverse transcription performed with a RevertAid™ First
Strand cDNA Synthesis Kit (Thermo Scientific, Waltham, MA, USA). The real-time PCR
reaction was carried out using the StepOnePlus™ Real-Time PCR System (Life Technologies-
Applied Biosystems, Grand Island, NY, USA) with a SensiFAST SYBR® No-ROX PCR kit
(Bioline, London, UK) according to the manufacturer’s protocol. The expression of genes
was normalized using the comparative ∆∆-Ct method, using RPL37 as a housekeeping
gene, followed by calibration (fold change) to normalized expression data of samples from
control patients (ratio = 1).

4.7. Statistical Methods
4.7.1. Microarray Data Set

We extracted 57 candidate gene regions (Supplementary Material S1) related to the
functioning of regulatory T lymphocytes from the entire dataset, which resulted in the
selection of 833 SNPs. Selected genetic data were filtered and only variants with minor
allele frequencies above 5% were included. Subsequently, the Hardy–Weinberg equilibrium
was also tested and SNPs with a p-value below 0.05 were excluded from the association
analysis. A total of 283 SNPs remained for statistical analyses.

After the quality of all data was confirmed for accuracy, case—control association
analysis was performed using the PLINK toolset (ver. 1.07) [74].

Differences in allele frequencies between PsO patients and population controls were
tested for each SNP using a 1-degree-of-freedom Chi-square test. The allelic odds ratios
were calculated with a confidence interval of 95%. To reduce experiment error rates, the
adjustment for multiple testing using the Bonferroni correction was applied.

4.7.2. ARMS–PCR Data Set

Statistical calculations were performed using the Statistica 12.0 software package
(StatSoft, Inc., Tulsa, OK, USA, 2015). The χ2 analysis was used to compare the observed
number of genotypes with that expected for a population in a Hardy–Weinberg equilibrium
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as well as to examine the significance of the differences in the observed genotypes and
alleles between study groups. A logistic regression model was applied to calculate the
odds ratio (OR) and the 95% confidence interval (CI). A p-value < 0.05 was considered to
be statistically significant.

4.7.3. mRNA Gene Expression Data Set

The data are presented as median values with range (min–max) and were analyzed
with a Student’s t-test (for two groups) or a one-way analysis of variance with appropriate
post-hoc tests (for more than two groups). All statistical analyses were performed using
GraphPad Prism 7.00 (GraphPad Software, San Diego, CA, USA). A p-value < 0.05 was
considered to be statistically significant.

5. Conclusions

In summary, we report that the tested SNPs correlated with the risk of PsO by influ-
encing the production of cytokines, antigens, growth factors, and cells that participate in
the immune response together with Tregs.

Further studies on the impact of genetic factors on the production, differentiation, and
functioning of Tregs in PsO are required.
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IL10RA Interleukin 10 Receptor Subunit Alpha
IL12B Interleukin 12B
IL12RB2 Interleukin 12 Receptor Subunit Beta 2
IL13 Interleukin 13
IL17RA Interleukin 17 Receptor A
IL23R Interleukin 23 Receptor
LGALS8 Galectin 8
NRP1 Neuropilin 1
PPARG Peroxisome Proliferator Activated Receptor Gamma
RUNX1 Runt-related Transcription Factor 1
STAT3 Signal Transducer and Activator of Transcription 3
STAT5A Signal Transducer and Activator of Transcription 5A
STAT5B Signal Transducer and Activator of Transcription 5B
TGF-β1 Transforming Growth Factor β1
TNF Tumor Necrosis Factor
TNFRSF18 Tumor Necrosis Factor Receptor Superfamily Member 18
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5. Owczarczyk-Saczonek, A.; Czerwińska, J.; Placek, W. The role of regulatory T cells and anti-inflammatory cytokines in psoriasis.

Acta Dermatovenerol. Alp. Pannonica Adriat. 2018, 27, 17–23. [CrossRef]
6. Nedoszytko, B.; Lange, M.; Sokołowska-Wojdyło, M.; Renke, J.; Trzonkowski, P.; Sobjanek, M.; Szczerkowska-Dobosz, A.;

Niedoszytko, M.; Górska, A.; Romantowski, J.; et al. The role of regulatory T cells and genes involved in their differentiation in
pathogenesis of selected inflammatory and neoplastic skin diseases. Part II: The Treg role in skin diseases pathogenesis. Postepy
Dermatol. Alergol. 2017, 34, 405–417. [CrossRef]

7. Schmitt, E.G.; Williams, C.B. Generation and function of induced regulatory T cells. Front. Immunol. 2013, 4, 152. [CrossRef]
8. Nedoszytko, B.; Lange, M.; Sokołowska-Wojdyło, M.; Renke, J.; Trzonkowski, P.; Sobjanek, M.; Szczerkowska-Dobosz, A.;

Niedoszytko, M.; Górska, A.; Romantowski, J.; et al. The role of regulatory T cells and genes involved in their differentiation
in pathogenesis of selected inflammatory and neoplastic skin diseases. Part I: Treg properties and functions. Postepy Dermatol.
Alergol. 2017, 34, 285–294. [CrossRef]

9. Wang, K.; Fu, W. Transcriptional regulation of Treg homeostasis and functional specification. Cell Mol. Life Sci. 2020, 77,
4269–4287. [CrossRef]

10. Kaminskiy, Y.; Kuznetsova, V.; Kudriaeva, A.; Zmievskaya, E.; Bulatov, E. Neglected, yet significant role of FOXP1 in T-cell
quiescence, differentiation and exhaustion. Front. Immunol. 2022, 13, 971045. [CrossRef]

11. Kim, J.; Moreno, A.; Krueger, J.G. The imbalance between Type 17 T-cells and regulatory immune cell subsets in psoriasis vulgaris.
Front. Immunol. 2022, 13, 1005115. [CrossRef] [PubMed]

12. Zhong, L.; Luo, N.; Zhong, X.; Xu, T.; Hao, P. The immunoregulatory effects of natural products on psoriasis via its action on Th17
cells versus regulatory T cells balance. Int. Immunopharmacol. 2022, 110, 109032. [CrossRef] [PubMed]

13. Shi, Y.; Chen, Z.; Zhao, Z.; Yu, Y.; Fan, H.; Xu, X.; Bu, X.; Gu, J. IL-21 Induces an Imbalance of Th17/Treg Cells in Moderate-to-
Severe Plaque Psoriasis Patients. Front. Immunol. 2019, 10, 1865. [CrossRef] [PubMed]

14. Sugiyama, H.; Gyulai, R.; Toichi, E.; Garaczi, E.; Shimada, S.; Stevens, S.R.; McCormick, T.S.; Cooper, K.D. Dysfunctional blood
and target tissue CD4+CD25high regulatory T cells in psoriasis: Mechanism underlying unrestrained pathogenic effector T cell
proliferation. J. Immunol. 2005, 174, 164–173. [CrossRef] [PubMed]

15. Nedoszytko, B.; Sokołowska-Wojdyło, M.; Renke, J.; Lange, M.; Trzonkowski, P.; Sobjanek, M.; Szczerkowska-Dobosz, A.;
Niedoszytko, M.; Górska, A.; Romantowski, J.; et al. The role of regulatory T cells and genes involved in their differentiation
in pathogenesis of selected inflammatory and neoplastic skin diseases. Part III: Polymorphisms of genes involved in Tregs’
activation and function. Postepy Dermatol. Alergol. 2017, 34, 517–525. [CrossRef] [PubMed]

16. Nedoszytko, B.; Szczerkowska-Dobosz, A.; Stawczyk-Macieja, M.; Owczarczyk-Saczonek, A.; Reich, A.; Bartosiñska, J.; Batycka-
Baran, A.; Czajkowski, R.; Dobrucki, I.T.; Dobrucki, L.W.; et al. Pathogenesis of psoriasis in the “omic” era. Part II. Genetic,
genomic and epigenetic changes in psoriasis. Postepy Dermatol. Alergol. 2020, 37, 283–298. [CrossRef]

http://doi.org/10.3389/fmed.2021.743180
http://www.ncbi.nlm.nih.gov/pubmed/34977058
http://doi.org/10.1111/1346-8138.15913
http://www.ncbi.nlm.nih.gov/pubmed/33886133
http://doi.org/10.3389/fimmu.2021.788940
http://www.ncbi.nlm.nih.gov/pubmed/34975883
http://doi.org/10.1111/bjd.19380
http://doi.org/10.15570/actaapa.2018.4
http://doi.org/10.5114/ada.2017.71105
http://doi.org/10.3389/fimmu.2013.00152
http://doi.org/10.5114/ada.2017.69305
http://doi.org/10.1007/s00018-020-03534-7
http://doi.org/10.3389/fimmu.2022.971045
http://doi.org/10.3389/fimmu.2022.1005115
http://www.ncbi.nlm.nih.gov/pubmed/36110854
http://doi.org/10.1016/j.intimp.2022.109032
http://www.ncbi.nlm.nih.gov/pubmed/35810491
http://doi.org/10.3389/fimmu.2019.01865
http://www.ncbi.nlm.nih.gov/pubmed/31440249
http://doi.org/10.4049/jimmunol.174.1.164
http://www.ncbi.nlm.nih.gov/pubmed/15611238
http://doi.org/10.5114/pdia.2017.67053
http://www.ncbi.nlm.nih.gov/pubmed/29422815
http://doi.org/10.5114/ada.2020.96243


Int. J. Mol. Sci. 2023, 24, 6061 17 of 19

17. Kanda, N.; Hoashi, T.; Saeki, H. The Defect in Regulatory T Cells in Psoriasis and Therapeutic Approaches. J. Clin. Med. 2021, 10,
3880. [CrossRef]

18. Liu, Y.; Zhang, C.; Li, B.; Yu, C.; Bai, X.; Xiao, C.; Wang, L.; Dang, E.; Yang, L.; Wang, G. A novel role of IL-17A in contributing to
the impaired suppressive function of Tregs in psoriasis. J. Dermatol. Sci. 2021, 101, 84–92. [CrossRef]

19. Idriss, H.T.; Naismith, J.H. TNF alpha and the TNF receptor superfamily: Structure-function relationship(s). Microsc. Res. Tech.
2000, 50, 184–195. [CrossRef]

20. Jung, M.K.; Lee, J.S.; Kwak, J.E.; Shin, E.C. Tumor Necrosis Factor and Regulatory T Cells. Yonsei Med. J. 2019, 60, 126–131. [CrossRef]
21. Pierini, A.; Strober, W.; Moffett, C.; Baker, J.; Nishikii, H.; Alvarez, M.; Pan, Y.; Schneidawind, D.; Meyer, E.; Negrin, R.S. TNF-α

priming enhances CD4+FoxP3+ regulatory T-cell suppressive function in murine GVHD prevention and treatment. Blood 2016,
128, 866–871. [CrossRef] [PubMed]

22. Valencia, X.; Stephens, G.; Goldbach-Mansky, R.; Wilson, M.; Shevach, E.M.; Lipsky, P.E. TNF downmodulates the function of
human CD4+CD25hi T-regulatory cells. Blood 2006, 108, 253–261. [CrossRef]

23. Walter, G.J.; Evans, H.G.; Menon, B.; Gullick, N.J.; Kirkham, B.W.; Cope, A.P.; Geissmann, F.; Taams, L.S. Interaction with activated
monocytes enhances cytokine expression and suppressive activity of human CD4+CD45ro+ CD25+CD127(low) regulatory T cells.
Arthritis Rheum. 2013, 65, 627–638. [CrossRef] [PubMed]

24. Xu, X.; Zhang, H.Y. The Immunogenetics of Psoriasis and Implications for Drug Repositioning. Int. J. Mol. Sci. 2017, 18, 2650. [CrossRef]
25. Tsoi, L.C.; Spain, S.L.; Knight, J.; Ellinghaus, E.; Stuart, P.E.; Capon, F.; Ding, J.; Li, Y.; Tejasvi, T.; Gudjonsson, J.E.; et al. Identification of

fifteen new psoriasis susceptibility loci highlights the role of innate immunity. Nat. Genet. 2012, 44, 1341–1348. [CrossRef]
26. Shah, S.R.; Shaikh, S.B.; Bhandary, Y.P.; Yassir, S.; Shenoy, M.M. Relevance of Inflammatory Cytokine mRNA Expression of

Tumour Necrosis Factor- Alpha (TNF α), Interleukin 17A (IL 17A) and Interleukin 6 (IL 6) in Indian Patients with Psoriasis. Indian
Dermatol. Online J. 2022, 13, 229–233. [PubMed]

27. Tobin, A.M.; Kirby, B. TNF alpha inhibitors in the treatment of psoriasis and psoriatic arthritis. BioDrugs 2005, 19, 47–57. [CrossRef]
28. Liu, Y.; Helms, C.; Liao, W.; Zaba, L.C.; Duan, S.; Gardner, J.; Wise, C.; Miner, A.; Malloy, M.J.; Pullinger, C.R.; et al.

A genome-wide association study of psoriasis and psoriatic arthritis identifies new disease loci. PLoS Genet. 2008, 4,
e1000041. [CrossRef] [PubMed]

29. Cargill, M.; Schrodi, S.J.; Chang, M.; Garcia, V.E.; Brandon, R.; Callis, K.P.; Matsunami, N.; Ardlie, K.G.; Civello, D.;
Catanese, J.J.; et al. A large-scale genetic association study confirms IL12B and leads to the identification of IL23R as psoriasis-risk
genes. Am. J. Hum. Genet. 2007, 80, 273–290. [CrossRef]

30. Safrany, E.; Szell, M.; Csongei, V.; Jaromi, L.; Sipeky, C.; Szabo, T.; Kemeny, L.; Nagy, J.; Melegh, B. Polymorphisms of the IL23R
gene are associated with psoriasis but not with immunoglobulin A nephropathy in a Hungarian population. Inflammation 2011,
34, 603–608. [CrossRef]

31. Nair, R.P.; Duffin, K.C.; Helms, C.; Ding, J.; Stuart, P.E.; Goldgar, D.; Gudjonsson, J.E.; Li, Y.; Tejasvi, T.; Feng, B.J.; et al. Genome-wide
scan reveals association of psoriasis with IL-23 and NF-kappaB pathways. Nat. Genet. 2009, 41, 199–204. [CrossRef] [PubMed]

32. Capon, F.; Di Meglio, P.; Szaub, J.; Prescott, N.J.; Dunster, C.; Baumber, L.; Timms, K.; Gutin, A.; Abkevic, V.; Burden, A.D.; et al.
Sequence variants in the genes for the interleukin-23 receptor (IL23R) and its ligand (IL12B) confer protection against psoriasis.
Hum. Genet. 2007, 122, 201–206. [CrossRef] [PubMed]

33. Smith, R.L.; Warren, R.B.; Eyre, S.; Ho, P.; Ke, X.; Young, H.S.; Griffiths, C.E.; Worthington, J. Polymorphisms in the IL-12beta and
IL-23R genes are associated with psoriasis of early onset in a UK cohort. J. Investig. Dermatol. 2008, 128, 1325–1327. [CrossRef]

34. Hunter, C.A. New IL-12-family members: IL-23 and IL-27, cytokines with divergent functions. Nat. Rev. Immunol. 2005, 5,
521–531. [CrossRef]

35. Lyakh, L.; Trinchieri, G.; Provezza, L.; Carra, G.; Gerosa, F. Regulation of interleukin-12/interleukin-23 production and the
T-helper 17 response in humans. Immunol. Rev. 2008, 226, 112–131. [CrossRef]

36. Wasik, U.; Wunsch, E.; Norman, G.L.; Rigopoulou, E.I.; Bogdanos, D.P.; Milkiewicz, P.; Milkiewicz, M. Polymorphisms of IL12RB2
May Affect the Natural History of Primary Biliary Cholangitis: A Single Centre Study. J. Immunol. Res. 2017, 2017, 2185083. [CrossRef]

37. Zhao, J.; Zhao, J.; Perlman, S. Differential effects of IL-12 on Tregs and non-Treg T cells: Roles of IFN-γ, IL-2 and IL-2R. PLoS ONE
2012, 7, e46241. [CrossRef]

38. Theodorakopoulou, E.; Yiu, Z.Z.; Bundy, C.; Chularojanamontri, L.; Gittins, M.; Jamieson, L.A.; Motta, L.; Warren, R.B.; Griffiths,
C.E. Early- and late-onset psoriasis: A cross-sectional clinical and immunocytochemical investigation. Br. J. Dermatol. 2016, 175,
1038–1044. [CrossRef] [PubMed]

39. Fatema, F.; Ghoshal, L.; Saha, A.; Agarwal, S.; Bandyopadhyay, D. Early-Onset Versus Late-Onset Psoriasis: A Comparative Study
of Clinical Variables, Comorbidities, and Association with HLA CW6 in a Tertiary Care Center. Indian J. Dermatol. 2021, 66, 705.

40. Chen, H.; Poon, A.; Yeung, C.; Helms, C.; Pons, J.; Bowcock, A.M.; Kwok, P.Y.; Liao, W. A genetic risk score combining ten
psoriasis risk loci improves disease prediction. PLoS ONE 2011, 6, e19454. [CrossRef] [PubMed]

41. Chaudhry, A.; Samstein, R.M.; Treuting, P.; Liang, Y.; Pils, M.C.; Heinrich, J.M.; Jack, R.S.; Wunderlich, F.T.; Brüning, J.C.;
Müller, W.; et al. Interleukin-10 signaling in regulatory T cells is required for suppression of Th17 cell-mediated inflammation.
Immunity 2011, 34, 566–578. [CrossRef] [PubMed]

42. Diefenhardt, P.; Nosko, A.; Kluger, M.A.; Richter, J.V.; Wegscheid, C.; Kobayashi, Y.; Tiegs, G.; Huber, S.; Flavell, R.A.; Stahl,
R.A.K.; et al. IL-10 Receptor Signaling Empowers Regulatory T Cells to Control Th17 Responses and Protect from GN. J. Am. Soc.
Nephrol. 2018, 29, 1825–1837. [CrossRef] [PubMed]

http://doi.org/10.3390/jcm10173880
http://doi.org/10.1016/j.jdermsci.2020.09.002
http://doi.org/10.1002/1097-0029(20000801)50:3&lt;184::AID-JEMT2&gt;3.0.CO;2-H
http://doi.org/10.3349/ymj.2019.60.2.126
http://doi.org/10.1182/blood-2016-04-711275
http://www.ncbi.nlm.nih.gov/pubmed/27365424
http://doi.org/10.1182/blood-2005-11-4567
http://doi.org/10.1002/art.37832
http://www.ncbi.nlm.nih.gov/pubmed/23280063
http://doi.org/10.3390/ijms18122650
http://doi.org/10.1038/ng.2467
http://www.ncbi.nlm.nih.gov/pubmed/35287405
http://doi.org/10.2165/00063030-200519010-00006
http://doi.org/10.1371/journal.pgen.1000041
http://www.ncbi.nlm.nih.gov/pubmed/18369459
http://doi.org/10.1086/511051
http://doi.org/10.1007/s10753-010-9268-2
http://doi.org/10.1038/ng.311
http://www.ncbi.nlm.nih.gov/pubmed/19169254
http://doi.org/10.1007/s00439-007-0397-0
http://www.ncbi.nlm.nih.gov/pubmed/17587057
http://doi.org/10.1038/sj.jid.5701140
http://doi.org/10.1038/nri1648
http://doi.org/10.1111/j.1600-065X.2008.00700.x
http://doi.org/10.1155/2017/2185083
http://doi.org/10.1371/journal.pone.0046241
http://doi.org/10.1111/bjd.14886
http://www.ncbi.nlm.nih.gov/pubmed/27459949
http://doi.org/10.1371/journal.pone.0019454
http://www.ncbi.nlm.nih.gov/pubmed/21559375
http://doi.org/10.1016/j.immuni.2011.03.018
http://www.ncbi.nlm.nih.gov/pubmed/21511185
http://doi.org/10.1681/ASN.2017091044
http://www.ncbi.nlm.nih.gov/pubmed/29866800


Int. J. Mol. Sci. 2023, 24, 6061 18 of 19

43. Isac, L.; Jiquan, S. Interleukin 10 promotor gene polymorphism in the pathogenesis of psoriasis. Acta Dermatovenerol. Alp.
Pannonica Adriat. 2019, 28, 119–123. [CrossRef] [PubMed]

44. Karam, R.A.; Zidan, H.E.; Khater, M.H. Polymorphisms in the TNF-alpha and IL-10 gene promoters and risk of psoriasis and
correlation with disease severity. Cytokine 2014, 66, 101–105. [CrossRef] [PubMed]

45. Lee, Y.H.; Choi, S.J.; Ji, J.D.; Song, G.G. Associations between interleukin-10 polymorphisms and susceptibility to psoriasis: A
meta-analysis. Inflamm. Res. 2012, 61, 657–663. [CrossRef]

46. Settin, A.; Hassan, H.; El-Baz, R.; Hassan, T. Association of cytokine gene polymorphisms with psoriasis in cases from the Nile
Delta of Egypt. Acta Dermatovenerol. Alp. Pannonica Adriat. 2009, 18, 105–112.

47. Craven, N.M.; Jackson, C.W.; Kirby, B.; Perrey, C.; Pravica, V.; Hutchinson, I.V.; Griffiths, C.E. Cytokine gene polymorphisms in
psoriasis. Br. J. Dermatol. 2001, 144, 849–853. [CrossRef]

48. Reich, K.; Westphal, G.; Schulz, T.; Müller, M.; Zipprich, S.; Fuchs, T.; Hallier, E.; Neumann, C. Combined analysis of poly-
morphisms of the tumor necrosis factor-alpha and interleukin-10 promoter regions and polymorphic xenobiotic metabolizing
enzymes in psoriasis. J. Investig. Dermatol. 1999, 113, 214–220. [CrossRef]

49. Baran, W.; Szepietowski, J.C.; Mazur, G.; Baran, E. IL-6 and IL-10 promoter gene polymorphisms in psoriasis vulgaris. Acta Derm.
Venereol. 2008, 88, 113–116. [CrossRef]

50. Peddle, L.; Butt, C.; Snelgrove, T.; Rahman, P. Interleukin (IL) 1alpha, IL1beta, IL receptor antagonist, and IL10 polymorphisms in
psoriatic arthritis. Ann. Rheum. Dis. 2005, 64, 1093–1094. [CrossRef]

51. Cooney, L.A.; Towery, K.; Endres, J.; Fox, D.A. Sensitivity and resistance to regulation by IL-4 during Th17 maturation. J. Immunol.
2011, 187, 4440–4450. [CrossRef]

52. Maerten, P.; Shen, C.; Bullens, D.M.; Van Assche, G.; Van Gool, S.; Geboes, K.; Rutgeerts, P.; Ceuppens, J.L. Effects of interleukin 4
on CD25+CD4+ regulatory T cell function. J. Autoimmun. 2005, 25, 112–120. [CrossRef] [PubMed]

53. Yang, W.C.; Hwang, Y.S.; Chen, Y.Y.; Liu, C.L.; Shen, C.N.; Hong, W.H.; Lo, S.M.; Shen, C.R. Interleukin-4 Supports the Suppressive
Immune Responses Elicited by Regulatory T Cells. Front. Immunol. 2017, 8, 1508. [CrossRef] [PubMed]

54. Divyapriya, D.; Priyadarssini, M.; Indhumathi, S.; Rajappa, M.; Chandrasekhar, L.; Selvam Mohanraj, P. Evaluation of cytokine
gene expression in psoriasis. Postepy Dermatol. Alergol. 2021, 38, 858–863. [CrossRef] [PubMed]

55. Qiu, L.J.; Ni, J.; Cen, H.; Wen, P.F.; Zhang, M.; Liang, Y.; Pan, H.F.; Mao, C.; Ye, D.Q. Relationship between the IL-4 gene promoter
-590C/T (rs2243250) polymorphism and susceptibility to autoimmune diseases: A meta-analysis. J. Eur. Acad. Dermatol. Venereol.
2015, 29, 48–55. [CrossRef] [PubMed]

56. Indhumathi, S.; Rajappa, M.; Chandrashekar, L.; Ananthanarayanan, P.H.; Thappa, D.M.; Negi, V.S. T helper-2 cytokine/regulatory
T-cell gene polymorphisms and their relation with risk of psoriasis in a South Indian Tamil cohort. Hum. Immunol. 2017, 78,
209–215. [CrossRef]

57. Larson, C.; Oronsky, B.; Carter, C.A.; Oronsky, A.; Knox, S.J.; Sher, D.; Reid, T.R. TGF-beta: A master immune regulator. Expert
Opin. Ther. Targets 2020, 24, 427–438. [CrossRef]

58. Xu, H.; Wu, L.; Nguyen, H.H.; Mesa, K.R.; Raghavan, V.; Episkopou, V.; Littman, D.R. Arkadia-SKI/SnoN signaling differentially
regulates TGF-β-induced iTreg and Th17 cell differentiation. J. Exp. Med. 2021, 218, e20210777. [CrossRef]

59. Ahmed, B.T.; Saeed, M.Y.; Noori, S.H.; Amin, D.M. TGF-β1 Gene Polymorphism and Its Correlation with Serum Level of TGF-β1
in Psoriasis Vulgaris Among Iraqi People. Clin. Cosmet. Investig. Dermatol. 2020, 13, 889–896. [CrossRef]

60. El-Hadidi, H.H.; Hassan, A.S.; El-Hanafy, G.; Amr, K.S.; Abdelmesih, S.F.; Abdelhamid, M.F. Transforming growth factor-β1 gene
polymorphism in psoriasis vulgaris. Clin. Cosmet. Investig. Dermatol. 2018, 11, 415–419.

61. Song, Q.H.; Shen, Z.; Xing, X.J.; Yin, R.; Wu, Y.Z.; You, Y.; Guo, H.; Chen, L.; Hao, F.; Bai, Y. An association study of single
nucleotide polymorphisms of the FOXP3 intron-1 and the risk of Psoriasis vulgaris. Indian J. Biochem. Biophys. 2012, 49, 25–35.

62. Elsohafy, M.A.; Elghzaly, A.A.; Abdelsalam, H.M.; Gaballah, M.A. Assessment of the Possible Role of FOXP3 Gene (rs3761548)
Polymorphism in Psoriasis Vulgaris Susceptibility and Pathogenesis: Egyptian Study. Indian Dermatol. Online J. 2019, 10, 401–405.

63. Kuang, Y.; Zhang, H.; Zhu, W.; Wu, L.; Chen, W.; Lu, Y.; Qin, Q.; Jia, X.; Liao, L. Effect of methotrexate on regulation for the
number of regulatory T cells and expression of Foxp3 in psoriasis. Zhong Nan Da Xue Xue Bao Yi Xue Ban 2018, 43, 835–842.

64. Hirai, T.; Ramos, T.L.; Lin, P.Y.; Simonetta, F.; Su, L.L.; Picton, L.K.; Baker, J.; Lin, J.X.; Li, P.; Seo, K.; et al. Selective expansion of
regulatory T cells using an orthogonal IL-2/IL-2 receptor system facilitates transplantation tolerance. J. Clin. Investig. 2021, 131,
e139991. [CrossRef]

65. Graßhoff, H.; Comdühr, S.; Monne, L.R.; Müller, A.; Lamprecht, P.; Riemekasten, G.; Humrich, J.Y. Low-Dose IL-2 Therapy in
Autoimmune and Rheumatic Diseases. Front. Immunol. 2021, 12, 648408. [CrossRef]

66. Wang, J.; Zhang, S.X.; Hao, Y.F.; Qiu, M.T.; Luo, J.; Li, Y.Y.; Gao, C.; Li, X.F. The numbers of peripheral regulatory T cells
are reduced in patients with psoriatic arthritis and are restored by low-dose interleukin-2. Ther. Adv. Chronic Dis. 2020, 11,
2040622320916014. [CrossRef]

67. Liu, S.; Xu, J.; Wu, J. The Role of Co-Signaling Molecules in Psoriasis and Their Implications for Targeted Treatment. Front.
Pharmacol. 2021, 12, 717042. [CrossRef] [PubMed]

68. Zhao, H.; Liao, X.; Kang, Y. Tregs: Where We Are and What Comes Next? Front. Immunol. 2017, 8, 1578. [CrossRef] [PubMed]
69. Bebes, A.; Kovács-Sólyom, F.; Prihoda, J.; Kui, R.; Kemény, L.; Gyulai, R. Interleukin-1 receptors are differentially expressed in

normal and psoriatic T cells. Mediators Inflamm. 2014, 2014, 472625. [CrossRef] [PubMed]

http://doi.org/10.15570/actaapa.2019.29
http://www.ncbi.nlm.nih.gov/pubmed/31545389
http://doi.org/10.1016/j.cyto.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/24594293
http://doi.org/10.1007/s00011-012-0458-2
http://doi.org/10.1046/j.1365-2133.2001.04143.x
http://doi.org/10.1046/j.1523-1747.1999.00654.x
http://doi.org/10.2340/00015555-0427
http://doi.org/10.1136/ard.2004.031864
http://doi.org/10.4049/jimmunol.1002860
http://doi.org/10.1016/j.jaut.2005.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16051465
http://doi.org/10.3389/fimmu.2017.01508
http://www.ncbi.nlm.nih.gov/pubmed/29184551
http://doi.org/10.5114/ada.2021.110109
http://www.ncbi.nlm.nih.gov/pubmed/34849135
http://doi.org/10.1111/jdv.12435
http://www.ncbi.nlm.nih.gov/pubmed/24628947
http://doi.org/10.1016/j.humimm.2016.12.006
http://doi.org/10.1080/14728222.2020.1744568
http://doi.org/10.1084/jem.20210777
http://doi.org/10.2147/CCID.S281585
http://doi.org/10.1172/JCI139991
http://doi.org/10.3389/fimmu.2021.648408
http://doi.org/10.1177/2040622320916014
http://doi.org/10.3389/fphar.2021.717042
http://www.ncbi.nlm.nih.gov/pubmed/34354596
http://doi.org/10.3389/fimmu.2017.01578
http://www.ncbi.nlm.nih.gov/pubmed/29225597
http://doi.org/10.1155/2014/472625
http://www.ncbi.nlm.nih.gov/pubmed/24665164


Int. J. Mol. Sci. 2023, 24, 6061 19 of 19

70. Dobrowolska, S.; Michalska-Madej, J.; Słomka, M.; Sobalska-Kwapis, M.; Strapagiel, D. Biobank Łódź—Population based biobank
at the University of Łódź, Poland. Eur. J. Transl. Clin. Med. 2019, 1, 85–95. [CrossRef]

71. Sobalska-Kwapis, M.; Suchanecka, A.; Słomka, M.; Siewierska-Górska, A.; Kępka, E.; Strapagiel, D. Genetic association of
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