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Background: Psoriasis is a complex autoimmune multifactorial disease induced by inter-
action of environmental and genetic factors. This research aimed to clarify the association of
NLRP3 (rs10754558) and PTPN22 (1858C/T) (rs2476601) polymorphisms with susceptibil-
ity to psoriasis.

Methods: This case—control study involved 150 patients diagnosed with psoriasis and 100
age- and gender-matched apparently healthy individuals. NLRP3 (rs10754558) polymorph-
ism was done by real time PCR and PTPN22 1858C/T (rs2476601) genotype was identified
by tetra-primer amplification refractory mutation system-polymerase chain reaction (PCR)
method.

Results: The genotypes distribution of NLRP3 (rs10754558) were significantly associated
with psoriasis (p<0.0001). Whereas for PTPN22 (1858C/T) (rs2476601), no significance was
found (p=0.09). NLRP3 (rs10754558) GC genotype revealed a significant association with
psoriasis (p<0.0001), mainly among male (p=0.004) patients with mild psoriasis (p=0.001)
and affected extremities (p=0.0001).

Conclusion: We can conclude that the NLRP3 (rs10754558) GC genotype may play a role
in psoriasis susceptibility among male Egyptian populations with affected extremities. Future
studies must evaluate its role in the prevention or the treatment of psoriasis.

Keywords: psoriasis, NLRP3 (rs10754558), PTPN22 (1858C/T) (rs2476601), real time
PCR

Introduction

Psoriasis is a chronic multisystem autoimmune disease.' It affects 1-3% worldwide
populations varying among different ethnic populations and geographical regions.
Although the etiopathogenesis of psoriasis is not fully understood, it is considered
as a disease with multi-factorial etiology including different genetic (either
immune-specific or skin-specific genes) and non-genetic factors, such as immuno-
logical (The imbalance among CD4+ T-cell subsets contributes to hyperkeratosis
and parakeratosis) and environmental risk factors (UV radiation exposure, some
medications, smoking, alcohol intake, infections, and stress). Nowadays the inter-
action between all these factors is the main factor in the pathogenesis of psoriasis.’
NLRP3 (NOD-like receptor family, pyrin domain-containing subfamily) is acti-
vated in skin inflammatory diseases, but its attribution in psoriasis is still ques-
tioned. The role of NLRP3 inflammasome in psoriasis has received widespread
attention and recognition. Variable studies have indicated that activation of NLRP3
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inflammasome may contribute to psoriasis inflammatory
response.*> The relationship between NLPR3 and psoria-
sis from the perspective of genetic polymorphisms demon-
strated that two single nucleotide polymorphisms (SNPs),
rs3806265 and rs10754557, in NLRP3 were significantly
related to Psoriasis Vulgaris (PsV).> Protein tyrosine phos-
phatase non-receptor 22 (PTPN22) gene, presented on
chromosomes 1p13.3 to p13.1, encodes a lymphoid-speci-
fic phosphatase (Lyp). It was found that PTPN22 interacts
with and dephosphorylates NLRP3 upon proinflammatory
insults, permitting robust NLRP3 activation and interleu-
kin (IL-1p) secretion.® It targets different signaling inter-
mediates involved in T-cell receptor signaling and may
work at many levels in the signaling cascade.” Single
nucleotide polymorphism (SNP) in PTPN22 gene 1858C/
T (rs2476601) (exon 14) has been associated with the
number of autoimmune diseases and considered as a risk
factor due to induction of auto antibodies production.®
A limited number of studies have evaluated the association
of NLPR3 genetic locus (rs10754558) with psoriasis. To
explore this important issue, we investigated the associa-
tion of NLRP3 (rs10754558) and PTPN22 (1858C/T)
with

(rs2476601)  polymorphisms susceptibility  to

psoriasis.

Materials and Methods
Subjects

This case-control study involved 150 patients diagnosed
with psoriasis in the dermatology clinic of Menoufia
University Hospital and 100 age- and gender-matched
apparently healthy people served as the control group.
They were examined and diagnosed by dermatologists
depending on the clinical findings, skin changes, and the
location of the condition on the body and skin biopsy
(when indicated). The demographic data and Psoriasis
Area and Severity Index (PASI) score were recorded
(PASI score was determined following the work by
Fredriksson and Pettersson; mild psoriasis: PASI is <10,
moderate psoriasis: PASI is 10-20, severe psoriasis: PASI
is >20).” All patients diagnosed with plaque psoriasis for
at least 1 year were included in the study. Exclusion
criteria were coexisting or family history of any other
dermatological disorders (controls also), hypothyroidism,
autoimmune diseases and renal/liver failure. This study
was approved by the Ethical Committee, Faculty of med-
icine Menoufia University and performed in accordance
with the Declaration of Helsinki. All participants were

informed and signed consent forms before being included.
NLRP3 (rs10754558) polymorphism was done by real
time PCR and PTPN22 1858C/T (rs2476601) genotype
was identified by tetra-primer amplification refractory

mutation system-polymerase chain reaction (PCR)
method.
Methods

Five milliliters of venous blood were collected in an
EDTA tube for DNA extraction and genotyping of
NLRP3 (rs10754558) and PTPN22 1858C/T (rs2476601).

DNA Extraction and Genotyping

Genomic DNA was extracted and purified from whole
blood utilizing QIAamp DNA Mini Kit (QIAGEN, USA,
2012)"° according to the manufacturer’s protocol. Purified
DNA was quantified using the Nano-Drop spectrophot-
ometer and stored at —20 until analysis.

NLRP3 (rs10754558) G>C SNP was identified by
TagMan 5' bi-allelic discrimination assay using primers
and probes from Applied Biosystems (Foster City, CA,
USA) and utilizing the 7500 Real-time PCR system.

The provided fluorescent labeled TagMan probes were
sequenced as: *GACAATGACAGCATCGGGTGTTGTT
[C/G]TCATCACAGCGCCTCAGTTAGAGGA (VIC dye
for allele C and FAM dye for allele G). To detect the
selected SNPs, real-time PCR was set with a reaction
volume of 25 pL using 12.5 pL of TagMan Genotyping
Master Mix, 1.25 pL of 20x SNP assay mixture of probes
and primers, 6.25 pL of nuclease-free water, and 5 pL of
the extracted DNA. The reaction was completed in 96-well
plates and proceeded as described: 94°C for 4 minutes
(pre-PCR read), then 50 cycles of 30 seconds for denatura-
tion at 94°C, 25 seconds for primer annealing at 50°C, 40
seconds for extension at 72°C, and finally 3 minutes at
72°C for post-PCR."!

PTPN22 (rs2476601) 1858C/T genotypes were identi-
fied by tetra-primer amplification refractory mutation sys-
tem. The genomic DNA was amplified by using two
external  primers  (forward outer primer: 5'-
CTCACACATCAG CTTCCCAAAGTG-3' and reverse
outer primer: 5'-CAACTTTACTGATAATGTTGC
TTCAACGGA-3') and two internal primers (forward

inner primer: 5'-CAACCACAATAAATG
ATTCAGGTGTACG-3’, reverse inner primer: 5'-
ATCCCCCCTCCACTTCCTGGAT-3'). Product sizes

were 213 and 151 bp (base pairs) for the C- and
T-alleles, respectively, but the product size of the internal
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control was 314 bp. The PCR cycling conditions were as
shown: 5 minutes at 95°C followed by 30 cycles (30
seconds at 95°C, 30 seconds at 64°C and 30 seconds at
72°C) and 10 minutes at 72°C. The all PCR products were
electrophoresed on 2% agarose gels and photographed.'?

Statistical Analysis

Data were statistically analyzed by SPSS version 16 (SPSS
Chicago., Inc.). Mann—Whitney test was used for non-
parametric variables. Chi-Squared and Fisher’s exact
tests were for used qualitative variables. A p-value<0.05
was considered significant.

Results

This is a case-control study involving 150 patients whose
mean ages were 42.7+16.1 years; 105 (70%) were male
and 45 (30%) were female, 30 (20%) of them have
a family history of psoriasis, 24 (16%) were diabetics,
nine (6%) were hypertensive, and 12 (8%) were combined
diabetics and hypertensive. One hundred apparently
healthy individuals were selected as a control group
whose mean ages were 39.6+14.4 years; 60 (60%) were
male and 40 (40%) were female. Both patients and control
groups were matched for age (p=0.13) and gender (p=0.1).
Thirty-nine (26%) of the patients were smokers versus 40
(40%) among the control group (p=0.02) (Table 1).

A total of 81 patients (54%) had mild, 39 patients (26%)
had moderate, and 30 patients (20%) presented severe psor-
iasis. Seventy-two (48%) of the patients suffered from early
onset psoriasis and 78 (52%) of them had late onset psoriasis.
Twenty-three had
a progressive course versus 12 (8%) and 105 (70%), who

(22%) of the psoriatic patients

had stationary and regressive courses, respectively. Scalp,
joint, nail, palm, and sole involvement were detected in 69
(46%), 33 (22%), 36 (24%), and 57 (38%) patients, respec-
tively, and their median PSAI score was 8.2 (Table 2).

Younger (p<0.0001), non-smoker (p<0.0001), with age
of onset <40 years (p<0.0002) revealed significant asso-
ciations with severe psoriasis. On the other hand male
gender was more among patients with mild and moderate
psoriasis (p=0.018). As expected, severe psoriasis was
characterized by early-onset (p=0.03), progressive course
(»=0.0001), itching (p=0.0003), involvement of scalp
(»=0.0002), involvement of both axilla and extremities
(»=0.0001), with no associated DM OR HTN (p=0.0001)
(Table 3).

The genotype and allele frequencies of rs10754558
SNP of NLRP3 in the studied groups are presented in

AlLrefai et al
Table | Description of the Studied Groups
Variables P
Patients Control
(N=150) (N=100)
Age (years) 0.13
Mean+SD 42.7¢16.1 39.6114.4
Age at onset, N (%)
<40 years 78 (52)
>40 years 72 (48)
Gender; N (%) 0.1
Male 105 (70) 60 (60)
Female 45 (30) 40 (40)
Smoking, N (%) No (%) 0.02*
Yes 39 (26) 40 (40)
No 111 (74) 60 (60)
Family history, N (%)
Yes 30 (20) -
No 120 (80) -
Associated condition,
N (%)
With diabetes (DM) 24 (16)
With hypertension 9 (6)
(HTN)
Combined 12 (8)
Without DM or 105 (70)
HTN

Notes: *Statistically significant at p<0.05.

Table 4. For the control group the genotype distribution
was 40 (40%) GG, 20 (20%) GC, and 40 (40%) CC; while
for the patients GG was 36 (24%), GC was 81 (54%), and
CC was 33 (22%). The GC genotype revealed a significant
association with psoriasis (p<0.0001), while the allele
showed a non-significant association with psoriasis
(»=0.9). CC genotype revealed a significant decrease
among patients compared to controls (p<0.0001).

The GC genotype of rs10754558 SNP was significantly
associated with mild psoriasis (p=0.001) and affected
extremities (p=0.0001) mainly among male patients
(p=0.004) with a progressive course (p=0.03) (Table 5).

On the other hand, PTPN22 1858C/T (rs2476601) geno-
type; CC 102 (68%), CT 47 (31.3%), and TT 1 (0.7%) in
patients versus CC 80 (80%), CT 20 (20%), and TT 0 (0%)
in the control group (p=0.09) revealed a non-significant
association with psoriasis, while the allele frequency
(»<0.05) showed critical level significance (Table 6).
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Table 2 Description of Psoriasis Among Patients Table 3 Correlation Between Psoriasis Severity and Different
Variables
Variables Patients (N=150)
Patients
No (%)
(N=150)
Onset Early 72 (48)
Late 78 (52) Mild Moderate Severe p-value
. Psoriasis | Psoriasis Psoriasis
Course Stationary (N=81) (N=39) (N=30)
Progressive 23 (22)
Regressive 105 (70) Variables | No (%) No (%) No (%)
Stationary 12 (8) Age (years)
Duration (years) <50 54 (66.7) | 18 (58.8) 30 (100) <0.0001*
Median 9 (0.5-12) >50 27 (33.3) | 21 (462) 00
Site Gender
Extremities 75 (50) Male 63 (778) | 27 (69.2) 15 (50) 0.018*
Axial 15 (10) Female 18 (222) | 12 (30.8) 5 (50)
Axial & Extremities 60 (40) Smoking
Scalp Yes 15(185) | 21 (58.8) 3(10) <0.0001*
Yes 69 (46) No 66 (81.5) | 18 (46.2) 27 (90)
No 81 (54) Age of
Nail onset
Yes 36 (24) <40 42(519) | 12(308) 24 (80) <0.0002*
No 114 (76) >40 39 (48.1) 27 (69.2) 6 (20)
Joint Onset
Yes 13 @) Early 42519 | 12308) 18 (60) 0.03*
No 17 (78) Late 39 (48.2) 27 (69.2) 12 (40)
Palm/Sole No (%) Course
Yes 57 (38) Stationary | 27 (333) | 0 (0) 6 (20) 0.0001*
No 93 (62) Progressive | 48 (59.2) 33 (84.6) 24 (80)
Regressive | 6 (7.4) 6 (15.4) 0 (0)
Itching No (%)
Yes 45 (30) Family
No 105 (70) history
Yes 15 (18.5) 12 (30.8) 3 (10) 0.1
Koebnerization No 66 (81.5) 27 (69.2) 27 (90)
Yes 21 (14)
No 129 (86) Without 60 (74.1) 21 (53.8) 24 (80) 0.0001*
DM or
PASI Score Median HTN
8.2 (0.3-24.4) With DM 12 (14.8) 12 (30.8) 0 (0)
- With HTN | 9 (11.1) 0 (0) 0 (0)
Severity )
i Combined | 0 (0) 6 (15.4) 6 (20)
Mild (PASI<I0) 81 (54)
Moderate (PASI=10-20) 39 (26) Site
Severe (PASI>20) 30 (20) Extremities | 51 (63) 24 (61.5) 0(0) 0.0001*
Axilla 15(185) | 0(0) 0 (0)
Combined | 15 (185) | 15 (38.5) 30 (100)
Discussion Scalp
Psoriasis is an inflammatory immune-mediated disease Yes 30 (37) 15(385) 24 (80) 0.0002*
with a complex genetic basis.'? Psoriasis can be correlated Ne > 163 24 615) 609
to multiple genes associated with linkage disequilibrium in (Continued)
334 https: The Application of Clinical Genetics 2021:14
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Table 3 (Continued).

Patients
(N=150)
Mild Moderate Severe p-value
Psoriasis | Psoriasis Psoriasis
(N=81) (N=39) (N=30)
Variables | No (%) No (%) No (%)
ltching
Yes 18 (22.2) 9 (23.1) 18 (60) 0.0003*
No 63 (77.8) 30 (76.9) 12 (40)

Notes: *Statistically significant at p<0.05. Mild (PASI<I0), Moderate (PASI=10-20),
Severe (PASI>20). PASI score {Median (Range)}=8.2 (0.3-24.4).

genetically susceptible persons. Over the past four dec-
ades, by the help of genome-wide association studies
(GWASs) with large cohorts, much light has been focused
on the importance of different genetic factors in the patho-
genesis of psoriasis.'* Previous experimental evidence has
already cleared that NLRP3 inflammasome is stimulated in
inflammatory skin diseases.'> '’ It was proven that stimu-
lation of NLRP3 inflammasomes leads to an inflammatory
response mainly driven by increased secretion of IL1b and
IL-18 that play important roles in host defense and inflam-
mation by activating innate immune inflammatory
responses.'® Furthermore, NLRP3 inflammasome plays
a significant role in the maturation and activation of den-
dritic cells induced by MHC-II exposition on the macro-
phage/antigen presenting cells surface, thus dysregulation
of NALP3 may impair the immune reaction.'” Genetic

variants affecting the inflammasome function including

Table 4 Genetic Distribution of NLRP3 (rs10754558) Among
Studied Groups

Genotype Groups p-value
Patients (N=150) | Control (N=100)
N (%) N (%)
GG 36 (24) 40 (40) <0.0001*
GC 8l (54) 20 (20)
CcC 33 (22) 40 (40)
Allele 0.9
G 153 (51) 100 (50)
C 147 (49) 100 (50)

Notes: *Statistically significant at p<0.05.

NLRP3 are candidate genes that could induce susceptibil-
ity to auto-inflammatory conditions.?’

Our study evaluated the relationship of NLRP3
rs10754558 and (PTPN22) 1858C/T (rs2476601) poly-
morphisms with susceptibility to psoriasis.

In the current study, the GC genotype of NLRP3
(rs10754558) was significantly associated with risk of
psoriasis mainly among psoriatic male with mild psoriasis
and affected extremities, thus underlining the importance
of NLRP3 signaling in the development of psoriasis.

Conflicting results for the association of NLRP3
(rs10754558) and development of psoriasis have pre-
viously been reported.

The genotypes of NLRP3rs10754558 influenced the
extent of systemic inflammation, suggesting that the SNP
at the NLRP3 rs10754558 locus may modulate inflam-
masome activation and contribute to adverse inflamma-
' On the other hand, Irrera et al*?
confirmed the partial role of NLRP3 in the development
of psoriasis. They reported that BAY 11-7082, an
antagonist of NF-«kB, can alleviate psoriasis-like derma-
titis by inhibiting the NLRP3 inflammasome and the NF-
kB pathway. Furthermore, Lee and Bae'® reported
NLRP3
rs10754558 C/G polymorphism and both inflammatory

2
tory outcomes.

a significant association between the
and autoimmune diseases in Latin American individuals,
but not in Europeans and Asians. However, this meta-
analysis did not identify an association between it and
gout and celiac disease, that could be explained by
a disease-specific effect or unknown factors.'®
Numerous researches have cleared the association of
the gene polymorphisms of NLRP3 rs10754558 with sus-
ceptibility to diseases® such as aspirin-induced asthma,**
abdominal aortic aneurysms, and common inflammatory
disorders.?® Also, Su et al* proved that NLRP3 is signifi-
cantly upregulated in psoriatic tissues and its expression is
associated with upregulation of caspase-1 leading to secre-
tion of IL-1b and IL-18, which are involved in inflamma-
tion and immune response. The altered expression of these
proteins indicates their potential role in psoriasis. Thus,
NLRP3
mechanisms underlying the triggering and the maintenance

inhibition could interrupt the pathological
of psoriasis lesions.*?

The NLRP3 rs10754558 C/G polymorphism may
affect its mRNA stability and expression. The
rs10754558 C allele decreases the stability of NLRP3
mRNA in comparison with the rs10754558 G allele.

Moreover, the allele-specific construct containing the
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Table 5 Distribution of NLRP3 (rs10754558) Genotypes Among Different Risk Groups

Risk Groups Genotyping p-value
GG GC CcC
N (%) N (%) N (%)
Psoriatic males 21 (58.3) 66 (81.5) 18 (54.5) 0.004*
Psoriatic females 15 (41.7) 15 (18.5) 15 (45.5)
Smokers 9 (25) 24 (29.6) 6 (182) 0.44
Non-smokers 27 (75) 57 (70.4) 27 (81.8)
Early onset 21 (58.3) 36 (44.4) 15 (45.5) 0.36
Late onset 15 (41.7) 45 (55.6) 18 (54.5)
Course
Stationary 9 (25) 21 (25.9) 3(9.1) 0.03*
Progressive 27 (75) 54 (66.7) 24 (72.7)
Regressive 0 (0) 6 (7.4) 6 (18.2)
With DM or HTN 27 (75) 57 (70.4) 21 (63.6) 0.58
Without DM or HTN 9 (25) 24 (29.6) 12 (36.4)
Presence of family history 3(83) 21 (25.9) 6 (18.2) 0.08
No family history 33 (91.7) 60 (74.1) 27 (81.8)
Site 0.0001*
Extremities 12 (33.3) 54 (66.7) 9 (27.3)
Combined 24 (66.7) 15 (18.5) 21 (63.6)
Axillary 0 (0) 12 (14.8) 309.1)
Severity
Mild (PASI<10) 15 (41.7) 51 (63) I5 (45.5) 0.001*
Moderate (PASI=10-20) 9 (25) 24 (29.6) 6 (18.2)
Severe (PASI>20) 12 (33.3) 6 (74) 12 (36.4)

Notes: *Statistically significant at p<0.05.

G allele of the rs10754558 shows a 1.3-fold higher activity
than that containing the C allele.**** Notably, the NLRP3
rs10754558-G allele was additionally linked to high IL-18
levels, suggesting that this SNP may modulate inflamma-
some induction and contribute to unwanted inflammatory
outcomes.”'

Many autoimmune diseases can nowadays be treated
with IL-1p and IL-18 antagonists or their receptors.”®
However, it was found that targeting NLRP3 might present
certain advantages over the use of IL-1p biologic
inhibitors.”’

It has been shown that the TNF-a-mediated activation
of NLRP3 inflammasomes in psoriatic patients can

contribute to systemic inflammation. Anti-TNF therapy

normalized the inflammasome function, suggesting
a mechanism for the cardiovascular risk-reducing effect.?®
On the other hand, Loft et al*’ reported that variants in
genes involved in pattern recognition (TLRs and NOD-
like receptors) pathways could not predict a response in
patients treated with either anti-TNF or ustekinumab.
Several studies suggested that activation of NLRP3 is
regulated by protein tyrosine phosphatase non-receptor 22
(PTPN22). Spalinger et al’® explained how loss of
PTPN22 and subsequent enhanced NLRP3 phosphoryla-
tion mediate depressed NLRP3 inflammasome activation

and IL1B secretion. The presence of a variant in the gene

3 3 6 https:
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Table 6 Genetic Distribution of PTPN22 1858C/T (rs2476601)
Genotypes Among Studied Groups

Genotype p-value
Patients (N=150) | Control (N=100)
N (%) N (%)
CC 102 (68) 80 (80) 0.09
CcT 47 (31.3) 20(20)
TT 1 (0.7) 0 (0)
Allele
C 251 (83.66) 180 (90) <0.05*
T 49 (16.33) 20 (10)

Notes: *Statistically significant at p<0.05.

coding for PTPN22 promotes inflammasome activity. This
variant is associated with increased risk to develop many
chronic inflammatory disorders.

On the other hand, our study revealed a non-significant
association of PTPN22 1858C/T (rs2476601) genotype
with risk of psoriasis.

The PTPN22 gene encodes LYP, a functional protein
tyrosine phosphatase, a regulator of the negative regula-
tory kinase in T-cells, inducing suppression of T-cells and,
therefore, maybe the mechanism by which this association
contributes to the genetic susceptibility of autoimmune
disorders.®'

Inconsistent with our result, Bin Huraib et al'?

proved
a weak association between the heterozygous CT genotype
of the PTPN22 (1858C/T) gene functional variant and risk
of psoriasis.Interestingly, the homozygous TT genotype
was not detected at all in either patients or the controls
in this study from Saudi Arabia.'?

Loft et al*? ocumented a non-significant association of
PTPN22 (1s2476601) as a risk factor of psoriasis arthritis
(PsA). Also, Stuart et al>* could not confirm any association
of this subphenotype with Psoriasis. In addition, Bowes
et al** reported a genome-wide significant association of
PTPN22 (rs2476601) to PsA susceptibility, whereas no evi-
dence for association to psoriasis. Further analysis showed
an insignificant association with PTPN22 C1858T manifest
in skin, the gastrointestinal tract or immune privileged sites.
Revealing that the association of PTPN22 polymorphism
with autoimmune diseases may depend on the localization
of the affected tissue, demonstrating a role of targeted organ
variation in the disease manifestations.> Also, Chen and

Chang®® showed a non-significant positive association
between psoriasis and PTPN22 1858 T-allele, and the asso-
ciation appeared more strong among subjects with psoriatic
arthritis. Recently, Al-Awadhi et al’’ stated that the fre-
quency of homozygous genotype (TT) was significantly
higher in PsA patients compared to controls (p<0.0001) in
Kuwaiti Arabs. However, previous studies from various
on PTPN22
(+1858C/T) polymorphism and psoriasis have reported

geographical regions/ethnic populations
inconsistent conclusions, indicating that this association

might be disease- and population-specific.

Conclusions

Our study indicated that the NLRP3 (rs10754558) GC
genotype may play a role in psoriasis susceptibility
among male Egyptian populations with affected extremi-
ties. Future studies must evaluate its role in the prevention
or the treatment of psoriasis.
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