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Abstract: Paradoxical psoriasis (PP) may occur during treatment with anti-tumor necrosis factor-alpha
(TNF-α) drugs in various chronic immune-mediated diseases, mainly inflammatory bowel diseases
(IBD) and psoriasis. In this study, clinical and genetic characteristics of PP arising in IBD and psoriatic
patients were investigated to identify disease-specific markers of the paradoxical effect. A total of 161
IBD and psoriatic patients treated with anti-TNF-α drugs were included in the study. Of these patients,
39 developed PP. All patients were characterized for the main clinical–pathologic characteristics and
genotyped for six candidate single nucleotide polymorphisms (SNPs) selected for their possible role
in PP susceptibility. In IBD patients, the onset of PP was associated with female sex, presence of
comorbidities, and use of adalimumab. IBD patients with PP had a higher frequency of the TNF-α
rs1799964 rare allele (p = 0.006) compared with cases without the paradoxical effect, and a lower
frequency of the human leucocyte antigen (HLA)-Cw06 rs10484554 rare allele (p = 0.03) compared with
psoriatic patients with PP. Overall, these findings point to specific clinical and genetic characteristics
of IBD patients with PP and provide data showing that genetic variability may be related to the
paradoxical effect of anti-TNF-α drugs with possible implications into clinical practice.

Keywords: paradoxical psoriasis; inflammatory bowel disease; psoriasis; tumor necrosis factor-alpha
inhibitors; genetic polymorphisms

1. Introduction

Paradoxical psoriasis (PP) represents a peculiar type of psoriasis that may occur de novo or as the
exacerbation of pre-existent psoriatic lesions during treatment with biological drugs [1]. Specifically,
its onset is observed during treatment with tumor necrosis factor-alpha (TNF-α) inhibitors, such as
infliximab, adalimumab, and etanercept [1–4].
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The first case of PP induced by anti -TNF-α treatment was described in a patient affected by
inflammatory bowel diseases (IBD) more than 15 years ago [5], and later, an increasing number of cases
of PP has been reported in the literature, mainly due to the widespread use of anti-TNF-α drugs [6–11].

For their good safety profile and high sustainability, TNF-α inhibitors have revolutionized the
management of numerous chronic immune-mediated inflammatory diseases, including IBD and
psoriasis [12–15]. However, like other immunomodulatory drugs, TNF-α inhibitors are associated
with adverse reactions, among which is the occurrence of PP [1,3,4,11,12,16–18].

PP is observed in about 2–5% of patients treated with anti-TNF-α drugs, with a slight predilection
for women [3,19–22]. The time between the onset of PP and the introduction of the treatment can range
from a few days to several months [3]. The most frequently reported clinical presentations of PP are
palmoplantar pustular eruption, plaque-type and guttate psoriasis, and nail and scalp involvement
have also been described [23–26].

Notably, numerous diseases that benefit from TNF-α inhibitor therapy are associated with an
inherent increased risk of classical psoriasis. In particular, IBD and psoriasis are associated conditions,
and the prevalence of psoriasis among patients affected by IBD is higher (6–10%) compared to the
general population (2%) [27].

Although PP clinically may resemble classical psoriasis, there is evidence that it represents a distinct
pathological entity [28], and different underlying pathogenic mechanisms may be involved in classical
and paradoxical psoriasis. Classical psoriasis is a T-cell mediated autoimmune disease driven by TNF,
while in contrast, PP is caused by the absence of TNF and represents a type-I interferon (IFN)-driven
innate inflammation [29]. Indeed, TNF controls the production of type I-IFN by plasmacitoid dendritic
cells (pDCs), and TNF blockade induces its continuous overexpression driving paradoxical effect [30].

Predictor factors of PP onset are largely unknown. Recently, Ya et al. showed that the presence of
family history (FH) of classical psoriasis is associated with the onset of PP, thus suggesting a possible
role of genetic predisposition in the development of PP [31].

Common polymorphisms, particularly those within Interleukin 23 Receptor (IL23R) gene,
have been proposed to be involved in PP [23,26,32]. Interestingly, the IL23R rs11209026 polymorphism
was reported as a risk factor for PP in IBD patients [32] in contrast to a protective role reported in
classical psoriasis [33]. On the other hand, the human leucocyte antigen (HLA)-Cw0602 allele, the allele
most frequently associated with classical psoriasis [34], has been rarely reported in PP [16]. Overall,
these findings may suggest genetic differences between classical and paradoxical psoriasis.

Considering the critical role of TNF and type-I IFN in the pathogenesis of classical and paradoxical
psoriasis, polymorphisms in these genes might play a role in the pathogenesis of the two diseases.
Polymorphisms in the Interferon Induced with Helicase C Domain 1 (IFIH1) gene, a gene encoding a
cytoplasmic viral RNA receptor that activates type-I IFN signaling, are considered risk factors for
various autoimmune diseases, including classical psoriasis [23,30,35,36]. Moreover, polymorphisms
in the TNF-α promoter, such as rs1799964 and rs1800629, are known to be involved in modulating
anti-TNF-α response in classical psoriasis and IBD [14,37,38].

Aims of this study were to investigate and compare clinical and genetic characteristics of PP
arising in IBD and psoriatic patients during anti-TNF-α treatment in order to identify disease-specific
markers of the paradoxical effect. To this purpose, IBD and psoriatic patients, treated with anti-TNF-α
drugs and characterized for the main clinical–pathologic characteristics, were genotyped at six single
nucleotide polymorphisms (SNPs) selected for their possible role in the susceptibility to classical and
paradoxical psoriasis and in the response to anti-TNF-α drugs.

2. Results

2.1. Clinical-Pathologic Characteristics of the Patients Analyzed

The clinical–pathologic characteristics of IBD and psoriatic patients are detailed in Tables 1 and 2,
respectively. As shown in Table 1, the majority of IBD patients were males (56.5%), had a diagnosis
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of Crohn’s disease (69.8%), did not show FH for IBD (79.3%), did not present comorbidities (90.6%),
and were treated with infliximab (77.4%). IBD patients with PP significantly differed from IBD patients
without PP in relation to sex (p < 0.001), presence of comorbidities (p = 0.01), and the biological drug
used (p < 0.001). The majority of IBD cases with PP were females and showed comorbidities, including
asthma, allergy, and osteoporosis. Specifically, four of the five IBD patients with comorbidities who
developed PP were females. Although the infliximab was the most widely used anti-TNF-α drug,
the PP was most frequently observed in patients treated with adalimumab.

Table 1. Clinical–pathologic characteristics of inflammatory bowel diseases (IBD) patients with and
without paradoxical psoriasis (PP).

Characteristics a Total
(n = 53)

IBD Patients with PP
(n = 16)

IBD Patients without PP
(n = 37) p Value *

Sex

Male 30 (56.5%) 3 (18.8%) 27 (73.0%)

Female 23 (43.4%) 13 (81.3%) 10 (27.0%) <0.001

Mean age at diagnosis
(Mean ± Standard error) 11.0 (±0.5) 10.5 (±0.7) 11.2 (±0.6) 0.5

Type of IBD

Crohn’s disease 37 (69.8%) 14 (87.5%) 23 (62.2%)

Ulcerative colitis 16 (30.2%) 2 (12.5%) 14 (37.8%) 0.07

Family history for IBD

Yes 11 (20.7%) 4 (25.0%) 7 (18.9%)

No 42 (79.3%) 12 (75.0%) 30 (81.1%) 0.6

Comorbidities

Yes 5 (9.4%) 4 (25.0%) 1 (2.7%)

No 48 (90.6%) 12 (75.0%) 36 (97.3%) 0.01

Biological drug

adalimumab 12 (22.6%) 11 (68.7%) 1 (2.7%)

infliximab 41 (77.4%) 5 (31.3%) 36 (97.3%) <0.001

* In bold are statistically significant results. a Some data for each pathologic characteristic are not available.

As shown in Table 2, the majority of psoriatic patients were males (66.7%), had a severe type of
psoriasis (83.2%), (65.3%), particularly hypercholesterolemia, hypertension, and diabetes, and were
treated with adalimumab (86.1%). Psoriatic patients with and without PP did not significantly differ in
relation to the clinical–pathologic features considered. Notably, all psoriatic patients who developed
PP were treated with adalimumab.

Clinical–pathologic characteristics, including sex, number of lesion locations, lesion location,
presence of pruritus, and time elapsed between the start of the treatment with adalimumab and
the onset of PP were compared in IBD and psoriatic patients (Table S1). A statistically significant
difference between IBD and psoriatic emerged for the number of lesion locations (p = 0.003), lesion
location (p = 0.04), and timing of PP onset (p = 0.009). Specifically, compared with psoriatic patients,
IBD patients showed a more severe paradoxical effect in terms of greater number of locations (63.6%
vs. 15.8%) and more frequently showed scalp lesions (25.8% vs. 3.7%). Pruritus was more frequent in
psoriatic patients compared with IBD patients (p = 0.05). Furthermore, the mean time elapsed between
the start of therapy and the paradoxical effect development was significantly lower (p = 0.009) in IBD
patients than in psoriatic patients (9.0 vs. 40.8 months).
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Table 2. Clinical–pathologic characteristics of psoriatic patients with and without (PP).

Characteristics a Total
(n = 108)

Psoriatic Patients
with PP
(n = 23)

Psoriatic Patients
without PP

(n = 85)
p Value *

Sex

Male 72 (66.7%) 14
(60.9%)

58
(68.2%)

Female 36 (33.3%) 9
(39.1%)

27
(31.8%) 0.5

Mean age at diagnosis
(Mean ± Standard error) 30.6 (±1.5) 25.6

(±2.9)
32

(±1.7) 0.08

Degree of psoriasis

Mild 8 (7.5%) 0 (0.0%) 8 (9.5%)

Moderate 10 (9.3%) 0 (0.0%) 10 (11.9%)

Severe 89 (83.2%) 23
(100%)

66
(78.6%) 0.05

Arthropathic psoriasis

Yes 60 (55.6%) 14
(60.9%)

46
(54.1%)

No 48 (44.4%) 9
(39.1%)

39
(45.9%) 0.6

Family history for psoriasis

Yes 50 (51.0%) 11
(47.8%)

39
(52.0%)

No 48 (49.0%) 12
(52.2%)

36
(48.0%) 0.7

Comorbidities

Yes 64 (65.3%) 16
(69.6%)

48
(64.0%)

No 34 (34.7%) 7
(30.4%)

27
(36.0%) 0.6

Biological drug

adalimumab 93 (86.1%) 23
(100%)

70
(82.4%)

infliximab 3 (2.8%) 0 (0.0%) 3 (3.5%)

etanercept 8 (7.4%) 0 (0.0%) 8 (9.4%)

golimumab 4 (3.7%) 0 (0.0%) 4 (4.7%) 0.2
a Some data for each pathologic characteristic are not available. * In bold are statistically significant results.

2.2. Genotyping Analysis

All 161 patients were genotyped for six SNPs, including HLA-Cw0602 rs10484554, IL23R rs11209026,
and rs10789229, TNF-α rs1799964, and rs1800629 and IFIH1 rs1990760.

Firstly, we compared the distribution of genotype frequencies of the six SNPs in IBD patients
with and without PP. As shown in Table 3, a statistically significant difference in the distribution of
genotypes emerged for TNF-α rs1799964 (p = 0.008). IBD cases with PP had a higher probability to be
carriers of the TNF-α rs1799964 rare C allele (OR 5.3; 95% CI 1.6–17.2; p = 0.006) compared with IBD
patients without the paradoxical effect. No statistically significant differences emerged for any of the
polymorphisms analyzed when we compared psoriatic patients with and without PP (Table S2).
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Table 3. Distribution of IBD patients with and without PP according to the genotype frequencies of the
six single nucleotide polymorphisms (SNPs) analyzed.

Gene SNP Genotype
IBD Patients with PP

(n = 16)
IBD Patients without PP

(n = 37) p Value *

n (%) n (%)

HLA-Cw06 rs10484554 C/C 12 (75.0%) 28 (75.7%)
0.6C/ 4 (25.0%) 7 (18.9%)

T/T 0 (0.0%) 2 (5.4%)

Per-allele OR 0.8 (95% CI 0.3–2.6) p = 0.8

IL23R rs11209026 G/G 12 (75.0%) 34 (91.9%)
0.09G/A 4 (25.0%) 3 (8.1%)

A/A 0 (0.0%) 0 (0.0%)

Per-allele OR 3.8 (95% CI 0.7–19.4) p = 0.1

IL23R rs10789229 T/T 11 (68.7%) 21 (56.8%)
0.2T/C 1 (6.3%) 10 (27.0%)

C/C 4 (25.0%) 6 (16.2%)

Per-allele OR 0.9 (95% CI 0.4–2.0) p = 0.9

TNF± rs1799964 T/T 5 (31.2%) 26 (70.3%)
0.008T/C 9 (56.3%) 11 (29.7%)

C/C 2 (12.5%) 0 (0.0%)

Per-allele OR 5.3 (95% CI 1.6–17.2) p = 0.006

TNF± rs1800629 G/G 16 (100%) 35 (94.6 %)
0.3G/A 0 (0.0%) 2 (5.4%)

A/A 0 (0.0%) 0 (0.0%)

Per allele -

IFIH1 rs1990760 T/T 7 (43.7) 15 (40.5%)
0.6T/C 7 (43.8%) 13 (35.1%)

C/C 2 (12.5%) 9 (24.3%)

Per allele OR 0.8 (95% CI 0.3–1.7) p = 0.5

* In bold are statistically significant results.

When we compared the distribution of genotype frequencies of the six SNPs in IBD patients with
PP and psoriatic patients without PP (Table 4), statistically significant differences in the distribution
of genotypes emerged for HLA-Cw06 rs10484554 (p = 0.02), IL23R rs10789229 (p = 0.01), and TNF-α
rs1799964 (p = 0.04). IBD cases with PP had a lower probability to be carriers of the HLA-Cw06
rs10484554 rare T allele (OR 0.2; 95% CI 0.1–0.7 p = 0.01) and a higher probability to be carriers of
the TNF-α rs1799964 rare C allele (OR 3.0; 95% CI 1.2–7.5; p = 0.02), compared with psoriatic cases
without paradoxical effect. No statistically significant results emerged for IL23R rs10789229 (OR 0.7;
95% CI 0.9–1.5) p = 0.3). Similar results were obtained when analyses were performed including only
patients in treatment with adalimumab (Table S3).
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Table 4. Distribution of IBD patients with PP and psoriatic patients without PP according to the
genotype frequencies of the six SNPs analyzed.

Gene SNP Genotype
IBD Patients with PP

(n = 16)
Psoriatic Patients without PP

(n = 85) p Value *

n (%) n (%)

HLA-Cw06 rs10484554 C/C 12 (75.0%) 34 (40.0%)
0.02C/T 4 (25.0%) 41 (48.2%)

T/T 0 (0.0%) 10 (11.8%)

Per-allele OR 0.2 (95% CI 0.1–0.7) p = 0.01

IL23R rs11209026 G/G 12 (75.0%) 74 (87.1%)
0.2G/A 4 (25.0%) 11 (12.9%)

A/A 0 (0.0%) 0 (0.0%)

Per-allele OR 2.2 (95% CI 0.6–8.2) p = 0.2

IL23R rs10789229 T/T 11 (68.7%) 33 (38.8%)
0.01T/C 1 (6.3%) 40 (47.1%)

C/C 4 (25.0%) 12 (14.1%)

Per-allele OR 0.7 (95% CI 0.9–1.5) p = 0.3

TNF± rs1799964 T/T 5 (31.2%) 50 (58.8%)
0.04T/C 9 (56.3%) 33 (38.8%)

C/C 2 (12.5%) 2 (2.4%)

Per-allele OR 3 (95% CI 1.2–7.5) p = 0.02

TNF± rs1800629 G/G 16 (100%) 77 (90.6%)
0.4G/A 0 (0.0%) 7 (8.2%)

A/A 0 (0.0%) 1 (1.2%)

Per-allele -

IFIH1 rs1990760 T/T 7 (43.7%) 29 (34.1%)
0.5T/C 7 (43.8%) 34 (40.0%)

C/C 2 (12.5%) 22 (25.9%)

Per-allele OR 0.7 (95% CI 0.3–1.4) p = 0.3

* In bold are statistically significant results.

We also compared the distribution of the genotype frequencies of the six SNPs in IBD and psoriatic
patients with PP including only cases treated with adalimumab (Table 5). A statistically significant
difference in the distribution of genotypes emerged for HLA-Cw06 rs10484554 (p = 0.05). IBD cases
with PP had a lower probability to be carriers of the HLA-Cw06 rs10484554 rare T allele (OR 0.2; 95% CI
0.04–0.8; p = 0.03) compared with psoriatic patients with PP.



Int. J. Mol. Sci. 2020, 21, 7873 7 of 14

Table 5. Distribution of IBD and psoriatic patients with PP treated with adalimumab according to the
genotype frequencies of the six SNPs analyzed.

Gene SNP Genotype
IBD Patients with PP

(n = 11)
Psoriatic Patients with PP

(n = 23) p Value *

n (%) n (%)

HLA-Cw06 rs10484554 C/C 9 (81.8%) 9 (39.1%)
0.05C/T 2 (18.2%) 9 (39.1%)

T/T 0 (0.0%) 5 (21.8%)

Per-allele OR 0.2 (95% CI 0.04–0.8) p = 0.03

IL23R rs11209026 G/G 9 (81.8%) 22 (95.6%)
0.18G/A 2 (18.2%) 1 (4.4%)

A/A 0 (0.0%) 0 (0.0%)

Per-allele OR 4.9 (95% CI 0.4–60.9) p = 0.2

IL23R rs10789229 T/T 8 (72.7%) 11 (47.8%)
0.08T/C 0 (0.0%) 8 (34.8%)

C/C 3 (27.3%) 4 (17.4%)

Per-allele OR 0.8 (95% CI 0.3–2) p = 0.6

TNF± rs1799964 T/T 4 (36.4%) 13 (56.5%)
0.55T/C 5 (45.5%) 7 (30.4%)

C/C 2 (18.1%) 3 (13.1%)

Per-allele OR 1.6 (95% CI 0.6–4.3) p = 0.3

TNF± rs1800629 G/G 11 (100%) 21 (91.3%)
0.6G/A 0 (0.0%) 1 (4.4%)

A/A 0 (0.0%) 1 (4.3%)

Per-allele -

IFIH1 rs1990760 T/T 4 (36.3%) 8 (34.8%)
1T/C 5 (45.5%) 11 (47.8%)

C/C 2 (18.2%) 4 (17.4%)

Per-allele OR 1 (95% CI 0.3–2.7) p = 1

* In bold are statistically significant results.

3. Discussion

PP is a particular type of psoriasis induced by anti-TNF-α drugs that may occur either de
novo, or as an aggravation of pre-existent lesions [1]. PP is generally reported during anti-TNF-α
treatment, such as infliximab and adalimumab, in diseases for which anti-TNF-α treatment is indicated,
particularly IBD and psoriasis [1,9,16,17,23,32,39–44]. In this study, analyzing a large series of IBD and
psoriatic patients with and without PP, we were able to identify disease-specific, clinical, and genetic
characteristics of the paradoxical effect, and to highlight the differences between paradoxical and
classical psoriasis.

Our results showed that the majority of IBD patients with PP were females, had comorbidities,
and were treated with adalimumab. Female gender has been associated with higher risk of developing
PP, and it may be considered a risk factor for PP. Hormonal or biological drug dosing-based influences
may explain this association [3,19–22,25]. In our series, the majority of female IBD patients with PP
and comorbidities were affected mainly by comorbidities such as asthma and allergies, thus suggesting
a major dysregulation of the immune system in female PP patients.
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Adalimumab treatment was associated with PP onset in IBD patients, although infliximab was
the anti-TNF-α drug most frequently used in this setting. These findings are consistent with recent
studies showing a stronger association of PP with adalimumab treatment [45–51], in contrast to the
initially reported association with infliximab therapy [17,42,45,46]. In our study, psoriatic patients
who developed PP were also in treatment with adalimumab. However, since adalimumab was the
anti-TNF-α drug most frequently used in these patients, we cannot draw any conclusion on possible
differences in drug effects on developing PP in this setting. Our data also show that the time interval
between the beginning of adalimumab treatment and the onset of the paradoxical effect was shorter in
IBD patients compared with psoriatic patients. The interval time of about nine months observed for
IBD patients in our study is comparable to the median latency of 11 months, reported in a previous
study on anti-TNF-α induced PP [25].

Overall, our findings suggest disease-specific features of PP. Compared with psoriatic patients,
IBD patients with PP showed a more severe paradoxical effect, in terms of greater number of locations,
and frequent scalp lesions. The finding that significant scalp involvement occurred more often in IBD
patients is consistent with previous published data [25,40,44] and supports the idea that IBD patients
may have distinctive genetic/immunologic factors predisposing to scalp PP development.

We evaluated possible associations between genetic factors and PP predisposition by genotyping
IBD and psoriatic patients for 6 SNPs, including HLA-Cw0602 rs10484554, IL23R rs11209026,
and rs10789229, TNF-α rs1799964, and rs1800629 and IFIH1 rs1990760, selected for their possible role
in PP [23,32,34–37,52]. Overall, IBD patients with PP had a higher frequency of the TNF-α rs1799964
rare C allele and a lower frequency of the HLA-Cw06 rs10484554 rare T allele.

The TNF-α rs179996 rare C allele was more frequent in IBD patients with PP, compared to both IBD
and psoriatic patients without paradoxical effect, and was associated with a higher risk of PP. In contrast,
no differences in genotype frequencies of the TNF-α rs179996 rare C allele emerged comparing psoriatic
patients with and without PP. These results suggest that the TNF-α rs179996 rare C allele may represent
a genetic risk factor predisposing to PP specifically in IBD patients.

The TNF-α rs179996 corresponds to a T/C transition at nucleotide position -1031, in the promoter
region of the TNF-α gene. It has been shown that psoriatic patients with the wild-type T allele are more
likely to respond to anti-TNF-α drugs compared with carriers of the rare C allele [46]. Furthermore,
there is evidence that the C/C genotype may cause an increased expression of TNF-α and may represent
a possible genetic risk factor for IBD [38]. In the present study, we identified the TNF-α rs179996 rare
C as a possible genetic risk factor for PP in IBD patients. We can hypothesize that in IBD patients,
the TNF-α rs179996 rare C allele, particularly in the homozygote genotype, may cause an increase
of TNF-α expression and a reduction of response to anti-TNF-α therapy, thus predisposing to the
paradoxical adverse reaction in patients treated with anti-TNF-α drugs, especially adalimumab [38,46].
Further studies are needed to explore this hypothesis.

The HLA-Cw06 rs10484554 rare T allele was significantly less frequent in IBD patients compared
with psoriatic patients. The HLA-Cw06 rs10484554 rare T allele is the allele most frequently associated
with classical psoriasis [34,52]. A previous study showed that this allele was rare in IBD patients with
anti-TNF-α-induced psoriatic lesions [53]. Our results provide evidence that HLA-Cw06 rs10484554 rare
T is not associated with PP and support the hypothesis that the PP may be related to a different genetic
background compared to classical psoriasis [16,30]. The absence of differences between psoriatic
patients with and without PP may indicate that other SNPs, yet to be identified, may play a role in
predisposing to the paradoxical effect in psoriatic patients. However, as we observed a considerably
long time (40 months) between the start of anti-TNF therapy and PP development in psoriatic patients,
we cannot exclude that some patients may have experienced a relapse of the disease (i.e., a secondary
failure of anti-TNF) rather than a PP.

In conclusion, this study adds strength to the current evidence showing that psoriasis and PP
are two different entities, at pathological, clinical, and genetic levels. Moreover, the paradoxical effect
may have disease-specific features, such as the number and location of psoriatic lesions. The TNF-α
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rs179996 rare C allele may be a predisposing genetic factor to PP in IBD patients, particularly those
in treatment with adalimumab. The HLA-Cw06 rs10484554 is a main predisposing genetic factor for
classical psoriasis, but not for PP, further supporting their different pathogenesis. Overall, our findings
point to specific clinical and genetic characteristics of IBD patients with PP and provide data showing
that genetic variability may be related to the paradoxical effect of anti-TNF-α drugs with possible
implications into clinical practice. Further studies are needed to investigate the possible role of other
candidate SNPs in the predisposition to this intriguing adverse reaction.

4. Materials and Methods

4.1. Sample Collection and DNA Extraction

A total of 161 patients were recruited for the present study (Figure 1). The inclusion criteria for all
patients were a) being in treatment with an anti-TNFα drug; b) being diagnosed with IBD or classical
psoriasis. Overall, 53 IBD patients and 108 psoriatic patients were included in the study.

Temperature, °CTime, sec

Figure 1. Diagram showing the number of patients analyzed in the present study.

The cohort of 53 IBD patients, recruited at the Complex Operative Unit of Gastroenterology,
Epatology and Pediatric Digestive Endoscopy of Policlinico Umberto I, Rome, included a retrospective
cohort of 16 IBD patients with a clinical diagnosis of PP and a consecutive cohort of 37 IBD patients
without PP, enrolled between November 2017 and November 2018. IBD patients with a diagnosis of
psoriasis before starting the anti-TNFa therapy were excluded.

The cohort of 108 psoriatic patients, recruited at the Complex Operative Unit of Dermatology,
Department of Internal Medicine and Medical Specialties, of Policlinico Umberto I and at the Department
of Dermatology, University Hospital of Tor Vergata, Rome, included a retrospective cohort of 23 psoriatic
patients with a clinical diagnosis of PP [47], and a consecutive cohort of 85 patients with classical
psoriasis, enrolled between November 2017 and December 2019. Psoriatic patients with a concomitant
diagnosis of both classical psoriasis and IBD were excluded.

A signed informed consent form, with a detailed description of the study protocol, was collected
for each study participant. The study was approved by The Local Ethical Committee (Sapienza
University of Rome 26/09/2013, Protocol 873/13).

For all cases, the main personal and clinical–pathologic data, including sex, age at diagnosis of
disease, family history, comorbidities, therapy, and pathology were collected. In addition, information
about the severity of psoriasis and location of psoriatic lesions, presence of pruritus, and time elapsed
(in months) between the start of biological treatment and the development of PP were collected.
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Severity of psoriasis was assessed based on Psoriasis Area Severity Index (PASI) and Dermatology
Life Quality Index (DLQI) scores. Psoriasis severity was defined using the following criteria: Mild,
PASI < 7 and DLQI < 7; moderate, PASI = 7–15 and DLQI = 5–15; severe, PASI > 15, independently of
the DLQI score [54].

Blood samples were obtained for each study participant. DNA from blood samples was extracted
using ReliaPrep Blood gDNA Miniprep System (Promega, Madison, WI, USA), according to the
manufacturer’s instructions. DNA quantification was performed with Qubit 2.0 dsDNA BR Assay Kit
(Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s instructions.

4.2. Genotyping Analysis

All enrolled cases were genotyped for six polymorphisms, selected for their possible role in the
susceptibility to classical and paradoxical psoriasis and in the response to anti-TNF-α drugs, including:
HLA-Cw0602 rs10484554, IL23R rs11209026, and rs10789229, TNF-α rs1799964, and rs1800629 and
IFIH1 rs1990760 [14,23,32–38,46,52,55–57]. Genotyping was performed by allelic discrimination
real-time PCR, on the ABI7500 fast real-time PCR instrument (Life Technologies, Carlsbad, CA, USA),
using commercially available TaqMan SNP genotyping assays (IDT-TEMA Coralville, IA, USA) and
according to the manufacturer’s instructions. In each experiment, positive and negative controls were
also included.

4.3. Statistical Analysis

Possible associations between selected clinical–pathologic features and specific groups of cases
were assessed by chi-square and T-test where appropriate.

The genotype frequencies for each polymorphism were evaluated in each group of patients and
differences were evaluated by chi-square test. The association between polymorphisms and disease
status was estimated using univariate logistic regression and was measured by the odds ratio (OR) and
its corresponding 95% confidence interval (CI). For each polymorphism, we evaluated ORs based on
multiplicative codominant (per-allele) model. A p-value <0.05 was considered statistically significant.
All analyses were performed using STATA version 13.1 statistical program (StataCorp).

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/21/21/
7873/s1.
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