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Abstract

Psoriasis is a chronic debilitating skin disease with an estimated prevalence reaching 2% of the
worldwide population. Psoriatic disease is driven by the interactions among innate and adaptive
immune systems with structural components of the skin. Interleukin (IL)-22 mediates keratinocyte
proliferation and epidermal hyperplasia, and changes in the structure of skin flora can play a role in
the secretion of IL-22. The aim of this study was to correlate serum levels of IL-22 and Staphylococcus
aureus toxins with disease activity in plaque psoriasis. The study group included 50 patients with
mild, moderate, and severe psoriasis. The control group comprised 20 sex- and age-matched
apparently healthy volunteers. IL-22 concentration was assessed in sera of patients and the control
group by using the ELISA technique. The serum levels of IL-22 in patients were higher than in the
control group, but the difference was statistically insignificant (P=0.413). Serum IL-22 levels were
positively correlated with the Psoriasis Area and Severity Index (PASI) score of psoriasis patients
(P=0.0003). The IL-22 serum levels in patients colonized with toxigenic strains of S. aureus were
significantly higher than in patients colonized with non-toxigenic strains (P= 0.028). In conclusion, IL-
22 plays a role in the pathogenesis of psoriasis, and its secretion can be triggered by the toxins
produced by S. aureus colonizing the skin of patients.
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Introduction yet it can have a bad impact on patients’ quality
L ) kin di of life® Psoriasis is associated with an
Psoriasis is an autoimmune skin disease inflammatory reaction mediated by impaired

characterlzed by the eruption of Oreddlsh, epidermal integrity, loss of immune tolerance to
silvery-scaled patches. It affects 2 to 3% of the the cutaneous microbiome, and  skin

. 1 . . . .
world.populatlon. Itisa sys'Femldc dls'e‘;se with al inflammatory response.’
genetic component, associated with severa A network of immune cells and their

.other metabo.llc synzdromes and sy§tem|c cytokines contribute to the pathogenesis of
inflammatory diseases.” It is not a fatal disease,
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psoriasis. Early in the disease, under certain
conditions like microbial infections,
keratinocytes produce antimicrobial peptides,
such as B-defensins and cathelicidin (LL-37),
which bind self-DNA from damaged cells and
form an antigenic complex. Dendritic cells and
plasmacytoid dendritic cells recognize this
complex as a foreign antigen, then the cascade
of cytokines starts eventually leading to the
activation of the interleukin (IL)-23/T-helper 17
axis which is the cornerstone of psoriasis
pathogenesis.’

IL-22 is one of the final products of the IL-
23/T-helper 17 axis, responsible for immune
homeostasis at barrier surfaces.® IL-22 is a
cytokine member of the IL-10 family produced
by natural killer cells, y&6 T-cells, CD4+ T-cells,
and Th22 cells, which are the main source of IL-
22. Human dermal mastocytes can also secrete
IL-22.

IL-22 mediates its effects via the IL-22
receptor (IL-22R) complex. IL-22R is only
expressed on the epidermal and mucosal cells;
therefore, they are the targets for IL-22. The
binding of IL-22 to its receptor complex leads to
conformational changes in up-regulating genes
responsible for cellular differentiation and
epidermal hyperplasia, which is the hallmark of
the pathology of psoriasis.®

Skin microbiome composition and its effect
on psoriasis were investigated using both
human and animal models, showing that
psoriasis exacerbation can be related to
epidermal or mucosal colonization with
streptococci, Malassezia, Staphylococcus
aureus, or Candida albicans.’

S. aureus is one of the commonest bacteria
colonizing the skin in chronic dermatological
diseases like atopic dermatitis and psoriasis.™ S.
aureus mediates its pathologic effect on the skin
by producing toxins among which are the
superantigens, including Staphylococcal
enterotoxins (SEs) [types A to V] and toxic shock
syndrome toxin-1 (TSST-1)."' SEs and TSST-1
induce polyclonal T-cells activation with a
massive release of cytokines.l’12 In addition,
they stimulate an isoform of corticosteroid
receptor having an inhibitory effect, eventually
leading to corticosteroid insensitivity.
Therefore, the eradication of S. aureus may

enhance response to steroid therapy, which is
the first line of treatment in psoriatic patients."

Moreover, enterotoxins activate the signal
transducer and activator of transcription
(STAT3),™ y86 T cells need STAT3 signals to
proliferate and produce IL-17 and IL-22, which
are responsible for the skin pathology in
psoriasis.” IL-22 is also crucial in the cutaneous
immunity against S. aureus by promoting
antimicrobial peptide  gene  expression.
Therefore, heavy colonization with S. aureus
leads to chronic IL-22 over-expression states
causing pathologic effects. Targeting IL-22 and
restoring the normal skin microbiome can be
new strategies for psoriasis treatment.’

The present study aimed to evaluate the
possible correlation between skin colonization
with toxigenic strains of S. aureus (harboring
genes of enterotoxins A, B and C and TSST-1)
and serum levels of IL-22 in psoriasis patients.

Subjects and Methods
The study population

The study included 50 patients who attended
Ain-Shams University Dermatology clinic, during
the period from May 2021 to October 2021.
Patients were clinically diagnosed according to
the Psoriasis Area and Severity Index (PASI)
score™. They were divided into 3 groups; group
| comprised 10 patients with mild disease, group
Il comprised 20 patients with moderate disease,
and group Il comprised 20 patients with severe
disease. Twenty apparently healthy volunteers
matched by age and sex and with no family
history of psoriasis were included as a normal
control group.

Patients who had another autoimmune
disease, systemic infection, or were on systemic
treatment including glucocorticoids, immuno-
suppressive drugs, antibiotics (topical or
systemic), or phototherapy, for one month
before the study, were excluded.

Sample collection

For isolation of S. aureus, a skin swab was taken
from both lesional and non-lesional skin of
psoriatic patients and the skin of controls by
using a sterile cotton swab. Sterile swabs were
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immersed first in saline, and then in different
lesions on the same patient.

For measuring IL-22 serum levels, 5 ml of
venous blood were collected from each patient
and control subject. Serum samples were
separated by centrifugation at 600 xg and
stored at - 20°C until ELISA testing.

Skin swab culture and isolation of S. aureus

Skin swabs were cultured on blood agar and
mannitol salt agar (MSA) (Oxoid ™, UK) and
incubated for 24 hours at 37 °C. S. aureus was
isolated and identified using conventional
microbiological methods according to Meylan et
al., 2017." Isolates were inoculated on Mueller-

Table 1. Sequences of used primers.

Hinton broth supplemented with 40% glycerol
(Oxiod ™, UK), and then stored at -80 C until
examined for toxin genes.

Detection of S. aureus toxins’ genes by multiplex
PCR

Multiplex PCR was used to detect the genes of
S. enterotoxins A, B, C, TSST-1, using femA gene
as an internal positive control. DNA extraction
from S. aureus isolates was done by a
commercial extraction kit (catalogue No.51304,
QIAGEN®, Germany) according to the
manufacturer’s instructions. The primers’
sequences used in the multiplex PCR are listed
in Table 1.

Primers’ sequences

Size of amplified

Gene Location within Gene
(5-3) product (bp)

SEA GGTTATCAATGTGCGGGTGG 349-368 102
CGGCACTTTTTTCTCTTCGG 431-450

S£B GTATGGTGGTGTAACTGAGC 666—685 164
CCAAATAGTGACGAGTTAGG 810-829

SEC AGATGAAGTAGTTGATGTGTATGG 432-455 451
CACACTTTTAGAATCAACCG 863-882
ACCCCTGTTCCCTTATCATC 88-107

73371 TTTTCAGTATTTGTAACGCC 394-113 326
AAAAAAGCACATAACAAGCG

fem-A 1444- 1463 1556-575 132
GATAAAGAAGAAACCAGCAG

The PCR reaction was carried out in a total
volume of 50puL. The reaction contained 25uL of
2x  Multiplex PCR Master Mix (Qiagen,
Germany), 5uL of 10x primer mixture (0.2uM of
each primer), and 0.5uL of DNA template. The
final volume was adjusted to 50uL with RNase-
free water (supplied with the kit). PCR
amplifications were carried out according to
Mehrotra et al., 2000, in a PTC1148 thermal
cycler (BIO-RAD, Mexico). Initial denaturation
was done at 95 °C for 15 min to activate the
Hot-StartTaq polymerase, followed by 35 cycles
of amplification, each included denaturation at
94 °C for 2 min, annealing at 57°C for 2 min, and
extension at 72 °C for 1 min, with a final
extension at 72 °C for 7 min.

Amplified PCR products were detected by
electrophoresis on 1.5% agarose gel, stained

with ethidium bromide, and the results were
visualized using an automated gel imaging
instrument (Gel Doc™ EZ Imager, BIO-RAD,
USA), Figure 1.

Detection of serum IL-22 levels using an ELISA
technique

Serum IL-22 was measured using a commercial
ELISA kit (catalog No: E-EL-H0106, Elabscience®,
USA), according to the manufacturer’s
instructions. Plates were read and interpreted
using an ELISA automated system (Lab system,
Fenland).

Statistical analysis

Statistical analysis of the results was done using
Statistical Package for the Social Sciences
version 22. Quantitative data were expressed as
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mean (+ standard deviation, SD) or median and
range as appropriate. Paired t-test was utilized

400
300

200

100

to determine the significance. A P-value of <
0.05 was considered statistically significant.

SEC

TSST-1

] SFR
) fem-A
] SEA

Figure 1. Multiplex PCR amplification products for the Staphylococcus aureus superantigen genes on
agarose gel. L lane showing, 100-bp ladder; lanes 1-7, PCR amplicons of S. aureus isolates obtained from psoriasis cases;
lanes 8-12 PCR amplicons of controls. Lanes: 1, SEC and femA; 2, TSST-1 and femA; lanes 3;4;5;6 SEB and femA; lane 7, TSST-
1, SEB and femA; lane 8, negative control; lane 9, SEA and femA; lane 10, SEB and fem A; lane 11, SEC and femA; lane 12,

TSST-1 and femA.

Results
Demographic data

The study included 50 patients, they were 28
males, and 22 females. Their ages ranged
between 20 and 70 years, with a mean age of
41.2+ 14. The mean duration of the disease was
7.6 +9.14 years. The mean PASI score of the
patients was 1317.

Results of skin swab cultures

Of the 50 skin swabs taken from the lesional
skin of the patients, 20 (40%) samples were
positive for S. aureus. While of the 50 non-
lesional skin swabs, 5 (10%) were positive for S.
aureus. Only one (5%) of skin swabs from
controls was positive for S. aureus colonization.
The rate of S. aureus recovery was significantly
different between the 3 sampled groups (Table
2).

Table 2. Distribution of S. aureus isolates in different isolation sites.

Origin of S. aureus isolates S. aureus isolates, No. (%) P-value
Normal controls (n=20) 1 (5.0%)

Non-lesional skin of patients (n=50) 5(10%) <0.0001
Lesional skin of patients (n=50) 20 (40.0%)

*P <0.05 is significant.

Results of PCR detection of S. aureus toxins

Toxigenic strains of S. aureus were detected in 6
(12%) of the 50 psoriasis patients. While 14
(28%) of the 50 patients were colonized with

non-toxigenic strains of S. aureus and the rest of
the patients 30 (60%) not colonized with S.
aureus Figure (2).
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Among the 20 S. aureus isolates obtained from
the lesional skin of the patients, 6 (30%) were
toxigenic. However, only one (20%) was
toxigenic out of the 5 strains isolated from the
non-lesional skin of the patients. The isolated

= SAg +ve S.a

Figure 2. Distribution of toxigenic and non-
toxigenic strains of S. aureus among the 50
studies patients. Of these, 14 (28%) patients were
colonized with non-toxigenic strains of S. aureus, 6
(12%) colonized with toxigenic strains. The remaining
30 (60%) were not colonized with S. aureus.

S

strain from the normal controls was negative for
the tested toxins. No statistically significant
difference was detected among the three
groups (P=0.746) (Table 3).

Table 3. Origin of the different toxigenic S. aureus isolates.

Toxin-producing isolates

Number of S. aureus isolated from different groups P-value
No. (%)

Normal controls (n=1) 0 (0.0%)

Non-lesional skin of patients (n=5) 1 (20.0%) NS

Lesional skin of patients (n= 20) 6 (30.0%)

P > 0.05 is not significant (NS).

Seven strains were toxigenic among the 25 S.
aureus isolates obtained from both lesional and
non lesional skin of the patients. One patient
harbored S. aureus with SEB gene in both
lesional and non-lesional skin. Among the 7
toxigenic S. aureus isolates, six showed only one
type of toxin gene and, one strain was positive
for both had SEB and TSST-1genes. The total
number of S. aureus toxin genes were 8 among
all isolates.

The most frequent toxin gene detected in S.
aureus isolates was the SEB gene 62.5% (5/8

Toxigenic strains

mseh msec nT551 m

Toxins), followed by the genes for both TSST-1,
25% (2/8 Toxins) and SEC, 12.5% (1/8 Toxins).
No isolates were positive for the SEA gene,
Figure 3.

Correlation between the PASI score of patients
and S. aureus colonization

The mean PASI score among patients colonized
with S. aureus was 15.75 = 6.58, significantly
higher than that of non-colonized patients
(11.07 £ 7.32). (P=0.025) (Table 4).

Figure 3. Percentages of different types of S. aureus toxins.
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Table 4. Correlation between PASI score and S. aureus colonization

Colonized with S. aureus (n= 20) 15.75 +6.58
Not colonized with S. aureus (n= 30) 11.07 £7.32

0.025

P <0.05 is significant.

The mean PASI| score of psoriasis patients patients colonized with non-toxin producing
colonized with toxin-producing S. aureus was isolates (13.7 + 4.5) (P= 0.038) (Table 5).
20.33 + 8.7, significantly higher than that of

Table 5. Comparison of PASI score in patients colonized with toxigenic versus non-toxigenic S. aureus
strains

Colonized with toxigenic S. aureus (n=6) 20.33+8.71

0.038
Colonized with non-toxigenic S. aureus (n= 14) 13.79+4.5
P <0.05 is significant.
Serum IL-22 result not reach statistical insignificance (P=0.413).

However, there was a significant statistical
correlation between PASI score and serum
levels of IL-22 (P= 0.0003) (Figure 4).

Data in Table 6 show that the mean serum level
of IL-22 in the patients’ group was 7.2144.7
pg/ml, higher than that of the control group
(3.1617.5 pg/ml), however, the difference did

Table 6. Comparison between IL- 22 serum levels in patients and control groups.

IL-22 level (meanSD) (pg/ml) 3.16+7.5 7.2+44.7 NS

P > 0.05 is not significant (NS).

IL-22 correlation with PASI score
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B
E| 100
Fd
Q
wv
ﬁ' 50 . . R
) o % otg-eT
{5 35

PASI score
Figure 4. Correlation of serum IL- 22 levels and PASI score of the patients.
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Correlation between serum levels of IL-22 and S. was higher than that of the 30 non-colonized
aureus colonization patients with S. aureus (3.83+ 8.7 pg/ml).
However, the difference did not reach statistical

The mean serum IL-22 level of the 20 patients o
significance (P=0.153) (Table 7)

colonized with S. aureus (15.45 +42.67 pg/ml)

Table 7. Comparison of the serum IL-22 levels between colonized and non-colonized patients with S.
aureus

Group of patients IL-22 P-value
Colonized with S. aureus No.= 20 15.45 +42.67 pg/ml NS
Not colonized with S. aureus No.= 30 3.83+ 8.7 pg/ml

*P < 0.05 is significant.

Correlation between serum levels of IL-22 and 46.5 £72.02 pg/ml, significantly higher than that
colonization with toxigenic S. aureus strains of patients colonized with non-toxigenic S.
aureus (2.14 5.44 pg/ml) (P= 0.028) (Table 8

The mean serum level of IL-22 of the patients )
and Figure 5)

colonized with toxigenic strains of S. aureus was

Table 8. Comparison of serum IL-22 levels between patients colonized with toxigenic strains of S.
aureus and patients colonized with non-toxigenic strains of S. aureus.

Group of patients IL-22 P-value
Colonized with toxigenic S. aureus (n= 6) 46.5 +72.02 0.028
Colonized with nontoxigenic S. aureus (n=14) 2.14 £5.44 '

*P <0.05 is significant.

Colonized with toxigenic Colonized with non
strain toxigenic strain
200
° 200
150 150
100 100
50 |g 50
¢ °
0 Les 0 loss"esesete-o
0 10 20 30 40 0 10 20 30 40

Figure 5. Dot plot graph. The left-side plot shows serum levels of IL-22 in patients colonized with
toxigenic strains of S. aureus and the right-side plot shows serum levels of IL-22 in patients colonized
with non-toxigenic strains of S. aureus.

Discussion genes of enterotoxins A, B, and C and TSST-1)

and serum levels of IL-22 in psoriasis patients.
We found that 40% of psoriasis patients

were colonized with S. aureus in their lesional

In the present study, we aimed to evaluate the
possible correlation between skin colonization
with toxigenic strains of S. aureus (harboring
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skin, while 10% of the patients harbored S.
aureus in their healthy skin, and only 5% of the
normal control subjects were colonized with S.
aureus. There was a statistically significant
difference between the number of S. aureus
isolates recovered from psoriasis lesions,
healthy skin of patients, and healthy skin of
normal control subjects (P<0.001). Our results
were consistent with other studies who
reported that S. aureus colonization rates
ranged from 30% to 50%.'%%%

Higher percentages were reported in some
other studies ranging from 60% to 80%* %,
while, other different studies reported much
lower rates of S. aureus skin colonization in
psoriasis patients from 3% to 20% 257 In
contrast to the above reports, in a study of
Elfatoiki et al., 2016, a higher rate of S. aureus
colonization was reported in normal individuals’
skin than in that psoriasis patients.”® The
variation in the prevalence of S. aureus and the
presence of toxin genes in psoriasis patients
among all the previous studies may be
attributed to the intermittent colonization of
psoriasis patients with S. aureus which is not
always detected at the time of examination.
Important factors of this discrepancy may
possibly include the great variation in the
clinical severity of psoriasis, different sampling
sites, and the different sample size in each
study.

Our results revealed a significant correlation
between the severity of the disease, assessed
using the PASI score, and S. aureus skin
colonization (P= 0.025). These results were
consistent with previous reports by Tomi et al.,
2005 and. Balci et al., 2000%° who found that
the prevalence of S. aureus colonization in the
lesional skin of patients with psoriasis was
significantly correlated with disease severity.

Regarding the detection of S. enterotoxins, A,
B, C, and TSST-1, we found that 6/20 (30%) of S.
aureus isolates recovered from psoriatic
patients’ lesional skin were toxigenic. While
among the 5 non-lesional skin isolates only one
(20%) was toxigenic. The most frequently
detected toxin among all isolates was SEB
(62.5% of isolates). No statistically significant
difference was detected comparing the
percentage of toxigenic strains among the

isolation sites (P=0.746). Similar results were
reported by Tomi et al., 2005 L and Jassim et al.,
2013, they found that S. aureus isolates of
lesional skin of plaque psoriasis patients were
positive for enterotoxin genes detected by PCR.
However, in contrast to our results, they
reported a statistically significant difference in
the number of enterotoxigenic S. aureus
isolated from lesional and non-lesional skin of
patients (P < 0.01).

Jassim et al., 2013% reported that of the
lesional skin isolates they detected SEA and SEB
genes were in 22.5% and 10%, respectively, and
only one isolate from psoriatic healthy skin
harbored SEB gene. In another study conducted
by el Ferezli et al., 2008,%° they detected SEA
and SEC genes in 4 and 3, respectively out of 11
S. aureus isolates. Two of their isolates were
positive for both genes. Similar to our results,
none of their isolates from control subjects
possessed enterotoxin genes.

In a study conducted by Atefi et al., 2012,
they isolated three S. aureus strains from 40
psoriasis patients and only one S. aureus isolate
from 40 healthy control individuals. All four
isolates were toxigenic. They reported a
significant difference in TSST-1, enterotoxin A
and enterotoxin C production between patients
and controls (P<0.05). Similarly, a study by
Gogmen et al, 20157 investigated the
production of S. enterotoxins using PCR. Their
results showed that six out of 26 strains isolated
from skin carried enterotoxin genes. In
agreement with our results, they also reported
that the differences in numbers of toxigenic
strains among isolation sites were statistically
insignificant (P= 0.135).

Higher rates of toxigenic strains were
reported by Balci et al, 2009.* They
investigated the genes of SEA, SEB, SEC, TSST-1,
and exfoliative toxins (a and b). They detected
toxins in 96.8% of S. aureus isolates in lesional
skin and 42.3% of S. aureus isolates in non-
lesional skin. Also, Atefi et al., 2014*° measured
S. aureus toxins in the sera of a group of
psoriasis patients. TSST was detected in 47%
(20/41) of cases, significantly higher than in
controls 6% (1/28), (P<0.0001). Also,
enterotoxins (A, B, D) were detected in sera of
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48.8% (21/41) of cases, significantly higher than
in controls 6% (1/21), (P<0.0001).

We observed a correlation between PASI
score and toxin production by S. aureus, similar
results were reported by previous studies. In a
study conducted by Tomi et al., 2005% the
presence of S. aureus isolates, and their toxins
were statistically correlated to patients' PASI
scores (P=0.001). Also, Gégmen et al., 2015%
found a positive correlation between toxin
production and the PASI score of patients.

There are multiple lines of evidence
supporting the concept that toxins play a role in
the pathogenesis of psoriasis. Hauk et al., 2000
13 studied the steroid action on the T-cells
stimulated with S. aureus toxins including SEB,
SEE, and TSST-1 compared to T-cells not
stimulated with toxins. Their results revealed
that the steroid action was hindered in the
stimulated cells. They concluded that
staphylococcal toxins could contribute to poor
response to steroid treatment which was the
core line of treatment in their psoriasis patients.

Normal skin barrier defense includes the
secretion of IL-17 and IL-22 which are important
for the recruitment of neutrophils and for
defense against S. aureus.*® A study by Van Belle
et al., 2012 * found that IL-22 was important to
maintain psoriasiform skin inflammation in a
mouse model where the scaly skin lesions were
absent in IL-22—deficient mice.

In the present study, IL-22 serum levels were
higher in psoriasis patients (7.2+44.7 pg/ml)
than in the control group (3.00+7.33pg/ml),
however, the difference did not reach statistical
significance (P=0.413). In agreement with the
results of the present study, a study of Sobhan
et al., 2016 reported a non-significant
elevation of serum levels of IL-22 in a group of
psoriasis patients when compared to controls.
On the other hand, several studies found a
statistically significant difference between
psoriasis patients and their control groups.***
%% The discrepancy between the levels of 1L-22
in various studies can be explained by the fact
that IL-22 is produced and acts mainly locally,
and therefore plasma levels might be lower
than in the inflammatory area. Other
explanations may be that S. aureus could trigger
different cytokines other than IL-22 or the

ability of S. aureus to have a direct
inflammatory effect on the skin through its
virulence factors without triggering an
immunologic process.

Our results revealed that IL-22 serum levels
were positively correlated to the PASI score of
patients (P<0.001). Similar to these results,
many studies reported positive correlation
between PASI score of patients and the serum
levels of 1L-22.%37%® However, in contrast to the
previous studies, some other studies found no
statistically significant correlation between IL-22
levels and PASI scores in their studied
group532’37’38

In our study, we found no statistically
significant difference in IL-22 serum levels
between the psoriasis patients colonized with S.
aureus compared to the non-colonized patients
(P=0.153). However, among the group of
patients colonized with S. aureus, 1L-22 was
significantly elevated in patients harboring
toxigenic strains of S. aureus than those having
non-toxigenic strains (P=0.028). In consistence
with our findings, Wawrzycki et al., 2019.* and
Niebuhr et al., 2014,* conducted in vitro studies
on T-cells isolated from psoriasis. They
measured the level of IL-22 produced by T-cells
which was higher after stimulation with SEB.
This may prove the role of SEB in the production
of IL-22.

Finally, our results should be interpreted
with caution as there is uncertainty about
whether IL-22 is a pro-inflammatory or a
protective cytokine.40 Further investigations are
required to confirm the possibly protective or
harmful effects of IL-22 in the pathogenesis of
psoriasis. Furthermore, local expression analysis
of this cytokine along with other pro-
inflammatory cytokines inside the psoriatic
lesions (e. g. mMRNA expression quantification or
immunohistochemistry analyses) would be
more  comprehensive to explain  the
contribution of these cytokines in the
immunopathogenesis of psoriasis.

In conclusion, the results of the present
study suggested a role of S. aureus colonization
in the immunopathogenesis of psoriasis.
Staphylococcal toxins may trigger the
production of IL-22 in psoriasis patients.
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