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Background: Pruritus is the most common symptom in patients with skin disease. Psoriasis
and atopic dermatitis are clinically distinct inflammatory diseases. Interleukins are cytokines
which play key roles in inflammatory signaling pathways.

Materials and Methods: Cross-sectional study was conducted among patients with psor-
iasis and atopic dermatitis: 59 psoriatic patients, 56 AD patients, and 49 matched healthy
controls. Interleukins 4, 13, 31, 33 serum levels were assayed by ELISA and results were
compared using SPSS. Itch severity and disease severity were measured and correlation with
interleukin levels was determined using SPSS.

Results: The serum levels of IL-4, -13, -31, -33 were elevated in atopic dermatitis patients
compared to controls. Itch and disease severity were not correlated with elevated serum
levels of these interleukins. In psoriasis, the levels of IL-4 and -31 were elevated compared
to controls, whereas the levels of IL-13 and -33 were lower than controls. The levels of
measured interleukins in psoriasis did not correlate with itch and disease severity.
Conclusion: IL-31 is the key mediator for pruritus in both AD and Ps patients. IL-4/31 axis
and 1L-33/13 axis play distinct roles in the pathogenesis of Atopic dermatitis and Psoriasis.
Interleukin serum levels were not correlated with itch and disease severity in both
conditions.
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Introduction

Pruritus (Itch) is the most common symptom experienced by patients with skin
disease. Additionally, many systemic diseases can be associated with itch. The
pathogenesis of itch is complex and multifactorial as discussed by several
reviews.'

Psoriasis (Ps) and atopic dermatitis (AD) are clinically distinct inflammatory
diseases. The two diseases differ in their age of onset such as AD appears in early
childhood affecting 15-20% of all children and only 1-10% of adults worldwide
whereas psoriasis is rare in young children and appears in early adulthood affecting
2-3% of the population.* Both conditions are associated with pruritus that can affect
several aspects of life in these patients.”® Our knowledge about the pathophysiology of
pruritus in these conditions is still incomplete especially in relation to Ps.

Itch in AD has been studied extensively clinically and biochemically.”® The
mechanisms that may be involved in Ps and AD itch are complex and
multifactorial,” however, the role of inflammation is likely to be significant since
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several inflammatory mediators elevated in both condi-
tions are known to cause itch and anti-inflammatory treat-
ments can reduce inflammatory signs as well as itch.*'°

Interleukins are cytokines which play key roles in pro-
inflammatory and anti-inflammatory signaling pathways.
Interleukins 4, 13, 31 and 33 have been studied in multiple
skin diseases including psoriasis and atopic dermatitis and
targeted therapy for some of these interleukins are used for
treatment of these conditions.'' IL-4 and IL-13 signaling
actions are mediated through binding to four different
types of receptors, namely, IL-4R, Type II IL-4R, Type II
IL-13R, and IL-13Ro02, explaining the multiple physiologi-
cal effects common between these two interleukins.'*'? TL-
31 is a pro-inflammatory cytokine produced by CD4+
T helper cells."* The actions of IL-31 are mediated via its
binding to IL-31R; a heterodimeric receptor of 2 subunits,
IL-31 receptor alpha (IL-31RA) and oncostatin-M receptor
beta (OSMR). 14. IL-33 is a new member of the IL-1
cytokine family which plays a key role in the induction of
Th2 cytokines production.'® IL-33 is considered to be an
“alarmin” cytokine; its secretion from damaged tissues and
inflammatory sites activates multiple signaling pathways.
15. IL-33 actions are mediated by the receptor T1/ST2.'?

In the current study, interleukins IL-4, -13, -31 and -33
were examined in serum of patients with Ps and AD in
order to look for possible links between itch and severity
scores as measured by clinical scores.

Materials and Methods
Study Subjects

A comparative cross-sectional study was conducted in
2019 and 2020 among patients with Ps and AD. The
study consisted of 59 psoriatic patients, 56 AD patients,
and 49 healthy controls of matched age and sex. Ps
and AD patients with chronic pruritus (more than 6
weeks) were recruited from the dermatology clinic in the
King Abdullah University Hospital (KAUH). An ethical
approval was obtained from the research and ethics com-
mittee of the Jordan University of science and technology
(IRB # 64/2019). This study was conducted in accordance
with the Declaration of Helsinki. After written informed
consent was obtained, clinical assessments were recorded.

Disease and ltch Severity Assessment

For patients with Ps, the disease severity was assessed by
Psoriasis area severity Index and Body surface area (PASI/
BSA) and Dermatology Life Quality Index (DLQI). For

patients with AD, severity was assessed by Scoring Atopic
Dermatitis index, Eczema area severity Index (SCORAD/
EASI). Itch severity in Ps was measured by Pruritus grad-
ing system (PGS)'® and visual analogue scale (VAS),
while itch in AD was measured by PGS and Investigator
Global Assessment scale (IGA).

ELISA

Blood samples (5 mL) were collected from the peripheral
vein of the subjects (Ps, AD and healthy controls) and were
left to clot in a plain tube for about 2 hours. Serum was
separated soon after being centrifuged using Centrifuge 5810
R at 2000 rpm (rotation per minute) for 5 minutes. Serum
samples were subdivided into small aliquots and stored at
—80 "C until tested for Interleukin levels. Human IL-33, IL-
31, IL-13, and IL-4 ELISA kits were purchased from
Abbexa, UK. All interleukins have a test range of 15.6-1000
pg/mL and a sensitivity of 9.38 pg/mL for IL-33, 5.5 pg/mL
for IL-31, 6.7 pg/mL for IL-13 and 5.7 pg/mL for IL-4.
Interleukin concentrations in serum samples were deter-
mined using the ELISA kits of each interleukin according
to the manufacturer’s instructions. Absorbance at 450 nm
was determined on an ELx800 Microplate Reader (BioTek
Instruments, Winooski, VT, USA). For values over the range
of detection, serial dilutions were done and the final values
were presented multiplied by the appropriate dilution factor.
The values represent the concentrations in pg/mL.

Statistical Analysis

The statistical analysis was performed with the use of SPSS
software version 22.0. The data were presented as a mean value
according to the normal distribution and the number of patients
in the group. Normal distribution was tested with
Kolmogorov—Smirnov test, accepting p < 0.05 as the value
different from normal distribution. Correlations between
serum interleukin levels in the patients and control groups
and the correlations between disease severity in both Ps
and AD patients were assessed using U Mann—Whitney test.
The Spearman rank test was used to evaluate the relationship
between serum levels of interleukins and itch severity.
Differences with P value less than 0.05 were considered to be
statistically significant.

Results

A total of 59 Ps patients and 56 AD patients were enrolled in
this study. Additionally, 49 healthy controls were recruited
with matching age and sex for comparisons with no itch. The
average age of Ps patients was 35 years old (range 5-71 years
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Figure | Comparison of IL-33, IL-31, IL-13 and IL-4 mean serum levels in the Psoriasis group (Ps), Atopic Dermatitis group (AD) and healthy controls (Control) using ELISA assays.
The values represent the concentrations in pg/mL. The stars (¥) are used to represent P values of significance such as *Represents P < 0.05 and ***Represents P < 0.001.

old) and for AD patients it was 26 years old (range 1-88
years old). The male to female ratio was approximately 1:1 in
all three studied groups. Serum levels of IL-33, IL-31, IL-13
and IL-4 were determined using standard ELISA procedures.
The mean serum levels of IL-33 in Ps patients were 29.55 pg/
mL compared with 44.88 pg/mL in controls (Figure 1). In
comparison, IL-33 mean level in AD patients was 55.02 pg/
mL as shown in Figure 1. As shown in Table 1, IL-33 mean
serum levels were significantly lower in the Ps group com-
pared to AD and control groups (P < 0.0001). However, there
was no significant difference in IL-33 mean serum levels
between the AD and control groups (P = 0.765). For IL-31,
the mean serum levels were higher in Ps patients (139.75 pg/

mL) compared with controls (67.07 pg/mL) (Figure 1).
Similarly, IL-31 serum levels were higher in AD patients
(139.35 pg/mL) in comparison to the control group (Figure
1). The difference in IL-31 levels in both Ps and AD in
comparison to controls was found to be statistically signifi-
cant (P < 0.0001) as shown in Table 1. IL-13 mean serum
levels in the Ps group were found to be higher (6356.35 pg/
mL) than the control (79.13 pg/mL) and AD (116.8 pg/mL)
group levels (Figure 1). The difference in IL-13 levels in both
Ps and AD in comparison to the control group is statistically
significant (Ps vs control, P=0.02; AD vs control, P=0.0001)
as shown in Table 1. A significantly higher levels of IL-13 in
the serum of AD patients were seen when compared to the

Table | Pairwise Comparisons Between IL-33/31/13/4 Serum Levels in PS Patients, AD Patients and Healthy Controls Using Mann
Whitney U-test. The Stars (*) are Used to Represent Levels of Significance; P < 0.05
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Group IL-33 IL-31 IL-13 IL-4
z P-value z P-value z P-value z P-value
PS - Control —5.81 0.0001* —4.38 0.0001* -2.33 0.020%* —7.67 0.0001*
AD - Control —.298 0.765 —4.12 0.0001* —4.96 0.0001* —8.01 0.0001*
PS - AD —6.38 0.0001%* —.200 0.841 —6.44 0.0001* —2.40 0.016*
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levels in the Ps group (P = 0.0001). In the case of IL-4,
a similar trend to that of IL-13 was seen such as IL-4 mean
serum levels were higher in both Ps (47.94 pg/mL) and AD
patients (45.98 pg/mL) when compared to the control group
(18.34 pg/mL) (Figure 1). The difference is statistically sig-
nificant (P= 0.0001) for both groups as shown in Table 1.
Next, we investigated the correlation between interleukins-
4,-13,-31, -33 serum levels and both disease and itch severity
in Ps and AD patients. For Ps patients, we examined disease
severity using PASI/BSA, DLQI, and for itch severity, we
used PGS and VAS. Each patient was given a score according
to these scales. Using the Spearman correlation test, the results
show that there are no statistically significant correlations
between 1L-33, IL-31, IL-13 and IL-4 and the aforementioned
scoring systems as shown in Tables 2 and 3. We also examined
disease and itch severity in AD patients using SCORAD,
EASI, DLQI, PGS and IGA and each patient was given
a score. Using the Spearman correlation test, the results
show, similar to Ps patients, that there are no statistically
significant correlations between 1L-33, IL-31, IL-13 and IL-4
and the aforementioned soring systems as shown in Table 4.

Discussion

Psoriasis (Ps) and atopic dermatitis (AD) result in chronic
inflammation which can be treated by anti-cytokine targeted
therapies and systemic immunosuppressive drugs. The dis-
tinction between the two diseases is manifested by the type
of T helper cells involved in which AD is linked to Th2 cells
and increased production of IL-4, IL-13, IL-31 among
others, whereas psoriasis is linked to Thl and Th17 cells
and increased production of IL-17, IL-22 and IL-23 among
others. The role of IL-4 and IL-13 as culprits in the patho-
genesis of AD led to the use of Dupilumab for the treatment

Table 2 Relationship Between IL-33/31/13/4 Serum Levels in AD
Patients and ltch Score Systems (PGS/SCORAD/DLQI/EASI)
Using Spearman Correlation Test

of AD."” Dupilumab is designed to bind IL-4Ra, the recep-
tor subunit common to type I and type II receptors for IL-4
and IL-13. A role for IL-17/23 axis in psoriasis pathogen-
esis is further manifested by the efficacy of several agents
targeting these pathways.

In the current study, we investigated the correlation
between serum levels of several inflammatory cytokines
(IL-4, -13, -31, -33), pruritus and disease severity in both
Ps and AD patients. In patients with AD, significant correla-
tion was found between elevated serum levels of IL-4, -13,
-31 compared to healthy controls (Table 1 and Figure 1). As
for patients with Ps, the levels of interleukins-31 and —4 were
significantly elevated compared to healthy controls (Table 1
and Figure 1). However, the levels of interleukins-13 and —33
were significantly lower than both controls and AD patients.
This indicates distinct inflammatory signaling pathways are
activated in Ps and AD.

In a study by Neis et al, the mRNA levels of IL-31 were
shown to be increased in AD lesions but not psoriatic plaques
and the levels of IL-31 in AD lesions correlated with the
expression of IL-13 and IL-4.'"® In another study, it was
found that the expression of IL-31 in primary bronchial epithe-
lial cells is dependent on IL-4 as treatment of these cells with
anti-IL-4 antibodies resulted in a marked reduction in the
expression of IL-31."° The association between IL-31 and
IL-4 is further confirmed by a recent study which shows that
IL-31 receptor alpha (IL-31-RA) expression and its associa-
tion with IL-31 in dendritic cells were enhanced in the pre-
sence of TL-4.2° Nattkemper and co-authors investigated the
transcriptome of pruritic skin from AD and Ps patients in
addition to controls. Their results identified IL-31 transcript,
among others, as being overexpressed in both itchy atopic and
psoriatic skin.?’

IL-33 is a member of the IL-1 family with an increased
expression in barrier tissues including the skin, stomach and
lungs. IL-33 functions as an alarm signal “alarmin” secreted
subsequent to tissue damage and trauma to activate and recruit
different cells of the immune system.'® Duffen et al identified
a link between IL-33 and IL-13 in which high levels of IL-33
increased serum levels of IL-13. The authors point to 1L-33/
IL-13 axis as key player in promoting anti-inflammatory
macrophage differentiation in adipose tissue.”? IL-33 activa-
tion of IL-13 has been also implicated in cutaneous fibrosis
and up-regulation of immune system in relation to candidiasis
infection.”** Additionally, a role for IL-33 in the activation of
type 2 innate immune cells has been recently discovered.”
Studies confirm that keratinocytes release IL-33 to activate
dendritic cells in AD lesions which subsequently, activates

Variable Statistics IL-33 IL-31 IL-13 IL-4
SCORAD r 0.047 0.244 —.145 0.078
P 0.774 0.125 0.347 0.589
EASI r 0.065 0.300 —.180 0.270
P 0.689 0.057 0.243 0.055
DLQI r 0.016 0.019 -.019 0.079
P 0.922 0.908 0.902 0.581
PGS r —.081 0.085 —.063 0.244
P 0.619 0.598 0.684 0.085
422 submit your manuscript
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Table 3 Relationship Between IL-33/31/13/4 Serum Levels in AD Patients and IGA ltch Score System Using the Mann—Whitney U-test

Variable IGA N Mean Rank Sum of Ranks z P-value

IL-33 Mild vs. 15 20.80 312.00 -.126 0.900
Moderate/severe 25 20.32 508.00

IL-31 Mild vs. 15 21.40 321.00 —.162 0.871
Moderate/severe 26 20.77 540.00

IL-13 Mild vs. 16 27.72 443.50 —2.04 0.041
Moderate/severe 28 19.52 546.50

IL-4 (Mild) vs. 19 23.97 455.50 —.755 0.450
(Moderate/severe) 32 27.20 870.50

Th2 cells to produce IL-31, IL-13 and IL-4 resulting in the
induction of a plethora of genes in keratinocytes secondary to
breaching of barrier function and pruritic symptoms. In a study
by Li et al, the authors show increased serum levels of IL-33 in
Ps patients compared to controls, however, [L-33 serum levels
did not correlate with PASI scores.”® Other studies showed
conflicting results for serum levels of IL-33 in Ps patients.*’=®
Low levels of IL-33 in Ps patient compared to AD patients
could be explained by the fact that AD lesions are associated
with more significant barrier disruption compared to Ps pla-
ques which could explain why AD patients are more suscep-
tible to recurrent infections.

The disease severity score for AD was measured using
2 scoring systems, SCORAD and EASI, however, no
correlation between serum levels of investigated interleu-
kins and disease severity was found (Table 2). Also, the
levels of these interleukins did not correlate with intensity
of itch as measured by 2 pruritus scales (PGS and IGA)
(Tables 2 and 3). This could be possibly explained by the
fact that pruritus in AD is multifactorial involving several
mechanisms and other inflammatory cytokines. This lack

Table 4 Relationship Between IL-33/31/13/4 Serum Levels in Ps
Patients and ltch Score Systems (PASI/DLQI/PGS/VAS) Using
Spearman Correlation Test

Variable Statistics IL-33 IL-31 IL-13 IL-4
PASI r —.044 0.134 —.006 —.240
P 0.780 0.399 0.969 0.086
DLQI r 0.059 0.096 —.154 —.221
P 0.711 0.544 0.324 0.115
PGS r 0.013 0.100 0.061 —.189
P 0.935 0.528 0.698 0.179
VAS r —.041 0.095 —.041 —.224
P 0.797 0.550 0.793 0.111

of significant association was also demonstrated by other
studies.’”*° However, a systematic review on IL-31 found
serum IL-31 levels to correlate with pruritus intensity
indicating that IL-31 is a key mediator in inducing
pruritus.®! The levels of interleukins in Ps did not correlate
with disease or itch severity (measured by PASI/BSA,
VAS, PGS) which indicates that other mediators in Ps
pathogenesis are also implicated. Results of previous stu-
dies on correlation between pruritus and Ps severity have
been conflicting with some showing no correlation and

others showing significant correlation.”***734

Conclusions

Interleukin-31 seems to be a main itch mediator in both Ps
and AD via induction by IL-4. The lack of significant
barrier disruption in Ps explains lack of induction of IL-
33/13 when compared to AD. No significant correlation
was found between serum levels of interleukins-4, -13,
-31, -33 and both disease and itch severity in AD and Ps
patients.
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