
Heliyon 6 (2020) e05621
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Increased serum IL-31 levels in chronic spontaneous urticaria and psoriasis
with pruritic symptoms

Suteeraporn Chaowattanapanit a,*, Charoen Choonhakarn a, Kanin Salao b, Kengkart Winaikosol c,
Narachai Julanon a, Rachot Wongjirattikarn a, Chingching Foocharoen d,
Mongkhon Sompornrattanaphan e

a Division of Dermatology, Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
b Department of Microbiology, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
c Department of Surgery, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
d Division of Rheumatology, Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
e Division of Allergy and Clinical Immunology, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand
A R T I C L E I N F O

Keywords:
Pathology
Pathophysiology
Immunology
Immune system
Internal medicine
Dermatology
Antibody
Interleukin
Pruritus
Psoriasis
Urticaria
* Corresponding author.
E-mail address: csuteeraporn@yahoo.com (S. Ch

https://doi.org/10.1016/j.heliyon.2020.e05621
Received 23 July 2020; Received in revised form 2
2405-8440/© 2020 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Background: Chronic spontaneous urticaria (CSU) is a common pruritic skin condition, the pathogenesis of which
remains unclear. Interleukin-31 (IL-31) is a major pruritogenic cytokine that plays a role in inducing pruritus in
various skin diseases.
Aim.: To 1) compare serum IL-31 levels among CSU patients, psoriasis patients with pruritic symptoms, and
healthy subjects, 2) examine the correlations between serum IL-31 levels and disease severity, and 3) compare IL-
31 levels in patients with and without CSU-associated auto-antibodies.
Methods: Patients with CSU, psoriasis with pruritic symptoms, and healthy volunteers were recruited in the study.
Serum IL-31 levels were measured with commercial kits. Baseline characteristics, urticaria activity score, psoriasis
area severity index, pruritic intensity score, and related laboratory results were collected.
Results: Sixty-five CSU patients, 30 psoriasis patients who had pruritus, and 31 healthy subjects participated in our
study. The CSU patients had significantly higher mean serum IL-31 levels than the psoriasis patients (252.4 �
115.5 vs 121.4 � 16.6 pg/mL, P < 0.001). Both CSU and psoriasis patients also had significantly higher mean
serum IL-31 when compared with the healthy subjects. Serum IL-31 levels of CSU and psoriasis patients did not
differ significantly according to disease or itching severity. Thyroid antibodies and antinuclear antibodies were
positive in 22 (33.8%) and 28 (43.1%) CSU patients, respectively. The CSU patients with ANA titers �1:160 had
significantly higher mean serum IL-31 levels than in those who were negative for ANA and those with titers of
1:80 (P < 0.003 and P < 0.008, respectively).
Conclusion: Higher serum IL-31 levels were found in patients with CSU and psoriasis with pruritic symptoms. This
suggests that IL-31 has a possible role in the pathogenesis of CSU and psoriasis with pruritic symptoms.
1. Introduction

Chronic spontaneous urticaria (CSU) is a common skin disease char-
acterized by itchy wheals, angioedema, or both occurring at least twice a
week for longer than 6 weeks without inducible causes [1]. Mast cells
and basophils play key roles in the disease and can be activated through
the binding of allergen-specific IgE and its high-affinity receptor (FcεRI).
Circulating IgG autoantibodies against IgE or FcεRI are also capable of
stimulating mast cells and basophils and are detected in about one-third
aowattanapanit).

8 October 2020; Accepted 25 No
evier Ltd. This is an open access a
of CSU patients [2, 3]. Degranulation of these cells releases pre-formed
vasoactive mediators, mainly histamine, pro-inflammatory mediators,
and newly synthesized mediators including tumor necrosis factor, cyto-
kines, leukotrienes, prostaglandins, and platelet-activating factor [4].
However, only approximately 60% of CSU patients respond to a fourfold
increase in antihistamine dosage [5], with others requiring other treat-
ment options such as cyclosporine, omalizumab, or a short course of
systemic corticosteroids. This is likely due to the fact that the disease is
autoimmune in nature or because of other immunologic mechanisms.
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Omalizumab, an anti-IgE monoclonal antibody, has been shown to be
around 80% effective in treating CSU [6]. It binds to free serum IgE,
leading to reductions in serum IgE levels and thus downregulation of
FcεRI receptors [7, 8, 9]. Some patients do not respond to anti-IgE
monoclonal antibody, which means there are likely mechanisms
involved in CSU pathogenesis other than autoimmunity and mast cell or
basophil activation.

In addition to mast cells, mononuclear cell infiltration is also found in
chronic urticaria lesions, especially in CD4þ T-helper (Th) cells [10],
which can produce various cytokines. Interleukin-31 (IL-31), a major
pruritogenic cytokine and a member of the gp130/IL-6 family, is mainly
produced by activated Th2 cells. Mast cells, macrophages, dendritic cells,
eosinophils, and basophils can also express IL-31 [11]. IL-31 initially
signals through a heterodimeric receptor complex composed of IL-31
receptor alpha (IL-31RA) and oncostatin M receptor beta (OSMRβ) and
subsequently activates signaling pathways, including the JAK/STAT
(Janus-activated kinase/signal transducer and activator of transcription),
PI3K/AKT (phosphatidylinositol 3-kinase/protein kinase), and MAPK
(mitogen-activated protein kinase) pathways, resulting in the release of
chemokines and proinflammatory cytokines [12, 13]. Several studies
have shown that IL-31 plays a key role in inducing pruritus in chronic
inflammatory skin diseases such as atopic dermatitis [14, 15, 16], prurigo
nodularis [17], contact dermatitis [18], psoriasis [19, 20], and CSU [21,
22, 23, 24], but no study has yet been conducted to compare CSU and
inflammatory dermatitis (such as psoriasis). We, therefore, investigated
differences in serum IL-31 levels among CSU patients, psoriasis vulgaris
patients who had pruritus, and healthy subjects as well as possible cor-
relations between IL-31 levels and disease severity or itch intensity. We
also investigated the possible association of autoimmune diseases with
IL-31 levels in CSU patients.

2. Materials and methods

2.1. Participants

This was a cross-sectional, analytical study conducted at Khon Kaen
University's Srinagarind Hospital in Thailand. Patients diagnosed with
CSU and psoriasis vulgaris with pruritus between October 2017 and
December 2019 were included. CSU was defined as itchy wheals,
angioedema, or both occurring at least twice a week for longer than 6
weeks. The diagnosis of psoriasis vulgaris was based on clinical exami-
nation and histological confirmation. Exclusion criteria included urti-
carial vasculitis, physical urticaria, and administration of any systemic
steroids, immunosuppressive drugs, or phototherapy within 3 months
before participating in the study. The healthy group consisted of healthy
adults undergoing plastic reconstructive or excisional surgical proced-
ures at Srinagarind Hospital with no pruritic symptoms or co-morbid
diseases including malignancy. This study was approved by Khon Kaen
University's ethics committee [HE601361]. Informed consent was ob-
tained from all participants.

2.2. Disease activity assessment

Chronic spontaneous urticaria severity was assessed based on pa-
tients' urticaria activity scores (which were the sum of their hives and itch
severity scores) over 7 consecutive days (UAS7; range, 0–42). The hives
score ranges from 0 to 3: 0 ¼ no hives, 1 ¼ mild (<20 hives/24 h), 2 ¼
moderate (20–50 hives/24 h), 3 ¼ severe (>50 hives/24 h or large
confluent area of hives), and the itch severity score ranges from 0 to 3:
0 ¼ no itch, 1 ¼ mild (present, but not annoying), 2 ¼ moderate (trou-
blesome, but does not disturb normal daily activity or sleep), and 3 ¼
severe (disturbs normal daily activity or sleep). Patients’ UAS7 scores
were categorized into 3 disease activity states, as follows: 0–15 ¼ mild,
16–27 ¼ moderate, and 28–42 ¼ severe. Weekly itch severity was clas-
sified into 3 levels as follows: 0–7¼mild, 8–14¼moderate, and 15–21¼
severe.
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Psoriasis severity was evaluated based on patients’ PASI scores
(Psoriasis Activity and Severity Index), which range from 0 to 72 points
and were categorized into 3 levels: 0–10 ¼mild, 11–20 ¼moderate, and
>20¼ severe. The average intensity of pruritus was assessed using an 11-
point numeric rating scale (NRS-11) ranging from 0 (no itch) to 10 (worst
imaginable itch). These scores were classified into 3 levels as follows: 0–3
¼ mild, 4–7 ¼ moderate, and 8–10 ¼ severe.
2.3. Baseline characteristics and laboratory parameters

Demographic data and baseline characteristics, including age, sex,
duration and severity of the disease, laboratory results, and IL-31 levels,
of all participants were recorded. Complete blood count and serum
creatinine levels were obtained for all participants. Serum antinuclear
antibodies (ANA) and thyroid antibodies, including anti-thyroid peroxi-
dase (anti-TPO) antibodies and anti-thyroglobulin (anti-TG) antibodies,
were tested only in CSU patients. All laboratory tests were performed at
the hospital's central laboratory. Serum ANA was detected by indirect
immunofluorescence assay and results in which titer �1:80 were
considered positive. Anti-TPO and anti-TG were performed using elec-
trochemiluminescence immunoassay, and results were considered posi-
tive if anti-TPO titer was >34 IU/mL or anti-TG was >115 IU/mL.
2.4. Analysis of IL-31 serum levels

Serum specimens were collected and stored at -80 �C. Concentrations
of IL-31 in serumwere measured using a commercially available enzyme-
linked immunosorbent assay (ELISA) with standard kits according to the
manufacturer's instructions (Human IL-31 ELISA Kit, Abcam, Cambridge,
MA, USA).
2.5. Statistical analysis

Statistical analysis was performed using STATA version 10.1 (College
Station, Texas, USA). Parametric data were presented as mean � stan-
dard deviation (SD), and a one-way ANOVA and Bonferroni post hoc test
were used to compare between the groups. Non-parametric data were
presented as median with inter-quartile range (IQR) and a Kruskal-Wallis
test was used to assess the significant differences between the groups. P-
values below 0.05 were considered statistically significant.

3. Results

3.1. Patient characteristics

There were 65 CSU patients, 30 psoriasis patients, and 31 healthy
subjects who participated in this study. The median duration of disease in
CSU and psoriasis patients was 8 and 24 months, respectively. Fifty-eight
(89.2%) of the 65 CSU patients were taking an antihistamine at the time
of recruitment. The CSU group differed from the psoriasis and healthy
groups significantly in terms of sex, total lymphocyte count, and total
basophil count (Table 1).
3.2. Serum IL-31 levels in CSU, psoriasis, and healthy groups

Serum Interleukin-31 levels in the CSU group were significantly
higher than in the psoriasis and healthy groups (Figure 1). Mean IL-31 in
the CSU group was about seven times higher than in the healthy group
(252.4� 115.5 vs 36.3� 10.7 pg/mL, P< 0.001) and was about twice as
high as in the psoriasis group (252.4� 115.5 vs 121.4� 16.6 pg/mL, P<

0.001). Additionally, mean IL-31 in the psoriasis group was also signifi-
cantly higher than in the healthy group (P < 0.001; Figure 1).



Table 1. Baseline characteristics and laboratory results of chronic spontaneous urticaria (CSU) patients, psoriasis patients, and healthy subjects.

Factors CSU patients n ¼ 65 Psoriasis patients n ¼ 30 Healthy subjects n ¼ 31 P-values*

Age (years): mean � SD 43 � 15 44 � 18 44 � 18 0.92

Female sex, n (%) 51 (76.1) 15 (45.5) 19 (57.6) 0.008

Hemoglobin (g/dL): median (IQR) 13.2 (12.6–14.1) 13.5 (12.9–14.8) 13.5 (12.6–14.2) 0.35

White blood cell (cells/mm3): median (IQR) 7710 (6390–9040) 6900 (5800–9670) 6800 (5860–8250) 0.30

Total neutrophil count (cells/mm3): median (IQR) 4418 (3177–5756) 4109 (3334–4827) 4210 (3075–5363) 0.72

Total lymphocyte count (cells/mm3): median (IQR) 2477 (1977–2893) 1841 (1579–2769) 1978 (1780–2297) 0.002, 0.004, 0.48

Total monocyte count (cells/mm3): median (IQR) 533 (400–673) 512 (390–842) 475 (402–560) 0.23

Total eosinophil count (cells/mm3): median (IQR) 132 (83–218) 197 (92–463) 143 (74–284) 0.15

Total basophil count (cells/mm3): median (IQR) 26 (16–38) 48 (26–88) 41 (30–59) 0.0002, 0.0002, 0.24

Serum creatinine, mg/dL (mean � SD) 0.85 � 0.2 0.89 � 0.2 0.82 � 0.2 0.99, 0.99, 0.41

Abbreviations: g/dL, gram/deciliter; IQR, Interquartile range; mg/dL, milligram/deciliter; mm3, cubic millimeter; SD, Standard deviation.
* P-values between CSU and healthy subjects, CSU and psoriasis, and psoriasis and healthy subjects, respectively.

Figure 1. Comparison of serum IL-31 levels among CSU patients, psoriasis pa-
tients, and healthy subjects. Serum IL-31 levels were significantly higher in CSU
patients than in those with psoriasis or healthy subjects.
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3.3. Serum IL-31 levels and disease severity in the CSU and psoriasis
groups

We assessed the mean IL-31 levels in the CSU group according to
disease severity. Based on patients’ UAS7 scores, 14 had mild (281 �
138.4 pg/mL), 13 had moderate (242.8 � 125.7 pg/mL), and 38 had
severe (245.1� 104.0 pg/mL) CSU. There were no significant differences
in IL-31 levels among these groups (P¼ 0.58; Figure 2). Psoriasis severity
was evaluated based on PASI scores and was mild in 16 patients (123.5�
14.6 pg/mL), moderate in 8 (114 � 18.7 pg/mL), and severe in 6 (125.6
� 18.6 pg/mL). There were no significant differences in mean IL-31
among these groups (P ¼ 0.34; Figure 2).
3.4. Serum IL-31 levels and pruritus intensity in the CSU and psoriasis
groups

Pruritus intensity in CSU patients was measured based on weekly itch
severity and was mild in 15 patients (285 � 134.2 pg/mL), moderate in
21 (222.9 � 111.9 pg/mL), and severe in 29 (256.9 � 106.2 pg/mL). No
significant differences in mean IL-31 were detected among these groups
(P ¼ 0.28; Figure 3). In the psoriasis group, itch intensity was evaluated
according to the NRS-11. Seven patients had mild (117.8� 17.9 pg/mL),
12 had moderate (120.4� 12.5 pg/mL), and 11 had severe itch (124.6�
20.3 pg/mL). There were no significant differences in mean IL-31 among
these groups (P ¼ 0.69; Figure 3).
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3.5. Serum IL-31 levels and thyroid autoimmunity and ANA in the CSU
group

Patients were categorized as having thyroid autoimmunity if they
tested positive for anti-TPO or anti-TG. Thyroid autoantibody was
detected in 22 (33.8%) of 65 patients (16 [24.6%] anti-TPO, 15 [23.1%]
anti-TG, and 9 [13.8%] both anti-TPO and anti-TG). Mean IL-31 was
281.7 � 110.4 pg/mL in patients with thyroid autoimmunity and 237.4
� 116.4 pg/mL in those without, with no significant difference between
groups (P ¼ 0.15; Figure 4). Twenty-eight (43.1%) of the 65 patients
were positive for ANA: 22 (33.8%) with titers of 1:80 and 6 (9.2%) with
titers �1:160. The mean IL-31 levels in the patients with ANA titers
�1:160 were significantly higher than in those who were negative for
ANA (397.6 � 71 vs 234.3 � 113.4 pg/mL, P < 0.003) and those with
titers of 1:80 (397.6 � 71 vs 243.3 � 103.5 pg/mL, P < 0.008; Figure 5).
4. Discussion

The pathogenesis of chronic spontaneous urticaria (CSU) is complex
and not yet completely understood. IL-31 is a T cell-derived cytokine
mainly produced by activated Th2 cells, but mast cells, macrophages,
dendritic cells, eosinophils, and basophils are also a major source [11].
Recent studies have shown that IL-31 plays a role in chronic pruritic
inflammatory skin diseases and autoimmune skin conditions including
psoriasis [19, 20] and CSU [21, 22, 23, 24]. This study showed that
patients with CSU had significantly higher serum IL-31 levels than those
with psoriasis and healthy subjects. Moreover, serum IL-31 levels in
psoriasis patients who had pruritus were also significantly higher than
those of healthy subjects. This means that itching symptoms in CSU and
psoriasis with pruritus might have a similar mechanism related to IL-31.
Previous studies have found serum IL-31 levels to be significantly higher
in patients with uremic pruritus and intrahepatic cholestasis of preg-
nancy, both of which are chronic pruritic skin conditions with subtle or
no skin inflammation [25, 26]. In a recent study, we also found that
serum IL-31 levels were significantly higher in patients who had chronic
pruritus of unknown origin without skin lesions than in healthy subjects
[27]. These findings imply that there is an association between IL-31 and
itching. One study found that IL-31-deficient (Il31�/�) mice had reduced
scratching frequency and duration but not reduced inflammation during
contact hypersensitivity induced by FITC and DNFB [28]. Other recent
studies found that anti-IL-31 receptor A antibody significantly reduced
pruritus in moderate to severe atopic patients [29, 30]. Our study might
indicate that IL-31 is responsible for chronic pruritic conditions regard-
less of inflammation. The difference in serum IL-31 levels in patients with
CSU and those with psoriasis with pruritic symptoms might be due to the
itching in each condition being caused by a separate mechanism. The
exact mechanism of IL-31 in chronic pruritic skin conditions needs to be
further investigated.



Figure 2. Comparison of serum IL-31 levels and disease severity in CSU according to UAS7 (a) and in psoriasis based on PASI (b). There were no significant differences
in IL-31 levels among groups.
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Several reports have demonstrated that serum IL-31 levels are
correlated with disease severity in atopic dermatitis patients [15, 31,
32] and with itching severity in uremic pruritus [25] and CSU patients
[22]. One study found that serum IL-31 levels decreased significantly
in psoriatic patients after 20 sessions of narrow-band ultraviolet ra-
diation exposure [19]. Moreover, a study in CSU patients showed
significant reductions in serum IL-31 in patients successfully treated
with omalizumab [23]. Another recent study also showed a significant
correlation between improvement of clinical symptoms and decreases
in IL-31-secreting T cells in CSU patients who responded to omalizu-
mab [21]. In this study, IL-31 levels in CSU and psoriasis patients
were not significantly correlated with disease severity (as assessed
using UAS7 and PASI scores, respectively) nor with itching severity
(based on weekly itch and NRS-11 scores, respectively). This might be
due to the subjective assessment of pruritus severity, individual vari-
ations in pruritic threshold, and/or the small number of subjects
examined.

This study also found that CSU patients differed from those with
psoriasis and healthy subjects in terms of sex, total lymphocyte count,
and total basophil count (Table 1). There were more female CSU patients
than males, which corresponds with the findings of other studies [33,
34]. This might be due to autoimmune processes, as thyroid autoanti-
bodies and ANAweremore commonly detected in female patients than in
their male counterparts (32 [84.2%] of 38 patients with thyroid auto-
antibodies or ANAwere female; data not shown), confirming the findings
of a previous report [34]. In terms of basopenia in CSU, previous studies
have found decreases in peripheral blood basophils in patients with
Figure 3. Comparison of serum IL-31 levels and pruritus intensity in CSU according
significant differences in IL-31 levels among groups.
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chronic urticaria as compared to healthy subjects [35, 36, 37], which one
study found to be related to the presence of autoantibodies and serum
histamine releasing activity [36]. Peripheral blood basopenia in CSUmay
be due to basophil recruitment from the blood into urticarial lesions
(which was detected by skin biopsy) [38, 39] or to increased lymphocyte
production (which was found in our study), resulting in relatively low
peripheral blood basophil counts. The association of lymphocytes and
basophils in CSU should thus be investigated further. However, there was
no correlation between total basophil count and urticarial activity in CSU
patients in this study (P ¼ 0.49).

Approximately 30%–40% of CSU patients have circulating IgG au-
toantibodies against IgE or the high-affinity IgE receptor (FcεRI) [2, 3],
which is often classified as an autoimmune disease. Chronic sponta-
neous urticaria is also associated with other autoimmune diseases such
as autoimmune thyroid diseases, type 1 diabetes mellitus, rheumatoid
arthritis, celiac disease, vitiligo, pernicious anemia, autoimmune poly-
glandular syndromes, and systemic lupus erythematosus [40]. A previ-
ous study found autoimmune thyroid disease in from 3.7-37.1% CSU
patients [41], and another found that 0–31.9% were positive for ANA
[40]. In this study, thyroid autoimmunity was detected in a similar
percentage of CSU patients (33.8%), but the percentage of patients with
ANA (43.1%) was higher than in previous studies. There was no sig-
nificant correlation between IL-31 levels and thyroid autoimmunity.
However, we found that CSU patients with ANA titers �1:160 had
significantly higher serum IL-31 levels than in those who were negative
for ANA and those with titers of 1:80. Various studies have shown that
IL-31 plays a role in autoimmune skin diseases including CSU and
to weekly itch intensity (a) and in psoriasis based on NRS-11 (b). There were no



Figure 4. Comparison of serum IL-31 levels and thyroid autoimmunity in CSU
patients. There was no significant difference in IL-31 levels between groups.

Figure 5. Comparison of serum IL-31 levels and ANA in CSU patients. Serum IL-
31 levels were significantly higher in CSU patients with ANA titers �1:160 than
in those who were negative for ANA and those with titers of 1:80.
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autoimmune connective tissue diseases (systemic lupus erythematosus
and dermatomyositis) [11]. These findings imply that high serum IL-31
levels in CSU patients might be a marker for seeking autoimmune
connective tissue disease comorbidities.

There were some limitations to this study. First, only IL-31 was
measured. Second, there was a relatively small total number of partici-
pants and a different number with each level of disease severity due to
the non-randomized study design. Third, no ASST was performed in this
study; however, a previous report found no difference in serum IL-31
levels in patients with positive versus negative ASST [24]. Lastly, ours
was a cross-sectional study, necessitating follow-up research on complete
remission after treatment to demonstrate the role of IL-31 in the patho-
genesis of the disease.

5. Conclusion

Serum IL-31 levels were significantly higher in CSU and psoriasis
patients than in healthy subjects. Moreover, serum IL-31 levels in pso-
riasis patients were also significantly higher than in healthy subjects.
There was no significant difference between serum IL-31 levels and
disease severity or itch intensity in CSU and psoriasis. However, serum
IL-31 levels were significantly higher in CSU patients with ANA titers
�1:160 than in those who were negative for ANA and those with titers
of 1:80.
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