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IL-36 family of cytokines are expressed in skin, gut, lung, 
renal, and cervical tissues. The IL-36 family of cytokines 
are expressed at low levels in the skin under physiologi-
cal conditions, but are upregulated in keratinocytes, epi-
thelial cells, and inflammatory monocytes/macrophages 
during inflammation [2]. Several stimuli can promote 
the expression of IL-36 cytokines, including lipopolysac-
charide, viral infection, and tissue injury [5]. Blockage of 
IL-36R can inhibit inflammatory disorders in the skin, 
kidneys, and lungs [6].

Psoriasis is an immune-associated inflammatory dis-
ease characterized by scaly erythematous plaques, which 
mainly result from increased proliferation of keratino-
cytes [7]. Previous studies have demonstrated that IL-36 

Introduction
The IL-36 family belongs to the IL-1 superfamily of cyto-
kines, which are considered to be critical regulators of 
inflammation [1]. This family mainly comprises four 
members: IL-36α, IL-36β, IL-36γ, and IL-36Ra [2, 3]. 
IL-36Ra negatively impacts the IL-36 signaling pathway 
by competitively binding to IL-36 receptor (IL-36R) [4]. 
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Abstract
Background  Psoriasis is a chronic inflammatory skin disease. The Wnt/β-catenin signaling pathway is essential for the 
regulation of adult stem cells, homeostasis, and tissue regeneration; however, the relationship between this pathway 
and interleukin (IL)-36γ in the pathogenesis of psoriasis remains unclear.

Methods  In this study, psoriasiform model mice were established using imiquimod (IMQ) induction. Hematoxylin 
and eosin (H&E) staining was used to evaluate pathological morphologies, while immunohistochemistry was used to 
verify the expression patterns of β-catenin and the inflammatory factors IL-6, IL-17 A, and interferon (IFN)-γ.

Results  IL-36γ treatment increased psoriasis area and severity index scores, and enhanced proliferation of 
keratinocytes in IMQ-induced psoriatic mice. The effects of IL-36γ on the severity of psoriasiform lesions and 
epidermal hyperplasia were partly inhibited by IWR-1, which is an inhibitor of the Wnt/β-catenin signaling pathway. 
Furthermore, the levels of proinflammatory cytokines and molecules involved in the Wnt/β-catenin signaling pathway 
in psoriatic mouse skin, including IL-6, IL-17 A, IFN-γ, β-catenin, and Dickkopf-1 (DKK1), were upregulated by treatment 
with IL-36γ. Consistently, the effects of IL-36γ on the inflammatory response and the Wnt/β-catenin signaling pathway 
were alleviated by IWR-1.

Conclusions  Taken together, our findings suggested that inhibition of the Wnt/β-catenin signaling pathway may be 
useful in the alleviation of IL-36γ-induced psoriasis-like lesions.
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cytokines enhance the skin inflammation of psoriasis 
by promoting pro-inflammatory responses in keratino-
cytes, leukocyte recruitment, and angiogenesis [8]. In 
the IMQ-induced psoriasiform mouse model, the loss 
of function of IL-36Ra enhances skin lesions, whereas 
deficiency of IL-36R ameliorates psoriasiform derma-
titis [9, 10]. The serum levels of IL-36γ have been found 
to be higher in psoriasis vulgaris patients than in con-
trol groups. Additionally, post-treatment serum levels of 
IL-36γ are downregulated compared with pre-treatment 
levels [11]. Previous studies showed upregulated expres-
sion of IL-36γ in the lesions of psoriasis patients [12]. 
Our previous study found that the clinical symptoms and 
histopathological characteristics of psoriasiform lesions 
induced by IMQ treatment in IL-36γ-deficient mice 
can be significantly exacerbated by IL-36γ. These find-
ings suggest that IL-36γ plays an important role in the 
pathogenesis of psoriasis. However, the exact mechanism 
remains unclear.

Inhibition of Wnt/β-catenin signaling reportedly allevi-
ates the severity of psoriatic inflammation in the IMQ-
induced psoriasis model [13]. The pathological features of 
psoriasis are epidermal hyperplasia, dilated blood vessels 
in the dermis, and infiltration of inflammatory cells into 
the dermis [14]. In this study, we aimed to investigate the 
potential roles of IL-36γ and Wnt/β-catenin signaling in 
the regulation of keratinocyte proliferation.

Methods
Animals and reagents
Balb/c mice (age: 6–8 weeks) obtained from Beijing Vital 
River Laboratory Animal Technology Co., Ltd. (Beijing, 
China) were used in this study. All mice were maintained 
in a specific pathogen-free facility. Recombinant IL-36γ 
was purchased from R&D Systems (Minneapolis, MN, 
USA). IWR-1 was purchased from Sigma (St. Louis, MO, 
USA). An area of about 2 cm × 3 cm on the back of each 
mouse was shaven and treated with a daily topical dose 
of IMQ cream (Aldara cream, 3 M Pharmaceuticals, UK) 
or Vaseline for 5 consecutive days. The mice were ran-
domly divided into the following five groups (n = 4 per 
group): Vaseline, IMQ model, IMQ model treated with 
IWR-1 (10  mg/Kg on days 1, 3, 5), IMQ model treated 
with recombinant IL-36γ (2  µg/mouse on days 1, 3, 5), 
and IMQ model treated with IWR-1 and IL-36γ (IWR-1 
subcutaneously injected 2 h prior to IL-36γ exposure).

Psoriasis area and severity index (PASI) assessment
Erythema, scaling, and thickening were scored indepen-
dently from 0 to 4 using the following PASI-based scale: 
0, none; 1, slight; 2, moderate; 3, severe; 4, very severe. 
The total score (0–12) was used to evaluate the severity 
of psoriatic inflammation.

Histological analysis
Mice from each group were sacrificed via cervical dislo-
cation. Samples of back skin were fixed in 4% paraformal-
dehyde solution for 48  h, dehydrated, and embedded in 
paraffin. Paraffin sections were stained with hematoxylin 
and eosin (H&E) for histological analysis. Histopatholog-
ical epidermal thickness was evaluated using NDP.view 
software (Hamamatsu Photonics, Hamamatsu, Japan).

For immunohistochemistry analyses, sections were 
incubated with primary antibodies against IL-6 (Abcam, 
Cambridge, MA, USA), IL-17A (Abcam), and IFN-γ 
(Abcam), β-catenin (Abcam), and DKK1(Abcam), fol-
lowed by secondary biotinylated monoclonal antibod-
ies, and processed using staining kits (Proteintech, 
Rosemont, IL, USA). A semiquantitative scoring sys-
tem (H-score method; range: 0–300) based on the per-
centage of cells observed under microscopy at different 
staining intensities was applied to quantify the immu-
nohistochemical staining intensity. H-score analysis was 
performed by two experienced pathologists in a double-
blinded fashion.

Statistical analysis
Data are presented as means ± standard deviation. SPSS 
21.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad Prism 
8.0 (GraphPad Software Inc., San Diego, CA, USA) were 
used for statistical analysis. Statistical analysis was per-
formed using the Student’s t-test or the Mann–Whitney 
test. A P value < 0.05 was considered to indicate statistical 
significance.

Results
IWR-1 ameliorates IL-36γ-mediated exacerbation of 
psoriatic skin lesions in an IMQ-induced mouse model
IMQ-induced psoriasis-like mice were used to evalu-
ate the effects of IL-36γ on psoriasis-like skin inflam-
mation. Vaseline (control) or Aldara (IMQ) cream was 
smeared on the shaved back skin of wild-type mice for 
5 consecutive days, with or without subcutaneous injec-
tion of IL-36γ and IWR-1. As shown in Fig.  1B, com-
pared with the Vaseline group (Fig. 1A), the IMQ-treated 
group developed psoriasis-like symptoms. The effects 
of IMQ were inhibited by subcutaneous injection of 
IWR-1 (Fig.  1C). While the subcutaneous administra-
tion of IL-36γ aggravated the characteristics of psoriasis, 
including erythema, thickening, and scaling (Fig.  1D), 
these effects were inhibited by subcutaneous injection 
of IWR-1 (Fig. 1E). In general, the IL-36γ-treated groups 
showed the highest PASI scores, which were decreased 
by administration of IWR-1(Fig. 1F).
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Ameliorative effects of IWR-1 administration on 
pathological changes in IL-36γ-induced psoriasiform skin 
lesions
To compare the pathological changes in lesions among 
the groups, H&E-stained sections were analyzed. Com-
pared with the Vaseline group, the IMQ-treated group 
exhibited increased epidermal thickening (Fig.  2A, B), 
with keratinocyte thickness measurements of 20.30 
(± 5.45) µm and 84.08 (± 6.79) µm in the two groups, 
respectively. The effect of IMQ on hyperplasia was 
significantly diminished in the IMQ + IWR-1 group 
(Fig. 2C), which exhibited keratinocyte thickness of 59.88 
(± 8.91) µm, in contrast to 106.10 (± 12.29) µm in the 
IMQ + IL-36γ group (Fig. 2D) and 74.78 (± 2.84) µm in the 
IMQ + IL-36γ + IWR-1 group (Fig.  2E). In short, IL-36γ 
treatment significantly increased epidermal thickness in 

IMQ-treated mice, but could be reduced by IWR-1 treat-
ment (Fig. 2F).

IWR-1 reverses IL-36γ-mediated upregulation of 
inflammatory factors in psoriatic lesions of IMQ-induced 
mice
We further investigated the role of IL-36γ in the inflam-
matory reaction in IMQ-induced psoriasiform dermati-
tis. Compared with the Vaseline group, the expression of 
IL-17  A and IFN-γ were significantly increased in IMQ 
group, but there is no difference between Vaseline group 
and IMQ group in the expression of IL-6. Subcutaneous 
injection of IL-36γ at day 1, 3, 5, concomitantly to topical 
IMQ application, increase the expression of IL-6, IL-17 A 
and IFN-γ in epidermal layer. As shown in Fig. 3, reduced 
expression of IL-6, IL-17 A and IFN-γ was also observed 
after IWR-1 treatment.

Fig. 1  Aggravated symptoms of psoriasis in imiquimod (IMQ)-induced mice treated with interleukin (IL)-36γ. Groups of mice were treated with Vaseline 
(A), IMQ (B), IMQ and IWR-1 (IMQ + IWR-1; C), IMQ and IL-36γ (IMQ + IL-36γ; D), or IMQ, IWR-1, and IL-36γ (IMQ + IWR-1 + IL-36γ; E). (F) Total psoriasis area and 
severity index (PASI) scores, including individual scales (0–4) for erythema, scaling, and thickness in each group. *P < 0.05
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IL-36γ exposure leads to increased expression of β-catenin 
and DKK1 in IMQ-induced mice
To explore the potential role of Wnt/β-catenin signaling 
in the inflammatory process, we examined the protein 
expression levels of β-catenin and DKK1 following expo-
sure to IL-36γ and/or IWR-1. As shown in Fig. 4, com-
pared with the Vaseline group, expression of β-catenin 
and DKK1 increased significantly in the IMQ-treated 
group. Further significant increases in β-catenin and 
DKK1 expression in IL-36γ-exposed IMQ model mice 
were reversed by treatment with IWR-1.

Discussion
The keratinocyte is the predominant cell type of human 
skin. It is well established that the abnormal proliferation 
and differentiation of keratinocytes plays an important 
role in the pathogenesis of psoriasis [15]. In this study, we 
found that IMQ-induced psoriasis-like skin inflammation 
was significantly exacerbated by IL-36γ treatment. Fur-
thermore, IL-36γ-induced exacerbation of skin lesions 
was attenuated by administration of an inhibitor of Wnt/
β-catenin signaling. Histopathologically, IMQ-treated 
mice exhibited increased epidermal thickness that was 
worsened by treatment with IL-36γ, while suppressed 
by the inhibition of Wnt/β-catenin signaling. Our study 
highlights the potential of IL-36γ as a pro-psoriatic factor 

and suggests that the effects of IL-36γ on this mouse 
model of psoriasis might be ameliorated by inhibitors of 
Wnt/β-catenin signaling.

Psoriasis is a chronic skin disease that presents as 
uncontrolled keratinocyte proliferation and pathologi-
cal differentiation. Biomedical and immunological dis-
turbances are important in the pathogenesis of psoriasis 
[16]. The IL-36 family, which belongs to IL-1 superfam-
ily, was discovered in 2000. Previous studies showed 
that IL-36 plays a significant role in innate and adaptive 
immune responses, transmitting signals through the 
MAPK and NF-κB signaling pathways [17]. Further-
more, in both the acute and chronic phases of psoriasis, 
the activities of IL-36 pathways are increased [18]. Some 
psoriasis patients exhibit the Koebner phenomenon, 
which refers to the occurrence of new lesions in normal 
skin following skin injury [19]. Researchers previously 
discovered that plasmacytoid dendritic cells can infiltrate 
the skin rapidly after skin injury, and that IFN-α derived 
from these cells may play a crucial role in triggering 
psoriasis [20]. IL-36 cytokines enhance the expression 
of systemic IFN-I [19, 21]. Therefore, the IL-36 family 
may play a role in the Koebner phenomenon in psoria-
sis. Previous studies showed that the increased expres-
sion of IL-36 cytokines in psoriasis-like model mice was 
reduced by vitamin D supplementation or corticosteroid 

Fig. 2  Increased epidermal thickness in imiquimod (IMQ)-induced model mice treated with interleukin (IL)-36γ. Representative hematoxylin and eosin-
stained sections (magnification: 200×) from the Vaseline (A), IMQ (B), IMQ and IWR-1 (IMQ + IWR-1; C), IMQ and IL-36γ (IMQ + IL-36γ; D), and IMQ, IWR-1, 
and IL-36γ (IMQ + IWR-1 + IL-36γ; E) groups. (F) Calculated epidermal thickness. Data expressed as means ± standard deviation; * P < 0.05
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treatment [22, 23]. The microvessels in psoriatic lesions 
are elongated, widened, and tortuous, and hypervascular-
ization of psoriatic lesions has been positively correlated 
with disease severity [24, 25]. Furthermore, IL-36γ has 
been shown to activate angiogenesis [24]. In this study, 
we observed that the severity of psoriasis and expres-
sion levels of IL-6, IL-17A, and IFN-γ were significantly 
increased by IL-36γ treatment, with IWR-1 attenuating 
the promotional effects of IL-36γ. These findings sug-
gested that IL-36γ may promote the proliferation and 
inflammatory response of keratinocytes. However, the 
role of Wnt/β-catenin signaling in this process deserves 
further investigation.

The Wnt family of proteins, which are divided into 
canonical and non-canonical signaling pathways, play 
important roles in cell regeneration, growth, division, 
migration, and polarity [26]. DKK1 is a well-character-
ized inhibitor and, together with β-catenin, is a key mol-
ecule in the canonical Wnt pathway. Previous studies 
of β-catenin yielded conflicting results, with reports of 
both increased and decreased expression of β-catenin in 
biopsy specimens from psoriasis lesions [27–29]. In our 
study, we observed significantly increased expression of 

β-catenin and DKK1 in psoriatic lesions compared with 
that in control skin samples, indicating possible activa-
tion of the canonical pathway in psoriasis model mice. 
Furthermore, treatment with IL-36γ further increased 
the expression of β-catenin and DKK1. We surmised 
that DKK1, as an inhibitor of the Wnt/β-catenin canoni-
cal signaling pathway, was upregulated secondarily to 
the elevation of β-catenin. Increased expression of both 
β-catenin and DKK1 was related to the severity of pso-
riasis in our psoriasis mice. Nevertheless, the relationship 
between IL-36γ and Wnt/β-catenin signaling requires 
further study.

In conclusion, our study further established the impor-
tance of IL-36γ and reinforced the involvement of the 
Wnt/β-catenin signaling pathway in the disease patho-
genesis of psoriasis. Further studies are needed to elu-
cidate the exact role of the Wnt/β-catenin signaling 
pathway and the molecular mechanism of the crosstalk 
between IL-36γ and the Wnt/β-catenin signaling path-
way in psoriasis.

Fig. 3  Effect of interleukin (IL)-36γ on inflammatory cytokines in psoriatic-like skin tissues. (A, B) Immunohistochemical staining of IL-6, IL-17A, and inter-
feron (IFN)-γ in imiquimod (IMQ)-induced skin lesions (magnification: 200×; A) and H-scores in each experimental group (B); *P < 0.05
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