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Purpose: IL-33 is constitutively expressed in skin tissues. Alopecia, a T cells-driven disorder of the hair follicles (HFs), is a common
complication in the development of psoriasis. However, the role of IL-33 in psoriatic alopecia remains uncovered. Here, we
investigated the roles of IL-33 in inducing pathological changes of hair follicles in psoriasis.

Patients and Methods: Clinical samples and imiquimod (IMQ)-induced psoriatic mice samples were used to investigate the
pathological changes and T-cell infiltration of HFs. By using immunohistochemistry staining, the distribution and expression alteration
of IL-33 in HFs were determined. Next, by using IL-33 and ST2 knockout mice, we investigated the role of IL-33/ST2 axis in the
pathological changes of HFs in psoriasis. Meanwhile, recombinant IL-33 protein was subcutaneous injected to confirm its effect.
Finally, RNA sequencing was used to clarify the genes and signaling pathways that involved in this process. Differentially expressed
genes were further verified by RT-PCR in cultured HFs in vitro.

Results: We found that the pathological changes of HFs and T cells infiltration in imiquimod-induced psoriatic mice were similar to
that in psoriasis patients. The IL-33 positive keratinocytes in the outer root sheath of HFs were increased in both psoriasis patients and
psoriatic model mice compared with the controls. By using gene knockout mice, we found that the pathological changes and T cell
infiltration were attenuated in IL-33~" and ST2 ™~ psoriatic model mice. In addition, subcutaneous injection of recombinant IL-33
exacerbated the pathological changes of HFs and T cell infiltration. RNA sequencing and RT-RCR revealed that IL-33 upregulated the
transcription of genes related to keratinocytes proliferation and T lymphocytes chemotaxis.

Conclusion: Our study identifies that IL-33 promotes the pathological changes of HFs in psoriasis, which contributes to psoriatic
alopecia. Inhibition of IL-33 may be a potential therapeutic approach for psoriatic alopecia.
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Introduction

Psoriatic alopecia is one of the most common complications in the development of psoriasis, especially in severe cases.
More than 80% of psoriasis patients suffered from alopecia throughout the course of the disease. Psoriasis causes
different types of alopecia, including patchy or diffuse alopecia in the psoriatic lesion area, telogen alopecia and scar
baldness, among which patchy alopecia accounts for about 75% of patients with psoriasis alopecia.' Psoriatic alopecia
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affects not only the scalp but also other parts of the body. It seriously affects patients’ daily life and work, and brings
heavy burdens to patients’ psychological and social life.**

Several anti-psoriatic drugs show an alleviating effect on psoriatic skin, such as glucocorticoids, cyclosporine A,*
TNF-a inhibitors, an anti-IL-23 antibody, an IL-17 receptor blocker, and IL-17 inhibitors.”’ However, for patients with
psoriatic alopecia, those drugs are not satisfactory and cause hair growth disorders.®? Therefore, seeking a treatment that
can effectively treat psoriasis while also restoring hair follicles to health, which warrants further exploration.

In psoriatic alopecia, there are some specific pathological changes in HFs.'® The pathological changes include
increasing proportion of catagen or telogen hair follicles, atrophy of sebaceous gland, hyperplasia of keratinocytes in
the outer root sheath of HFs and T cell infiltration.'"'* The inner root sheaths and outer root sheaths of HF are
composed by keratinocytes, which is originated from epidermal keratinocytes that grow vertical downward.'>™'7 Under
inflammatory stimulation, keratinocytes release various cytokines and chemokines that mediate T cell activation and
migration. Cytokines released by activated T cells, such as IL-17, TNF-q, IL-23, IL-22 and IFN-y, act on keratinocytes
in HFs and cause HFs pathological changes, ultimately leading to alopecia.'® However, the regulatory factors driving
T cell accumulation and HFs pathological changes in the psoriatic inflammatory microenvironment have not been well
reported.

IL-33 is a nuclear cytokine and constitutively expressed in epithelial cells, endothelial cells, fibroblasts and
astrocytes.'” IL-33 is a dual-function protein that acts as a cytokine or as an intracellular nuclear factor. As an
intracellular nuclear factor, IL-33 has transcriptional regulatory functions associated with the homeodomain-like helix-
turn-helix motif.?® As a cytokine, IL-33 is released upon tissue damage, inflammatory stimulation and mechanical
stress.”’*> The released IL-33 acts on the target cells expressing ST2 receptor to exert its biological function.”
Previous studies have reported the important role of IL-33 in allergic, fibrotic, infectious, inflammatory and autoimmune
diseases.”**> A recent study reported that people with psoriatic alopecia had increased level of IL-33.%° However, the
potential role of IL-33 in psoriatic alopecia has not been clarified.

In this study, the distribution and expression of IL-33 was analyzed in psoriatic HFs. We further found the effect of
IL-33/ST2 axis on the pathological changes in HFs of IMQ-induced psoriatic mice. Finally, we determined the direct
effect of IL-33 on keratinocytes. We identified a potential therapeutic target associated with the pathological changes of
HF's in psoriasis.

Materials and Methods

Human Skin Samples

Normal skin samples were obtained from surgical waste. The psoriatic skin samples were obtained from the biopsy of
psoriasis patients in the Second Affiliated Hospital of Guilin Medical University (Guilin, China). All human studies were
approved by Ethics Committee of the Second Affiliated Hospital of Guilin Medical University (Ethical approval number:
NO.GZR2018001; Approval date: August 21, 2018), and were conformed to the Declaration of Helsinki. Oral and
written explanations about this study were obtained for all the participants.

Mice

The WT, IL-33""" and ST2™"~ were C57BL/6 background. All mice in this study were maintained in specific pathogen-
free conditions. All mice experiments performed in this study were in strict accordance with the National Institutes of
Health guide for the care and use of Laboratory animals and the Institutional Animal Care and Use Committee, Tongji
Medical College, Huazhong University of Science and Technology.

Induction of Psoriatic HFs

7-8 week-old male mice were used to induce psoriatic HFs. First, mice were anesthetized. Next, their hair in the back
was shaved. Then, 62.5 mg of imiquimod cream (MedShine, Chengdu, China) was smeared on the back skin for 5
consecutive days.
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HE Staining

HE staining performed in this study followed standard operating procedures. After dewaxing, slices were incubated in
hematoxylin for 2 mins followed by eosin staining. Then the slices were dehydrated with ethanol and sealed with
neutral gum.

Immunohistochemistry and Immunofluorescence Staining

The skin samples were fixed at 4% paraformaldehyde and embedded in paraffin. Repair antigen was conducted
using the thermal repair method. For immunohistochemistry and immunofluorescence, paraffin sections were
stained as reported previously.”” The slices were incubated with the primary antibodies anti-IL-33 (R&D, cat:
af3626, USA), anti-CD3 (Boster, cat: PB9093, China) and anti-ST2 (Abcam, cat: ab25877, USA) overnight at 4°
C. For immunohistochemistry, the DAB substrate kit and the secondary antibody (Zhongshan Golden Bridge,
Beijing, China) were used according to the manufacturer’s manual. For immunofluorescence, the slices were
incubated in the dark with the secondary antibody at 37°C for 30 mins. Nuclei were counterstained by incubation
with DAPI at room temperature for 10 mins.

Primary Keratinocyte Culture

The primary keratinocytes were isolated and cultured as previously described.”® The primary keratinocytes were
separated from neonatal mice and incubated in 154CF medium (Gibco, cat: M-154CF-500, USA) containing 2mg/
mL dispase II at 4°C for 10 hours. The epidermis was peeled off and washed with cold Hank’s Balanced Salt
Solution (Gibco, cat:14175-095, USA). Then, the epidermal keratinocytes were separated by digestion with 0.05%
trypsin for 10 mins. Primary keratinocytes were seeded in 48-well plate and cultured in a 5% carbon dioxide
incubator.

Cell Immunofluorescence

Keratinocytes were fixed with 4% paraformaldehyde solution for 15 mins and then rinsed with PBS. Cells were
incubated with blocking buffer (0.3% Triton X-100 and 10% donkey serum in PBS) for 45 mins at 37°C. Then, cells
were incubated with the primary antibody Keratin 14 (Abcam, cat: ab181595, USA) overnight at 4°C. After being
washed with PBST, cells were incubated in the dark with the secondary antibody solution at 37°C for 45 mins. Nuclei
were counterstained with DAPI for 10 mins at room temperature. Afterwards, cells were washed three times to remove
unbound DAPI. The fluorescence images were acquired using a confocal laser-scanning microscope (LSM 780, Carl
Zeiss AG) and analyzed with Image] software.

RNA Sequencing Analysis

After two days of culture, primary keratinocytes were treated with 200 ng/mL IL-33 (Biolegend, cat: 580504, USA).
After incubation for 12 h, keratinocytes were harvested. Total RNA was extracted with TRIzol (Invitrogen, USA) and
used for RNA sequencing analysis. RNA sequencing was performed by Genminix Informatics co., Ltd. (Shanghai,
China). Datasets related to this article can be found at the Gene Expression Omnibus datasets using accession numbers at:
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE 145963

Human Anagen HFs

Anagen HFs were obtained from a human post-mortem occipital scalp region through the body donor program of the
Huazhong University of Science and Technology, China, in accordance with legal requirements. Before their deaths, the
donors voluntarily declared that their remains would be donated as materials for scientific research. The dissected
occipital scalp was cut into three pieces (2x4 cm). As previously described,” HFs were plucked from one piece and
cultured in the Williams E medium (Gibco, USA) with 10 ng/mL hydrocortisone, 10ng/mL insulin, 2 mM L-glutamine,
and 100 U/mL penicillin streptomycin (Gibco, USA) at 37°C in a 5% carbon dioxide incubator. 200 ng/mL IL-33 (R&D,
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cat: 3625-1L-010, USA) was added to the basal Williams E medium. After being cultured for 12 hours, HFs were
harvested and used for the next experiments.

Mouse Anagen HFs

Hair growth was induced by depilating the back hairs with a hair plucking sticker in 7 or 8-week-old male C57BL/6
mice. At day 9 after depilation, HFs were in anagen VI.*® Mouse anagen HFs were dissected from the back depilated
region and divided into single follicular units under the dissecting microscope. HFs were cultured at 37°C in a 5% carbon
dioxide incubator. The composition of culture media was conducted as above. 200 ng/mL IL-33 (Biolegend, cat: 580504,
USA) was added to the basal Williams E medium. After being cultured for 12 hours, HFs were harvested and used for the
next experiments.

Real-Time PCR

Human and mouse HFs were homogenized in TRIzol (Invitrogen, USA). The total RNA of HFs was reversely
transcribed into cDNA using the Reverse Transcription Kit (Thermo Fisher Scientific, USA). All primers were prepared
by Sangon Biotech (Shanghai, China). The primers used in this study were listed in Supplementary Table S1.

Statistical Analysis
All data were presented as the mean + SEM. The difference between the two groups was evaluated using by a two-tailed
Student’s f-test. P value < 0.05 were considered to be statistically significant. *P <0.05, **P<0.01, ***P< 0.001.

Results
The Expression of IL-33 in the HFs of Psoriatic Patients and Psoriatic Model Mice is

Increased

To observe the effects of psoriasis on HFs, skin samples from patients with and without psoriasis were collected
and performed HE staining. The results showed that, in contrast to normal skin, most HFs in psoriatic skin were
showed hyperkeratosis of infundibulum, thickening of outer root sheaths and atrophy of sebaceous glands
(Figure la). Immunohistochemical staining showed that for normal skin, IL-33 was stained predominantly in
epidermal keratinocytes and rarely in the keratinocytes of the outer root sheath, whereas for psoriatic skin, 1L-33
was stained obviously in the keratinocytes of both epidermis and outer root sheath. More importantly, compared
with normal skin, IL-33-positive keratinocytes were significantly increased in the outer root sheath of HFs in the
psoriatic skin (Figure 1b and d). In addition, immunohistochemical staining of CD3 was performed to determine
the infiltration and distribution of T cells. It showed that CD3-positive cells were seldomly observed in the HFs of
normal skin, while easily observed in the HFs of psoriatic skin. Statistically, CD3-positive cells were significantly
increased in and around the HFs of psoriatic patients relative to normal skin (Figure 1c and d). Taken together,
above data indicated that IL-33-positive keratinocytes and T cells were increased in the outer root sheath of HFs
in psoriasis. Next, IMQ was applied to induce psoriatic mice model. Compared with normal skin, IMQ-induced
psoriatic skin showed apparently hyperplasia in the outer root sheath of HFs. As a result, the diameter and length
of HFs in IMQ-induced psoriatic skin were obviously increased relative to normal skin. In addition, the number of
sebaceous glands in the IMQ-induced psoriatic skin was significantly reduced relative to normal skin (Figure le
and h). Similar to psoriasis patients, immunohistochemical staining showed that the number of IL-33-positive
keratinocytes in HFs was markedly increased in IMQ-induced psoriatic mice skin (Figure 1f and h). Besides,
immunohistochemical staining of CD3 indicated that the number of T cells infiltrated in and around the HFs was
also increased in IMQ-induced psoriatic skin (Figure lg and h). In conclusion, above data indicated that the
pathological changes and T cell infiltration of HFs in psoriatic model mice were similar to those in psoriatic
patients.
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Figure | The pathological changes of HFs in IMQ-induced psoriatic mice were similar to those seen in psoriatic patients. (a) H & E staining of the normal skin and psoriatic skin. Scale
bar = 100pm. (i) infundibulum, (ii) outer root sheath, (jii) sebaceous glands. (b) Immunohistochemical staining of IL-33 in normal skin and psoriatic skin. Scale bar=100um. (c)
Immunohistochemical staining of CD3 in normal skin and psoriatic skin. Scale bar = 100um. (d) Statistical data of HFs diameter, IL-33-positive cells and CD3-positive cells. (€) H &
E staining of the normal skin and IMQ-induced psoriatic skin. Scale bar=100um. (i) infundibulum, (i) outer root sheath, (iii) sebaceous glands. (f) Inmunohistochemical staining of IL-33 in
normal skin and IMQ-induced psoriatic skin. Scale bar=100um. (g) Immunohistochemical staining of CD3 in normal skin and IMQ-induced psoriatic skin. Scale bar=100um. Red arrows
indicate CD3-positive T cells. (h) Statistical data of HFs number, HFs length, HFs diameter, IL-33-positive cells and CD3-positive cells. Data are representative of three independent

experiments. Significance was determined by a two-tailed Student’s t-test. * P <0.05, ** P<0.01, *** P< 0.001.
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The Pathological Changes in HFs of IMQ-Induced Psoriatic Mice are Alleviated in IL-33

or ST2 Knockout Mice
Firstly, we confirmed that IL-33 or ST2 knockout had no effect on the morphology of HFs under physiological

conditions (Table S2). Next, to clarify the potential role of IL-33 in the pathological changes of HFs in psoriasis,
IL-337"" mice were used to induce psoriatic mice model. The lesion skin samples were collected for HE staining
and immunohistochemical staining. The data showed that, compared with WT mice, the pathological changes,
including infundibular hyperkeratosis, outer root sheath thickening and sebaceous glands atrophy, were obviously
attenuated in the HFs of IL-337"" mice. The length and diameter of HFs were significantly decreased in IL-337~
psoriatic model mice compared to WT psoriatic model mice (Figure 2a and c¢). Immunohistochemical staining
showed that the number of CD3" cells infiltrated in and around the HFs was significantly reduced in IL-337
psoriatic model mice relative to WT psoriatic model mice (Figure 2b and d). To furtherly validate the role of IL-
33 in HFs pathological changes, ST2”~ mice was applied to psoriatic model induction and pathological analysis.
Consistent with the alteration observed above, ST2 ™~ psoriatic model mice also showed similar attenuation of
pathological changes and decreased number of CD3" cells in and around the HFs compared with the WT psoriatic
model mice (Figure 2e—h). Collectively, these data suggested that IL-33/ST2 signaling promoted pathological
changes of HFs in psoriasis.

Recombinant IL-33 Injection Aggravates the Pathological Changes in HFs of

IMQ-Induced Psoriatic Mice
Although above data showed that IL-33/ST2 signaling deficiency suppressed pathological changes of HFs and

T cells infiltration in IMQ-induced psoriatic mice, whether IL-33 had a positive function still needs further confirmation.
Next, a subcutaneous injection assay was performed in WT mice to investigate the role of IL-33. The schematic of the
treatment performed seen in Figure 3a. The lesion skin in the treated area was collected for HE staining and
immunohistochemical staining. The data showed that, compared with IMQ treatment alone, recombinant-IL-33 aggra-
vated HFs pathological changes including infundibular hyperkeratosis, outer root sheaths thickening and sebaceous
glands atrophy (Figure 3b and d). Besides, the number of CD3" cells infiltrated in and around the HFs was significantly
increased in recombinant-1L-33 injected mice (Figure 3c and e). Together, these data indicated that IL-33 promoted
pathological changes in HFs as well as T cells infiltration, implying the role of IL-33 in HFs probably by affecting T cells
infiltration.

IL-33 Treatment Upregulates Some Genes Related to Keratinocytes Proliferation and
T Cell Chemotaxis

In order to investigate the potential target cell of IL-33, immunofluorescent staining of ST2 was performed with
mice normal skin and IMQ-induced psoriatic skin. The image showed that ST2 was mainly expressed by outer
root sheath keratinocytes as well as epidermal keratinocytes (Figure S1). To determine the effects of IL-33
signaling on the transcription of downstream genes, primary keratinocytes were isolated from neonatal mice and
cultured in vitro. The purity was identified by immunofluorescent staining of keratin 14 (Krt14) and it showed to
be more than 95% (Figure 4a). Next, primary keratinocytes were treated with recombinant IL-33 for 12 hours and
collected for RNA sequencing. GO enrichment analysis showed that IL-33 upregulated genes were closely related
to epithelial cell proliferation, keratinocyte differentiation and lymphocyte chemotaxis (Figure 4b). Among these
upregulated genes, CCL2 and CCL20 played pivotal role in T cells chemotaxis. The heat map indicated that CCL2
and CCL20 were obviously upregulated by recombinant IL-33 (Figure 4c). Next, RT-PCR was performed to
further validate the role of IL-33. The data showed that IL-33 upregulated the transcription level of CCL2 and
CCL20 in both mice and human HFs in vitro (Figure 4d and ¢). Collectively, these data indicated that IL-33 acted
on keratinocytes and promoted T cell infiltration by upregulating CCL2 and CCL20.
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Figure 2 The pathological changes of HFs and T cells infiltration were alleviated in IL-337" and ST2” mice in IMQ-induced psoriatic model. (a) H & E staining of lesion skin
in WT psoriatic mice and IL-33""" psoriatic mice (n = 6 per group). Scale bar=100pm. (i) infundibulum, (ii) outer root sheath, (iii) sebaceous glands. (b) Immunohistochemical
staining of CD3 in WT psoriatic mice and IL-337 psoriatic mice (n = 6 per group). Scale bar = 100um. Red arrows indicate CD3-positive T cells. (c and d) Statistical data of
HFs number, HFs length, HFs diameter, sebaceous gland number and CD3-positive cells. (€) H & E staining of lesion skin in WT psoriatic mice and ST2 ™/~ psoriatic mice (n =
6 per group). Scale bar=100pum. (i) infundibulum, (i) outer root sheath, (jii) sebaceous glands. (f) Immunohistochemical staining of CD3 in WT psoriatic mice and ST
psoriatic mice (n = 6 per group). Scale bar = 100um. Red arrows indicate CD3-positive T cells. (g and h) Statistical data of HFs number, HFs length, HFs diameter, sebaceous
gland number and CD3-positive cells. Data are representative of three independent experiments. Significance was determined by a two-tailed Student’s t-test. * P<0.05, **
P<0.01, ** P<0.001.
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Figure 3 Subcutaneous injection of recombinant IL-33 aggravated the pathological changes of HFs and T cells infiltration in IMQ-induced psoriatic mice. (a) Schematic of the
treatment performed. (b) H & E staining (n = 4 per group), PBS vs IL-33. Scale bar=100um. (i) infundibulum, (i) outer root sheath. (c) Inmunohistochemical staining for CD3
(n=4 per group), PBS vs IL-33. Red arrows indicate CD3-positive T cells. Scale bar=100um. (d and e) Statistical data of HFs number, HFs length, HFs diameter, sebaceous
gland number and CD3-positive cells. Data are representative of three independent experiments. Significance was determined by a two-tailed Student’s t-test. * P<0.05, **
P<0.01, *** P<0.001.

Discussion

Currently, there is no completely effective treatment to attenuate pathological damage of HFs and psoriatic alopecia.
Although present drugs used in clinic have achieved promising results in the treatment of psoriasis, most of these drugs
have limited effect on psoriatic alopecia. Some of the anti-psoriasis drugs induce hypertrichosis, and others cause
psoriatic alopecia. Immunosuppressive drugs, cyclosporine A, which has been used in psoriasis treatment for quite a few
years, caused hypertrichosis via regulating canonical Wnt/B-catenin activity.”'> Target drugs, TNF-inhibitors were
associated with drug-induced psoriasiform alopecia.*>** Monoclonal antibody, adalimumab, was also reported to induce
severe alopecia in scalp psoriasis patients.>> Thus, it is of great necessity to investigate potential and effective targets to
improve the treatment of psoriatic alopecia. Here, by means of human samples, psoriatic mouse models, in vivo and
in vitro experiments, we confirmed the involvement of IL-33/ST2 axis in the pathological changes of HFs in psoriasis,
and proposed that IL-33 may be a potential therapeutic target for the treatment of psoriatic alopecia.

In this study, we believed that IL-33 upregulated the expression of chemokines to promote the infiltration of T cells,
thereby contributing to the pathological changes of HFs in psoriasis. In our study, some typical pathological changes
were observed in the HFs in psoriasis patients, and IL-33 positive keratinocytes as well as T cells were increased in the
outer root sheath of HFs in psoriasis patients. The pathological changes and T cell alteration were then confirmed in
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Figure 4 Recombinant IL-33 upregulated downstream genes associated with proliferation and chemotaxis in keratinocytes in vitro. (a) Immunofluorescence staining of
Krtl4 (green) in primary keratinocytes, Scale bar = 100um. (b) GO enrichment analysis of up-regulated genes upon IL-33 stimulation in mouse primary keratinocytes. 3
samples per group. Count means the number of genes. (c) Heatmap of up-regulated gene. (d and e). Real-time PCR analysis of representative genes, CCL2 and CCL20, in
mice and human HFs. Recombinant IL-33 (200 ng/mL) treated for 12 hours. Data are representative of three independent experiments. Significance was determined by
a two-tailed Student’s t-test. * P<0.05.

IMQ-induced psoriatic model mice in vivo. Next, In vitro experiments proved that IL-33 upregulated the transcription of
CCL2 and CCL20. These two chemokines have potent chemotactic roles on T cells. CCL2 was a ligand of CCR4 which
was expressed on Thl7 cells. CCL20 was bound exclusively to CCR6 which was highly expressed on Th17 and Thl
cells. The recruited T cells released cytokines, such as IL-17, IL-22, IL-23 and TNF-a, to alter the balance of
proliferation and differentiation in keratinocytes. Previous studies had reported that T cells played a pivotal role in
pathological changes of HFs and caused psoriatic alopecia.’®>® Therefore, based on our findings and previous
researches, we concluded that IL-33 contributed to pathological changes of HFs in psoriasis probably by regulating
T cell infiltration.
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The role of IL-33 in promoting pathological changes of HFs was by means of a cytokine, not a nuclear factor.
Because of its nuclear location and its release upon cell damage or stress, IL-33 was proposed to be a dual-function
alarmin.'**~*! Nuclear IL-33 was able to repress gene expression by facilitating chromatin compaction. In addition, IL-
33 nuclear location was shown to act as a strong regulator of IL-33 extracellular function. Once released, 1L-33 was
cleaved by neutrophil elastase and cathepsin G. The resulting C-terminal cleavage products, containing the IL-1-like
domain, was considered to be a mature form and had a stronger proinflammatory activity.**** The released IL-33 bound
to receptor ST2 and activated downstream signaling pathways of the target cells.*” In this study, our data indicated that
receptor ST2 was mainly expressed by keratinocytes of the skin. In vivo results demonstrated that receptor ST2
deficiency ameliorated pathological changes of HFs as well as T cell infiltration. In addition, cytokine (recombinant)
IL-33 was showed to aggravate HFs pathological changes and T cell infiltration. Furthermore, in vitro results proved that
cytokine (recombinant) IL-33 regulated the transcription of some genes associated with T cells chemotaxis in both mice
and human HFs. Taken together, we concluded that IL-33 acted as a cytokine to promote the pathological changes of HFs
via ST2.

Previous reports showed that the different psoriasis-related cytokines caused various pathological alterations in
psoriatic HF. For example, VEGF prolonged the duration of HFs anagen via promoting substantial angiogenesis.**™*’
IGF-1 maintained HFs anagen by regulating Wnt/B-catenin activity.”*>' TNF-o and IFN-y promoted a transforma-
tion from anagen to catagen or telogen, and aggravated psoriatic alopecia.’>>® Our study clarified the role of IL-33
in psoriatic alopecia and enriched our understanding of the networks involved in psoriasis-related cytokines.

In summary, the present study reported an unrevealed role of IL-33 in pathological changes of HFs in psoriasis. Our
data identified that IL-33 promoted the expression of T-cell chemokines to regulate T-cell infiltration and ultimately
contribute to pathological changes of HFs. Our study indicated that inhibition IL-33/ST2 signaling pathway probably
provides a potential therapeutic approach for the treatment of psoriatic alopecia.

Conclusion

In psoriatic alopecia, IL-33 was upregulated in the outer root sheath keratinocytes of hair follicles. Upon psoriatic
inflammatory stimuli, IL-33 actively released and upregulated the expression of chemokines in keratinocytes to promote
the infiltration of T cells, thereby contributing to the pathological changes of HFs and alopecia.
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