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Summary

Psoriasis is a chronic inflammatory skin disease with unclear pathogenesis.

Interleukin-33 (IL-33) is highly expressed in patients with psoriasis, but

its role in psoriasis is unknown. The aim of this study was to investigate

the possible role of IL-33 in the pathogenesis and treatment of psoriasis.

IL-33 expression was determined using enzyme-linked immunosorbent

assay, real-time fluorescent quantitative polymerase chain reaction and

immunohistochemical staining. CD4+ T cells were sorted using magnetic

beads and treated with or without IL-33. Imiquimod (IMQ) was used to

induce psoriatic inflammation in mice. The frequency of immune cells

was determined using flow cytometry. The cytokine level in mouse skin

was measured using cytometric bead array. Our results showed that IL-33

was highly expressed in the lesional skin and serum of patients with mod-

erate-to-severe plaque psoriasis. IL-33 inhibited the expression of IL-17 in

CD4+ T cells of psoriasis patients. Subcutaneous injection of IL-33 allevi-

ated the IMQ-induced psoriatic inflammation in mice, reduced tumor

necrosis factor-a and IL-23 expression, and decreased the proportion of T

helper type 17 (Th17) cells in the skin-draining lymph nodes in the mice.

Our results suggest that IL-33 plays a protective role in the pathogenesis

of psoriasis by suppressing Th17 cell differentiation and function. The

potential therapeutic effect of IL-33 in treating psoriasis warrants further

investigation.
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Introduction

Psoriasis is a common, genetically determined, environ-

ment-triggered chronic inflammatory autoimmune disease

predominantly affecting the skin and joints. The preva-

lence of psoriasis is 2–3% worldwide1 and 0�47% in

China.2 Psoriasis has been validated as a bona fide T-cell-

mediated disorder characterized by the T helper type 1

(Th1)/Th2 paradigm and Th17/T regulatory (Treg) cell

imbalance, with the tumor necrosis factor-a (TNF-a)–in-
terleukin-23 (IL-23)–IL-17 axis being central to the

disease immunopathogenesis.3 Emerging biological thera-

pies targeting these inflammatory cytokines have demon-

strated remarkable efficacy and safety profiles in

individuals with refractory psoriasis who fail to respond

to conventional treatments.4,5

A recently identified member of the IL-1 superfamily,

IL-33 is a nuclear cytokine expressed in epithelial cells,

endothelial cells, and fibroblast-like cells at barrier sur-

faces under both steady-state and inflamed-state condi-

tions.6 Through interaction with its receptor ST2, IL-33

mediates versatile functions in a variety of ST2-expressing

Abbreviations: aGalCer, a-galactosylceramide; CBA, cytometric bead array; IFN, -c, interferon-c; IgG, immunoglobulin G; IL,
interleukin; IMQ, imiquimod; iNKT, invariant natural killer T; mAb, monoclonal antibodies; PBMCs, peripheral blood mononu-
clear cells; PV, psoriasis vulgaris; STAT3, signal transducer and activator of transcription 3; Th, T helper; TNF, tumor necrosis
factor; Treg, T regulatory
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immune cells, such as mast cells, Treg cells, Th2 cells and

invariant natural killer T (iNKT) cells.6 Accordingly,

IL-33 elicits pleiotropic activities in the innate and adap-

tive immune responses, and therefore plays vital roles in

tissue homeostasis and infectious, inflammatory, meta-

bolic, and neoplastic diseases.7

Compared with perilesional and normal healthy skin,

human psoriatic plaques have considerably enhanced IL-

33 and ST2 expression,8–11 whereas serum IL-33 estimates

are paradoxical.11,12 Therapeutic modalities such as

methotrexate,13 narrowband ultraviolet B radiation,13 and

TNF-a inhibitors10,12 differentially alter lesional and cir-

culating IL-33 levels. IL-33 has also been correlated with

positive K€obner reaction in patients with psoriasis vul-

garis (PV),14 and accelerates atherosclerosis and osteo-

porosis in patients with psoriasis arthritis.15 However,

Athari et al. recently reported that the development of

imiquimod (IMQ) -induced psoriasis-like skin inflamma-

tion was not impaired in IL-33-deficient mice, whereas

Duan et al. reported that IL-33 aggravated psoriatic

inflammation by inhibiting autophagy and promoting

tyrosyl phosphorylation of signal transducer and activator

of transcription 3 (STAT3) in keratinocytes.16,17 Never-

theless, the role of IL-33 in psoriatic T cells, especially

Th17 cells, remains unknown.

Here, we sought to address the role of IL-33 in Th17

cells from individuals with psoriasis. We demonstrate, for

the first time, that in vitro IL-33 treatment inhibits IL-17

expression by CD4+ T cells isolated from the peripheral

blood mononuclear cells (PBMCs) of patients with PV

while enhancing the proportion of iNKT cells. Moreover,

in contrast to Duan et al., we found that subcutaneous

injection of IL-33 alleviated IMQ-induced psoriatic

inflammation in mice.

Materials and methods

Patients

The study was approved by the ethics committees of the

Shanghai Tenth People’s Hospital and was performed in

accordance with the Declaration of Helsinki. Patients

with moderate-to-severe PV (Psoriasis Area and Severity

Index score ≥10) were enrolled in the study. Exclusion

criteria were topical treatment within 2 weeks or sys-

temic therapy within 4 weeks. Healthy volunteers with-

out a family history of psoriasis were enrolled as healthy

controls. All participants had no other systemic diseases,

active infections, or autoimmune diseases. Ten patients

were treated with anti-TNF-a therapy (Remicade; Jans-

sen Biotech, Horsham, PA; 5 mg/kg, intravenously) at

weeks 0, 2, and 6, and then every 8 weeks. Skin and

blood samples were collected after enrollment and at

week 10. Written informed consent was obtained from

all patients and controls.

Enzyme-linked immunosorbent assay

Serum IL-33 levels were measured using a human IL-33

ELISA Kit (eBioscience, San Diego, CA) according to the

manufacturer’s instructions.

Histology and immunohistochemistry

Skin tissue sections were stained with hematoxylin &

eosin. Peroxidase inactivation in 3% H2O2 and heat

retrieval in 1 mM EDTA buffer (pH 8�0) were followed by

incubation in 5% bovine serum. The sections were

stained overnight with mouse anti-human IL-33 mono-

clonal antibodies (mAb) (1:30; Abcam, Cambridge, UK)

at 4° and incubated with rabbit anti-mouse immunoglob-

ulin G (IgG) at room temperature for 1 hr, which was

visualized with diaminobenzidine and counterstained with

hematoxylin. Images were captured using a Zeiss Axio-

scope.

RNA extraction and real-time quantitative PCR

RNA was extracted from human skin biopsy samples using

TRIzol (Invitrogen, Carlsbad, CA). Total RNA was reverse-

transcribed to complementary DNA with a reverse tran-

scription kit (TaKaRa Biotechnology, Shiga, Japan). RNA

expression levels were detected using SYBR Green quantita-

tive PCR (KAPA). The primer sequences were as follows:

b-actin [forward: 50-TGGCACCCAGCACAATGAA-30,
reverse: 50-TAAGTCATAGTCCGCCTAGAAGCA-30) and

IL-33 (forward: 50-CTGGTACTCGCTGCCTGTCAAC-30,
reverse: 50-ACCATCAACACCGTCACCTGATTC-30).

Mice and treatment

Wild-type C57BL/6 mice were purchased from the Beijing

Vital River Laboratory Animal Technology. The mice were

housed in a specific pathogen-free barrier unit. Experi-

ments were conducted when the mice were about 7 weeks

old. The mouse handling and experimental procedures

were in accordance with the requirements of the Institu-

tional Animal Care and Use Committee of Tongji Univer-

sity. For IMQ-induced psoriasis-like skin inflammation, a

daily dose of 60 mg 5% IMQ cream (Mingxin Pharmaceu-

ticals, Sichuan, China) was topically applied on the shaved

back skin of the mice for 6 consecutive days, and the mice

were killed on day 7. Control mice were treated with the

same amount of Vaseline. Mouse recombinant IL-33 (rIL-

33, 1 µg in 300 ll PBS; PeproTech, Rocky Hill, NJ) or PBS

was injected subcutaneously daily into the back skin of the

mice. Two researchers independently assigned a clinical

score of 0–4 (0, none; 1, mild; 2, moderate; 3, severe; 4,

very severe) for erythema, scaling, and thickness. Serum

was collected, and dorsal skin was harvested, fixed, and

paraffin-embedded. Skin-draining lymph nodes were
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collected, ground, and harvested through a 70-lm cell

strainer to obtain single-cell suspensions.

PBMC isolation

Peripheral blood mononuclear cells were freshly separated

from human peripheral blood using Ficoll-Paque Plus

(GE Healthcare, Chalfont St Giles, UK) according to the

manufacturer’s recommendations. The PBMC survival

rate was evaluated using trypan blue (Sangon Biotech,

Shanghai, China). CD4+ T cells were isolated from the

PBMCs. To expand iNKT cells, the PBMCs were stimu-

lated with a-galactosylceramide (aGalCer, 2 lg/ml, a kind

gift from Professor Qing-Sheng Mi of the Henry Ford

Health System).

CD4+ T-cell separation

CD4+ T cells were purified from the human PBMCs

according to an EasySep Human CD4+ T Cell Iso Kit

(Stemcell Technologies, Vancouver, Canada) user manual.

Flow cytometry showed that the CD4+ cell purity was

>98%. The purified cells were suspended in RPMI-1640

medium (Gibco, Grand Island, NY) containing 10% fetal

bovine serum (Gibco), seeded on 96-well plates (1 9 106

cells per well) with plate-bound anti-CD3 (1 µg/ml, Bio-

Gems, Westlake Village, CA), plate-bound anti-CD28

(0�5 µg/ml, BioGems), recombinant IL-2 (20 ng/ml,

PeproTech), and transforming growth factor-b (20 ng/ml,

PeproTech) with or without IL-33 (50 ng/ml, PeproTech).

Flow cytometric analysis

CD4+ T cells were treated in vitro with Cell Stimulation

Cocktail (eBioscience) for 5 hr to detect cytokine secre-

tion. Single-cell suspensions were pre-incubated with Fc

Receptor Blocking Solution (BioLegend, San Diego, CA)

for 10 min at room temperature. To identify dead cells,

the cells were first stained with Fixable Viability Stain 780

(BD Biosciences, Franklin Lakes, NJ) for 30 min at 4°.
Subsequently, the cells were stained for 30 min with sur-

face marker mAb in PBS containing 2% fetal bovine

serum at 4°. For detecting intracytoplasmic cytokines

(IC), the cells were fixed with IC Fixation Buffer (eBio-

science) for 30 min at 4°. For analyzing intranuclear tran-

scription factors, the cells were fixed with Fixation/

Permeabilization Diluent and Concentrate (eBioscience)

at 4° for 40 min. After fixation, the cells were stained

with intracellular mAb in Permeabilization Buffer (eBio-

science) at 4° for 30 min. The following human mAb

were used: fluorescein isothiocyanate-conjugated anti-

CD4 (Clone: OKT4, eBioscience), phycoerythrin (PE) -

conjugated anti-IL-17A (Clone: eBio64DEC17,

eBioscience), allophycocyanin (APC) -conjugated anti-

interferon-c (Clone: 4S.B3, eBioscience), PE/cyanine 7

(Cy7)-conjugated anti-IL-10 (Clone: JES3-9D7, eBio-

science), PE-conjugated anti-CD25 (Clone: BC96, eBio-

science), APC-conjugated anti-forkhead box P3 (FOXP3)

(Clone: 236A/E7, eBioscience), PE/Cy7-conjugated anti-

CD3 (Clone: UCHT1, BioLegend), and APC-conjugated

aGalCer:CD1d complex (a kind gift from Professor Qing-

Sheng Mi of Henry Ford Health System). The following

mouse mAb were used: APC-conjugated anti-CD3

(Clone: 17A2, BioLegend), Peridinin chlorophyll protein/

Cy5.5-conjugated anti-CD4 (Clone: RM4-5, BioLegend),

FITC-conjugated anti-CD4 (Clone: GK1.5, BioLegend),

PE-conjugated anti-IL-17A (Clone: eBio17B7, eBio-

science), PE/Cy7-conjugated anti-CD25 (Clone: PC61, BD

Biosciences), PE-conjugated anti-FOXP3 (Clone: MF23,

BD Biosciences), and PE-conjugated aGalCer:CD1d com-

plex (eBioscience). Data were acquired on a FACSCANTO

II (BD Biosciences) and analyzed using FLOWJO software

(Tree Star, Ashland, OR).

Cytometric bead array

Cytometric bead array (CBA) was used to detect the levels

of IL-4 in the supernatant of cultured CD4+ T cells and the

cytokines in the skin and serum of mice. Mouse skin tissues

were lyzed with radioimmunoprecipitation assay lysis buf-

fer (Beyotime Institute of Biotechnology, Shanghai, China).

Protein levels were determined using CBA (BD Pharmin-

gen) according to the manufacturer’s protocols. Data were

acquired on a FACSCANTO II (BD Biosciences) and ana-

lyzed using FCAP ARRAY software (BD Biosciences).

Statistical analysis

Statistical significance was assessed by two-tailed paired

or unpaired Student’s t-test or one-way analysis of vari-

ance with Bonferroni multiple comparisons t-test as

required. All analyses were performed using GRAPHPAD

PRISM software (GraphPad, San Diego, CA). Significant

differences were considered when P < 0�05.

Results

Patients with moderate-to-severe psoriasis had
increased IL-33 expression

Interleukin-33 is highly expressed in individuals with pso-

riasis. However, it remains unclear whether its expression

is upregulated in Chinese patients with psoriasis. There-

fore, we first detected IL-33 expression in the lesional

skin and serum of patients with moderate-to-severe pla-

que psoriasis and in people without psoriasis, i.e. the con-

trols. Consistent with previous studies, IL-33 and IL-17A

were highly expressed in the lesional skin of the patients

at mRNA level (Fig. 1a,b). The mRNA expression of

IL-33 was positively correlated with that of IL-17A
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(Fig. 1c). The results of immunohistochemistry staining

showed that the expression of IL-33 was also increased at

protein level (Fig. 1d,e). Furthermore, IL-33 was

expressed not only in the epidermis (Fig. 1d), but also in

the dermis (Fig. 1e), indicating that it was expressed by

not only keratinocytes, but also other cells in the patients.

The patients also had increased serum IL-33 levels

(Fig. 1f). We also found that although IL-17A mRNA

level was dramatically decreased after successful anti-TNF

therapy, IL-33 mRNA expression was not altered

(Fig. 1g), while the serum level of IL-33 tended to be

increased after therapy (Fig. 1h). Taken together, IL-33 is

highly expressed in Chinese patients with moderate-to-

severe plaque psoriasis, suggesting its role in the patho-

genesis of psoriasis.

IL-33 inhibited IL-17A expression while promoting
IL-4 production; it had no effect on interferon-c and
FOXP3 expression in patients’ CD4+ T cells

Given that Th17 cells are the major source of IL-17A in

individuals with psoriasis, we investigated the effect of

Figure 1. Interleukin-33 (IL-33) expression is markedly increased in individuals with moderate-to-severe psoriasis. (a) mRNA expression of IL-

33 in the skin of normal people (n = 16) and lesional skin of psoriasis patients (n = 16). (b) mRNA expression of IL-17A in the skin of normal

people (n = 6) and lesional skin of psoriasis patients (n = 6). (c) The correlation of the mRNA expression of IL-33 and IL-17A in the skin

(n = 12). (d,e) Immunohistochemical staining of IL-33 in the epidermis (d) and dermis (e) of skin of normal people (n = 10) and lesional skin

of psoriasis patients (n = 10). (f) Serum level of IL-33 of normal people (n = 15) and psoriasis patients (n = 25). (g) mRNA expression of IL-33

and IL-17A in the lesional of psoriasis patients before and after anti-tumor necrosis factor-a (TNF-a) therapy (n = 5). (h) Serum level of IL-33

of psoriasis patients before and after anti-TNF-a therapy (n = 10). Data show mean + SEM or mean � SEM. P-values were determined by

unpaired Student’s t-test. Correlation of the mRNA expression of IL-33 and IL-17A was determined by Pearson coefficient. **P < 0�01,
***P < 0�001 and ****P < 0�0001
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IL-33 on CD4+ T cells, particularly Th17 cells. CD4+ T

cells were isolated from patients’ PBMCs using magnetic

beads, and then treated with or without IL-33. After IL-

33 treatment, the proportion of IL-17A+ cells was

decreased, as was the geometric mean fluorescence inten-

sity of IL-17A (Fig. 2a,b), indicating that IL-33 can inhi-

bit Th17 cell differentiation and function. In contrast,

interferon-c (IFN-c) expression was not altered, nor was

its geometric mean fluorescence intensity, after IL-33

treatment (Fig. 2a,b). Intriguingly, the proportion of IL-

17A+ IFN-c+ cells was reduced in the IL-33 treatment

group as well (Fig. 2a,b), suggesting that IL-33 can fur-

ther inhibit the formation of pathogenic Th17 cells. Nev-

ertheless, the role of CD4+ IL-17A+ IFN-c+ T cells in

psoriasis remains unknown, but appears more important

than that of IL-17A single-positive CD4+ T cells in other

autoimmune diseases.18–20 We also found an increased

proportion of IL-17A+ IFN-c+ cells in the CD4+ T cells of

the patients (data not shown). Given that IL-33 is a

Th2-related cytokine, we tested the IL-4 levels in the

supernatant of cultured CD4+ T cells, and found

increased IL-4 expression in the supernatant of IL-33-

treated cells (Fig. 2c). As it was reported that IL-33 pro-

moted IL-10 production in Th17 cells,21 we investigated

whether IL-33 could also induce IL-10 production in

Th17 cells from the patients. Inconsistent with that previ-

ous study, IL-33 did not enhance IL-10 production in

Th17 cells (Fig. 2d). Considering that IL-33 can promote

Treg cell differentiation and proliferation, we investigated

whether the proportion of Treg cells would increase after

IL-33 treatment. Inconsistent with previous studies, IL-33

did not promote Treg cell differentiation and prolifera-

tion in the CD4+ T cells isolated from the patients

(Fig. 2f). We hypothesize that this may be because of the

inactivation of Treg cells in psoriasis or the indirect effect

of IL-33 on Treg cells.22 Finally, because iNKT cells can

inhibit Th17 cell differentiation and IL-33 can promote

iNKT cell proliferation,23 we investigated whether IL-33

could also enhance aGalCer-induced iNKT cell prolifera-

tion. Consistent with that previous study, the proportion

of iNKT cells was increased after IL-33 treatment

(Fig. 2f). Taken together, these data demonstrate that

IL-33 can inhibit Th17 cell differentiation and function in

patients with psoriasis, therefore IL-33 may play an anti-

inflammatory role in the pathogenesis of psoriasis.

IL-33 alleviated psoriatic inflammation in IMQ-
treated mice

Given that IL-33 could inhibit Th17 cell differentiation

and promote iNKT cell proliferation in vitro, we hypothe-

sized that IL-33 plays an anti-inflammatory role in the

development of psoriasis in vivo. To confirm this, we

investigated the effect of exogenous IL-33 on the develop-

ment of IMQ-induced psoriatic inflammation. IMQ was

applied topically to C57BL/6 mice for 6 days. Each mouse

was injected subcutaneously with rIL-33 (1 µg/300 µl) or

PBS for 6 consecutive days (Fig. 3a). At day 7, IL-33

treatment reduced skin inflammation and epidermal

thickness markedly compared with the PBS control treat-

ment (Fig. 3b,c). Hematoxylin & eosin staining confirmed

the phenotype that was observed in the mice (Fig. 3d,e).

Taken together, these data demonstrate that exogenous

IL-33 can attenuate the development of IMQ-induced

psoriatic inflammation in mice.

IL-33 altered cytokine production and cellular
phenotype in the IMQ-induced psoriasis mouse
model

To investigate the immunological mechanisms by which

IL-33 alleviated IMQ-induced mouse psoriatic inflamma-

tion, we collected mouse skin-draining lymph node and

skin samples to test the cytokine levels and immune cell

phenotypes. Consistent with the decreased skin inflam-

mation, the levels of two key pro-inflammatory cytokines,

i.e. TNF-a and IL-23, were significantly reduced in the

lesional skin of IL-33-treated mice (Fig. 4a). Further-

more, serum TNF-a levels were decreased in the IL-33-

treated mice (Fig. 4b). Nevertheless, we could not detect

IL-17A from all mouse skin samples and serum (data not

shown). Interleukin-10 could not be detected in any mice

of the IMQ + PBS group and although IL-10 levels were

increased in the IL-33-treated mice, there was no signifi-

cant difference (Fig. 4a). We also examined the cellular

phenotypes. Single-cell suspensions were prepared from

the skin-draining lymph nodes and stained for cell sur-

face and intracellular markers by flow cytometry. IL-17+

cells were decreased in the CD4+ T cells from the IL-33-

treated mice, whereas no difference was found in the cdT
cells, which were thought to be the main source of IL-

17A in the psoriasis mouse model (Fig. 4c,d). In contrast

to the in vitro study, FOXP3+ cells were increased in

CD4+ T cells from the skin-draining lymph nodes of IL-

33-treated mice (Fig. 4c,d). Furthermore, the proportion

of iNKT cells was significantly increased in the IL-33-

treated mice (Fig. 4d). In addition, skin-infiltrating T

cells and epidermal proliferated keratinocytes were

decreased in the IL-33-treated mice (Fig. 4e,f). Collec-

tively, these results indicate that IL-33 attenuates IMQ-

induced psoriatic inflammation by suppressing the Th17

response.

Discussion

In the present study, IL-33 was highly expressed in both

the lesional skin and the serum of patients with psoriasis,

which is consistent with previous studies.12,24,25 It has

long been suspected that IL-33 participates in the patho-

genesis of psoriasis, given the increased IL-33 expression
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Figure 2. Interleukin-33 (IL-33) suppresses T helper type 17 (Th17) cells in individuals with moderate-to-severe psoriasis. (a,b) The proportion

of IL-17A+ IFN-c–, IL-17A+ IFN-c+ and IL-17A– IFN-c+ cells and the geometric mean fluorescence intensity (gMFI) of IL-17A and interferon-c
(IFN-c) in CD4+ T cells from psoriasis patients (n = 17) treated with or without IL-33 (50 ng/ml) for 72 hr. (c) The supernatant level of IL-4 in

CD4+ T cells from psoriasis patients (n = 10) treated with or without IL-33 (50 ng/ml) for 72 hr. (d) The proportion of IL-10+ and IFN-c+ cells

in Th17 (CD4+ and IL-17A+) cells from psoriasis patients (n = 10) treated with or without IL-33 (50 ng/ml) for 72 hr. (e) The proportion of

regulatory T (Treg) (CD25+ and Foxp3+) cells in CD4+ T cells from psoriasis patients (n = 10) treated with or without IL-33 (50 ng/ml) for

72 hr. (f) The proportion of invariant natural killer T (iNKT) (CD3+ and aGalCer-CD1d+) cells in the peripheral blood mononuclear cells

(PBMCs) from psoriasis patients (n = 10) treated with aGalCer and with or without IL-33 (50 ng/ml) for 72 hr. Data show mean + SEM.

P-values were determined by paired Student’s t-test. ns, no significance, *P < 0�05, **P < 0�01, ***P < 0.001 and ****P < 0.0001

Figure 3. Subcutaneous injection of interleukin-33 (IL-33) alleviates imiquimod (IMQ) -induced murine psoriatic inflammation. (a) Schematic

representation of the plan with the injection of PBS or IL-33 on mice treated with IMQ. (b) Representative photos of the lesional skin of mice

from each group. (c) The disease severity scoring of the mice from each group based on scaling, erythema, and skin thickness from day 1 to day

7. (d) Representative hematoxylin & eosin staining of skin sections of mice from each group on day 7 (bar = 200 um). (e) Epidermal thickness

and infiltrating inflammatory cells of the skin sections of mice from each group on day 7. Each group contains six mice and all experiments were

repeated at least twice. Data show mean + SEM. P-values were determined by one-way analysis of variane with Bonferroni multiple-comparisons

t-test. *P < 0�05, **P < 0�01 and ***P < 0�001

ª 2020 John Wiley & Sons Ltd, Immunology, 160, 382–392 387

Suppressive role of IL-33 in psoriasis



Control IMQ+PBS

PBS 300 µl/day

(a)

Day

Vaseline 60 mg/day

IL-33 1µg/day

IMQ 60 mg/day

IMQ+IL-33

IMQ 60 mg/day

0 1 2 3 4 5 6 7

Shaving Sacrifice

Day

(b) (c)

Control

D
is

ea
se

 s
ev

er
ity

10

8

6

4

2

0
1 2 3 4 5

Day

IMQ+IL-33IMQ+PBSControl
(d)

(e) ***150 40

D
er

m
al

 IN
fil

tr
at

in
g

C
el

ls
/(

10
4 )

 µ
m

2

30

20

10

0

100

E
pi

de
rm

al
 th

ic
kn

es
s 

(µ
m

)

50

0

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

*** ** **

6 7

****

*

IMQ+PBS
IMQ+IL-33

Control IMQ+PBS IMQ+IL-33

0 1 2 3 4 5 6 7

Shaving Sacrifice

Day 0 1 2 3 4 5 6 7

Shaving Sacrifice

ª 2020 John Wiley & Sons Ltd, Immunology, 160, 382–392388

Z. Chen et al.



400 6

IL
-2

3 
(p

g/
µµ

g)

4

2

0

6 0·25 Control
IMQ+PBS
IMQ+IL-33

Control
IMQ+PBS

IMQ+PBS

IMQ+IL-33

IMQ+IL-33
1·8 1·2 1·3

1·2

1·1

1·0

0·9

0·8

C
D

4%
 C

D
3

(f
ol

d 
ch

an
ge

)

C
D

8%
 C

D
3

(f
ol

d 
ch

an
ge

)

1·1

1·0

0·9

0·8

**

C
D

3%
(f

ol
d 

ch
an

ge
)

γδ
T

%
C

D
3

(f
ol

d 
ch

an
ge

)

1·6

1·4

1·2

1·0

0·8

2·0
* * *

* *

1·8

1·0

0·5

0·0

2·0 1·5

1·0

0·5

0·0

40

D
er

m
al

 In
fil

tr
at

in
g

C
D

3+
C

el
ls

/(
10

4)
  µ

m
2

** **

30

20

10

0

250

E
pi

de
rm

al
 k

i6
7+

 c
el

ls
/H

P
F

*** ***200

150

100

50

0

T
h1

7 
%

C
D

4
(f

ol
d 

ch
an

ge
)

T
re

g 
%

C
D

4
(f

ol
d 

ch
an

ge
)1·8

1·0

0·5

0·0

0·20

0·15

0·10

0·05

0·00

IL
-1

0 
(p

g/
µg

)

IF
N

- γ
 (

pg
/µ

g)

IF
N

- γ
 (

pg
/m

l)

4

2

0

**** *
*

T
N

F
- α

 (
pg

/µ
g)

T
N

F
- α

 (
pg

/m
L)

(a)

(b)

(c)

(e)

(f)

(d)
Control

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

IM
Q+P

BS

IM
Q+I

L-
33

Con
tro

l

TH17
0·81

Treg
0·84

Treg
0·82

Treg
1·00

TH17
1·02

TH17
0·78

IMQ+PBS

CD4

C
D

4

FOXP3

IMQ+IL-33Control

IMQ+PBS IMQ+IL-33Control

IMQ+PBS IMQ+IL-33Control

IL
-1

7A

80 50

40

30

20

10

0

* *

60

40

20

0

300

200

100

0

ª 2020 John Wiley & Sons Ltd, Immunology, 160, 382–392 389

Suppressive role of IL-33 in psoriasis



in patients and the effect of IL-33 on various immune

cells.12,24,25 However, the possible role of IL-33 in psoria-

sis remains unclear.

The Th17 cells are some of the most important cells

that participate in the pathogenesis of psoriasis.26 They

can secrete various pro-inflammatory cytokines, such as

IL-17A and IL-22, to promote the inflammatory

responses, particularly in psoriasis.26 Biological agents tar-

geting the upstream and downstream cytokines (e.g. IL-

23 and IL-17A) of Th17 cells have achieved great success

for treating psoriasis, further proving the vital role of

Th17 cells in psoriasis.27–31 Therefore, we investigated the

effect of IL-33 on the Th17 cells of patients with psoriasis.

Intriguingly, our results revealed a suppressive role of IL-

33 in Th17 cell differentiation and function, indicating

that IL-33 might also play an anti-inflammatory role in

psoriasis.

Imbalance of Th17 and Treg cells is present in many

autoimmune diseases, including psoriasis.32 Treg cells

perform their suppressive function both by cell-contact

mechanisms that involve specific cell-surface receptors

and by secreting inhibitory cytokines such as IL-10 and

transforming growth factor-b.33 Interleukin-33 can

enhance Treg cell differentiation and proliferation,34–36 in

contrast, our in vitro study showed that IL-33 had no

effect on the Treg cells of individuals with psoriasis. One

possible explanation is the Treg cell dysfunction in psori-

asis, and another explanation is that the previous studies

were in vivo studies, suggesting that IL-33 may act indi-

rectly on Treg cells.

Other than Th17 cells and Treg cells, other immune

cells are involved in the pathogenesis of psoriasis. Invari-

ant NKT cells are a subpopulation of T cells with both T

cell and natural killer cell characteristics. The expression

IL-17A

IL-33

Th17

Th17

Tc17γδ T17

Figure 5. Summary of interleukin-33 (IL-33) actions in psoriatic inflammation. IL-17-producing T cells [T helper type 17 (Th17), IL-17-produc-

ing cdT (cdT17) and IL-17-producing CD8+ T (Tc17) cells] produce and secrete large amounts of IL-17A under the inflammatory microenviron-

ment of psoriasis. Then IL-17A acts on keratinocytes to promote the IL-33 expression. On the one hand, the increased IL-33 from keratinocytes

or other cells in the dermis, such as fibroblasts, can promote the proliferation of keratinocytes to aggravate the psoriatic inflammation, but on

the other hand, inhibit the differentiation and function of Th17 cells to remit the psoriatic inflammation

Figure 4. Interleukin-33 (IL-33) altered the expression of inflammatory cytokines and T-cell subpopulations of skin-draining lymph nodes in

imiquimod (IMQ) -treated mice. (a) The protein level of tumor necrosis factor-a (TNF-a), IL-23, IL-10 and interferon-c (IFN-c) of the skin of

mice from each group. (b) The serum level of TNF-a and IFN-c of the mice from each group. (c,d) The proportion of T-cell subpopulations in

the skin-draining lymph nodes of mice from each group. (e) Immunohistochemical staining of CD3 in the skin of mice from each group. (f)

Immunohistochemical staining of Ki67 in the skin of mice from each group. Each group contains six mice and all experiments were repeated at

least twice. Data show mean + SEM. P-values were determined by one-way analysis of variance with Bonferroni multiple-comparisons t-test.

*P < 0�05, **P < 0�01, ***P < 0�001 and ****P < 0�0001
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levels of IFN-c and CCR5 in iNKT cells of psoriatic

lesional skin have been correlated positively with the pro-

gression of psoriasis,37 whereas others have shown that

iNKT cells can suppress Th17 cell differentiation,38 sug-

gesting an anti-inflammatory role of iNKT cells in psoria-

sis. As IL-33 can enhance iNKT cell proliferation,23 we

wanted to explore whether this was also the case in psori-

asis. Consistent with that previous study, IL-33 increased

the proportion of iNKT cells in PBMCs, further suggest-

ing the anti-inflammatory role of IL-33 in psoriasis,

although further studies are needed.

Herein, we investigated the effect of IL-33 on a psori-

atic mouse model. Given that IMQ-induced psoriatic

inflammation was not altered in IL-33-deficient mice,16

we wanted to know whether exogenous IL-33 treatment

would have an effect on this model. Although it has been

indicated that subcutaneous injection of low-concentra-

tions of IL-33 aggravates IMQ-induced mouse psoriatic

inflammation,17 and IL-33 is considered a pro-inflamma-

tory cytokine in psoriasis based on its enhancement of

pro-inflammatory cytokine expression in mast cells8 or

promotion of keratinocyte proliferation,39 our results

indicate that treatment with high concentrations of IL-33

markedly decreased disease severity in IMQ-induced

mouse psoriasis. Moreover, the cytokine profile of the

lesional skin confirmed the observation of the phenotype.

This finding proves our in vitro results. As to why psori-

atic inflammation was not altered in the IL-33-deficient

mice,16 we believe that IL-33 balances its anti-inflamma-

tory and pro-inflammatory roles during the pathogenesis

of psoriasis (Fig. 5).

In conclusion, our data suggest that IL-33 also partici-

pates in the pathogenesis of psoriasis in an anti-inflam-

matory role through its suppressive effect on Th17 cells.

Our results suggest that IL-33 may be a potential thera-

peutic target in psoriasis.
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