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Abstract

Background: IL36RN encodes the IL-36 receptor antagonist (IL-36Ra), 

and loss-of-function mutations in IL36RN define a recessively inherited 

autoinflammatory disease named “deficiency of IL-36Ra” (DITRA). 

DITRA causes systemic autoinflammatory diseases, including generalized 

pustular psoriasis (GPP), an occasionally life-threatening disease that is 

characterized by widespread sterile pustules on the skin, fever and other 

systemic symptoms. GPP can present at any age, and provocative factors 

include various infections, medicines and pregnancy.

Objective: We aimed to elucidate the role of toll-like receptor 4 (TLR4) 

signaling in DITRA and to innovate an efficient treatment for DITRA.

Methods: We generated Il36rn-/- mice and treated them with TLR4 agonist 

to establish DITRA model mice. Furthermore, we administrated TLR4 

antagonist TAK-242 to the model mice to inhibit the DITRA symptoms.

Result: Il36rn-/- mice treated by TLR4 agonist showed autoinflammatory 

symptoms in skin, articulation and liver. Thus, we established model mice 

for DITRA or GPP that show cutaneous, articular, and hepatic 

autoinflammatory symptoms typical of DITRA or GPP: sterile pustules on 

the skin, liver abscesses and enthesitis of the hind paws. Additionally, these 

symptoms were canceled by TAK-242 administration. We demonstrated 

the inhibitory effects of the TLR4 antagonist TAK-242 on the 

autoinflammatory symptoms exhibited by the DITRA models.

Conclusion: We suggested that blockage of TLR4 signaling is a promising 

treatment for DITRA and GPP.
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1 Introduction 

IL36RN, also known as IL1F5, encodes the IL-36 receptor 

antagonist (IL-36Ra), which is an antagonist of IL-1-family cytokines. 

Loss-of-function mutations in IL36RN define a recessively inherited 

autoinflammatory disease named “deficiency of IL-36Ra” (DITRA) [1]. 

DITRA was first described in a subgroup of patients with generalized 

pustular psoriasis (GPP) [1, 2], which is a life-threatening disorder 

characterized by recurrent episodes of severe skin inflammation, with 

pustule development associated with fever, malaise, and extracutaneous 

involvement, including arthritis and neutrophilic cholangitis [2-4]. GPP 

skin lesions present recurrent sterile pustules with flush on the whole body. 

Psoriasis vulgaris (PV) exhibits multiple, hyperkeratotic erythematous 

plaques with scales. PV and GPP are variants of “psoriasis” which is an 

inflammatory skin disease with accelerated turnover of the epidermal 

keratinocytes. We reported that the majority of GPP without PV cases in 

Japanese are caused by mutations in IL36RN [2]. IL36RN mutations are 

thought to be a major predisposing factor for GPP, although certain 

triggering stimuli, such as TLR4 agonist activation, are probably needed 

for the onset of GPP. IL-36Ra is an IL-1 family cytokine, is an antagonist 

of the IL-36 receptor (IL-36R; also named IL-1RRP2 or IL-1RL2) and 

inhibits the activity of IL-36α, IL-36β, and IL-36γ (originally named IL-

1F6, IL-1F8, and IL-1F9, respectively), which are also members of the IL-1 

family of cytokines and are IL-36R agonists [5-9]. IL-1 is a major mediator 

of inflammation and exerts effects on the neuro-immuno-endocrine system. 

The IL-1 system is composed of the two agonist ligands IL-1α and IL-1β 

[10]. IL-1β is known to be derived from neutrophils and macrophages [11]. 

These cytokines activate several proinflammatory signaling pathways, such 



7

as the nucleolar factor-κB and mitogen-activated protein-kinase pathways, 

which play important roles in innate immunity [12, 13]. Recently, IL-36 

cytokines have attracted much attention for their important role in the 

initiation of psoriasis [1, 14]. 

In the past few years, a murine model of PV was generated by 

activation of TLR7, which recognizes viral single-stranded RNA [15, 16]. 

Il36rn-/- mice that were administered with a TLR7 agonist displayed more 

severe phenotypes associated with psoriasis vulgaris [17]. Although these 

models successfully reproduce the simple, acute skin inflammation of PV, 

they only partially reproduce the symptoms of DITRA. Concerning other 

TLRs, recent findings have indicated the importance of TLR4 and 

persistent inflammation in the development of obesity [18]. Moreover, 

Ballak et al. [19] reported that in obese mice, TLR4-signaling activation 

was attenuated by IL-37, which is an antagonist of IL-1-family cytokines. 

Therefore, we focused on the role of TLR4 instead of TLR7 in the onset of 

autoinflammatory reactions associated with DITRA. In this study, we 

established a model of autoinflammatory syndromes associated with 

DITRA via TLR4 activation in Il36rn-/- mice and successfully inhibited the 

onset of DITRA-related symptoms by using a selective TLR4 antagonist.
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2 Methods

2.1 Mice. Il36rn+/- mice (Accession No. CDB1242K: 

http://www2.clst.riken.jp/arg/mutant%20mice%20list.html) were generated 

using a targeting vector designed to eliminate a part of exon 1 through the 

entire exon 3 by homologous recombination (Fig. 1a). A C57BL/6N 

embryonic stem cell line, HK3i [20], was transfected with the targeting 

vector by electroporation. We obtained F1 heterozygous mice by mating 

them to wild-type mice. Then, we intercrossed Il36rn+/- mice to generate 

Il36rn-/- mice. Males at 8–12 weeks were included in the experiment, and 

no randomization or blinding was used. Genotypes of the mice were 

determined by PCR analysis of the tail tissue DNA using the following 

primers: P1 (5’-ATGCATCCAAAGGCAGGTAA), P2 (5’- 

GCTTGGCTGGACGTAAACTC), P3 (5’- 

TGGAGCTCATGATGGTTCTG) and P4 (5’- 

AGGATCCTGCTCAGTTCTTCC). Primer sets P1-2 and P3-4 correspond 

to knockout allele 293bp and WT allele 205bp (Fig. 1b). 

2.2 Antibodies, receptor agonists, and antagonists

Antibodies, receptor agonists, and antagonists used in this study for in vivo 

treatment were as follows: anti-mouse IL-17a antibody (catalog number: 

16-7173-85; eBioscience, San Diego, CA, USA), mouse IgG1 K-isotype 

control functional grade purified antibody (catalog number: 16-4714-85; 

Biolegend, San Diego, CA, USA), TLR4 agonist lipopolysaccharide (LPS; 

catalog number: L3024; Sigma-Aldrich, St. Louis, MO, USA), TLR4 

antagonist TAK-242 (catalog number: CS-0408; Chemscene, Monmouth 

Junction, NJ, USA), and CXCR2 antagonist SB225002 (catalog number: 

13336; Cayman Chemical, Ann Arbor, MI, USA).
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2.3 Hair removal from the back skin

The back skin of male WT mice or Il36rn-/- mice at 8–12 weeks of age was 

shaved with an electric clipper using depilatory cream (Epilat Kracie 

Sensitive Skin Hair Removal Cream; Kracie, Tokyo, Japan) 6 days prior to 

treatment.

2.4 Establishment of an imiquimod (IMQ)-induced psoriasis model

WT and Il36rn-/- mice were treated with topical application of 

commercially available 5% IMQ cream (Beselna Cream; kindly gifted by 

Mochida Pharmaceutical, Tokyo, Japan) at 62.5 mg IMQ per day for 5 

consecutive days (from Days 1 to 5; the first IMQ application was done on 

Day 1; Fig. 2a). Il36rn-/- mice were treated with intraperitoneal injection of 

5 mg/kg of the anti-IL-17a antibody or the control antibody on Day 0, or 3 

mg/kg of the CXCR2 antagonist daily from Days 0 to 4 (Fig. 2a). Six hours 

after IMQ administration on Day 2, the mice were anesthetized and tissue 

samples from the back skin were collected for qualitative real-time PCR 

(qRT-PCR). On Day 6, the mice were anesthetized, and tissue samples 

from the back skin were collected for histopathologic and 

immunohistochemical (IHC) observation (Fig. 2a).

2.5 LPS-induced skin lesions and liver abscesses associated with 

deficiency of IL-36 receptor antagonist (DITRA) mice and inhibition 

by TLR4 antagonist

The mice received subcutaneous injection of LPS [3 g dissolved in 50 L 

distilled water (DW)] (50 l) in the back skin once daily (Fig. 3a). Il36rn-/- 
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mice were treated with intraperitoneal injection of 5 mg/kg TAK-242 or 

vehicle [dimethyl sulfoxide (DMSO) solution] from Days 0 to 2. TAK-242 

dissolved in DMSO (10 mg/mL) was diluted in DW. The Il36rn-/- mice 

were also treated with the intraperitoneal injection of the anti-IL-17a 

antibody or the control antibody (5 mg/kg on Day 0) or 3 mg/kg of the 

CXCR2 antagonist daily from Days 0 to 2. On Day 2, the mice were 

anesthetized, and skin-tissue samples were collected from the back for 

qRT-PCR and enzyme-linked immunosorbent assay (ELISA) 4 h after LPS 

injection. At 4 h after LPS administration on Day 2, mice were anesthetized 

and tissue samples from the back skin and the liver were collected for qRT-

PCR and ELISA. On Day 3, mice were anesthetized, and tissue samples of 

the back skin and liver were collected for qRT-PCR, histopathological 

observation, and IHC analysis. Inguinal lymph nodes were also collected 

for fluorescence-activated cell sorting (FACS) analysis on Day 3 (Fig. 3a). 

The areas of erythema and those of abscess/edema in the LPS-injected sites 

(22 cm square) were independently scored using four-point scoring 

systems from 0 to 3. Areas of erythema were scored as 0, none; 1, less than 

25%; 2, 25% to 75%; 3, above 75%. Areas of abscess/edema were scored 

as 0, none; 1, less than 10%; 2, 10% to 50%; 3, above 50%. The severity 

indices of skin lesions were evaluated as the sum of both scores.

2.6 LPS-induced enthesitis associated with DITRA, and prevention by 

TLR4 antagonist

Mice received an intraplantar injection (e.g., into the subcutaneous tissue of 

the plantar surface of the paw) of LPS (300 ng/paw) or DW daily for 3 days 

(Fig. 6b). Il36rn-/- and WT mice were treated with an intraperitoneal 
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injection of 5 mg/kg TAK242 or vehicle (DMSO solution) from Days 0 to 

3. At 6 h after the final injection on Day 3, the thickness of the hind paw 

was measured by micrometer (Quick-Mini; Mitsutoyo Corp., Kawasaki, 

Japan), and hind-paw tissue samples were collected for qRT-PCR and 

histopathological analysis (Fig. 6b). 

2.7 Measurement of cytokine levels

Cytokine concentrations in the back skin, liver and hind paw were 

measured by ELISA. Three samples of 3-mm-thick punch biopsies were 

obtained from the back skin of mice and were flash-frozen in liquid 

nitrogen. The biopsy tissue fragments were homogenized in 400 L 

phosphate-buffered saline (PBS) with Complete Protease Inhibitor Tablets 

(Roche, Basel, Switzerland) by a rotor homogenizer (Tissue Lyser LT; 

Qiagen, Hilden, Germany) and shaken in the solution at 4C for 4 h. The 

supernatant was collected after centrifugation at 12,000 g for 5 min at 4C. 

Total protein concentrations were measured by ultraviolet absorption 

spectrometry (NanoVue Plus; GE Healthcare, Tokyo, Japan). The 

concentrations of CXCL1, CXCL13, IL-1β and IL-17 in 10 g total protein 

from skin tissue samples per single well were measured by commercially 

available ELISA kits according to the manufacturer’s protocol (Duo Set, 

R&D Systems. Minneapolis, MN, USA).

2.8 Extraction of total RNA and qRT-PCR

We isolated total RNA from the back-skin and hind-paw tissue samples 

using the RNeasy Fibrous Tissue Mini Kit (Qiagen) and from the liver-

tissue samples using the RNeasy Mini Kit (Qiagen). We reverse-

transcribed 250 ng total RNA using the Prime Script RT Reagent Kit 
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(Takara, Shiga, Japan) according to manufacturer instructions, and the 

recovered cDNA was diluted 10-fold with DW for qRT-PCR. mRNA 

expression levels were measured by qRT-PCR using the Light Cycler 

System (Roche). The PCRs were set up in microcapillary tubes in a 10-L 

reaction consisting of 2.5 L of diluted cDNA solution, and the PCR 

program was set according to the manufacturer’s instructions. Primers and 

probes used for qRT-PCR are listed in Supplementary Table 1.

2.9 Histopathological observations and IHC

Samples from the back skin, liver, and hind paw were fixed in 4% 

paraformaldehyde and embedded in paraffin. Tissue sections were 

deparaffinized and stained with hematoxylin and eosin (H&E). IHC was 

performed using the Vectastain ABC peroxidase kit (Vector Laboratories, 

Burlingame, CA, USA) as described previously[21], with slight 

modifications. Briefly, thin sections (4 m) were cut from samples 

embedded in paraffin blocks and immersed in 0.01 M citric acid buffer 

containing 1 mM ethylenediaminetetraacetic acid for 5 min at 98C for 

anti-TLR4 antibody staining, or immersed in 20 g/mL proteinase K for 3 

min at room temperature for anti-macrophage antibody staining. After the 

endogenous peroxidase activity was blocked with 0.3 % H2O2/methanol, 

the sections were incubated for 30 min in PBS with 4% bovine serum 

albumin (BSA) for blocking, followed by incubation overnight at 4C with 

a primary rat anti-mouse F4/80 (clone A3-1) monoclonal antibody (catalog 

number: MCA497; Bio-Rad, Hercules, CA, USA) diluted to 1:100 or a 

primary rabbit anti-mouse TLR4 antibody (catalog number: Ab47093; 

Abcam, Cambridge, UK) diluted to 1:50. Sections were then incubated 

with biotin-conjugated goat anti-rat IgG antibody or goat anti-rabbit IgG 
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antibody for 60 min at room temperature and visualized according to the 

manufacturer’s protocol.

2.10 Flow cytometric analysis. After blocking with Fc Block (BD 

Bioscience) in PBS containing 3% BSA, inguinal lymph node cells were 

stained with anti-mouse γδTCR-APC antibody (catalog number: 17-5711; 

eBioscience), anti-mouse TCRβ-PE antibody (catalog number: 12-5961; 

eBioscience), anti-mouse Gr-1-APC-eFluor780 antibody (catalog number: 

47-5931; eBioscience), anti-mouse CD3-PECy7 (catalog number: 552774; 

BD Bioscience), anti-mouse CD19-PE antibody (clone 1D3; BD 

Bioscience), anti-mouse Siglec-F-PE antibody (clone E50-2440; BD 

Bioscience), anti-mouse CD11b-PerCP-Cy5.5 (clone M1/70; BD 

Bioscience), anti-CD11c-biotin antibody (clone HL3; BD Bioscience) plus 

streptavidin-Pacific Blue (catalog number: S11222; Invitrogen), and/or 

αGarCer-CD1d-APC (catalog number: E001-4; Proimmune). Flow 

cytometric analysis was performed using a BD FACS Canto II workstation 

(BD Bioscience) with FlowJo data analysis software (FLOWJO, LLC) as 

described previously [22]. CD3-CD19+, CD3+CD19-, CD3+γδTCR+, 

TCRβ+α-GarCer/CD1d+, CD11c+Siglec-F-, CD11c-Siglec-F+, CD11bhighGr-

1high, and CD11blowGr-1- cells were indicators of B cells, T cells, γδT cells, 

natural killer (NK) T cells, dendritic cells, eosinophils, neutrophils, and 

macrophages, respectively.

2.11 Skin-permeability assay

Transepidermal water loss (TEWL) was measured on live mice by 

evaporimeter (AS-VT100RS; Asahibiomed Corp, Tokyo, Japan). The AS-

VE-100RS utilizes the ventilated-chamber method for measuring TEWL, 
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and TEWL measurements were performed on the backs of the mice at the 

skin biopsy sites immediately before biopsy.

2.12 Statistical analyses

Data of qRT-PCR, ELISA, flow cytometric analysis, skin-permeability 

assay and measurements of skin erythema areas, abscess/edema areas and 

hind-paw thickness were presented as mean±SD and analyzed by one-way 

Student’s t test. Significant differences were shown as ***P<0.001, 

**P<0.01, *P<0.05.

2.13 Study approval

All studies and procedures were approved by the Committee on Animal 

Experimentation of Nagoya University and RIKEN Kobe.
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3 Results

3.1 IMQ-induced psoriatic skin inflammation in Il-36rn-/- mice 

We generated Il36rn-/- mice (see additional information in the Methods 

section in this article’s Online Repository) (Fig. 1a, b). We observed 

several Il36rn-/- and Il36rn+/- mice for 1 year and dissected them, but no 

spontaneous psoriasiform dermatitis nor liver abscesses were present. Thus, 

we established IMQ-induced psoriasiform dermatitis in Il36rn-/- mice by 

topical application of IMQ to the back skin (see additional information in 

the Methods section in this article’s Online Repository) (Fig. 2a). The 

Il36rn-/- mice showed manifestations of psoriasis, such as scaling, erythema, 

and thickening of the skin, that were more severe than the manifestations 

shown by WT mice (Fig. 2b). Consistent with clinical features, H&E-

stained sections of IMQ-treated Il36rn-/- mouse skin demonstrated 

acanthosis, parakeratosis, and disturbed keratinocyte differentiation that 

were more severe than those in IMQ-treated WT mouse skin (Fig. 2b). 

These results were in agreement with those of previous studies [17, 23].

We then treated IMQ-induced psoriasis model Il36rn-/- mice with 

the anti-IL-17a antibody and the CXCR2 antagonist to elucidate the 

cytokines responsible for neutrophil recruitment (Fig. 2a). IL-17a is a Th-

17 cytokine, and mice do not have an ortholog of human IL-8. However, 

mouse neutrophils express a receptor homologous to human CXCR2 that 

mediates neutrophil chemotaxis in response to human IL-8 and whose 

ligands are CXCL1 and CXCL2 [24, 25]. The anti-IL-17a antibody and the 

CXCR2 antagonist attenuated the clinical symptoms to some extent (Fig. 

2b), and the anti-IL-17a antibody significantly diminished skin-barrier 

disruption as measured by transepidermal water loss (TEWL) (Fig. 2c). 

Consistent with the diminution of clinical symptoms, histological features 
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were attenuated significantly in Il36rn-/- mice treated with the anti-IL-17a 

antibody and the CXCR2 antagonist (Fig. 2b).

Cxcl1 and Il36a mRNA levels measured with quantitative real-time 

polymerase chain reaction (qRT-PCR) were significantly elevated in the 

skin of IMQ-treated WT and Il36rn-/- mice (Fig. 2d), while Il1b, Cxcl2, 

Il17a, and Tnf mRNA levels were elevated, though not significantly, in the 

skin of IMQ-treated WT and Il36rn-/- mice. Cxcl1, Cxcl2, Il1b, and Il17a 

mRNA expression levels decreased in Il36rn-/- mice treated with the anti-

IL-17a antibody and the CXCR2 antagonist (Fig. 2d). Collectively, these 

results suggest that the CXCL1 and IL-17a pathways play an important role 

in IMQ-induced psoriasis in Il36rn-/- mice. However, the IMQ-induced skin 

manifestations in Il36rn-/- mice only partially reproduced the symptoms of 

DITRA; they did not reproduce the pustular lesions. We thought that this 

model presented PV skin lesions, but not DITRA or GPP skin lesions. Thus, 

we tried activation of another TLR pathway, TLR4, described in Section 

2.5.

3.2 LPS-induced skin lesions associated with DITRA in Il36rn-/- mice

From our abovementioned thought that the activated TLR4-signaling 

pathway is associated with continuous inflammation in Il36rn-/- and 

Il36rn+/- mice, we addressed the role of the TLR4 pathway in 

pathomechanisms of DITRA. Lipopolysaccharide (LPS), a structural 

component of the outer membrane of Gram-negative bacteria, is recognized 

by TLR4 and initiates downstream signaling via MyD88, TIRAP/Mal, IL-

1R-associated kinases 1, 2, and 4, and TNFR-associated factor-6 [26, 27]. 

Additionally, TLR4 activation leads to the initiation of a proinflammatory 
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cascade [28]. We established an LPS-induced model of pustular skin 

lesions associated with DITRA in Il36rn-/- mice by subcutaneous injection 

of LPS (Fig. 3a). Il36rn-/- mice receiving subcutaneous injection of LPS (3 

g) revealed severe skin abscesses and erythemas, while similarly treated 

WT mice showed only mild erythematous lesions and slight abscesses (Fig. 

3b, c and Fig. S1). Consistent with the clinical features, H&E-stained 

sections of the LPS-treated Il36rn-/- mouse skin demonstrated neutrophilic 

infiltration and hemorrhage in the dermis that were more prominent than 

those of LPS-treated WT mice (Fig. 3b). LPS-treated WT and Il36rn-/- mice 

demonstrated macrophage infiltration in the dermis (Fig. 3b), whereas LPS-

treated Il36rn-/- mice demonstrated elevated TLR4 expression in the dermis 

as compared with LPS-treated WT mice (Fig. 3b). Cxcl1 and Il6 mRNA 

were more greatly elevated in the skin of LPS-treated Il36rn-/- mice than in 

the skin of LPS-treated WT mice on Day 2 (Fig. 3e), and Tnf, Il1b, Il36a, 

and Il36g mRNA were elevated in the skin of both the LPS-treated Il36rn-/- 

mice and the LPS-treated WT mice on Day 2 (Fig. 3e), although Il17a 

mRNA levels never increased (data not shown). CXCL1, CXCL13, and IL-

1β cytokine levels as detected by enzyme-linked immunosorbent assay 

(ELISA) were more elevated in the skin of LPS-treated Il36rn-/- mice than 

in LPS-treated WT mice on Day 2 (Fig. 3f). However, IL-17a 

concentrations did not increase in LPS-treated Il36rn-/- or WT mice (Fig. 

3f). These findings indicate that LPS-induced DITRA-related skin lesions 

were established in Il36rn-/- mice by TLR4 pathway activation.

3.3 LPS-induced liver abscesses in Il36rn-/- mice

LPS-induced Il36rn-/- DITRA mice exhibited both skin and hepatic lesions. 

LPS-induced Il36rn-/- mice with pustular skin lesions associated with 
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DITRA also exhibited focal liver abscesses, whereas LPS-treated WT mice 

did not exhibit liver abscesses (Fig. 4a, b). Consistent with the clinical 

features, H&E-stained sections of the liver from LPS-treated Il36rn-/- mice 

demonstrated focal abscesses with neutrophilic infiltration and neutrophilic 

cholangitis in the liver. The abscess areas were surrounded by macrophage 

infiltration (Fig. 4a). Cxcl1 mRNA levels were more significantly elevated 

in the livers of LPS-treated Il36rn-/- mice than in those of LPS-treated WT 

mice on Day 3 (Fig. 4d). Additionally, Il1b, Il6, Tnf and Il36g mRNA 

levels were elevated in the livers of both LPS-treated Il36rn-/- and WT mice, 

but without significant differences on Day 2 (Fig. 4d). Il17, Il36a and Il36b 

mRNA expression was not detected in the livers of either LPS-treated 

Il36rn-/- or WT mice (data not shown). These findings indicate that the 

LPS-induced Il36rn-/- DITRA mice exhibited hepatic abscesses via CXCL1 

signaling.

3.4 Flow cytometric analysis of inguinal lymph node cells

We then performed flow cytometric analysis of inguinal lymph node cells 

to clarify whether LPS administration to the skin evoked a systemic 

immune reaction. The B cell counts significantly were significantly 

elevated in the lymph nodes of LPS-treated Il36rn-/- mice compared with 

those of control non-LPS-treated Il36rn-/- mice or LPS-treated WT mice 

(Fig. 5a). The γδ cell count increased slightly in both LPS-treated WT and 

Il36rn-/- mice (Fig. 5b). However, macrophages, natural killer T cells, 

dendritic cells, eosinophils and neutrophils did not increase in either the 

LPS-treated WT or Il36rn-/- mice (Fig. 5c, d, e).
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3.5 LPS-induced enthesitis associated with DITRA in Il36rn-/- mice

We discovered spontaneous arthritis in Il36rn+/- and Il36rn-/- mice that was 

likely induced by continual insult and minor injuries (Fig. 6a). Therefore, 

our assessment was that continual insult and infection trigger DITRA-

related arthritis (enthesitis) in Il36rn+/- and Il36rn-/- mice. We then 

investigated the development of LPS-induced DITRA-related enthesitis in 

Il36rn-/- mice by intraplantar LPS injection (Fig. 6b). The hind paws of 

Il36rn-/- mice that had received 300 ng LPS were significantly thicker than 

those of WT mice (Fig. 6c, d). H&E-stained sections from the hind paws of 

LPS-treated Il36rn-/- mice demonstrated more prominent neutrophilic 

infiltration than in those of LPS-treated WT mice (Fig. 6c). We also 

detected increased levels of Cxcl1, Il6, Il1b, Tnf, and Il36g mRNA in the 

hind paws of both LPS-treated Il36rn-/- and WT mice (Fig. 6e). These 

findings indicate that LPS-induced DITRA-related enthesitis was 

established in Il36rn-/- mice via TLR4-pathway activation predominantly 

through CXCL1, IL-6, TNF, and IL-36γ signaling. 

3.6 Blockade of the TLR4 pathway prevents skin lesions associated 

with DITRA in Il36rn-/- mice

TAK-242 (resatorvid; catalog number: CS-0408; Chemscene, Monmouth 

Junction, NJ, USA) was synthesized by Takeda Pharmaceutical Co., Ltd. 

(Osaka, Japan). It is a small-molecule-specific inhibitor of TLR4 signaling 

that inhibits the production of LPS-induced inflammatory mediators by 

binding to the intracellular domain of TLR4 [29, 30]. The wild-type mice 

developed almost no symptoms of DITRA or GPP. Thus, we did not 

administer TAK-242 to the wild-type mice. Daily pretreatment of Il36rn-/- 

mice with the TLR4 antagonist TAK-242 from Days 0 to 2 blocked LPS-
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induced pustular skin formation in Il36rn-/- mice that had received 3 g of 

LPS (Fig. 3a, b, c). Consistent with the improved clinical features, H&E-

stained sections of skin samples from these mice demonstrated neither 

neutrophilic infiltration nor hemorrhage in the dermis (Fig. 3b). The 

increases in Cxcl1 and Il6 mRNA levels in the skin of LPS-treated Il36rn-/- 

mice were also alleviated by TAK-242 administration, although increased 

mRNA expression of Il1b, Tnf, Il36a, or Il36g was not altered by TAK-242 

treatment (Fig. 3e). Additionally, increased concentrations of IL-1b, 

CXCL1, and CXCL13 detected by ELISA in the skin of LPS-treated 

Il36rn-/- mice were attenuated by TAK-242 administration (Fig. 3f). IL-17a 

concentrations did not increase in the Il36rn-/- mice nor in the WT mice 

(Fig. 3f). The Il36rn-/- mice were also treated with intraperitoneal injection 

of anti-IL-17a antibody or the CXCR2 antagonist; however, these 

treatments did not diminish the skin manifestations (Fig. 3d). These 

findings indicate that LPS-induced skin lesions associated with DITRA 

were attenuated by blockage of the TLR4-signaling pathway, but not by 

treatment with the anti-IL-17a antibody or the CXCR2 antagonist. 

3.7 Blockage of the TLR4-signaling pathway inhibits the formation of 

LPS-induced liver abscesses associated with DITRA

LPS-treated Il36rn-/- mice administered with TAK-242 only rarely showed 

abscesses (Fig 4a, b). Elevated expression of Cxcl1 mRNA in the liver was 

attenuated by TAK-242 administration (Fig. 4d). Similarly, increases in 

Il1b, Il6, and Tnf mRNA expression in the liver were also attenuated by 

TAK-242 treatment (Fig. 4d). The DITRA mice were also treated with 

intraperitoneal injection of anti-IL-17a antibodies or a CXCR2 antagonist, 

with minimal effect on the liver abscesses (Fig. 4c). These findings indicate 
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that LPS-induced lesions in the liver associated with DITRA were 

alleviated by blockage of the TLR4-signaling pathway.

3.8 Blockage of the TLR4-signaling pathway prevents LPS-induced 

enthesitis associated with DITRA in Il36rn-/- mice

We treated LPS-induced DITRA Il36rn-/- mice presenting with enthesitis by 

intraperitoneal injection of TAK-242 (5 mg/kg/day) from Days 0 to 3 (Fig. 

6b). The Il36rn-/- mice that had received 300 ng LPS and were treated with 

TAK-242 exhibited diminished thickening of the hind paw (Fig. 6c, d). 

Additionally, neutrophilic infiltration was attenuated in the LPS-treated Il-

36rn-/- mice administered with TAK-242 (Fig. 6c). Increased Cxcl1, Il1b, 

and Il6 and Tnf mRNA levels in the hind paws of LPS-treated Il36rn-/- mice 

were also alleviated by TAK-242 pretreatment (Fig. 6e). However, 

increased Il36a, or Il36g mRNA levels in the hind paws of LPS-treated 

Il36rn-/- mice were not prevented by pretreatment of TAK-242 (Fig. 6e). 

These findings indicate that LPS-induced DITRA-related enthesitis was 

prevented by blockage of the TLR4-signaling pathway.
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4 Discussion

IL36RN encodes IL-36Ra, and loss-of-function mutations with autosomal 
recessive inheritance in IL36RN define a recessively inherited 
autoinflammatory disease named DITRA[1]. DITRA is a life-threatening 
disorder characterized by recurrent episodes of severe skin inflammation, 
with pustule development associated with fever, malaise, and 
extracutaneous involvement, including arthritis and neutrophilic cholangitis. 
The relation between DITRA and arthritis has not been elucidated so far 
[31].Recently, IL-36 cytokines have gained attention due to their important 
role in the initiation of psoriasis [1, 14]. Moreover, Th17 cytokines have 
been elucidated as the mechanism of PV [32-34].

IL-36 cytokines have been reported to be involved in the development of 

psoriasis in an Il-36rn mice model stimulated by IMQ [1]. IMQ invokes the 

Th17 pathway via the TLR7 receptor co-associated with Il-1b [23]. 

Furthermore, the Il-36α-deficient mice treated with IMQ did not develop 

psoriasiform dermatitis, whereas the Il-36β-deficient mice and Il-36γ-

deficient mice did develop psoriasiform dermatitis [23]. Il-36α and Il-36R 

signaling is thought to be essential for the development of IMQ-induced 

psoriasis model lesions via crosstalk between dendritic cells and 

keratinocytes. However, the present study only addresses partial DITRA 

skin manifestations via the TLR7 pathway.

Concerning other TLR pathways, the importance of TLR4 in several 

disorders of innate immunity such as inflammatory bowel diseases, adult 

respiratory distress syndromes, acute renal failure, inflammatory pain and a 

metabolic syndrome has been emphasized based on recent evidence [18, 

35-42]. LPS is a glucolipid constituent of the outer membrane of Gram-

negative bacteria [43] and is recognized by TLR4. TLR4 activation induces 

a signaling cascade via MyD88, TIRAP/Mal, IL-1R-associated kinases 1, 2, 
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and 4, and TNFR-associated factor-6 [26, 27], leading to the activation of 

NF-κB and the production of proinflammatory cytokines [28, 44]. 

Recently, an association between PV and metabolic syndromes has been 

shown [45]. Saturated fatty acids are recognized by TLR4 and induce the 

secretion of inflammatory cytokines such as TNF, leading to chronic 

inflammation both in PV and in metabolic syndromes [42].

GPP as a skin manifestation of DITRA is often triggered by infection in 

IL36RN-deficient individuals [2]. Thus, in the present study, we raise the 

possibility that TLR4 pathway activation by the TLR4 agonist leads to the 

manifestations shown by the DITRA skin model. In this model, we also 

tried to induce the systemic inflammation that is seen in PV and GPP 

patients.

In our DITRA skin model induced by LPS in Il36rn-/- mice, not only are the 

skin lesions reproduced, but so are the liver manifestations with 

neutrophilic infiltration and intrahepatic neutrophilic cholangitis. In the 

previously reported IMQ-induced psoriasis skin model in Il36rn-/- mice, the 

skin manifestations developed via crosstalk between dendritic cells and 

keratinocytes, and Il-36α was recognized as an important subset of Il-36 

cytokines [23]. In our present DITRA model, the Il36Ra and TLR4 

pathways work in coordination in the development of the DITRA skin 

model and subsequent systemic inflammation leading to liver abscesses. In 

the present liver lesions, IL-36γ increased but IL-36α did not (Fig. 5d). 

Thus, we assume that it is IL-36γ and not IL-36α that plays an important 

role in systemic inflammation in our model. From the qRT-PCR and 

ELISA analysis of the cutaneous and hepatic lesions, we think that Cxcl1, 

IL-6, IL-36α and IL-36γ play important roles as leading cytokines, rather 

than IL-17a playing such a role.
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Psoriatic arthritis also occurs with PV [46]. TNF is thought to play 

important roles in the pathomechanism of psoriatic arthritis [47, 48]. In our 

DITRA enthesis model induced by LPS-treatment in Il36rn-/- mice, we 

clearly demonstrated by qRT-PCR analysis of the hind-paw lesions that 

Cxcl1, IL-1β, IL-6, TNF, and IL-36γ play important roles as leading 

cytokines in the pathogenesis of DITRA-associated arthritis.

The three major autoinflammatory symptoms of the DITRA model (skin 

abscesses, liver abscesses and hind-paw enthesitis) were successfully 

alleviated by TAK-242 treatment (Fig. 3b, 4a, 6c), which has proven safe 

for human use [49]. TAK-242 (also called resatorvid) is a small-molecule-

specific inhibitor of TLR4 signaling, and it inhibits the production of LPS-

induced inflammatory mediators by binding to the intracellular domain of 

TLR4 [29]. Increased protein concentrations and mRNA expression levels 

of cytokines, including CXCL1, CXCL13, and IL-1β, in the tissues of LPS-

treated Il36rn-/- mice were abolished by TAK-242 administration (Fig. 3e, f, 

4d, 6e). The DITRA mice were also treated with intraperitoneal injection of 

anti-IL-17a antibodies or a CXCR2 antagonist, with minimal effect on the 

skin and liver abscesses (Fig. 3d, 4c). From the present results, the 

blockade of the TLR4 pathway was proven to be a possible treatment not 

only for the skin lesions of DITRA, but also for the systemic inflammation 

of DITRA, including the liver manifestations.

Although the roles of TLR4 signaling in the development of DITRA 

inflammatory symptoms have not been completely elucidated, known 

DITRA-triggering factors, such as infection, medication, and pregnancy, 

may activate TLR4 signaling. Furthermore, serum CXCL1 levels have been 

found to increase in GPP patients, and that increase has been found to 



25

correlate with their clinical severity [50]. The data presented here from our 

DITRA model are consistent with the previous reports.
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5 Conclusion

Via TLR4-signaling activation, we established a model of the systemic 

autoinflammatory symptoms of DITRA: the cutaneous, hepatic, and 

articular lesions in Il36rn-/- mice. In addition, we showed that the TLR4 

antagonist TAK-242 prevents all three symptoms. These data suggest that 

inhibition of TLR4 signaling constitutes a promising treatment strategy for 

autoinflammatory symptoms associated with DITRA.
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Figure legends

Figure 1 Establishment of the IL-36Ra deficient obese mice 

(a) The targeting vector was constructed by disrupting exon 1 through the 

entire exon 3. (b) PCR reaction amplified a 293-bp mutant band, and a 205-

bp fragment corresponding to the wild-type (WT) genomic Il36rn DNA.

(c) Aged Il36rn-/- and Il36rn+/- mice (44-week-old) presented with obesity. 

(d) The body weight of wild-type (WT) (n=11), Il36rn+/- (n=9), and Il36rn-

/- (n=7). The body weights of both Il36rn+/- and Il36rn-/- mice are 

significantly greater than those of WT mice at 44 weeks of age. Error bars 

represent mean±SD. *p < 0.05, data analyzed by unpaired one-way t test. 

(e) Plasma insulin levels of WT (n=8; left panel), Il36rn-/- (n=7; middle 

panel), and Il36rn+/- (n=9; left panel) mice at 44 weeks of age. Plasma 

insulin levels are positively associated with body weights in Il36rn+/- and 

Il36rn-/- mice, but not in WT or Il36rn-/- mice.

Figure 2 IMQ-induced psoriasis vulgaris model in Il36rn-/- mice 

(a) Protocols for the development of an imiquimod (IMQ)-induced 

psoriasis model. Wild-type (WT) and Il36rn-/- (KO) mice were treated with 

topical application of IMQ for 5 consecutive days (from Day 1 to Day 5). 

At 6 h after Day 2 administration of IMQ, back-skin samples were 

collected for qRT-PCR. For IL-17a or CXCR2 antagonist administration, 

KO mice were treated with intraperitoneal (i.p.) injection of IL-17a 

antibody (Ab) on Day 0 or the CXCR2 antagonist every day from Days 0 

to 5. 

(b) IMQ-induced psoriasiform skin lesions and prevention trials using IL-

17a Ab or CXCR2 antagonist: Clinical features and histopathology of the 

back skin on Day 6. WT or Il36rn-/- mice were administered IMQ for 5 
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days. For the prevention experiments, Il36rn-/- mice were treated with the 

IL-17a antibody (Ab), the CXCR2 antagonist, and a control Ab. Both 

clinically and histopathologically, the skin lesions of PV, but not of GPP, 

were reproduced in IMQ-treated Il36rn-/- mice (left column, bottom row). 

Administration of the IL-17a antibody or the CXCR2 antagonist attenuated 

the IMQ-induced PV skin lesions in the Il36rn-/- mice. Scale bar: 50 μm. 

(c) Trans-epidermal water loss (TEWL) of IMQ-induced psoriasiform skin 

lesions and prevention trials. TEWL was measured in the back skin of WT 

or Il36rn-/- mice treated with IMQ (n= 4 mice), and prevention experiments 

were performed using the IL-17a antibody (n= 4 mice) or the CXCR2 

antagonist (n= 4 mice). The IL-17a antibody significantly reduced TEWL 

in the IMQ-induced PV lesions in Il36rn-/- mice. Error bars represent 

mean±SD. *p < 0.05, data analyzed by unpaired one-way t test.

(d) Cytokine mRNA expression levels in IMQ-induced skin lesions. 

mRNA expression of cytokines implicated in psoriasiform skin 

inflammation were examined by qRT-PCR on WT or Il36rn-/- mice treated 

with IMQ (n= 4 mice). mRNA expression of Il1b, Cxcl1 and Il17a 

significantly increased in IMQ-induced skin lesions of Il36rn-/- mice. 

Administration of each of the IL-17a antibody (n= 4 mice) and the CXCR2 

(n= 4 mice) antagonist significantly attenuated the increase of Il1b, Cxcl1 

and Il17a mRNA expression. Error bars represent mean±SD.

Figure 3 Establishment and prevention of LPS-induced DITRA skin 

lesions in Il36rn-/- mice 

(a) Protocols for the development of LPS-induced skin and liver lesions of 

DITRA. For the prevention experiments, mice were treated with 

intraperitoneal (i.p.) injection of TAK-242 or CXCR2 antagonist from Day 
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0 to Day 2 or with i.p. injection of IL-17a or control antibody (Ab) on Day 

0. 

(b) Clinical features of the back of the mice, H&E staining, 

immunohistochemistry (IHC) for TLR4 and macrophages (F4-80) of skin 

samples from the back on Day 3. The LPS-treated Il36rn-/- mouse shows 

erythema and abscesses (arrow). Histopathologically, intense neutrophilic 

infiltration is seen in the skin lesion (yellow circle). TLR4 expression is 

enhanced in the LPS-induced skin lesion in an Il36rn-/- mouse. Macrophage 

infiltration is apparent in the skin of both the LPS-treated WT mouse and 

the LPS-treated Il36rn-/- mouse. LPS-treated Il36rn-/- mice administered 

with TAK-242 do not present skin abscesses (left column, bottom row). 

TLR4 expression is markedly less intense in the LPS-treated Il36rn-/- mice 

administered with TAK-242 than in the LPS-treated Il36rn-/- mice, 

although macrophage infiltration is seen in the dermis of the LPS-treated 

Il36rn-/- mice administered with TAK-242. Scale bars: 200 μm (H&E 

staining) and 100 μm (IHC).

(c) The severity indices of skin lesions on Day 3 are significantly greater in 

the LPS-treated Il36rn-/- mice (n=14) than in the LPS-treated WT mice 

(n=16). Abscess formation is significantly attenuated in the LPS-treated 

Il36rn-/- mice administered with TAK-242 (n=8).

(d) Trials using anti-IL-17a antibody and CXCR2 antagonist were not 

successful in preventing LPS-induced DITRA-related skin lesions.

(e) Cxcl1 and Il6 mRNA expression levels in the back skin on Day 2 of 

LPS-treated Il36rn-/- mice (n=5) are significantly elevated compared with 

those in LPS-treated WT mice (n=6) and LPS-treated Il36rn-/- mice 

administered with TAK-242 (n=5). 

(f) Concentrations of CXCL1, CXCL13 and IL-1β, but not IL-17a, are 
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significantly more elevated in the back skin of LPS-treated Il36rn-/- (KO) 

mice (n=4) than in LPS-treated wild-type (WT) mice (n=4) and in LPS-

treated Il36rn-/- mice administered with TAK-242 (TAK) (n=4). Error bars 

represent mean±SD. ***P<0.001, **P<0.01, *P<0.05, data analyzed by 

unpaired one-way t-test.

Figure 4 Establishment and prevention of LPS-induced DITRA liver 

lesions in Il36rn-/- mice 

(a) Naked-eye views (left column), histopathology (H&E staining) (central 

column) and IHC for macrophage infiltration (left column) of the liver 

from LPS- or DW-administered mice on Day 3, the day after the last LPS 

administration. Indurated nodules (right column, second row from bottom, 

arrow) are present, and histopathologically, abscesses (central column, 

second row from bottom, yellow circle) are apparent in the liver of the 

LPS-treated Il36rn-/- mouse. LPS-treated Il36rn-/- mice administered with 

TAK-242 show no nodules or abscesses in the liver. A palisading 

arrangement of macrophages is observed in the LPS-treated Il36rn-/- mouse 

(right column, second row from bottom, yellow arrows), but not in the 

LPS-treated WT mouse (right column, middle row) or in the LPS-treated 

Il36rn-/- mouse administered with TAK-242 (right column, bottom row). 

Scale bars: 100 μm.

(b) The frequency of liver abscesses in the LPS-treated mice was calculated 

on Day 3, the day after the last LPS application. The frequency of liver 

abscesses is significantly higher in the LPS-treated Il36rn-/- mice (n=14 

mice) than in the LPS-treated WT mice (n=12 mice) and in the LPS-treated 

Il36rn-/- mice administered with TAK-242 (n=8 mice).

(c) Administration of anti-IL-17a Ab or CXCR2 antagonist does not 
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attenuate liver abscesses in the LPS-treated Il36rn-/- mice.

(d) Cytokine mRNA expression levels in the livers of LPS-treated DITRA 

mice. mRNA expression levels of cytokines in the liver were measured by 

qRT-PCR at Day 3 or Day 2 (4 h after the last LPS application) in DW- or 

LPS-treated WT mice (Day 3, n=4 mice and Day 2, n=5 mice), DW- or 

LPS-treated Il36rn-/- mice (Day 3, n=4 mice and Day 2, n=6 mice) and 

LPS-treated Il36rn-/- mice administered with TAK-242 (Day 3, n=4 mice 

and Day 2, n=5 mice). Cxcl1 mRNA expression levels in the liver on Day 3 

of LPS-treated Il36rn-/- mice are significantly elevated compared with those 

in LPS-treated WT mice. mRNA expression levels of Cxcl1 (Day 3), Il6 

(Day 2), Il1b (Day 2) and Tnf (Day 3) in LPS-treated Il36rn-/- mice 

administered with TAK-242 are significantly lower compared with those in 

the livers of LPS-treated Il36rn-/- mice. ***P<0.001, *P<0.05, data 

analyzed by unpaired one-way t-test.

Figure 5 Lymph node cell subsets in an LPS-induced DITRA model in 

Il36rn-/- mice 

Inguinal lymph node cells of WT or Il36rn-/- mice administrated with DW 

or LPS were stained with (a) CD3 and CD19, (b) CD3 and TCR, (c) Gr-

1 and CD11b, (d) Siglec-F and CD11c, and (e) -GarCer/CD1d and TCR. 

B cells (CD19+CD3-) were significantly increased in LPS-treated Il36rn-/- 

mice (top left corner panel, red circle) compared with those in control non-

LPS-treated WT and Il36rn-/- mice, and LPS-treated WT mice (a). 

**P<0.01, data analyzed by unpaired one-way t-test.

Figure 6 Establishment and prevention of LPS-induced DITRA 

enthesitis in Il36rn-/- mice 
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(a) Spontaneous enthesitis (white arrows) is observed in Il36rn+/- and 

Il36rn-/- mice, possibly induced by continual insult and minor injuries, but 

it is not observed in a wild-type (WT) mouse.

(b) Protocols for the development of LPS-induced enthesitis lesions of 

DITRA. For prevention by TAK-242, WT and Il36rn-/- mice were treated 

with intraperitoneal (i.p.) injection of TAK242 from Day 0 to 3.

(c) Clinical features and histopathology of the hind paw of the mice on Day 

3, at 6 hours after the last LPS application. The hind paw of the LPS-

treated Il36rn-/- mouse (left column, second bottom row) is swollen 

significantly compared with the hind paw of LPS-treated WT mice and 

LPS-treated Il36rn-/- mice administered TAK-242. Histopathologically, the 

LPS-treated Il36rn-/- mice exhibit neutrophilic infiltration around the 

metatarsophalangeal joint (arrow). No apparent neutrophilic infiltration is 

seen in the LPS-treated WT mice nor in the LPS-treated Il36rn-/- mice 

administered with TAK-242. B: bone. Scale bars: 100 μm. 

(d) The increase in hind paw thickness in the LPS-treated Il36rn-/- mice 

(n=8 mice, 16 hind paws) is significantly greater than that in the LPS-

treated WT mice (n=10 mice, 20 hind paws) and than that in the LPS-

treated Il36rn-/- mice administered with TAK-242 (n=4 mice, 8 hind paws). 

(e) Cytokine mRNA expression levels in LPS-treated hind paws with or 

without TAK-242 administration. mRNA expression levels of Cxcl1, Il1b, 

Il6 and Tnf in the hind paw on Day 3 of LPS-treated Il36rn-/- mice (n=8) are 

elevated, but no significant difference is observed between LPS-treated 

Il36rn-/- mice and LPS-treated WT mice (n=7). However, the increase of 

Cxcl1, Il1b, Il6 and Tnf mRNA expression is attenuated significantly in 

LPS-treated Il36rn-/- mice administered with TAK-242 (n=4).

Error bars represent mean±S.D. Data were analyzed by χ2 test in (d) and by 
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unpaired one-way t-test in (e). ***P<0.001, *P<0.05.















Highlights

 Deficiency of IL-36 receptor antagonist (DITRA) model mice was 

established.

 The involvement of TLR4 signaling in the pathogenesis of DITRA was 

clearly demonstrated.

 Blockage of TLR4 signaling was shown as a promising treatment for 

DITRA.



Supplementary Table 1. Nucleotide sequences of primers and probes used for 
qRT-PCR

Il1b Forward Primer CCTGATGAGAGCATCCAG
NM_008361 Reverse Primer GAGGATGGGCTCTTCTTC

Probe AATCTCGCAGCAGCACATCAAC
Il6 Forward Primer GCCTTCTTGGGACTGATG
NM_031168 Reverse Primer GTGGTATAGACAGGTCTGTTG

Probe TGGTATCCTCTGTGAAGTCTCCTCT
Il17a Forward Primer GAGCTTCATCTGTGTCTC
NM_010552 Reverse Primer GACCTTCACATTCTGGAG

Probe CTGTTGCTGCTGCTGAGCCT
Tnf Forward Primer GGATGAGAAGTTCCCAAA
NM_013693 Reverse Primer ACTCGAATTTTGAGAAGATG

Probe CCTCCCTCTCATCAGTTCTATGGC
Il36a (Il1f6) Forward Primer CAGTCCCAAGGAAAGAG
NM_019450 Reverse Primer CCTGTTCGTCTCAAGAG

Probe AGTTCCAGTCACTATTACCTTGCTCC
Il36b (Il1f8) Forward Primer CTGACTGGAAATACTTTAACA
NM_027163 Reverse Primer GTGTCTCTACATGCTATCA

Probe CTAGCAACAATGTCAAGCCTGTCAT
Il36g (Il1f9) Forward Primer GTGGATCTTTCGTAATCAG
NM_153511 Reverse Primer TCCCAAATAAATGGCAATC

Probe ACAGTTCCACGAAGCCACAGA
Cxcl1 Forward Primer CCTCAAGAACATCCAGAG
NM_008176 Reverse Primer GGACAATTTTCTGAACCAA

Probe CTTCAGGGTCAAGGCAAGCCTC
Cxcl2 Forward Primer CTGTCAATGCCTGAAGAC
NM_009140 Reverse Primer GAGTGGCTATGACTTCTG

Probe TTGACTTCAAGAACATCCAGAGCTT
Gapdh Forward Primer CCCACTAACATCAAATGG
NM_008084 Reverse Primer CATGGTGGTGAAGACA

Probe AGACTCCACGACATACTCAGCAC





Supplementary Figure legends

Figure S1 Quantitative analysis of LPS-induced DITRA skin lesions in 

Il36rn-/- mice
(a, b) The areas of skin lesions (erythema (a) and abscess/edema (b)) on 
Day 3 are significantly greater in the LPS-treated Il36rn-/- mice (n=14) than 
in the LPS-treated WT mice (n=16). The formation of erythema (a) and 
abscess/edema (c) is significantly attenuated in the LPS-treated Il36rn-/- 
mice administered with TAK-242 (n=8). 
(c, d) The area scores of skin erythema (c) and abscess/edema (d) on Day 3 
are also significantly greater in the LPS-treated Il36rn-/- mice than in the 
LPS-treated WT mice. The area scores of erythema (c) and abscess/edema 
(d) are significantly reduced in the LPS-treated Il36rn-/- mice administered 
with TAK-242. Error bars represent mean±SD. ***P<0.001, **P<0.01, 
*P<0.05, data analyzed by unpaired one-way t-test.”


