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ARTICLE INFO ABSTRACT

Keywords: Many studies confirmed that the over-activation of RAF-MEK-ERK signaling pathway plays a central role in
ERK human cancers. To avoid drug resistance during cancer treatment, many researchers focused on the study of the

PSOl’i’f‘SiS o N downstream therapeutic target of RAF-MEK-ERK signaling pathway. Therefore, ERK1/2 became a hot anticancer
IMQ-induced psoriasis-like dermatitis target. It has been shown that ERK phosphorylation could activate Th17 cells and therefore induce inflammatory
31511227 diseases. Due to these results, inhibition of ERK, as a potential drug target, could provide a solution for auto-

immune diseases, especially T cell mediated diseases. In this study, a small synthetic molecule JSI287 was found
with the function of alleviating IMQ-induced mice skin lesions through ERK/IL-17 signaling pathway during the
screening of small molecule databases targeting ERK. The results showed that JS1287 small molecule alleviated
epidermal thickness, epidermis congestion, edema and inflammatory cell infiltration, decreased release of in-
flammatory cytokines of IL-6, IL-12 and IL-17A, and further regulated the mRNA expression of ATF1 and protein
expression of ERK1/2 in IMQ-induced skin lesions. Our study suggested that ERK inhibitor JSI287 could be a
promising candidate for psoriasis treatment.

1. Introduction

Psoriasis is a chronic, recurrent and inflammatory skin disease, and
it is characterized by erythema, skin hyperplasia, scales, and hyper-
proliferation of keratinocyte [1]. It is reported that the psoriasis oc-
currences are about 3% worldwide [2], but the number varies de-
pending on ethnicity and geography [3].

The pathogenesis of psoriasis is associated with many factors, such
as genetic polymorphisms, environmental factors and life style. It's re-
ported that diverse populations have unique clinical presentation, ge-
netic susceptibility, treatment response and drug adverse [4]. Although
psoriasis was considered as a T cell mediated disease, recent studies
shows its association with other T cell subsets such as Th17, Th22 and
Treg cells during development [5]. Excessive activation of the mitogen-
activated protein kinases (MAPK) pathway is a common cause of many
diseases including autoimmune diseases and sustention of the extra-
cellular signal-related kinases (ERK) phosphorylation activates T helper

17 cells [6,7]. Therefore, ERK signaling pathway is found to be related
to psoriasis [8-10].

JSI287 is identified from the screening of small molecule databases
targeting ERK kinase. The series of studies on IMQ-induced psoriasis
model are conducted to explore the mechanism of JSI287 regrading to
psoriasis treatment.

2. Material and methods
2.1. Drug and reagents
JSI-287 was synthesized by JS Innopharm (Shanghai) Ltd. (Fig. 1).

IMQ 5% Cream was obtained from Sichuan Med-shine Pharmaceutical
Co. Ltd., Chengdu, China.

Abbreviations: ANOVA, analysis of variance; ATF1, Activating Transcription Factor 1; ERK, the extracellular signal-related kinases; IMQ, imiquimod; LCK, lym-
phocyte-specific protein tyrosine kinase; MAPK, the mitogen-activated protein kinases; PKA, protein kinase A; VEGF, vascular endothelial growth factor
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Fig. 1. Structure of JSI287.

2.2. Experiment animals

Adult male BALB/C mice (6-8 weeks, 19-23 g) were obtained from
Shanghai Sino-British SIPPR/BK Lab Animal, (Shanghai, China). Prior
to experimental study, animals were housed and bred for 5days for
adaptation under a temperature- and humidity-controlled, specific pa-
thogen-free condition with a 12h light-dark cycle. Food and distilled
water ad libitum were provided to the animals simultaneously. All
animal experiments were approved by the Animal Ethical Committee at
Shanghai Institute of Pharmaceutical Industry, which was conformed to
the National Institutes of Health Guidelines on Laboratory Research and
Guide for the Care and Use of Laboratory Animals (Eighth Edition,
2011).

2.3. Animal treatment

The mice were randomly divided into 4 groups (n = 6 per group)
based on the body weight, the four groups were blank, model, 2%
JSI287 (200 mg JSI287 dissolved in 0.5 ml diethylene glycol monoethyl
ether, then added 9.5 ml polyoxyethylene castor oil), and 0.5% JSI287
(50 mg JSI287 dissolved in 0.5 ml diethylene glycol monoethyl ether,
then added 9.5ml polyoxyethylene castor oil). For experiment, all
groups of animals were shaved using pet hair clipper for a 2cm X 3 cm
area on the back. Except for blank group, all other groups were given a
daily dose of 62.5 mg 5% IMQ cream by smearing for 7 continuous days
after shaving. After the IMQ cream topical application for 4-5h, 0.5%
JSI287 and 2% JSI287 were smeared onto the shaved skin for 7 con-
tinuous days, and the model group was given corresponding solvent.
About 1h after the last administration of JSI287 or corresponding
solvent, all mice were sacrificed and experimental back skin samples
were collected for additional experiments.

2.4. Scoring severity of skin inflammation

To evaluate the severity of mice back skin lesions, a score system
was used based on the clinical Psoriasis Area and Severity Index (PASI)
[11]. The scores were collectively calculated in erythema, scaling, and
thickening from O to 4: 0, none; 1, slight; 2, moderate; 3, marked; and 4,
very marked. The cumulative score indicated a measure of the severity
of inflammation (scale 0-12) [11]. The scores for each mouse were
recorded for 7 continuous experimental days.

2.5. Histology examination and Measurement the thickness of epidermis

The collected skin samples of mice back lesions were fixed in 4%
paraformaldehyde for 24 h. Tissue samples were dehydrated and then
embedded in paraffin. Paraffin sections (4 um in thickness) were stained
with hematoxylin and eosin (H&E). The pathology of skin was observed
under a Nikon eclipse 90i microscope (Nikon, Japan). The epidermis
thickness was measured using skin sections by Nikon eclipse 90i mi-
croscope and NIS-Elements BR3.2 imaging software. Data collected
from each section slide were averaged in 10 fields under 100 X view of

microscope and used to evaluate epidermis proliferation. Skin patho-
logical sections were examined using 100 x view of microscope, the
score was conducted as follows: negative (—) 0, suspicious ( = ) 1, mild
(+) 2, moderate (+ +) 3, severe (+ + +) 4.

2.6. ELISA

The release of IL-6, IL-12 and IL-17A in back skin supernatants were
detected by ELISA Kit using protocols provided by the manufacturer
(eBioscience, CA, USA). Briefly, 100 mg skin was washed 3 times with
cold phosphate buffer (PH 7.4) to remove blood and residual drugs. The
tissue was chopped into about 1 mm pieces quickly using the surgical
scissors in ice-cold bathing and placed in homogenized tube. Following
that, samples were homogenized using 2 small magnetic beads of 2 mm
and 2ml of cold phosphate buffer (PH 7.4) containing protease in-
hibitor (MCE, NJ, USA) by homogenizer (Scientz-42, Ningbo, China) at
a speed of 60Hz/min for 70s. The resultants were centrifuged at
5000 rpm for 10 min at 4 °C. The tissue debris were separated and the
supernatants were collected and stored at — 20 °C until use.

2.7. Q-PCR

Total RNA was isolated from 100 mg skin tissues using 1 ml Trizol
reagent (Invitrogen, USA) and 2 small magnetic beads of 2 mm by Bead
Ruptor 12 Homogenizer (Omni, NW Kennesaw, USA) according to the
manufacturer's instructions. Reverse transcription of 2000 ng RNA was
performed with Revert Aid First Strand cDNA Synthesis Kit (Thermo,
NY, USA) based on the attached protocol with 50 ng of random primers
(Thermo, NY, USA). ATF1 transcripts levels were detected using
FastStart Universal SYBR Green Master (Rox) (Roche, SC, USA) with
0.2uM primers: ATF1; 5-CAGCGGACAGTACATTGCCAT-3’ (sense),
5’-TCCCCTGCTGAGTACTGCTTG-3’ (antisense), GAPDH; 5’-CCTCGTC
CCGTAGACAAAATG-3’ (sense), 5-TGAGGTCAATGAAGGGGTCGT-3’
(antisense). Q-PCR was performed on 7300 Fast Real-Time PCR system
(Applied Biosystems, CA, USA) using the pre-incubation at 95 °C for
10 min and two steps cycle (40 cycles) of denaturation at 95 °C for 155,
annealing and extension at 60 °C for 1 min. Relative ATF1 expression
level was normalized to the control (GAPDH) using the 2 —AACt method.

2.8. Western blot

One Step Animal Tissue Active Protein Extraction Kit (Sangon
Biotech, Shanghai, China) was used for total protein extraction. Briefly,
100 mg of skin tissues were washed 3 times with cold phosphate buffer
(pH 7.4) to remove blood and residual drugs. Then 1 ml cold extract
reagent (1 ml extraction reagent containing 1 pl of DTT, 10 ul of PMSF,
1l of protease inhibitor, added before use) were added after cutting
the skin tissue into 1 mm pieces. The tissues were incubated at 4 °C for
30 min and vortexed every 5min, and then were spun for 10 min at
8000g at 4 °C. The primary antibodies were obtained from CST (ERK
1:2000, P-ERK 1:1000) and Servicebio (GAPDH 1:45,000, Wuhan,
China). For ERK protein expression analysis, antibody binding was
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Fig. 2. The histology examination (A), pathological score (B), epidermal thickness (C) and clinical score (D) were decreased in epidermal skin of the IMQ-induced
psoriasis like dermatitis model. Red arrows showed the thickness of epidermal skin. Statistical analysis was carried out by ANOVA followed by Dunnett's test to
compare all groups to model group (*P < 0.05, **P < 0.01 and **P < 0.001 compared with model group). (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)

visualized using appropriate horseradish peroxidase-conjugated sec-
ondary antibody (Servicebio, Wuhan, China) and DAB detection
system. The signals were detected by an image scanning densitometer
(Cell Bioscience, CA, USA).

2.9. Statistical analysis

The results were presented as the Mean *= SEM. Statistical analysis
was determined using Graphpad Prism 5.0. ANOVA analysis and
Dunnett's tests were used. A p value of < 0.05 was assigned significant.
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3. Results
3.1. Histological examination and clinical score

For the blank group, histological examination showed no obvious
pathological changes. The model group revealed the spine layer of
epithelial cell thickening and local inflammatory infiltration when
compared with the blank group (Fig. 2A). From evaluation of phar-
macological scores conducted from epidermis congestion, edema, and
inflammatory cell infiltration, JSI287 group significantly ameliorated
pathological situations of skin lesions when compared to the model
group (Fig. 2B). The epidermal thickness was measured by NIS-Ele-
ments BR3.2 software as described before. The epidermal thickness of
JSI287 group was significantly decreased when compared to the model



X. Huang et al.

*k

40-

N w
i e

IL-6 (pg/mi)

-
o
1

Model  0.5%JSI1287 2%JSI287

Imiquimod

IL-17A (pg/ml)

0.5%JS1287 2%JS1287

Blank Model

Imiquimod

International Immunopharmacology 66 (2019) 236-241

B

2000+

1500+

10004

IL-12 (pg/mi)

5004

0.5%JS1287 2%JS1287

Blank Model

Imiquimod

Fig. 3. The release of IL-6 (A), IL-12 (B) and IL-17A (C) was inhibited in skin tissues of the IMQ-induced psoriasis like dermatitis model by ELISA. Statistical analysis
was carried out by ANOVA followed by Dunnett's test to compare all groups to model group (*P < 0.05, **P < 0.01 and ***P < 0.001 compared with model group).

group (Fig. 2C). These data suggested that JSI287 may inhibit the
histological changes and reduce the epidermal thickness of skin caused
by IMQ-induced psoriasis-like dermatitis.

Erythema, scaling, and thickness of the back skin were observed and
scored daily during the experiment. From day 3, the sign of erythema,
scaling, and thickness started appearing. On day 6-7, severity of skin
inflammation in JSI287 groups were decreased comparing to the model
group. The cumulative scores were depicted in Fig. 2D.

3.2. Inhibition of IL-6, IL-12 and IL-17A by JSI287

The cytokines in the skin supernatants were tested by ELISA kit. The
release of IL-6, IL-12 and IL-17A levels were decreased in skin tissues in
JSI287-treated group compared with model mice, and among all these
markers, IL-12 was significantly reduced. The results demonstrated that
JSI1287 down-regulated inflammatory cytokines in the IMQ-induced
mice psoriasis like dermatitis (Fig. 3).

3.3. Reduction of ATF1 mRNA levels by JSI287

The gene expression levels of ATF1 decreased significantly in
JSI1287-treated groups compared with model mice, therefore, indicating
that the downstream transcription factor of MEK/ERK signal pathway
was suppressed (Fig. 4).

3.4. Effects of JSI287 on ERK1/2 expression

Western blot analysis of ERK1/2 and P-ERK1/2 were performed
with skin tissues of the IMQ-induced mice skin dermatitis. The results
showed that JSI287 significantly decreased the expression of P-ERK1/2
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Fig. 4. The expression ATF1 mRNA was downregulated in skin tissues of the
IMQ-induced psoriasis like dermatitis model by QPCR. Statistical analysis was
carried out by ANOVA followed by Dunnett's test to compare all groups to
model group (*P < 0.05, **P < 0.01 and ***P < 0.001 compared with model

group).
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Fig. 5. JSI287 significantly decreased ERK1/2 expression in skin tissues of the
IMQ-induced mice psoriasis like dermatitis: (A) protein level changes of ERK
and P-ERK; (B) relative protein level of P-ERK/ERK. Statistical analysis was
carried out by ANOVA followed by Dunnett's test to compare all groups to
model group (*P < 0.05, **P < 0.01 and ***P < 0.001 compared with model
group).

(Fig. 5A). The relative protein level of P-ERK/ERK also decreased in
JSI287 group (Fig. 5B).

4. Discussions

Many studies confirmed that the over-activation of RAF-MEK-ERK
signaling pathway plays a central role in human cancers [12-15].
Furthermore, the close relationship between the ERK pathway and
autoimmune disease was also identified. Because of these, ERK in-
hibitors development attracted many more researchers. For example,
BVD-523 (Ulixertinib) clinical trials of phase I/1I study in patients with
acute myelogenous leukemia or myelodysplastic syndromes has been
completed. Also, MK8353's safety, tolerability and efficacy of advanced
solid tumors treatment in patients was in process [13].

In this study, the compound JSI287 is screened from small molecule
databases targeting ERK kinase, and the results showed that JSI287 was
specific towards ERK kinase binding. Among all the tested kinases,
JSI1287 was most specific to ERK kinase and its activation was 50 folds
more comparing that on other kinases. Furthermore, JSI287, based on
test results, could specifically inhibit ERK kinase with an IC50 of 1.9 nM
(The patent international publication number: WO2016,/192064A1).
ERK1/2 expression in mice skin lesions was detected by WB in this
study and the results demonstrated ERK1/2 expression was sig-
nificantly decreased in JSI287 group comparing to model group.

It has been shown that ERK phosphorylation could activate Th17
cells, and therefore induces inflammatory diseases [7,16]. The in-
flammatory cytokines TNF-a, IL-2, IL-6, IL-8, IL-18, IL-20 and IL-23
induced or produced by Th17 cell were overexpressed in serum of
psoriasis patients and were positively correlated with the psoriasis se-
verity [17-19]. Moreover, the study suggested IL-17 was a psoriasis risk
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factor for men. The researchers found rapamycin and fingolimod could
downregulate pERK level in EAE mice, and further modulate the con-
centration of IL-17 and TGF-f. Mansouri et al. reported that Th17 cells
and its products played an important role in skin diseases process,
moreover, clarified IL-17 as a production of Th17 cells was the opti-
mism treatment target for rheumatoid arthritis, psoriatic arthritis,
psoriasis and ankylosing spondylitis [20-22]. Drugs targeting IL-17 and
IL-12R had been approved for psoriasis therapy.

Cytokines, such as IL-6 and IL-12, play an important role in reg-
ulating autoimmune diseases. IL-17 could induce keratinocytes to
produce IL-6 and defensins, and following that IL-6 was able to initiate
the Th17 cell subsets formation from the primary T cells [23,24]. Other
cytokines, such as IL-22, IL-6 and IL-20, contributed to induce kerati-
nocyte proliferation; also, TNF-a could elevate keratinocytes to produce
more TNF-a, IL-1, and IL-8 [25,26]. It has been reported that IL-6
mediated ERK signaling pathway played a critical role in epidermal
differentiation, and IL-12 affected the development of Thl cells and
activation and function of cytotoxic T cells [27,28]. IL-12 and IL-23
inhibitor ustekinumab phase II, randomized, and controlled studies
were completed. Regarding to the importance of IL-17A and correlated
cytokines IL-6 and IL-12 in psoriasis, we studied the release of all three
cytokines in imiquimod-induced mice skin lesions. The results sug-
gested that JSI287 group significantly alleviated the release of IL-17A,
IL-6 and IL-12.

Transcription factor 1 (ATF1) was significantly up-regulated in mice
cervical cancer model, and phosphor-CREB/ATF1 binding to IL-6 pro-
moter influenced IL-6 expression [29,30]. Therefore, we studied CREB
and AFI1 gene expression, the data showed that JSI287 downregulated
mRNA of ATF1. Therefore, the JSI287 alleviated the syndrome severity
for cancer treatment through regulation of ATF1.

In this study, we revealed that JSI287 alleviated IMQ-induced
psoriasis-like dermatitis by ERK/IL-17 signaling pathway. As a new
compound targeting ERK1/2, JSI287 displayed its therapy potential on
psoriasis. It has great potential, although further development needed,
to treat inflammatory disease. This current study only focused on Th17
pathway, and possible effects of JSI287 on other pathways requires
further investigation.

5. Conclusions

In conclusion, JSI287 was shown to be an ERK pathway inhibitor. It
reduced epidermal thickness, alleviated epidermis congestion, edema
and inflammatory cell infiltration, decreased release of inflammatory
cytokines of IL-6, IL-12 and IL-17A, down regulated the mRNA ex-
pression of ATF1 and ERK1/2 protein expression through the ERK/IL-
17 pathway. Therefore, JSI287 may act as an effective potential drug
for psoriasis treatment.
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