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TO THE EDITOR

Psoriasis is a chronic inflammatory
skin disorder characterized by kerati-
nocyte (KC) hyperproliferation (Nestle
et al., 2009). In recent years, psoria-
sis is recognized as an immunometa-
bolic  disease  associate  with
multiorgan abnormalities and dyslipi-
demia (Sterry et al., 2007); however, it
remains unclear whether the dysregu-
lation of lipid metabolism in the skin
affects the pathogenesis of psoriasis.
Liver X receptor (LXR) is a nuclear re-
ceptor composed of two isoforms:
LXRa. (NRTH3) and LXRB (NRTH2)
(Chawla et al.,, 2001), which are
important regulators of cholesterol
(Schulman, 2017). Previous studies
showed that the topical application of
LXR agonists inhibits the development
of contact dermatitis (Fowler et al.,
2003) and that LXRa expression is
suppressed in KCs in psoriatic lesions
(Gupta et al., 2010). In this study, we
investigated the role of LXR signaling
in psoriasis through topical applica-
tion of a synthetic LXR agonist,
GW3965, in an imiquimod (IMQ)-
induced psoriatic murine model.

We topically applied the LXR
agonist 10 mM of GW3965 or ethanol
as vehicle control in combination with
IMQ for 7 consecutive days. Analo-
gous to the human psoriasis condition,
LXR expression levels were lower in
the IMQ-treated skin than in the con-
trol skin (Supplementary Figure S1).
IMQ-induced ear swelling and
epidermal hyperplasia were milder in
mice treated with GW3965 than in the
control mice (Figure Ta and b). We
evaluated immune cell infiltration by
flow cytometry on days 3 and 5 and
found that the numbers of neutrophils
were 2.5-fold higher in the vehicle-

treated skin than in the GW3965-
treated skin on day 3, but the
numbers of other immune cells were
comparable between the GW3965-
treaded skin and control skin
(Figure Tc). The mRNA expression
levels of neutrophil chemoattractants
(Cxcll, Cxcl2, and Ccl20) and
psoriasis-related genes (/l1a, 1l1b,
1123a, and Il17a) were lower in the
GW3965-treated group (Figure 1d),
consistent with the lower numbers of
neutrophils in the lesional skin on day
3 (Figure 1c¢). In contrast, the expres-
sion levels of LXR response gene
Abcal were significantly higher in the
GW3965-treated skin regardless of
simultaneous IMQ treatment, showing
LXR activation in the skin (Figure 1d).
We also evaluated the expression
levels of neutrophil activation markers
such as CXCR4 and CD49b and
examined the percentage of citrulli-
nated histone H3—positive cells to
check the netosis activity. No signifi-
cant difference was observed in the
expression of these markers between
the GW3965- and the vehicle-treated
group (data not shown), suggesting
that neutrophil function is not influ-
enced by LXR activation. Taken
together, these results suggest that
cutaneous application of the LXR
agonist attenuated neutrophil recruit-
ment in the early phase and led to
blunted skin inflammation in IMQ-
induced psoriatic model.

To evaluate the direct effects of LXR
activation on KCs, we cultured primary
murine KCs and stimulated them with
IMQ with or without GW3965. The
induction of MRNA expression of Cxcl1
and Cxcl2 but not of Ccl20 by IMQ was
significantly suppressed by GW3965
treatment (Figure 2a). Besides, the
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expression levels of Abcal were higher
in the GW3965-treated group than in
the vehicle-treated group. To assess
human relevancy, a human KC cell
line, HaCaT, was stimulated with IL-1f
with or without GW3965. Similar to
that in murine KCs, psoriasis-related
gene expression levels were lower in
the GW3965-treated group than in the
control group (Supplementary
Figure S2). Western blot analysis
revealed that GW3965 inhibited the
phosphorylation of p38 in murine KCs
stimulated with IL-1B, suggesting that
LXR signaling counteracts IL-1 receptor
signaling in KCs (Figure 2b).

Because LXR activation inhibits
COX-2 expression in macrophages
(Ghisletti et al., 2009, 2007; Thomas
et al., 2018), we evaluated the expres-
sion levels of COX isozyme genes and
their downstream lipid mediators in
IMQ-stimulated murine KCs with or
without GW3965 treatment. The
expression of Ptgs2 (coding COX-2), an
inducible isoform in inflammatory
conditions, but not of Ptgsi (coding
COX-1), a ubiquitously expressed iso-
form, was induced by IMQ treatment,
and this induction was significantly
attenuated by GW3965 treatment
in vitro (Figure 2a). To evaluate the lipid
profile in the presence of an LXR
agonist, we performed in vivo lip-
idomic analysis of the mouse ear skin
treated with IMQ with or without
GW3965 for 3 days (Figure 2c and d).
The amount of 9-
hydroxyoctadecadienoic acid and 11-
hydroxyeicosatetraenoic acid, which
are COX-2—mediated metabolites from
linoleic acid and arachidonic acid,
respectively, was significantly lower in
the GW3965-treated skin than in the
vehicle-treated group (Figure 2c). In
addition, the levels of prostanoids, such
as prostaglandin  (PG)D,, 15-keto
PGD,,, 13,14-dihydro-15-keto-PGE,,
PGE,, PGF,, and thromboxane B,,
were lower in the LXR-treated group
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Figure 1. Cutaneous LXR activation alleviates IMQ-induced psoriasis-like dermatitis and downregulates
psoriasis-related gene expression. The ear thickness changes in mice treated with IMQ in combination
with GW3695 or vehicle (n = 6 per group). (b) Representative histology with H&E staining of the ear skin
from an IMQ-induced psoriasis mouse model treated with or without GW3965. A representative section
of NT skin is shown as a control. Bars = 50 pum. (c) Kinetics of different immune cell populations from
IMQ-induced psoriasis ear treated with either GW3965 or vehicle on day 3 or 5. WT was used for control
(n = 5). (d) Quantitative RT-PCR analysis of mRNA levels in IMQ-induced psoriasis ear on day 3 with or
without cutaneous GW3965 application (n > 5). Results are represented as means + SDs. *P < 0.05, **P
< 0.001, ***P < 0.0001, ****P < 0.00001. AU, arbitrary unit; DC, dendritic cell; IMQ, imiquimod; LXR,
liver X receptor; n.s., not significant; NT, nontreated; WT, wild type.

than in the controls (Figure 2d).
Collectively, LXR activation was shown
to inhibit COX-2 expression in IMQ-
induced dermatitis and reduce the in-
flammatory COX-2 metabolites such as
PGE, and thromboxane B,. Previous
studies showed that fibroblasts and KCs
highly express Ptgs2 and are considered
to be the major source of inflammatory
lipids during the development of pso-
riasis (Ikai, 1999; Ueharaguchi et al.,
2018). We found that the expression
of Ptgs2 was downregulated with
GW3965 treatment in cultured KCs,
suggesting the involvement of KCs in

prostanoids production in the IMQ-
induced psoriasis model; however, we
could not exclude the possible
involvement of other cells. This is a
remaining question for future study.
We showed that topical treatment
with GW3965 attenuated  Ptgs2
expression in  IMQ-treated  skin
(Figure 2a). Consistently, LXR activation
leads to the inhibition of COX-2
expression in macrophages (Ghisletti
et al., 2009). LXRs are known as
important nuclear receptors controlling
cellular cholesterol levels (Calkin and
Tontonoz, 2012). In KCs, LXR
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activation increases ABCAT expression
levels that are induced by increased
cholesterol levels (Jiang et al., 2006),
and the reduction of total cholesterol
levels using methyl-B-cyclodextrin de-
creases the IL-17—response gene
expression levels. Of note, IL-17A in-
duces the accumulation of intracellular
cholesterol in  KCs in psoriasis
(Varshney et al., 2016). Taken together,
previous understandings and our work
suggest that cross-regulation of the LXR
pathway and cholesterol metabolism in
the skin might organize the chronic
inflammatory loop of IL-17 in psoriasis
through lipid mediators. Although our
work does not identify the contribution
of a specific LXR isotype, significant
reduction of LXRa expression levels in
psoriasis lesional skin (Gupta et al.,
2010) prompt us to expect that LXRa.
might be a major player in this regard.

It has been reported that COX-2 is
required for prostanoid synthesis in
psoriasis skin lesion (lkai, 1999) and that
mechanistically, ~ COX-derived  PGs
and thromboxanes promote the expres-
sion of IL-17 in psoriasis (Honda and
Kabashima, 2019a, 2019b;
Ueharaguchi et al., 2018). Although the
effects of nonsteroidal anti-inflammatory
drugs in psoriasis remain controversial
(Katayama and Kawada, 1981; Kragballe
and Herlin, 1983), LXR-mediated sup-
pression of the COX-2 expression in KCs
might be related to the attenuation of
psoriatic inflammation.

In conclusion, we showed that cuta-
neous LXR activation prevents the
development of psoriasis in an animal
model. Our results highlight the sup-
pression in the production of arach-
idonic acid metabolism in the
development of psoriasis and propose
LXR and its response genes as the po-
tential therapeutic targets.

Declaration for animal use

Mice were purchased from Japan SLC
(Shizuoka, Japan) and were maintained
under specific pathogen-free conditions
in the institute of Laboratory Animals at
Kyoto University Graduate School of
Medicine (Kyoto, Japan). Experiments
were all performed on female C57BL/
6N mice aged 6—10 weeks. All experi-
mental procedures were approved by
the Institutional Animal Care and Use
Committee of Kyoto University Grad-
uate School of Medicine.
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Figure 2. LXR activation leads to downregulation of inflammatory gene expression and inhibition of
COX-2 expression in keratinocytes and downregulation of COX-2 products in the skin of IMQ-induced
dermatitis. (a) Quantitative RT-PCR analysis of mRNA levels 3 hours after IMQ stimulation in murine
keratinocytes with or without overnight stimulation with GW3965 (n = 5 per group). (b) Representative
western blot analysis of murine keratinocytes treated with or without GW3965 stimulated with
recombinant IL-1B at the indicated time points. Total cell lysates were resolved by SDS-PAGE followed by
immunoblotting. (c, d) Lipidomic analysis of COX-2 products of linoleic and arachidonic acid
metabolism. Murine ears at 3 days of IMQ-induced psoriasis with or without GW3965 treatment were
analyzed. (c) COX-2—mediated metabolites from linoleic acid and arachidonic acid. (d) COX-2
metabolite derived from arachidonic acid (n = 10 per group). Results are shown as means + SDs. *P <
0.05, **P < 0.001, ***P < 0.0001, ****P < 0.00001. 9-HODE, 9-hydroxyoctadecadienoic acid; 11-
HETE, 11-hydroxyeicosatetraenoic acid; AU, arbitrary unit; dhk-PGE,, 13,14-dihydro-15-keto-PGE,;
IMQ, imiquimod; LXR, liver X receptor; min, minute; PG, prostaglandin; TX, thromboxane.

Data availability statement
No datasets were generated
analyzed during this study.

or

ORCIDs

Masayuki Otsuka: http://orcid.org/0000-0001-7
005-2779
Gyohei
01-4719
Teruki Dainichi: http://orcid.org/0000-0002-9497-
0029

Toshiaki Okuno: http://orcid.org/0000-0003-027
0-5744

Egawa: http://orcid.org/0000-0002-61

Yoshihiro lIshida: http://orcid.org/0000-0002-621
0-5903

Zachary Chow:
93-8730

Ryota Asahina: http://orcid.org/ 0000-0002-823
0-1960
Toshiya
3122-4528
Takashi Nomura: http://orcid.org/ 0000-0002-4
004-1339
Akihiko
4724-8807
Takehiko Yokomizo: http://orcid.org/0000-0002-
5219-1553

http://orcid.org/0000-0003-44
Miyake:

http://orcid.org/0000-0003-

Kitoh:  http://orcid.org/0000-0003-

M Otsuka et al.

LXR Activation Prevents Psoriasis Formation

Kenji  Kabashima:
0773-0554

http://orcid.org/0000-0002-

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS

We appreciate Hiromi Doi and the laboratory
technicians for helping us with the experiments.
This work was supported by the Japan Society
for the Promotion of Science KAKENHI
(20H05697, 20H00534, 18K08295, 15H05790,
and 15H02551), Japan Science, Japan Agency
for Medical Research and Development
(16ek0410011h0003 and 16he0902003h0002),
Takeda Science Foundation, and AMED-CREST
under grant number JP20gm1210006.

AUTHOR CONTRIBUTIONS
Conceptualization: MO; Data Curation: TO, TY;
Formal Analysis: MO, YI; Funding Acquisition:
KK; Investigation: MO; Methodology: MO, GE,
TD; Project Administration: KK; Resources: TO,
Y1, TY; Supervision: GE, TD, KK; Validation: ZC,
RA, TM; Visualization: KK; Writing - Original
Draft Preparation: MO; Writing - Review and
Editing: GE, TD, TN, AK

Masayuki Otsuka’, Gyohei Egawa’,
Teruki Dainichi’, Toshiaki Okuno’®,
Yoshihiro Ishida’, Zachary Chow"*>,
Ryota Asahina’, Toshiya Miyake',
Takashi Nomura’, Akihiko Kitoh'*>,
Takehiko Yokomizo® and

Kenji Kabashima™*>"

! Department of Dermatology, Kyoto University
Graduate School of Medicine, Kyoto, Japan;
?Department of Dermatology, Kagawa
University Faculty of Medicine, Kagawa,
Japan; > Department of Biochemistry, Graduate
School of Medicine, Juntendo University,
Tokyo, Japan; *Singapore Immunology
Network (SIgN), Agency for Science,
Technology and Research (A*STAR),
Singapore, Singapore; and *Skin Research
Institute of Singapore (SRIS), Agency for
Science, Technology and Research (A*STAR),
Singapore, Singapore

“Corresponding author e-mail: kaba@kuhp.
kyoto-u.ac.jp

SUPPLEMENTARY MATERIAL

Supplementary material is linked to the online
version of the paper at www.jidonline.org, and at
https://doi.org/10.1016/}.jid.2021.08.432.

REFERENCES

Calkin AC, Tontonoz P. Transcriptional integration
of metabolism by the nuclear sterol-activated
receptors LXR and FXR. Nat Rev Mol Cell Biol
2012;13:213—-24.

Chawla A, Repa JJ, Evans RM, Mangelsdorf DJ.

Nuclear receptors and lipid physiology:
opening the X-files. Science 2001;294:
1866—70.

Fowler AJ, Sheu MY, Schmuth M, Kao J, Fluhr JW,
Rhein L, et al. Liver X receptor activators display
anti-inflammatory  activity in irritant and
allergic contact dermatitis models: liver-X-

www.jidonline.org


http://orcid.org/0000-0001-7005-2779
http://orcid.org/0000-0001-7005-2779
http://orcid.org/0000-0002-6101-4719
http://orcid.org/0000-0002-6101-4719
http://orcid.org/0000-0002-9497-0029
http://orcid.org/0000-0002-9497-0029
http://orcid.org/0000-0003-0270-5744
http://orcid.org/0000-0003-0270-5744
http://orcid.org/0000-0002-6210-5903
http://orcid.org/0000-0002-6210-5903
http://orcid.org/0000-0003-4493-8730
http://orcid.org/0000-0003-4493-8730
http://orcid.org/%200000-0002-8230-1960
http://orcid.org/%200000-0002-8230-1960
http://orcid.org/0000-0003-3122-4528
http://orcid.org/0000-0003-3122-4528
http://orcid.org/%200000-0002-4004-1339
http://orcid.org/%200000-0002-4004-1339
http://orcid.org/0000-0003-4724-8807
http://orcid.org/0000-0003-4724-8807
http://orcid.org/0000-0002-5219-1553
http://orcid.org/0000-0002-5219-1553
http://orcid.org/0000-0002-0773-0554
http://orcid.org/0000-0002-0773-0554
mailto:kaba@kuhp.kyoto-u.ac.jp
mailto:kaba@kuhp.kyoto-u.ac.jp
http://www.jidonline.org
https://doi.org/10.1016/j.jid.2021.08.432
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref1
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref1
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref1
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref1
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref1
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref2
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref2
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref2
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref2
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref2
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://www.jidonline.org

4

ARTICLE IN PRESS

M Otsuka et al.

LXR Activation Prevents Psoriasis Formation

receptor-specific inhibition of inflammation
and primary cytokine production. J Invest Der-
matol 2003;120:246—55.

Ghisletti S, Huang W, Jepsen K, Benner C,
Hardiman G, Rosenfeld MG, et al. Coopera-
tive  NCoR/SMRT interactions establish a
corepressor-based strategy for integration of
inflammatory and anti-inflammatory signaling
pathways. Genes Dev 2009;23:681—93.

Ghisletti S, Huang W, Ogawa S, Pascual G,
Lin  ME, Willson TM, et al. Parallel
SUMOylation-dependent pathways mediate
gene- and signal-specific transrepression by
LXRs and PPARgamma. Mol Cell 2007;25:
57-70.

Gupta DS, Kaul D, Kanwar AJ, Parsad D. Psoriasis:
crucial role of LXR-alpha RNomics. Genes
Immun 2010;11:37—44.

Honda T, Kabashima K. Current understanding of
the role of dietary lipids in the pathophysi-
ology of psoriasis. ] Dermatol Sci 2019a;94:
314-20.

Honda T, Kabashima K. Prostanoids and leuko-
trienes in the pathophysiology of atopic
dermatitis and  psoriasis.  Int  Immunol
2019b;31:589—-95.

Ikai K. Psoriasis and the arachidonic acid cascade.
J Dermatol Sci 1999;21:135—46.

Jiang YJ, Lu B, Kim P, Elias PM, Feingold KR.
Regulation of ABCAT expression in human
keratinocytes and murine epidermis. J Lipid Res
2006;47:2248—58.

Katayama H, Kawada A. Exacerbation of psoriasis
induced by indomethacin. ] Dermatol 1981;8:
323-7.

Kragballe K, Herlin T. Benoxaprofen improves
psoriasis. A double-blind study. Arch Dermatol
1983;119:548—52.

Nestle FO, Kaplan DH, Barker J. Psoriasis. N Eng|
] Med 2009;361:496—509.

Schulman IG. Liver X receptors link lipid meta-
bolism and inflammation. FEBS Lett 2017;591:
2978-91.

Journal of Investigative Dermatology (2021), Volume m

Sterry W, Strober BE, Menter A, International
Psoriasis Council. Obesity in psoriasis: the
metabolic, clinical and therapeutic implica-
tions. Report of an interdisciplinary confer-
ence and review. Br J Dermatol 2007;157:
649—55.

Thomas DG, Doran AC, Fotakis P
Westerterp M, Antonson P, Jiang H, et al.
LXR suppresses inflammatory gene expres-
sion and neutrophil migration through cis-
repression and cholesterol efflux. Cell Rep
2018;25. 3774—85.e4.

Ueharaguchi Y, Honda T, Kusuba N,
Hanakawa S, Adachi A, Sawada Y, et al.
Thromboxane A, facilitates IL-17A production
from Vy4+ yd T cells and promotes psoriatic
dermatitis in mice. J Allergy Clin Immunol
2018;142. 680—83.e2.

Varshney P, Narasimhan A, Mittal S, Malik G,
Sardana K, Saini N. Transcriptome profiling
unveils the role of cholesterol in IL-17A
signaling in psoriasis. Sci Rep 2016;6:19295.


http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref3
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref4
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref5
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref6
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref6
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref6
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref6
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref7
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref7
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref7
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref7
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref7
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref8
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref8
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref8
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref8
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref8
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref9
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref9
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref9
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref10
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref10
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref10
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref10
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref10
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref11
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref11
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref11
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref11
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref12
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref12
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref12
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref12
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref13
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref13
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref13
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref14
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref14
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref14
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref14
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref15
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref16
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref17
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref18
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref18
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref18
http://refhub.elsevier.com/S0022-202X(21)02215-6/sref18

M Otsuka et al.
LXR Activation Prevents Psoriasis Formation

SUPPLEMENTARY MATERIALS
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Supplementary Figure S1. Murine IMQ-induced
psoriasis-like dermatitis has lower LXRa
expression than the NT group. (a) Murine ears
were collected after 7 days of treatment with IMQ
or vehicle (NT) topically, and the mRNA
expression of Nr1h2 (LXRP) and Nr1h3 (LXRa)
was quantified using quantitative RT-PCR.
Expression was normalized to Gapdh expression.
(n =5 per group). Results are shown as means +
SDs. **P < 0.001. AU, arbitrary unit; IMQ,
imiquimod; LXR, liver X receptor; NT,

nontreated.
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Supplementary Figure S2. LXR application reduced psoriasis-related genes in human keratinocytes, and
lower NRTH3 gene expression levels were observed in psoriasis lesional skin. (a) Quantitative RT-PCR
analysis of human keratinocyte cell line (HaCaT) stimulated with recombinant IL-18 for 24 hours with or
without overnight GW3965 treatment. Samples were collected 24 hours after stimulation (n = 5 per
group). Results are shown as means & SDs. **P < 0.001, ***P < 0.0001, ****P < 0.00001. AU, arbitrary
unit; LXR, liver X receptor.
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