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Psoriasis is a common, inflammatory autoimmune skin disease. Early detection of an IFN-1
signature occurs in many psoriasis lesions, but the source of IFN production remains debated.
IFN-x is an important source of IFN-1 production in the epidermis. We identified a correlation
between IFN-regulated and psoriasis-associated genes in human lesional skin. We thus wanted to
explore the effects of IFN-«x in psoriasis using the well-characterized imiquimod psoriasis model.
Three mouse strains aged 10 weeks were used: wild-type C57BI/6, C57BI/6 that overexpress
Ifnkin the epidermis (i.e., transgenic), and total body /f7k~ (i.e., knockout) strain. Psoriasis
was induced by topical application of imiquimod on both ears for 8 consecutive days. Notably,
the severity of skin lesions and inflammatory cell infiltration was more significantly increased in
transgenic than in wild-type than in knockout mice. Gene expression analysis identified greater
upregulation of Mxa, /1/1b, Tnfa, 116, 1112, 1123, /17, and /fng in transgenic compared to wild-type
compared to knockout mice after imiquimod treatment. Furthermore, imiquimod increased CD8*
and CD4* T-cell infiltration more in transgenic than in wild-type than in knockout mice. In
summary, we identified IFN-x as a rheostat for initiation of psoriasiform inflammation. This
suggests that targeting IFN-1s early in the disease may be an effective way of controlling psoriatic
inflammation.

INTRODUCTION

In total, 2—3% of the world’s population is affected by psoriasis, an autoimmune

skin disease characterized by epidermal hyperproliferation, abnormal differentiation of
keratinocytes (KCs), and infiltration of inflammatory cells (Clark and Kupper, 2006; Li

et al., 2020; Lowes et al., 2007; Nestle et al., 2009; Perera et al., 2012). The pathogenesis
of psoriasis is complex, involving multiple cytokines and chemokines that promote T helper
17—mediated inflammation. Infiltration of plasmacytoid dendritic cells (DCs) and detection
of an IFN-1 signature occurs early in many psoriasis lesions (van der Fits et al., 2004;
Zhang, 2019), and deletion of the IFN-1 receptor is protective in imiquimod (IMQ)-induced
psoriasis (Grine et al., 2015); however, the role of IFNs in and particularly the contributions
of IFN-1s to psoriasis pathogenesis remain poorly understood.

Recently, we described IFN-x as an important source of IFN-1 in the epidermis of

healthy control KCs and as a contributor to inflammation and photosensitivity in systemic
lupus (Sarkar et al., 2018). Reports have described both increased and decreased IFN-x

in psoriatic lesions (Li et al., 2019; Scarponi et al., 2006), but timing and location

of biopsy may impact these findings. Given the potential availability of drugs that can
specifically target IFN-1 signaling, it is important to understand the role of IFNs in psoriasis
development to facilitate rational treatment algorithms (Lee et al., 2020; Morand et al., 2020;
Shibata et al., 2015). Thus, we chose to study the responses in IMQ model of psoriasis

in mice that overexpress /fnk in the epidermis, under the keratin 14 promoter, and in

mice that lack /fnk expression and compared these with the responses noted in wild-type
(WT) mice. We found that /fnk expression functioned as a rheostat wherein the absence

of /fnk attenuated disease, and epidermal overexpression of /fnkincreased disease severity,
recruitment of neutrophils, and production of inflammatory cytokines, including I1L-17.
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RESULTS

IFN-regulated genes are increased in psoriasis and correlate with IL23 and IL17A
expression

To better understand the role of IFNs in psoriasis, we first examined transcriptional

data from 38 healthy controls and 27 nonlesional and 28 lesional biopsies from patients
with psoriasis. A dramatic increase in IFN-stimulated genes was noted in the lesional
psoriatic skin, whereas a subtler increase was noted in nonlesional psoriatic skin (Figure
1a). Quantification of MXZ expression, an IFN-1—regulated gene, confirmed a significant
(P=8 x 1073) but small increase in nonlesional psoriatic skin and a highly significant
increase in lesional skin (2= 1.9 x 10~24) (Figure 1b). Although the expression of M.X1
was variable across samples, we identified correlations between the expression of psoriasis-
associated cytokines (i.e., /L23and /L17A) with MXZ only in the lesional skin (Figure 1c).
Examination of transcripts for which IFN-1s were expressed in this data set identified only
IFNK and /FNE. Because IFN-1s typically have low expression levels, we then examined a
second data set with deeper coverage (Tsoi et al., 2015) and found /FNVK and /FNE as well
as IFNA5and /FNAZ21 in a few samples. Only IFNK and IFNE showed a positive but not
significant correlation with MX1 (Figure 1d). Previous literature had suggested an increase
in IFN-x as a prominent IFN in psoriatic skin, so we evaluated this by immunofluorescent
staining. Indeed, MX1 was increased in psoriatic lesions, consistent with IFN-1 exposure,
and an increase in IFN-x staining was also noted (Figure 1e). These data led us to the
hypothesis that /FNVK expression may be able to modulate /L23and /L17A expression and
thus act as a rheostat for psoriatic inflammation (Figure 1f).

Overexpression of IFN-x in the epidermis enhanced IMQ-induced psoriasis

To investigate how the modulation of IFN-x could affect the development of psoriatic
inflammation, we rederived mice deficient in /fnk (i.e., knockout [KO]) and generated mice
that overexpress IFN-x in the epidermis under the control of the keratin 14 promoter (i.e.,
transgenic [TG] mice). Absence or overexpression of /fnk in murine skin was confirmed

by genotyping and western blot (Supplementary Figure S1a—d). Psoriasiform inflammation
was induced by treating female and male WT, /fnk—TG, and /fnk—KO mice aged 10 weeks
with topical application of IMQ on both ears for 8 consecutive days. Untreated sex- and
age-matched mice were used as controls. WT and /frk—TG mice demonstrated a significant
increase in /fnk expression on day 8 of treatment (Figure 2a). All IMQ-treated mice
exhibited body weight loss after 2—3 days of IMQ treatment, which was improved after the
addition of dietary supplements per veterinary instructions (Figure 2b). Ear lesions appeared
after 4 consecutive days with IMQ treatment (representative photos of day 4 lesions are
shown in Supplementary Figure S1e). Whereas all IMQ-treated mice exhibited psoriasis-like
lesions in both ears after 8 days of treatment (Figure 2c), the ear thickness was significantly
reduced in KO mice (blue stars) and was significantly increased in TG mice (red stars)
compared with that in WT mice (Figure 2d). This suggests that baseline epidermal IFN-x
expression can regulate the inflammatory phenotype to IMQ. No differences were observed
between sexes, so data from both sexes were grouped for strain-specific comparisons.
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Ifnk—TG mice developed severe splenomegaly

Topical IMQ treatment is known to induce splenomegaly (Grine et al., 2016). Notably,
spleen weight measured on day 9 was significantly increased in the mice after IMQ
treatment in the following order: KO < WT < TG (Figure 2e and f), suggesting that the
degree to which IFN-x is present in the epidermis can also regulate the systemic response to
IMQ. No sex differences were observed.

IFN-x regulates histopathologic characteristics of psoriasis

Representative H&E-stained ear sections from KO, WT, and TG mice treated with IMQ

or corresponding control are shown (Figure 3a). The scoring of epidermal scale (Figure
3b), hyperplasia (Figure 3c), dermal inflammatory infiltrate (Figure 3d), and neutrophils

in scale (Munro microabscess) (Figure 3e) was completed in a blinded fashion by a
dermatopathologist and revealed a subtle gradient of phenotype in IMQ-treated mice in the
following order: KO < WT < TG. Acanthosis measures confirmed increases in acanthosis
in IMQ-treated mice in the following order: KO < WT = TG (Figure 3f). No differences
between sexes were observed. In contrast to IMQ-treated mice, untreated mice show little-
to-no immune cells in ear sections.

IFN-x overexpression enhances inflammatory cell recruitment to the skin

We then investigated whether inflammatory infiltrates were increased by the effect of IFN-x
as a result of IMQ treatment. Ear tissues were immunoassayed with anti-Ly6g, F4/80,

and CD11c antibodies for detection of neutrophils, macrophages, and DCs, respectively.
Increased neutrophils with larger Munro microabscesses were seen more in IMQ-treated TG
mice than in WT than in KO mice. Representative images of ears stained with Ly6g are
shown in Figure 4. F4/80" macrophages and CD11c* DCs were observed in greater numbers
in IMQ-treated TG mice than in WT than in KO mice. In contrast, control mice showed

few positive cells for all stains examined. Representative images of ear tissue stained with
F4/80 and CD11c are shown in Supplementary Figure S2a and b. No differences were noted
between male and female mice.

IFN-x is a rheostat for IFN and IL-17 responses in the skin

Examination of transcriptional changes in the ears of mice on day 9 after IMQ treatment
identified a more upregulation of MxZ, an IFN-1 response gene, in TG than in WT than

in KO mice (Figure 5a). This suggests that increased IFN-«x signaling promotes IFN-1
responses, as we have previously published (Clark et al., 2015; Tsoi et al., 2019a; Wolf et
al., 2019, 2018). As expected in C57BI/6 mice (Swindell et al., 2017), IMQ also induced
inflammatory genes such as 7nfa, /116, and //6 and T-cell and T helper type 17—associated
response genes such as signal transducer and activator of transcription 3 gene Stat3, 1/23,
/l17a, 1112, and /fng. In each instance, increased IFN-«x at baseline resulted in more robust
upregulation, and the absence of IFN-x dampened the upregulation of these genes after
IMQ treatment (Figure 5b—i). No major differences between the sexes were noted for
inflammatory gene regulation; therefore, all data were grouped for each strain. These data
suggest that baseline IFN states may regulate the psoriatic inflammatory response.
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IFN-x modulates T-cell recruitment into psoriatic lesions

T cells are important pathogenic mediators in psoriasis (Di Meglio et al., 2016; Johnston et

al., 2013). Given the effects of IFN-x modulation on T-cell activators such as IFN-y, IL-12,
IL-23, and IL-1p production, we then examined the presence of CD4" and CD8" T cells in

the skin of IMQ-treated mice. Ear tissue was immunostained for CD4 (Figure 6a) and CD8
(Figure 6b) and counterstained with hematoxylin (blue). More increases in CD4* and CD8*
T cells were seen in IMQ-treated TG than in WT than in KO mice.

DISCUSSION

Psoriasis involves complex immunologic pathogenesis of both the innate and adaptive
immune systems (Billi et al., 2019). Although our knowledge of psoriatic pathogenesis has
increased in the past decade, the role of IFN-1s, specifically the role of IFN-x, in psoriasis
remains unknown (Billi et al., 2019; Crow, 2014; Eloranta and Rénnblom, 2016; Goel et al.,
2020; Xin et al., 2006). In this study, we have identified that psoriasis phenotypes induced
by IMQ can be lessened by the absence of IFN-x and enhanced by increased basal IFN-x.
This suggests that modulation of the IFN state could be beneficial, especially if a patient
exhibits increased IFN in the skin.

Detection of an IFN-1 signature occurs in many psoriasis lesions, and we confirmed a
robust increase in IFN-regulated genes in psoriatic lesional skin. This supports the activation
of this pathway in human disease; yet, the contributors to IFN-1s in human psoriasis
remain unclear. In murine models, deletion of the IFN-1 receptor has been reported as
protective in IMQ-induced psoriasis (Ueyama et al., 2014), but reports also suggest that
the absence of IFN-1 signaling makes no difference on disease phenotype (Wohn et al.,
2013). Certainly, the success of Jak inhibitors, which block IFN-1 signaling, in psoriasis is
also intriguing (Punwani et al., 2012). Recently, IFN-x has been identified to be increased
in human psoriatic lesions (Li et al., 2019). Our murine-overexpressing /fnk-TG mice

had normal-appearing skin, suggesting that IFN-x overexpression itself is not sufficient

to induce disease. However, INF-x had a significant potentiating effect on the production
of numerous psoriasis-associated cytokines, such as IL-23 and IL-17. This was confirmed
in another murine model in which subcutaneous injection of IFN-x resulted in increased
expression of //Z17and Tnfa (Li et al., 2019). Thus, increased IFN-x may set the stage for
inflammatory responses. However, this role for IFN-x does not exclude contributions from
other IFN-1s, particularly IFN-e, which was also identified to be elevated in the psoriatic
human skin.

CD11c* DCs are central mediators of IMQ-induced psoriasis (Grozdev et al., 2014; Scher
et al., 2019). IFN-1s have a known proinflammatory role through priming of monocytes
and DCs (Ivashkiv and Donlin, 2014). IFN-1 exposure induces persistent antigen processing
and class Il major histocompatibility complex expression on DCs (Simmons et al., 2012).
DC production of 1L-23 is critical to IMQ-induced psoriasis as well. Whereas systemic
administration of IFN-1s has previously been shown to downregulate DC IL-23 production
and splenic T helper type 17 production (Yen et al., 2015), KCs are a robust source of

IL-23 that can further trigger IL-23 production in DCs (Yoon et al., 2016). Indeed, IFN-1
stimulation causes a mild increase in /L23transcripts in human KCs, but in the context

J Invest Dermatol. Author manuscript; available in PMC 2023 January 01.
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of other inflammatory mediators, such as TNF-a., which is also increased by IFN-x, KC
production of IL-23 is robust (Casciano et al., 2018; Hong et al., 1999; Jiang et al., 2020;
Kulig et al., 2016). Thus, our findings indicate that IFN-x levels modulate CD11c* cell
infiltrates and /L 23transcripts suggest that IFNs function as a rheostat and may regulate the
severity of psoriasis through a DC/IL-23 loop (Figure 1f). Further research is required in this
regard.

In summary, IFN-1 signaling, especially the role of IFN-x, has recently been described

as an important mediator of immune responses in autoimmune diseases such as systemic
lupus erythematosus. However, their role in psoriasis has not been determined. We identify
a role for IFN-x in tissue inflammation in an acute model of IMQ-induced psoriasis.

After topical application of IMQ, increased epidermal overexpression of IFN-«x resulted in
increased disease severity, increased production of psoriatic-associated cytokines, and more
inflammatory cells recruited into the skin, including neutrophils, monocytes/macrophages,
DCs, and T cells. Deletion of IFN-x attenuated IMQ-elicited disease severity. These findings
show that overproduction of IFN-1s may impact psoriasis development and that targeting
IFN-1s, including IFN-x, in early disease may reduce the inflammatory infiltrate and

could potentially modulate disease flare. Further studies will need to elucidate the specific
mechanisms that may be at play.

MATERIALS AND METHODS

Human skin samples and analysis

Mice

The study was approved by the University of Michigan Institutional Review Board
(HUMO00019384), and all patients gave written informed consent. Six-millimeter punch
biopsies were taken from lesional and nonlesional skin. The study was conducted according
to the Declaration of Helsinki Principles. Transcriptome data from 38 healthy controls

and 28 lesional and 27 nonlesional biopsies from patients with psoriasis were obtained as
previously published (Tsoi et al., 2019b). Differential expression analysis was performed
comparing nonlesional with healthy control and lesional with healthy control using a
negative binomial model with DESeq2 (Love et al., 2014). Comparison of cytokine
expression with MX1 was undertaken using linear correlation analysis.

Female and male WT C57BL/6N mice aged 8 weeks were purchased from The Jackson
Laboratory (Bar Harbor, ME). Mice deficient in /fnk (/fnk KO) on the C57BL/6N
background were derived from The Knockout Mouse Project Repository, University of
California, Davis. The genotype of these mice was confirmed by genotyping and western
blotting (Supplementary Figure Sl1a and b). Mice TG for /fnk (/frik—TG mice) under the
keratin 14 promoter (to promote epidermal overexpression) on the C57BI/6N background
were generated by Cyagen Biosciences (Santa Clara, CA) using the PiggyBac vector and
confirmed by PCR. Overexpression of /fnkin murine skin was confirmed by genotyping
and western blotting (Supplementary Figure S1c and d). The TG and KO mice were
phenotypically normal and were able to breed without difficulty. Mice were housed in the
Unit for Animal Laboratory Medicine facility at the University of Michigan (Ann Arbor,

J Invest Dermatol. Author manuscript; available in PMC 2023 January 01.
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MI) under enriched conditions at a constant temperature (22—23 °C) with a 12:12-hour
light-to-dark cycle and optimal humidity and free access to tap water and food ad libitum.
All animal procedures were performed using protocols approved by the University of
Michigan Institutional Animal Care and Use Committee on Use and Care of Animals.

IMQ-induced psoriasis

For all experiments, mice were treated at ages 9—10 weeks. The well-characterized IMQ
psoriasis model was used in these studies (Lee et al., 2020; Shibata et al., 2015). Female and
male WT, /fnk—TG, and /fnk—KO mice were randomly divided into two groups (h = 6—10
per group), and psoriasiform skin inflammation was induced using the topical application
of 62 mg of Aldara cream, 5% IMQ(Valeant Pharmaceuticals North America, Bridgewater
Township, NJ) per ear for 8 consecutive days. Mice were monitored daily, and ear thickness
was measured with a digital caliper. Body weights and photos were taken daily. On day

9, 24 hours after the last IMQ treatment, mice were killed, and spleens were removed and
weighed. Ears were removed in entirety and portioned for formalin fixation and paraffin
embedding, and a small piece of tissues was mounted in Optimal Cutting Temperature
Compound, and RNA isolation was performed. The treatments were completed on two
separate replicate groups of mice.

Histologic analyses

A piece of the ear was fixed in 10% formalin, dehydrated, embedded in paraffin, sectioned,
and stained with hematoxylin (Surgipath, 3801540, Leica Biosystems, Richmond, IL)

and eosin (Surgipath, 3801600, Leica Biosystems). H&E staining was performed per
standard protocols. Scoring of inflammation was conducted in a blinded fashion by a
dermatopathologist (LL). Briefly, positive and negative controls were viewed for creation

of scoring ranges, and then 10 images per group were assessed for alterations in epidermal
scale, including the degree of hyperkeratosis and parakeratosis (scores 0—4+), with basket
weave stratum corneum interpreted as normal (score = 0). Epidermal thickness was
measured in millimeters with normal thickness observed in untreated specimens measuring
approximately 0.02 mm and the greatest degree of epidermal hyperplasia averaging 0.12
mm. Neutrophils in the epidermis corresponding to Munro microabscesses were scored as
absent or present focal or quantitated as multiple and/or excrescent collections (scores 1—
4+). Scoring of dermal infiltrate was assessed similarly (scores 0—4+). Acanthosis measures
were collected for the entire length of each stained section in a manner blind to mouse strain,
and treatment was performed as previously described by NLW and DG (Wolfram et al.,
2009).

Immunofluorescent staining

Paraffin-embedded tissue sections were heated at 60 °C for 30 minutes, deparaffinized,

and rehydrated. Slides were placed in PH9 antigen retrieval buffer and heated at 125 °C

for 30 seconds in a pressure cooker water bath. After cooling, slides were blocked using
10% Donkey serum (30 minutes). Overnight coincubation at 4 °C was then performed
using anti-human MX1 (Abcam, Cambridge, United Kingdom; catalog number: Ab222856)
at a dilution of 1:100 and anti-human IFN-x (Abnova, Taipei City, Taiwan; catalog

number: HO0056832-M01) at a dilution of 1:25. Slides were then washed, incubated

J Invest Dermatol. Author manuscript; available in PMC 2023 January 01.
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with fluorescent-tag—conjugated secondary antibodies (for 30 minutes), and observed by
fluorescence microscopy.

Immunohistochemistry staining

For detection of cellular populations in the skin, formalin-fixed, paraffin-embedded sections
were heated at 65 °C for 30 minutes, deparaffinized, rehydrated, and heated at 100 °C for
20 minutes in pH 6 antigen retrieval buffer. Slides were washed, treated with 3% hydrogen
peroxide in PBS for 5 minutes, blocked, and incubated with anti-Ly6g (1:100 dilution,
ab210799, Abcam), anti-CD4 (1:50 dilutions), and anti-CD8a (1:50 dilutions, 550280,
550281, BD Pharmingen, San Diego, CA) overnight at 4 °C. Appropriate negative (no
primary or secondary antibodies or isotype controls antibodies 1gG, 1gG2ak, and 1gG2bk)
were stained in parallel with each set of slides mentioned earlier. All slides were then
incubated with biotinylated secondary antibodies (1:200 dilutions) (\Vector Laboratories,
Burlingame, CA), followed by incubation with vectastain ABC reagent and followed by
detection with the diaminobenzidine reagent under a light microscope, counterstained with
hematoxylin, dehydrated, and mounted. Images were acquired using a Zeiss microscope
(Zeiss, Oberkochen, Germany) at indicated magnifications. Inflammatory infiltrates were
quantified by taking consecutive images across the entire section of five mice per group at
%20 magnification. Positive cells were manually counted, averaged, and presented as the
number of cells/x20 magnification field.

Quantitative real-time reverse transcriptase—PCR

Statistics

Ear tissues were snap frozen in liquid nitrogen and stored at —80 °C until further use. Each
ear was pulverized with the use of a mortar and pestle and placed in TRIzol reagent (Thermo
Fisher Scientific, Waltham, MA). RNA was purified using Direct-zol RNA Kits according to
the manufacturer’s instructions. Total RNA quantified and their purity were determined on
the basis of A260 nm/A280 nm using a spectrophotometer (Thermo Fisher Scientific/NANO
drop 2000). A total of 200 ng RNA was used for cDNA synthesis using a High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, Waltham, MA). Quantitative real-
time reverse transcriptase—PCR was performed on a real-time PCR detection system (Bio-
Rad Laboratories, Hercules, CA). Quantitative real-time reverse transcriptase—PCR was
performed in technical triplicates for the biological triplicate numbers indicated in the figure
legends using TagMan Universal PCR Master Mix (Applied Biosystems). TagMan primer
sets and probes were purchased from Applied Biosystems and are listed in Supplementary
Table S1. All expression values were normalized to the housekeeping gene Z85as an
internal housekeeping gene, and fold change compared with that in Vaseline-treated mice (as
calculated by 2x~—ddCT) was plotted.

Experimental data are presented as mean £ SEM unless otherwise indicated. All data

were graphed, and statistics were performed using GraphPad Prism, version 8.0 (GraphPad
Software, San Diego, CA). For data comparing multiple groups, an ordinary one-way
ANOVA was used with posthoc Tukey’s multiple comparisons test, unless otherwise noted.
No differences were observed between male and female mice, and they were therefore
grouped for strain and treatment comparisons. Comparison between the two groups was

J Invest Dermatol. Author manuscript; available in PMC 2023 January 01.
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completed by a two-tailed Student’s #test for normally distributed data. When there was
a significant difference in variances, Welch’s correction was applied. Comparisons were
considered significant with a £< 0.05. Statistical significance levels are indicated as *P<
0.05, **P<0.01, ***P < 0.001, and ****P,< 0.0001.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. IFN signatures are elevated in PSO skin and correlate with 1L23 and IL17A expression.
(a) Heatmap identifying the expression of IFN-1—regulated genes in healthy CO (left, blue

bar), nonlesional PSO skin (middle, pink bar), and lesional PSO skin (right, green bar). (b).
Expression of MXZ in the CO, nonlesional, and lesional skin. ** P< 0.01, **** < 0.0001.
(c). Correlations of MXZ with /L23 (top) and /L17 (bottom). Pearson coefficients are shown.
(d) Correlations of detectible /FNI transcripts with MXZ in a second dataset of control

and psoriasis biopsies (n = 36 healthy control, 13 nonlesional skin, and 50 lesional skin
samples). (€) Immunofluorescent microscopy for MX1 (red) and IFN-x (green) in two CO
and lesional PSO skin biopsies. (f). Graded expression of IFN-x in the epidermis regulates
inflammatory mediators of psoriasis. Increasing baseline IFN-x results in the upregulation of
epidermal proliferation, cellular infiltrates, and IL-17 and IL-23 responses after imiquimod
treatment. CO, control; DC, dendritic cell; PSO, psoriatic.
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Figure 2. IFN-x regulates IM Q-induced ear thickness and splenomegaly.
(a) /fnkexpression and (b) body weight after 8 days of IMQ or vehicle treatment. (c)

Representative photographs of ears from treated and untreated male and female mice. (d)
Change in ear thickness was assessed. n = 12—20 mice per group. * £< 0.05, ** £< 0.01,
**x* P<0.0001. (e) Representative images of spleens from IMQ-treated and control mice.
(f) Spleen weight quantitation. n = 12—20 mice per group. Statistical significance levels are
indicated as *** < 0.001 and **** P< 0.0001. IMQ, imiquimod; KO, knockout; TG,
transgenic; Tx, treatment; WT, wild type.
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Figure 3. IFN-x actsas arheostat for M Q-mediated psoriatic changes.
(a) Representative H&E-stained ear sections of untreated and IMQ-treated male and female

mice. (b—e) Scoring of inflammation for each indicated metric was conducted in a blinded
fashion by a dermatopathologist. (f) Average of acanthosis (in pm) across the entire ear
section. Images are representative of sections from 12—20 mice per group examined. Bar
=50 um. *P < 0.05; ** P< 0.01; ***P< 0.001; **** £< 0.0001. IMQ, imiquimod; KO,
knockout; TG, transgenic; Tx, treatment; WT, wild type.
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Figure 4. IFN-x enhances neutrophil recruitment after IMQ treatment.
(a) Representative images of ear tissues stained with Ly6G. (b) Quantification of Ly6G*

cells per x20 field from images examined across the entire section from five mice in
each treatment and genotype group. Bar = 50 um. IMQ, imiquimod; KO, knockout; TG,
transgenic; Tx, treatment; WT, wild type.
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Figure 5. IFN-x enhances | FN-1 and psoriasis-associated cytokine transcripts.
IFN-1—regulated genes (a) MxI and (b) STAT3 mRNA Stat3 expression; (c—e)

inflammatory genes, including 7nfa, //1b6, and /L6, and (f—i) Th17-associated response
genes, including //23, 11173, 1112, and /fng mRNA expression are shown from IMQ-treated
and -untreated mice. QRT-PCR was performed in technical triplicates. Data are represented
as mean + SEM. Statistics were calculated by one-way ANOVA with Tukey’s correction for
multiple comparisons or nonparametric Mann—Whitney U test. *P< 0.05; ** P< 0.01; ***
P<0.001; **** P<0.0001. Each dot represents the average technical triplicate for a single
mouse (n = 12—20 per group). IMQ, imiquimod; KO, knockout; QRT-PCR, quantitative
real-time reverse transcriptase—PCR; STAT3, signal transducer and activator of transcription
3; TG, transgenic; Th17, T helper type 17; Tx, treatment; WT, wild type.
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Figure 6. IFN-x drives T-cell recruitment to psoriatic lesions.
(a) Representative images of KO, WT, and TG mice treated with IMQ stained for (a) CD4

and (b) CD8. Left panels show representative images; right panel shows the quantification of
(a) CD4- and (b) CD8-positive cells per x20 field from images examined across the entire
section from five mice in each treatment and genotype group. Bar = 50 um. Bar = 50 um.
IMQ, imiquimod; KO, knockout; TG, transgenic; Tx, treatment; WT, wild type.
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