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Table S1

Sample ID Age (yrs) Gender PASI Age of Onset Treatment

H1 54 F NA NA NA

H2 53 F NA NA NA

H3 74 F NA NA NA

H4 36 F NA NA NA

H5 37 F NA NA NA

P1 56 M 4.2 35 topical steroids+Vitamin D
P2 52 M 7.9 51 topical steroids+Vitamin D
P3 63 F 41 53 topical steroids+Vitamin D
P4 56 F 2.8 31 topical steroids+Vitamin D
P5 30 M 12.5 24 topical steroids

P6 56 F 4.2 53 topical Vitamin D

P7 60 M 15.6 44 topical steroids+Vitamin D
P8 45 M 9.6 38 topical steroids+Vitamin D

Table S1 related to Fig.1: Demographics of healthy donors (H) and psoriasis patients
(P). PASI: Psoriasis Area Severity Index; NA: Not applicable



Increased expression in Lesional Skin

Table S2

Decreased expression in Lesional Skin

Gene FC: L vs NL p FDR Gene FC: L vs NL p FDR
S100A9 113.785 2.41E-73  4.37E-69 ZSCAN18 0.273345 4.96E-52 3.15E-48
S100A8 105.068 2.76E-73  4.37E-69 PHF17 0.386304 7.10E-41 2.51E-37

TCN1 192.55 9.32E-71  9.86E-67 IL37 0.0528742 6.59E-38  1.90E-34

TPBG 3.75752 3.61E-56  2.86E-52 TMEM99 0.264457 2.18E-37  5.76E-34

S100A7A 1050.83 2.37E-48 1.25E-44 | RP11-54F2.1 0.137792 1.33E-32 2.49E-29
C100rf99 15.8586 7.96E-45 3.61E-41 AQP9 0.127827 1.54E-31 2.57E-28
GJB2 17.0579 5.51E-42 2.19E-38 RORC 0.129265 2.84E-31 4.29E-28
ADAMDEC1 19.2404 1.10E-39  3.50E-36 C1orf95 0.207568 1.96E-29  2.59E-26

KYNU 30.0741 2.19E-36  5.35E-33 F3 0.188385 2.12E-29  2.69E-26

GLYCTK 2.59476 6.06E-36  1.37E-32 C7orf41 0.392176 2.24E-28 2.73E-25

FAM110C 3.86474 9.93E-33  2.05E-29 ZNF134 0.571151 2.92E-28  3.44E-25
CXCR6 8.189 1.08E-32  2.05E-29 KRT77 0.0426745 6.26E-28 7.10E-25
S100A7 62.428 9.70E-32  1.71E-28 CDH20 0.188352 3.31E-27  3.39E-24
S100A12 155.573 1.92E-31 3.04E-28 ANKRD33B 0.123088 6.69E-27 6.44E-24

IRAK2 3.02766 5.24E-31  7.57E-28 HS3ST6 0.099026 3.41E-26  3.00E-23

PLBD1 3.58343 1.10E-29  1.52E-26 GJB4 0.0621355 1.61E-25 1.33E-22

PI3 172.237 9.53E-28  1.04E-24 ACAT1 0.522441 1.64E-25  1.33E-22
TRIM14 2.74193 2.52E-27 2.67E-24 WNK2 0.152976 2.46E-25 1.91E-22
ARNTL2 3.4689 3.63E-27 3.60E-24 RAB3B 0.0944153 3.38E-25  2.49E-22
CCRN4L 3.04026 7.40E-27 6.91E-24 RGMB 0.346188 3.68E-25 2.65E-22
MPZL2 4.98868 8.31E-27 7.53E-24 CLDN1 0.283213 7.86E-25  5.20E-22
PRKCQ 11.3831 8.95E-26  7.68E-23 UGT3A2 0.032518 9.23E-25  5.98E-22

CHFR 1.4794 2.22E-25 1.76E-22 IGFL3 0.308453 1.31E-24 8.31E-22
ABCG4 25.4933 3.16E-25 2.38E-22 SOX5 0.264699 1.44E-24 8.98E-22

TMPRSS11D 81.6717 3.92E-25 2.77E-22 ANKH 0.51391 4.68E-24 2.61E-21

Table S2 related to Fig.1: Top 25 most significantly up- (left) and down-(right) regulated
genes in lesional (L) versus non lesional (NL) psoriasis skin. FC: Fold Change; FDR:
False Discovery Rate
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A Expression Level Condition: F | g ure S 1
Mean expression of at least 15 reads
in 2 of 12 tissue/treatment
conditions.

Result: 15510 genes

AhR Target Condition:

Treatment test: p < 0.05 in at least
1 tissue and 1 treatment. Fold
changes of the 2 treatments must be
opposing in the relevant tissue.
Result: 884 genes I

Treatment Consistency Condition:
Treatment test: p < 0.05 for either
treatment in both L and NL. Fold
changes of the 2 treatments must be
opposing in one of L and NL.

Result: 51 genes e

Disease Relevance Condition:
Differential expression in untreated
LvsNLp < 0.05

Result: 41 genes
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Figure S1 related to Fig.1: (A) Flow chart showing filtering criteria for RNA sequencing gene
expressing analysis. (B) Network showing the molecular relationships between gene products
modulated by AhR agonist in lesional skin. Genes are represented as nodes and their biological
relationship is represented as an edge; the intensity of the node colour indicates the degree of
up- (red) or down- (green) regulation



Relative expression

Figure S2
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Figure S2 related to Fig.2: (A) Back skin of imiquimod-treated AhR*- and AhR-- mice 5
days after treatment initiation. (B) Kinetics of proinflammatory gene expression in whole-
skin from imiquimod-treated AhR*- and AhR” mice. (C) IL-1B protein levels from Pdbu/
lonomycin-restimulated skin cell suspension from day 5 imiquimod-treated mice. (D)
FACS dot plot showing expression of TCRp and TCRy?d in IL-17 (left) and IL-22 (right) -
expressing cells in the skin of day 5 imiquimod-treated AhR*- mice. (E) IL-17A and IL-22
protein levels produced by Pdbu/lonomycin-restimulated FACS-sorted eYFP from day 5
imiquimod-treated IL-17A fate reporter mice. (F) IL-17A and IL-22 protein levels on whole
skin lysates from day 5 imiquimod-treated mice. (G) Number of macrophages (CD11b
*F4/80*) and dendritic cells (CD11c*) found in imiquimod-treated skin on day 5 after
initiating treatment.



Figure S3
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Figure S3 related to Fig.3: mRNA expression of i/77a and il22 in skin of imiquimod-
treated mice with or without daily FICZ administration on day 5 after initiating treatment.



Figure S4
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Figure S4 related to Fig.4: (A) gPCR showing deletion of AhR in sorted dendritic cells
from AhRTCD11c.Cre mice. (B) mRNA expression of il17a and il22 in skin of imiquimod-
treated AhR'CD11c.Cre mice on day 5 after initiating treatment. (C) gPCR showing
deletion of AhR in sorted T cells from AhR'CD11c.Cre mice. (D) mRNA expression of i/17a
and il22 in skin of imiquimod-treated AhR"Rag1.Cre mice on day 5 after initiating
treatment. (E) Quantification of epidermal thickness of imiquimod-treated AhR*- and
AhR-- mice treated with either isotype or anti-IL-17A antibody,on day 5 after initiating
treatment.(F) Number of neutrophils per cm? of skin as determined by FACS analysis of
Ly6G+ cells in imiquimod-treated AhR*- and AhR”- mice treated with either isotype or
anti-IL-17A antibody. (G) mRNA expression of cxcl1 and krt10 in skin of imiquimod-treated
AhR*- and AhR"- mice treated with either isotype or anti-IL-17A antibody.* p<0.05.



Figure S5
A B o

0.8
cxclt .
c
o
e 0.6
o
iCM gg
X 04
iCM S
+ anti-IL-1 52 ]
° .
[
0.1 1 10
Fold change 0.0 ==
A
SR
& @
oe’\ Q‘,"o

Y_‘Q

Figure S5 related to Fig.6: (A) cxc/T mRNA expression in AhR-deficient keratinocytes
stimulated for 24 hours with iCM in the presence or absence of neutralizing anti-IL-14 (10
mg/ml). Data are expressed as fold change over keratinocytes stimulated with in-vitro-
reactivated skin cells obtained from naive wild-type mice. Plots show mean + SEM. n =
2-3 wells per group. (B) ahr mMRNA expression in human primary keratinocytes, transiently
transfected for 48 hours with a non-targeting control SIRNA (cSiRNA, white bars) or in
which AhR was transiently silenced (AhR-SiRNA, black bars) and stimulated for further 24
hours with human recombinant IL-13(10 ng/ml)



Figure S6
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Figure S6 related to Fig.7: (A) Junb mRNA expression in AhR*" (white bars) and AhR"-
(black bars) keratinocytes stimulated for 24 hours with conditioned medium from in-vitro-
reactivated skin cells obtained from IMQ-treated wild-type mice. Data expressed as fold
change over stimulation with medium conditioned by in-vitro-reactivated skin cells
obtained from naive wild-type mice. Results from one representative experiment of three
independent experiments are shown.



Supplemental Experimental Procedures related to Experimental Procedures

Human skin biopsies culture: Psoriasis skin biopsies were quartered and one quarter of
each was stored in RNA-later (Life Technologies) at 4°C until further use. The remaining
three quarters were cultured with either 0.1% DMSO (vehicle control), the AhR agonist FICZ
(250 nM) or the AhR antagonist CH-2233191 (3 uM) in IMDM (Sigma) containing 2% Pen-
Strep-Gln solution (Sigma) and 10% knockout Serum replacement factor (Life Technologies)
at 37°C in humidified 5% CO,/95% air for 16h. Individual skin biopsies from healthy donors

were processed in the same ways as those of patients.

Animals: Mice were bred in the NIMR animal facility under specified pathogen free
conditions. All animal experiments were done according to institutional guidelines and Home
Office regulations. C57Bl1/6, B6.CD45.1, Ahr" (Schmidt et al., 1996) (Jackson Stock 002727
B6;129-AMm31B/ 1y " oo ] Cre(McCormack et al., 2003), Cdllc.Cre (Jackson stock 008068
B6.Cg-Tg("¢™*™)1-1Reiz/J(Caton et al., 2007), Ah"™ (Jackson Stock 006203 B6.129(FVB-
Ahr™ B "B6 Ragl”and Ahr"Ragl™ mice were used in this study. Mice were bred in the
NIMR animal facility under specified pathogen free conditions. All animal experiments were

done according to institutional guidelines and Home Office regulations.

Generation of BM chimeras: BM cells were obtained from femurs and tibias of donor mice.
Sub-lethally irradiated Ragl deficient recipient mice were reconstituted by intravenous

injection of 1x10” BM cells.

RNA isolation and Quantitative RT-PCR (qRT-PCR): Total RNA was obtained using the

Mirvana Kit (Life Technologies) (human skin), or a Polytron PT 3000 tissue homogenizer



(Kinematika) along with TRIzol (Life technologies) (mouse skin) or RNeasy Mini Plus Kit
(Qiagen) (in vitro cultured KCs), each according to the manufacturer’s instructions. mRNA
was reverse transcribed into cDNA and gene expression was assessed by quantitative RT-
PCR using Tagman assays (Life technologies) according to the manufacturers’ instructions.
For each sample, mRNA abundance was normalized to the amount of Human acidic
ribosomal protein (HuPO) or mouse beta 2-microglobulin (f2m). Data analysis was
performed using either the AACt method and results are expressed as agonist or antagonist
fold change versus vehicle control (human skin samples), or the ACt method and results are
expressed as mRNA relative expression to B2m x1000 in arbitrary units (mouse skin
samples), or the AACt method and results for each genotype are expressed as fold change

over respective conditioned medium from naive mice (in vitro keratinocytes).

c¢DNA Libraries preparation:

cDNA libraries were prepared using the Illumina TruSeqTM RNA sample preparation kit
(Low-Throughput protocol) according to manufacturer's instructions. Briefly, 500ug of total
RNA sample was used for poly-A mRNA selection using streptavidin-coated magnetic beads.
The resulting RNA sample was subjected to thermal mRNA fragmentation using Elute,
Prime, Fragment Mix from the kit. cDNA was synthesized from enriched and fragmented
RNA wusing reverse transcriptase Super-Script II (Life technologies) according to
manufacturer's instructions. The cDNA was further converted into double stranded DNA
using the reagents supplied in the kit. The resulting dSDNA was subjected end-repair, dA-
tailing, ligation of platform-specific adaptors, purification reactions and library amplification

(15 cycles).

RNA-sequencing (Accession number GSE47944)



Libraries were barcoded and run 4 per lane on an Illumina HiSeq 2000. Sequencing yielded
an average of 35 million paired end reads per library. Read pairs were mapped to the
Ensembl Human GRCh37 transcriptome using bowtie with the options "-v 3 -a --best -y -1 0 -
X 10000". Any read pair mapping only to one or more transcripts of a gene constituted a
unique gene count, and any read pair mapping to transcripts of different genes was discarded.
On average 60.5% of reads produced unique mappings. Read counts were normalised by the

total unique mapping reads per library.

RNA sequencing differential expression analysis

We tested for the influence of AhR agonist and antagonist whilst controlling for any tissue
culture effect. We first estimate the perturbation due to culture (if any), then we estimate the
fold change and significance of the AhR treatment beyond that of the culture. Let Jijkz be
the normalised count of gene ! in tissue / = {'L.NL.N}" ynder treatment ¥ = {U =
Untreated, C = DMSO, T=AhR Agonist/Antagonist} in patient P , we assume Ydijkp is
negative binomially distributed (Cameron and Trived, 1998) with mean ijk and variance
Hijie + @H5e  with %5 the dispersion parameter for gene ¥ in tissue / . We consider the null

hypothesis a gene's expression is the result of the mean untreated expression and any culture

]0 Ui = Wiy + X1 51 . . . . .
effects; *BrUk = Fi T kP and the alternative hypothesis that a gene's expression is due
to mean untreated expression, culture and treatment effects:
logu; e = Wi+ XcwBe.. + XricPr.. o . Pe.. T.

BHijie = Hij T RcxPey; T ATKPT;: Where, M is the mean untreated expression; ~Ci and Pr;

are the log fold changes due to culture and treatment respectively; Xcx =1 when k= C.T
and 0 otherwise; X« =1 when k=T and 0 otherwise. We compute maximum likelihood
estimates of parameters %ij»#ij» Pcij under the null, and similarly estimates of %j» Hej» Beijs Prij

under the alternative hypothesis. We perform a likelihood ratio test: if & and % are the log-



likelihoods of the null and alternative models respectively then the test statistic —20x — 1) is
assumed Xi distributed under the null hypothesis. We apply the test to the 15510 genes that
have a mean expression of at least 15 reads in 2 of the 12 tissue/treatment combinations. We
select the genes for which we reject the null with < 0.05 in any treatment and tissue, we
further require the treatment fold changes must be opposing in the relevant tissue (i.e. Bri;
must have different signs for agonist and antagonist). This results in 884 AhR-modulated
genes (Fig. 1A). We next filtered for consistency of treatment by requiring one of the two
treatments to be significant in both lesional (L) and non-lesional(NL), and that the treatment
fold changes must be opposing in one of these two tissues. This results in 51 genes of which

we select the 41 most likely to be disease relevant by retaining those differentially expressed

in an Untreated L v NL comparison with ? < 0.05 determined by DESeq (Anders and Huber,

2010).

Microarray gene expression analysis (Accession number GSE47607)

Total RNA was used for the Affymetrix sample preparations (Affymetrix) according to the
manufacturer’s instructions. Three biological repeats were hybridized to GeneChip Mouse
Genome 430 2.0 Arrays. Microarray data were RMA normalized using the R package affy
(Bolstad et al., 2003) that is a part of the Bioconductor project

(http://www .bioconductor.org). Fold changes were calculated as 2|[SLR| if SLR>0 and -
2|SLR| if SLR<0, where SLR is the average signal log ratio over the biological replicates.
The R package RankProd(Hong ef al., 2006) was used to identify regulated genes. Genes
having the estimated percentage of false positive predictions pfp<0.01 and fold change
FC>1.5 were considered to be differentially expressed. The gene annotations were obtained

from the NetAffx database(Liu et al., 2003). Visualization was performed using Eisen’s



Treeview(Eisen et al., 1998). The microarray data were also analyzed for psoriasis associated

genes using Ingenuity Pathways Analysis (Ingenuity® Systems, www.ingenuity.com).

Keratinocyte cell culture: For murine primary keratinocyte in vitro culture, tails and shaved
dorsal mouse skin were processed by mechanical removal of subcutanous fat tissue and
floated on 0.5% w/v trypsin (Sigma) for 1 h at 37°C. Epidermal sheets were mechanically
separated and suspended in high calcium medium (EMEM medium (Lonza) with 8%
calcium-chelated fetal calf serum, 2% Pen-Strep-Gln solution (Sigma) (cEMEM) and 1.3mM
CaCl,), submitted to gentle vortexing for 1 min, filtered, and cells seeded in fibronectin- and
collagen-coated (BD Biosciences and Life Technologies, respectively) 24-well plates at
3x10° cells/ml in medium-calcium medium (cEMEM supplemented with 0.2mM CaCl,). The
following day non-adherent cells were washed away with PBS and cells cultured in low-
calcium medium (cEMEM supplemented with 0.05 mM CacCl,). Cells were expanded until
reaching 70% confluence and then stimulated with conditioned media (see below) or 10ng/ml
IL-1B (R&D Systems), with or without 1 uM Tanshinone IIA (Enzo) for 24 hours.

Human primary keratinocyte were isolated from discarded healthy skin as previously
described (Laggner et al., 2011) and cultured in KGM medium (KBM medium, supplemented
with KGM-bullet kit, both Lonza) for 2-3 passages. For transient silencing of AhR, cells
were seeded in 24-well plates at 35x10* cells/ml and cultured until 65% confluent. Cells were
then transfected with 33nM ON-TARGETplus SMARTpool siRNA for human AhR or with
ON-TARGETplus Non-targeting siRNA (both Thermo Fisher Scientific Biosciences) using
Lipofectamine 2000 (Life Technologies) in KBM medium. Forty-eight hours later, medium
was replaced with KGM and cells were stimulated with 10ng/ml human IL-1f for further 24
hours. The human keratinocyte HaCaT cell line, in which AhR had been stable silenced

(AhR-silenced HaCaT) or which had been transfected with an empty vector (EV-HaCaT)



(Fritsche et al., 2007), were cultured in DMEM medium supplemented with 10% fetal bovine
serum, 2% Pen-Strep-Gln solution, 1 mM sodium pyruvate, 800 ug/ml geneticin (Sigma).

Cells were seeded in 24-well plates at 5x10” cells/ml and stimulated the following day with

10ng/ml human IL-1 for 24 hours.

In vivo IL-17a blockade in the imiquimod model of psoriasiform-like skin inflammation:
Ahr'" and Ahr”", treated daily for 5 consecutive days with IMQ, received 500 ug/mouse anti-
IL-17a antibody or isotype control (both BioXcell) intraperitoneally on the day the IMQ

treatment was started and then on day 3 of treatment.
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