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Abstract: [dentifying differential expression of genes in psoriatic and healthy skin by microarray
data analysis is a key approach to understand the pathogenesis of psoriasis. Analysis of more
than one dataset to identify genes commonly upregulated reduces the likelihood of false posi-
tives and narrows down the possible signature genes. Genes controlling the critical balance
between T helper 17 and regulatory T cells are of special interest in psoriasis. Our objectives
were to identify genes that are consistently upregulated in lesional skin from three published
microarray datasets. We carried out a reanalysis of gene expression data extracted from three
experiments on samples from psoriatic and nonlesional skin using the same stringency threshold
and software and further compared the expression levels of 92 genes related to the T helper 17
and regulatory T cell signaling pathways. We found 73 probe sets representing 57 genes com-
monly upregulated in lesional skin from all datasets. These included 26 probe sets represent-
ing 20 genes that have no previous link to the etiopathogenesis of psoriasis. These genes may
represent novel therapeutic targets and surely need more rigorous experimental testing to be
validated. Our analysis also identified 12 of 92 genes known to be related to the T helper 17
and regulatory T cell signaling pathways, and these were found to be differentially expressed
in the lesional skin samples.

Keywords: psoriasis, gene array analysis, gene expression profiling

Introduction
Psoriasis is a common, chronic, inflammatory, relapsing skin disease mediated by
T cells, dendritic cells, and several inflammatory cytokines.!? Recent advances in
our knowledge of mechanisms linking innate and adaptive immunity have led to
reconsideration of the roles of key players in the pathogenesis of the disease with
many uncertainties.?

Studies of gene expression profiling provide valuable insights into the patho-
mechanisms involved in psoriasis. The transcriptome from skin biopsies was previ-
ously analyzed on microarrays using the 7,000-oligonucleotide array HU6800, the
approximately 12,600 element array U95A, the approximately 63,000 probe sets
Affymetrix U95A-E arrays, and cDNA arrays.*” As a result, a number of changes in
gene and/or protein expression have been detected in psoriasis, eg, interleukin (IL)-1
and tumor necrosis factor alpha (TNF-ar), which were reported to be upregulated with
subsequent activation of the NF-kB pathway.’ It was also noted that WntS5a and other
genes involved in the Wnt signaling pathway are differentially expressed in psoriatic
plaques. However, their functional contribution to the pathophysiology of psoriasis
needs to be elaborated.® Recently, concerns regarding false positives and/or missing
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key signals from microarray data have arisen due to the large
size of the data output, the background noise inherent in the
technology, and the financial constraints on the number of
replicates.” As a result, reanalysis of published microarray
data has become a useful extension of the technology.

Recent studies have shown the crucial role of the
T helper 17 (T,17) cell population in development of the
disease.'” T 17 cells are activated by the dendritic cell
cytokine IL-23, can produce IL-17, IL-22, and TNF-c, and
have many other downstream proinflammatory effects.!!
Conversely, T regulatory (TReg) cells suppress effector T cell
responses and prevent their potentially pathogenic effects.!?
Tree cells are characterized by expression of the transcription
factor Forkhead box P3. Differentiation of both T, 17 and
Tree cells can require transforming growth factor-beta, and
the balance between these cells may be mediated by IL-6.
The production of IL-6 during inflammatory reactions makes
Forkhead box P* Tree nonfunctional and allows effector cells
to induce inflammation in the target organ.'*!'* However,
much remains to be elucidated concerning the relationship
between proinflammatory and regulatory cells.'

This study aims to comprehensively reanalyze microarray
gene expression data extracted from three different experi-
ments deposited in the GEO datasets,>!>!¢ according to the
same criteria. All experiments included skin biopsies from
lesional and nonlesional skin, while only two experiments
include additional samples from healthy control skin. By
reporting genes that are found to be upregulated as a result
of the disease in more than one experiment, the possibility of
false positives is reduced and the output gene list is refined. We
also related our findings to the expression profile of 92 genes
(Table 1) involved in the T, 17 and Tree regulatory pathways.

Materials and methods

Gene microarray experiments

Data from three experiments with GEO accession numbers,
GSE6710, GSE13355, and GSE14905, were extracted from
the free PubMed domain (http://www.ncbi.nlm.nih.gov/

gds?term=psoriasis) for further analysis. The GSE6710

experiment® includes data from lesional and nonlesional
skin samples from 13 individuals with psoriasis and used
parent platform GPL96 Affymetrix Human Genome U133A
GeneChip® (Affymetrix, Santa Clara, CA, USA). In the
GSE13355 experiment, the parent platform GPL570 Affyme-
trix Human Genome U133 PLUS 2.0 GeneChip was used
and a total of 180 skin samples were profiled, encompassing
biopsies from the healthy skin of 64 control subjects and
biopsies from the involved and uninvolved skin of 58 patients

Table | Genes involved in the T helper 17 and regulatory T cell
signaling pathways that were specifically interrogated in our
analysis

CD28, CD34, CD3D, CD3E, CD3G,
CD4, CD25, CD127, CD40LG, CD8A,
ICAMI, ICOS, 1SG20, CTLA4

Surface molecules

Chemokines CCLI, CCL2, CCL20, CCL22, CCL7,
CD247, CX3CLI, CXCLI, CXCLI2,
CXCL2, CXCLS5, CXCLS, IL8, MMP13,
MMP3, MMP9, CCR4, CCR6

Cytokines CSF2, CSF3, IFNG, IL10, IL12B, ILI3, ILIS5,

ILI7A, ILI7C, ILI7D, ILI7F, IL18, ILIA,
ILIB, IL2, IL21, IL22, IL23A, IL25, IL27,
IL3, IL4, IL5, IL6, TGFBI, TNFA, TNFB
ILI2RBI, ILI2RB2, ILI7RB, ILI7RC,
ILI7RD, ILI7RE, IL23R, IL6R, IL7R
CACYBP, CEBPB, CLEC7A, EDGI,
FOXP3, GATAS3, JAKI, JAK2, NFATC2,
NFKBI, RORC, SOCSI, SOCS3, STAT3,
STAT4, STATSA, STATS, SYK, TBX21,
TIRAP, TLR4, TRAF6, YYI, T-BET

Cytokine receptors

Signaling pathway molecules
and transcriptional factors

with psoriasis. In the GSE14905 experiment,'® the parent
platform GPL570 Affymetrix Human Genome U133 Plus 2.0
GeneChip was used and a total of 82 skin samples were pro-
filed (21 normal, 28 uninvolved skin, and 33 lesional skin).

Microarray data analyses

Data files from the above experiments were analyzed with
GeneSpring GX11 software (Agilent Technologies, Santa
Clara, CA, USA). Ambiguous samples (three samples from
GSE6710 and one sample from each of GSE13355 and
GSE14905) were excluded by running quality control on
each dataset. The data were filtered by expression within
the 20—100th percentile, log-transformed, normalized using
the Robust Multichip Average algorithm, and baseline con-
verted to the median of all samples. Differential expression in
lesional versus nonlesional skin samples was compared using
paired Student’s #-test statistics with a P-value cutoff =0.05
and a fold change =2.0. To discern further the biological
meaning of the output gene lists, we functionally annotated
significantly expressed genes on human Kegg pathways using
Database for Annotation, Visualization and Integrated Dis-
covery (DAVID)" version 6.7 and the HT Human Genome
U133 Plus set as background.

For identification of possible interactions between genes
of potential importance for the development of psoriasis,
network analysis was performed with NetBox 1.0 (cBio,
Memorial Sloan-Kettering Cancer Center, New York, NY,
USA) (http://cbio.mskcc.org/tools/netbox/netbox.tar.gz).

This tool uses human interactions derived from literature-
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curated data sources for prediction of interaction of genes
in a submitted gene list. NetBox is preloaded with a human
interaction network derived from four literature-curated data
sources, including the Human Protein Reference Database,'®
Reactome,'”? NCI-Nature Pathway Interaction Database,’!
and Memorial Sloan-Kettering Cancer Center Cancer Cell
Map, and provides the netAnalyse.py method for network
analysis, which was described by Cerami et al> in 2010. The
netAnalyse.py method settings applied during analysis were
shortest path threshold =1 and P-value threshold =0.05. The
resultant networks were then imported into Cytoscape for
further editing and analysis.?

Results

Reanalysis of three published microarray datasets®!*!° revealed
a number of probe sets that are differentially expressed
(upregulated and/or downregulated) in psoriatic lesional versus
nonlesional skin from each experiment, and the Venn diagram
in Figure 1 illustrates the intersections between the three
experiments. In general, a total of 73 probe sets representing
57 genes were found common to the three datasets and were
significantly upregulated in the psoriatic lesions (Figure 1,
with a complete list in Tables S1 and S2). Of these probe sets,
only 26 representing 20 genes have no previous reported link
to the etiopathogenesis of psoriasis (Table S2).

We then studied the transcriptional activity underly-
ing the dynamic interplay between the CD4* T,17 and
CD4*CD25"¢"FoxP3'T, , cell lineages in the skin of psoriatic
patients from the three above experiments. This interplay has
recently been linked to the etiopathogenesis of psoriasis and
some other autoimmune diseases.'**

GSE13355 — les vs nonles
286 entities (210/76)

GSE14905 — les vs nonles
348 entities (237/111)

A list of 92 genes (Table 1) that are likely to be involved
inthe T, 17 and T signaling pathways was prepared. In the
first instance, we searched for the differential expression of
these genes in the three experiments.

A total of 12 genes were found to be differentially
expressed (upregulated/downregulated) in the lesional skin
samples with a false discovery rate of <0.01 and an absolute
fold change >2 in at least one of the datasets (Tables 2—4).
In the data extracted and analyzed from the GSE6710
experiment,® five probe sets representing four genes were
found to be differentially expressed in the psoriatic lesions,
with CD34 being the only example to be downregulated
(Table 2). The corresponding profile for the data from
GSE13355" is a total of nine probe sets/genes that are all
upregulated in the lesional versus nonlesional skin (Table 3).
In the GSE14905 dataset,'¢ a total of 12 probe sets represent-
ing 11 genes were found to be significantly upregulated in
the lesional versus nonlesional skin (Table 4).

Network analysis was performed on the significantly
changed genes reported in Tables 2—4, S1, and S2. Genes
associated with TH17/TReg reported in Table 1 were added to
this list to aid identification of a possible connection between
these genes. The resultant network was then imported into
Cytoscape for further analysis.? In order to depict possible
interactions between genes reported in Tables 2—4, S1, and
S2, the nodes for these genes in the network were enlarged
and were colored orange, red (upregulated in psoriasis), or
green (downregulated in psoriasis). Identified direct interac-
tions of these genes, which were predicted by the network
analysis, were marked as connecting red lines between these
nodes (Figure 2).

GSE6710 — les vs nonles
152 entities (88/64)

Figure | Venn diagram illustrates the number of probe sets that show significant higher expression/number of those showing significant lower expression in lesional versus
nonlesional skin from the three experiments, ie, GSE6710 (upper right circle), GSEI3355 (upper left circle), and GSE14905 (lower circle). The intersecting regions represent

probe sets that are common in the specific experiments.

Abbreviations: GSE, GeneSys Export file; les, lesional; vs, versus; nonles, nonlesional.
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Table 2 Fold
P-values (calculated by GeneSpring GX) for genes involved

changes (log, transformed) and corrected
in the T helper 17 and regulatory T cell signaling pathways

and upregulated and/or downregulated

Table 4 Fold changes (log, transformed) and corrected P-values
(calculated by GeneSpring GX) for genes involved in the T helper 17
and regulatory T cell signaling pathways and upregulated and/or
downregulated

Probe ID Gene Gene Lesional versus Probe ID Gene Gene Lesional versus
symbol description nonlesional symbol description nonlesional
Log, fold Corrected Log, fold Corrected
change P-value change P-value
208991 _at STAT3 Signal transducer  1.229 2.84E-05 208991 _at STAT3 Signal transducer 1.169 4.17E-15
and activator of and activator of
transcription 3 transcription 3
208992 s_at STAT3  Signal transducer  |.469 4.07E-07 208992 _s_at STAT3  Signal transducer  1.247 1.04E-13
and activator of and activator of
transcription 3 transcription 3
209543_s_at CD34 Cluster of —1.046 1.67E-05 39402_at ILIB Interleukin | beta  1.191 5.86E-09
differentiation 34 205758 at  CD8A  Cluster of 1.001 3.51E-11
202859 _x_at L8 Interleukin 8 2.686 1.17E-05 differentiation 8a
205476 at  CCL20  C-C motf 1932 7.39€-07 202859 x at I8 Interleukin 8 3.606 5.22E-11
ligand 20 205476 at ~ CCL20  C-C motif 2,664 4.69E-15
Notes: Positive and negative values of fold changes indicate upregulation and ligand 20
downtjegulatsion, respectively. Data were extracted and analyzed from the GSE6710 205798 _at IL7R Interleukin 7 2012 1.03E-12
experlment.
receptor
207861 _at CCL22  C-C motif 1.210 4.22E-10
. . chemokine 22
. Netw.ork analysis was alsg performed on significant . 4 xat CXCL2  Chemokine | 870 791E-12
differentially expressed genes in each of the three data sets C-X-C motif
investigated, ie, GSE6710, GSE14905, and GSE13355 ligand 2
(significant = two-fold upregulated/downregulated in lesional ~ 216598_s_at  CCL2  Chemokine C-C 1345 262807
lesi 1 ski ith a false di <0.05 motif ligand 2
versus nonlesional skin with a false 1SCovery rate . ) 213539 at CcD3D T cell surface 1.282 3.04E-1 |
glycoprotein
CD3 delta chain
Table 3 Fold changes (log, transformed) and corrected P-values 203936 s at  MMP9 Matrix | 600 3.96E-1 1

(calculated by GeneSpring GX) for genes involved in the T helper 17
and regulatory T cell signaling pathways and upregulated and/or
downregulated

Probe ID Gene Gene Lesional versus
symbol description nonlesional
Log, fold Corrected
change P-value

208992_s_at STAT3 Signal transducer 1.132 1.02E-28
and activator of
transcription 3

39402_at ILIB Interleukin | beta  1.104 9.79E-23

205476_at CCL20  C-C motif 2.889 2.99E-35
ligand 20

205798 _at IL7R Interleukin 7 1.266 6.9I1E-16
receptor

207861 _at CCL22  C-C motif 1.032 7.31E-25
chemokine 22

209774 x_at CXCL2 Chemokine 1.831 1.27E-24
C-X-C motif
ligand 2

211506_s_at L8 Interleukin 8 2.582 2.64E-17

216598 s_at CCL2 Chemokine C-C 1.436 1.95E-18
motif ligand 2

203936_s_at MMP9 Matrix 1.486 6.18E-29

metallopeptidase 9

Notes: Positive and negative values of fold changes indicate upregulation and
downregulation, respectively. Data are extracted and analyzed from the GSEI3355
experiment.'®

metallopeptidase 9

Notes: Positive and negative values of fold changes indicate upregulation and
downregulation, respectively. Data are extracted and analyzed from the GSEI4905
experiment.'®

Nodes in these networks were colored according to fold
change (green downregulated, yellow-orange-red upregu-
lated) and size of the node indicates relative significance
(larger being more significant) (Figures S1-S3).

Discussion

This study confirmed previously reported and newly identi-
fied changes in gene transcription in psoriatic skin that might
contribute to the etiopathogenesis. Our approach was to reana-
lyze the microarray raw data deposited in the GEO datasets
from three different experiments.®'>'® Simple comparison of
the available published differentially expressed genes from
these studies was avoided. This was to ensure consistent analy-
ses rather than rely on different statistical tests and to enforce
the same stringency threshold.?* The use of data extracted
from more than one experiment filters out false positives
and narrows down the list of genes that show a significantly
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Figure 2 Network analysis (netAnalyse.py method, setting shortest path threshold =I and P-value threshold =0.05) shows possible interaction between the potential gene
targets for treatment of psoriasis as identified in this study. Green circles indicate downregulated genes, orange/red circles indicate upregulated genes and small gray circles
indicate part of the T helper |7/regulatory T cell pathway, but were not found to be affected in the experiments analyzed in this study. Lines between nodes show known
direct interactions between genes. The network was edited in Cytoskape, with a force-directed layout applied. Nodes showing affected genes were enlarged and direct
interactions between these nodes were highlighted in red to highlight the relevant interactions identified in this analysis in the context of the T helper |7/regulatory T cell

pathway.

altered expression level as a result of the disease. Moreover, it
decreases the chance of drawing incorrect conclusions because
the data are not generated from one laboratory. In 2005, Irizarry
et al*’ demonstrated that there are relatively large differences
in data obtained from different laboratories, even between
those using the same platform, but the results from the best
performing laboratories agree rather well.

Genes that show significant overexpression in psoriatic
skin were functionally annotated on human Kegg pathways
(Tables S1 and S2). These genes need further investigation
with other techniques and may provide insights into patho-
genesis or novel therapeutic targets.

In effect, and despite many efforts, the network of genes that
shows significantly altered expression in psoriasis and represents

the molecular signature of the disease is still inconspicuous.
This is manifested by the relatively high number of recent
studies that focused on reanalysis of published data as well as
designing new experiments. In 2009, Gudjonsson et al*® reported
some transcriptional differences between uninvolved skin from
psoriatic patients as opposed to skin from normal individuals.
Cluster analysis of transcripts with significantly altered expres-
sion identified a group of genes involved in lipid metabolism
with highly correlated gene expression. Their results suggest
decreased lipid biosynthesis and increased innate immunity in
uninvolved psoriatic skin.

In 2010, the same group® performed a gene expression
study of 58 paired lesional and uninvolved psoriatic and 64
control skin samples. Comparison of involved psoriatic and
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normal skin identified new differentially regulated transcripts.
Enriched gene ontology categories included immune response,
defense response, and keratinocyte differentiation. In 2012,
Tian et al®® adopted a statistically-based meta-analytic
approach, which combines the results of individual studies
to overcome the problem of having different lists of differen-
tially expressed genes across experiments due to variations
introduced in the microarray pipelines. Their method differs
from our approach since we have not combined the disparate
microarray studies to derive a single estimate of the overall
differential expression level for each gene. Instead, we reana-
lyzed each individual experiment using the same tools and
criteria and listed the differentially expressed genes found in
common to overcome the problem of getting false positives.
The list of differentially expressed genes found in common is a
limited set, and in particular, is limited only to genes featured
on the less comprehensive array platform (GPL96 Affymetrix
Human Genome U133A GeneChip). Combining data from
different experiments into one pool is confounded by the
inherent differences in platforms and probe sets and the effects
of laboratory conditions. Further, our approach was notably
different from others in that we extended our search to test a
clinical hypothesis that altered transcriptional activity of the
genes controlling the active interplay between T, 17 and T,
cells is important in disease expression.

This contemporary paradigm for psoriasis is supported
by other recent studies. Krueger et al*! investigated the effect
that neutralization of the T,,17 cell cytokine, IL-17, has on the
clinical features of psoriasis using quantitative real-time poly-
merase chain reaction and microarrays. Their results suggest
that IL-17 is a key “driver” cytokine that activates pathogenic
inflammation in psoriatic subjects. They also highlighted that
neutralizing IL-17 with the anti-IL-17 monoclonal antibody,
ixekizumab, might be a successful therapeutic strategy
in psoriasis.’! Concomitantly, two studies®>3* have been
published in which the gene expression signature was used
to stratify lesions and reveal distinct molecular subgroups
within the clinical phenotype of plaque psoriasis. This is
a new direction that will be very important in developing
personalized medication for chronic disease.

Our study is also focused on expression of the genes
underlying the balance between T,,17 and Tree cells. Signal
transducer and activator of transcription (STAT3, a member
of the JAK-STAT signaling pathway), and the chemokines
IL-8 and chemokine (C-C motif) ligand 20 (CCL20) were
found to be upregulated in the three experiments. These
results are in accordance with previously published data.>*3¢
Recently, Miyoshi et al*” showed that use of STA-21, a small

STAT3 inhibitor, was useful in ameliorating psoriatic skin
lesions, not only in K5.Stat3C transgenic mice but also in
humans. These results emphasize the importance of targeting
STAT3 in the quest for new treatments of psoriasis. Similarly,
ABX-ILS is a fully human IgG, monoclonal antibody that
binds to human IL-8 with high affinity and specificity and
is currently in Phase II clinical investigation for treatment
of psoriasis by Abgenix (Fremont, CA, USA).*® Strikingly,
Kim et al*’ found that pretreatment with fluvastatin and sim-
vastatin inhibited migration of human CD4'T cells towards
CCL20 in a chemotaxis migration assay. These findings
suggest that these drugs may be of benefit in alleviating
psoriasis via interrupting the CCL20/chemokine receptor 6
(CCR6) chemotactic interaction, thus inhibiting infiltration
of T, 17 cells.

Other chemokines known to be related to T, 17 and T, |
signaling pathways and found to be differentially upregu-
lated in lesional skin samples in at least one of the three
experiments are CCL2, CCL22, chemokine (C-X-C motif)
ligand 2 (CXCL2), and matrix metallopeptidase 9 (MMP9).
CCL2 is expressed by keratinocytes in both atopic dermatitis
and psoriasis and when stimulated with TNF-o. and/or inter-
feron gamma (IFN-y) in a dose-dependent manner.** CCL2
binds to the chemokine receptor CCR2 on monocytes and
macrophages. CCR2 is overexpressed in monocytes from
patients with psoriasis and atopic dermatitis. Thus, CCL2 and
CCR?2 interaction is likely to be of importance for monocyte/
macrophage trafficking.

CCL22 also belongs to the C-C motif family and is syn-
thesized and secreted by macrophages, dendritic cells, and
osteoclasts. It acts selectively on chronically activated lym-
phocytes by interacting with the CCR4 receptor. Traditionally,
CCR4 has been reported to be expressed preferentially on
T cells belonging to the Th2 subpopulation. Recent studies
have also shown expression of CCR4 on T, 17 cells as well as
onT,, cells.*! The macrophage-derived chemokine/CCL22
was found to be elevated in the synovial fluid of patients with
rheumatoid arthritis and psoriatic arthritis, suggesting that
CCR4 could play a role in attracting skin-specific memory
T cells to the joints.*

MMP9 belongs to a family of proteolytic enzymes that
are capable of degrading all components of the extracellular
matrix, a key event in the development of cartilage destruction
and joint erosion, and may play a part in psoriatic arthritis. In
2006, Cordiali-Fei et al** observed that MMP9 was decreased,
along with clinical improvement in the lesional skin and sera
of psoriatic patients receiving infliximab, the anti-TNF-o
monoclonal antibody. MMP9 may directly sustain the
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inflammatory process and tissue destruction or contribute
by allowing the traffic of inflammatory cells and enhancing
the activity of inflammatory cytokines.

CXCL2 was reported to increase by two-fold in psoriatic
versus atopic dermatitis skin.** Bowcock and Cookson*
proposed that the higher expression of chemokines in pso-
riasis is among other factors that could sustain chronic T cell
activation and persistence within focal skin regions.

Interestingly, our analysis did not show that all genes
relating to the T, 17 network (listed in Table 1) are differen-
tially expressed in lesional skin. In another similar study?
where comparison of the expression of psoriasis-related
genes across four different studies was conducted, some well
recognized inflammatory genes involved in psoriasis, for
example, I[FN-y, IL-17, and inducible nitric oxide synthase,
were not detected. Using separate polymerase chain reaction,
the authors showed that this may be due to low amplifica-
tion of these genes on the Affymetrix gene array platform
(04 range of expression in log, scale), and hence fold change
is not accurately measured. As a positive control, this false
negative finding suggests caution in interpreting gene array
data. Most analysis pipelines filter out low abundance genes
so they may be excluded from the statistical analysis, or the
resultant fold change is very low, albeit significant. This is
a major limitation of the use of these arrays for the study
of these genes. Another possible explanation is that the
expression was measured in bulk skin samples containing
numerous cell types, and most of these genes are expressed
in multiple cell types, so upregulation of a certain gene in one
cell type may be neutralized by downregulation in another
cell type.*

CD34, CD3D, and CD8A are the only surface receptor
genes from the list in Table 1 that were found to be dif-
ferentially expressed in psoriatic lesions. CD34 was found
in one experiment to be downregulated in lesional versus
nonlesional skin (Table 2).

In our analysis, both CD3D and CD8A were found to be
upregulated in lesional versus nonlesional skin. Both genes
were previously reported to be downregulated in patients
responding to alefacept, the LFA3-Ig fusion protein that
binds to CD2.%

Other genes upregulated in our analysis (listed in Table 1)
are IL-1P and IL-7R. In a previous study,* IL-1f was easily
detectable by immunofluorescence microscopy and found
to be localized predominantly in epidermal keratinocytes.
Immunoreactive IL-1B was found to be elevated in cytosolic
extracts derived from involved psoriatic keratomes relative
to keratomes of normal skin. The elevated IL-1f protein was

accompanied by elevated levels of IL-13 mRNA in psoriatic
skin relative to normal skin. IL-7R expression is also known
to increase by at least a two-fold magnitude in the peripheral
blood cells of psoriatic patients when measured by cDNA
microarray technology.?’

Conclusion

Studies of gene expression profiling have the potential to
greatly improve our understanding of the physiologic and
molecular mechanisms underlying the pathogenesis and pro-
gression of psoriasis. However, the high chance of getting false
positives has become a concern. Reanalysis of data extracted
from different experiments using the same software and strin-
gent criteria could reduce this risk and thus refine the list of
proposed new therapeutic targets. Our study also highlights
the altered expression of genes known to be involved in the
control of the T, 1 7/TReg balance in psoriatic skin. By reanalyz-
ing repository data and specifically querying these pathways,
we provide further evidence that this balance is of key impor-
tance in the etiopathogenesis and progression of psoriasis and
demonstrate another approach to mining this data.

Acknowledgment

We would like to thank Dr Claus Mayer of the Rowett Institute
of Nutrition and Health at University of Aberdeen and Dr Elaina
SR Collie-Duguid of the Institute of Medical Sciences at
University of Aberdeen for their fruitful discussions.

Disclosure
The authors declare that they have no competing interests
in this work.

References

1. Bowcock AM, Krueger JG. Getting under the skin: the immunogenetics
of psoriasis. Nat Rev Immunol. 2005;5:699-711.

2. Lowes MA, Bowcock AM, Krueger JG. Pathogenesis and therapy of
psoriasis. Nature. 2007;445:866-873.

3. Bachelez H. Immunopathogenesis of psoriasis: recent insights on the
role of adaptive and innate immunity. J Autoimmun. 2005;25:69-73.

4. Oestreicher JL, Walters IB, Kikuchi T, et al. Molecular classification of
psoriasis disease-associated genes through pharmacogenomic expression
profiling. Pharmacogenomics. 2001;1:272-287.

5. Bowcock AM, Shannon W, Du F, et al. Insights into psoriasis and
other inflammatory diseases from large-scale gene expression studies.
Hum Mol Genet. 2001;10:1793—-1805.

6. Zhou X, Krueger JG, Kao MJ, et al. Novel mechanisms of T-cell and
dendritic cell activation revealed by profiling of psoriasis on the 63,100-
element oligonucteotide array. Physiol Genomics. 2003;13:69-78.

7. Quekenborn-Trinquet V, Fogel P, Aldana-Jammayrac O, et al. Gene
expression profiles in psoriasis: analysis of impact of body site location
and clinical severity. Br J Dermatol. 2005;152:489-504.

8. ReischlJ, Schwenke S, Beekman JM, et al. Increased expression of Wnt5a
in psoriatic plaques. J Invest Dermatol. 2007;127:163—169.

Psoriasis: Targets and Therapy 2013:3

submit your manuscript 37

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kotb et al

Dove

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

WuJ, Lenchik NI, Gerling IC. Approaches to reduce false positives and
false negatives in the analysis of microarray data: applications in type
1 diabetes research. BMC Genomics. 2008;9 Suppl 2:S12.

Mai J, Wang H, Yang X. Th17 cells interplay with FOXP3 Tregs
in regulation of inflammation and autoimmunity. Front Biosci.
2011;15:986-1006.

Haider AS, Lowes MA, Suarez-Farifias M, et al. Identification of cellular
pathways of “Type 1,” Th17 T Cells, and TNF- and inducible nitric
oxide synthase-producing dendritic cells in autoimmune inflamma-
tion through pharmacogenomic study of cyclosporine A in psoriasis.
J Immunol. 2008;180:1913-1920.

Vignali DA, Collison LW, Workman CJ. How regulatory T cells work.
Nat Rev Immunol. 2008;8:523-532.

Pasare C, Medzhitov R. Toll pathway-dependent blockade of
CD4*CD25*T cell-mediated suppression by dendritic cells. Science.
2003;299:1033-1036.

Korn T, Reddy J, Gao W, et al. Myelin-specific regulatory T cells
accumulate in the CNS but fail to control autoimmune inflammation.
Nat Med. 2007;13:423-431.

Nair RP, Duffin KC, Helms C, et al. Genome wide scan reveals associa-
tion of psoriasis with IL-23 and NF-«kB pathways. Nat Genet. 2009;41:
199-204.

Yao Y, Richman L, Morehouse C, et al. Type I interferon: potential
therapeutic target for psoriasis? PLoS One. 2008;16:¢2737.

Huang W, Sherman BT, Lempicki, RA. Systematic and integrative
analysis of large gene lists using DAVID bioinformatics resources.
Nat Protoc. 2009;4:44-57.

Keshava Prasad TS, Goel R, Kandasamy K, et al. Human protein reference
database-2009 update. Nucleic Acids Res. 2009;37:D767-D772.
Joshi-Tope G, Gillespie M, Vastrik I, et al. Reactome: a knowledgebase
of biological pathways. Nucleic Acids Res. 2005;33:D428-D432.
Matthews L, Gopinath G, Gillespie M, et al. Reactome knowledgebase
of human biological pathways and processes. Nucleic Acids Res.
2009;37:D619-D622.

Schaefer CF, Anthony K, Krupa S, et al. PID: the Pathway Interaction
Database. Nucleic Acids Res. 2009;37:D674-D679.

Cerami E, Demir E, Schultz N, Taylor BS, Sander C. Automated
network analysis identifies core pathways in glioblastoma. PLoS One.
2010;5:¢8918.

Shannon P, Markiel A, Ozier O, Baliga NS, et al. Cytoscape:
a software environment for integrated models of biomolecular interac-
tion networks. Genome Res. 2003;13:2498-2504.

Awasthi A, Murugaiyan G, Kuchroo VK. Interplay between effector
Th17 and regulatory T cells. J Clin Immunol. 2008;28:660-670.
Sudrez-Fariias M, Magnasco MO. Comparing microarray studies.
Methods Mol Biol. 2007;377:139-152.

Suarez-Farifias M, Lowes MA, Zaba LC, Krueger JG. Evaluation of the
psoriasis transcriptome across different studies by gene set enrichment
analysis (GSEA). PLoS One. 2010;5:¢10247.

Irizarry RA, Warren D, Spencer F, et al. Multiple-laboratory comparison
of microarray platforms. Nat Methods. 2005;2:345-350.

Gudjonsson JE, Ding J, Li X, et al. Global gene expression analysis
reveals evidence for decreased lipid biosynthesis and increased innate
immunity in uninvolved psoriatic skin. J Invest Dermatol. 2009;129:
2795-2804.

Gudjonsson JE, Ding J, Johnston A, et al. Assessment of the psori-
atic transcriptome in a large sample: additional regulated genes and
comparisons with in vitro models. J Invest Dermatol. 2010;130:
1829-1840.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Tian S, Krueger JG, Li K, et al. Meta-analysis derived (MAD)
transcriptome of psoriasis defines the “core” pathogenesis of disease.
PLoS One. 2012;7:¢44274.

Krueger JG, Fretzin S, Suarez-Farifias M, et al. IL-17A is essential for
cell activation and inflammatory gene circuits in subjects with psoriasis.
J Allergy Clin Immunol. 2012;130:145-154.

Swindell WR, Xing X, Stuart PE, et al. Heterogeneity of inflammatory
and cytokine networks in chronic plaque psoriasis. PLoS One.
2012;7:¢34594.

Ainali C, Valeyev N, Perera G, et al. Transcriptome classification reveals
molecular subtypes in psoriasis. BMC Genomics. 2012;13:472.

Sano S, Chan KS, DiGiovanni J. Impact of Stat3 activation upon skin
biology: a dichotomy of its role between homeostasis and diseases.
J Dermatol Sci. 2008;50:1-14.

Homey B, Dieu-Nosjean M, Wiesenborn A, et al. Up-regulation of
macrophage inflammatory protein-30/CCL20 and CC chemokine
receptor 6 in psoriasis. J Immunol. 2011;164:6621-6632.

Schulz BS, Michel G, Wagner S, et al. Increased expression of epider-
mal IL-8 receptor in psoriasis: down-regulation by FK-506 in vitro.
J Immunol. 1993;151:4399-4406.

Miyoshi K, Takaishi M, Nakajima K, et al. Stat3 as a therapeutic target
for the treatment of psoriasis: a clinical feasibility study with STA-21,
a Stat3 inhibitor. J Invest Dermatol. 2011;131:108-117.

Wang B, Roskos L, Osborn K, et al. A population pharmacokinetic
(PK) analysis of ABX-ILS8, a fully human monoclonal IGG2 antibody,
in psoriasis patients. Clin Pharmacol Ther. 2005;77:P91.

Kim T, Byamba D, Wu WH, Lee M. Statins inhibit chemotactic
interaction between CCL20 and CCR6 in vitro: possible relevance to
psoriasis treatment. Exp Dermatol. 2011;20:855-857.

Vestergaard C, Just H, Baumgartner NJ, et al. Expression of CCR2
on monocytes and macrophages in chronically inflamed skin in
atopic dermatitis and psoriasis. Acta Derm Venereol. 2004;84:
353-558.

Lim HW, Lee J, Hillsamer P, Kim CH. Human Th17 cells share major
trafficking receptors with both polarized effector T cells and FOXP3*
regulatory T cells. J Immunol. 2008;180:122—-129.

Flytlie AA, Hvid M, Lindgreen E, et al. Expression of MDC/CCL22
and its receptor CCR4 in rheumatoid arthritis, psoriatic arthritis and
osteoarthritis. Cytokine. 2010;49:24-29.

Cordiali-Fei P, Trento E, D’Agosto G, et al. Decreased levels of
metalloproteinase-9 and angiogenic factors in skin lesions of patients
with psoriatic arthritis after therapy with anti-TNF-o. J Autoimmune
Dis. 2006;5:3-5.

Bowcock AM, Cookson WO. The genetics of psoriasis, psoriatic
arthritis and atopic dermatitis. Hum Mol Genet. 2004;13:R43-R55.
Haider AS, Lowes MA, Gardner H, et al. Novel insight into the agonistic
mechanism of Alefacept in vivo: differentially expressed genes may
serve as biomarkers of response in psoriasis patients. J Immunol.
2007;178:7442-7449.

Cooper KD, Hammerberg C, Baadsgaard O, et al. IL-1 activity is reduces
in psoriatic skin. Decreased IL- 1o and increased non-functional IL-1f3.
J Immunol. 1990;144:4593-4603.

Lee S, Jeon E, Kim Y, et al. A global gene expression analysis of
the peripheral blood mononuclear cells reveals the gene expression
signature in psoriasis. Ann Dermatol. 2009;21:237-242.

38

submit your manuscript

Dove

Psoriasis: Targets and Therapy 2013:3


www.dovepress.com
www.dovepress.com
www.dovepress.com

Exploring altered expression of T, 17 and T, _ signaling in psoriasis

Dove

(panunuoy)

AyredoAwoip.ed

gl® 39 UBZO03) 80-319°| 691 S€-39T°C €49°T 90-350'C 19%°C JRINOLIUBA 3YBL JIUBSOWIIAY LY ¢-uljjesowsaqg 70sa ¥ X |SLb0T
4l& 32 uossuolpno [44=VAR 4 8U9Y €319 L6V’ €1-306'S L6L°€ wsijoqesaw ueydoidAu | aseulua.nuky) NNAM 3875 88€/1T
4l& 32 uossuolpng 91-36S9°C 88/'C 0 €1Te 01-351'C €e1't wsijoqerow ueydordAi | aseuluaJNuAY| NNAM 385 €9901T
4l& 32 uossuolpng S1-399°1 658’1 0 SSY'C 60-36T°€ 120°1 wsijoqerow ueydordAi | aseulua.NuAY| NNAM 387 G8EH0T
uoneJnjew wuXUOO
4[& 39 uossuolpno 01-3¥T'6 1434 1¥-392°S L6/] 80-388'C el Pa1eIpaW-au0.R35330.d ‘31243 |90 TY-uIPAD CVNDD 3 81¥E0T
7 3ungns aseq ureyd 3uoj
FLECESIN v1-3€¥°C 901C 0 S60T 11-368'1 ¥20'T wsijoqesdaw pidijo3uiydg  ‘ase.ajsue.sjAoriuled sutiag TOT1LdS  3¥ S 0791C
7 2ungns aseq ureyd Suoj
FLEEEDN 0C-3€5°1 L08' 0 6791 TI-3SK'T (434 wsijoqeaw pidijo3uiyds  ‘asetaysue.njAoniwied auriag TO1LdS  3¥S LTI€0T
FLECESIN sisAjoaio.ud pajelpaw-uninbign 0z uoad
4l& 32 uossuolpng £0-389°C 1ST1 6€-31€°€ 19271 60-319'C SYEl ‘sisolaw 834300 ‘3P4 |]9D 3242 UoISIAIP-[[9D 070dD 3 s 0/870T
d| [elpuOyd0lIW ‘aseub)
dunes.d/y| [elpuoydoiw a1 LD
5|8 39 JSUNE|YdS 11-3¥0°1 eI SEIvIl 9551 90-345°1 00C'| wsijoqesdw auijo.d pue suluigay ‘dseup| supeas) IVILWYD 3¢S T1£T0C
g Jo10e)
,Swealiag sapedsed usws|dwod pue (7D)
pue Jaunry ¢1-38¥'¢ 0981 8€-359'C §50°C 90309 LEO'| uope|neod pue Juswdldwo) 7 3usuodwod juswajduwiod 94D/7D S £SET0T
¢|e 39 uaspely 91-35k'€ vES'I 0 ¥8T | 90-395°C U Aemyped Buieudis Yydd ~ wieloud Suipuig-pioe Aiey Sdav4 3T S SHETOT
Je3e eydje ungns
Bjsmouelioy 11-399% S20°| €e-391°| 88¢’| 90-378'C 8¥E’| Ao eI 95eU9Z0.pAYap 2331505 VEHAI 'S 69070T
wis||joqeIsaw SpIWeunodiu
eInwQO PUB 9JBUNODIU ‘wWsijoqeIaw ase|Auoydsoyd
pue sLLIOL S1-381°L 8/9°1 €399 986’1 £0-3+¥8'9 61l aulpiwlAd ‘wsijoqelsw suling SpIso3pdnu suling dN 385 56910
Jasued dpyeasdued
‘a90ued ul skemyred ‘Aemysed uyjeuss ¢ uondiidsueny
1VISHIVI ‘Aemyared Suijeusis aoadadau JO Jo3BANDE pUE
1zl® 39 o'X 91-31¥'1 85¥'C 6€-IVT| 618 £1-318°] v181  I-lloL ‘Aemyred Zujeudis supjowayD Jadnpsue. [eusig ILVLS 238S 69660C
Jadued U_umw.\_ucmn_ ‘Jaoued ul
skemyped ‘Aemyped Suieudis | v S-Mv[ ¢ uondiidsueny
‘Aemyred Buijeusis aordadad ajij-jjo | JO 10JBADE pUE
2 39 oeL 91-380'1 $89°1 1+-315°€ 105°1 §0-355°C o'l ‘Aemyyed 3uijeuds supjowayd J490npsue.y [eusis ILVLS 3¢ s"/8800T
anjeAa-d asueyd anjeA-d a8ueyd anjea-d a8ueyd
po3deuI0D)  ploj ‘8o pejdeaso)  ploj 8o  pejdeusod  ploj ‘8o
|euoisajuou |euoisajuou |euoisajuou
SNSJ3A [BUOIST] SNSJ3A [EUOIST] SNSJ3A [BUOISST] shemyyed 339y] uewny JloquiAg
9dusa.49)9y S06¥13SO SSEEI3SO 01L93sS uo uonejouUE [EUOIIOUNY 93 susn [uln dl °qo4d

S06%13SD PUE ‘GGEE1ISO ‘01£93SD ‘3! ‘sauawiiadxa 23.4y1 ayy
JO yoea wouy sajdwes upjs [BUOISI|UOU SNSIIA [BUOISD| a3 Ul pajendaudn aq 01 punoj pue sisellosd jo sisauadoyied ul 9jo. & aAeY 03 paliodau Asnolraud sauag Joj s39s 9qo.ud |S d|qel

sjeltayew Auejuswajddng

39

submit your manuscript

Psoriasis: Targets and Therapy 2013:3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Kotb et al

uoneJnjewl 914200 p=a3eipsaw

-auoJa1sago.d ‘Aemyred Buijeusis 1g-upPA>
21839 JopieH [4E=T434 L56'1 1£-308'9 6Lb'T 60-3€1°C £99'1 £6d ‘sisolaw 214500 ‘94> 12D diy3ds-onoNwy/zo INDD 3 S 0ILIT
FILECKELIN €321 (4283 0 €SL€ €1-310°1 L00°€ uonepe.sap uedA|Souliesod4|o aseueteda ISdH 3T S €0¥61T
uonoeJanul
7[€ 39 B SMOUBLIOY 0C-3T6'C 9 0 (VAN 80-3TT’¢ [414 403d9234 X13eW JR|N|[9DBAIXT £} UORERUBISYIP JO 123SN|D L¥AD TS /SBEIT
uonseJanul
7B 39 BYSMOUBLIOY 12-3s1°e olé’l 0 w9l 60-3S¥°L 0’| 403deda. X1I3eW JBIN||9DBAIXT [} UORERUSIBYIP JO I15ISN|D LbAD 3 S SL011T
95BISIp 1SOY-SNSJaA-3jeS ‘uodafau
1jeJ30||e ‘aseasIp ploJAy) sunwiwioine
‘smyjjow sa3aqelp | 2dA1 ‘Adix01014>
zI® 39 JopleH ¥1-3SL°€ 98C'C ¥€-350'% 196'C 90-319'6 0901 PR3BIpaW-|[33 ||| [edMEN g dwAzuein dWZD ¥ 9101
7[€ 39 B SMOUBLIOY 61-38¢°1 YELT 0 0€TT 01-399°6 119 T UOREBNUSIBYIP JO 421SN|D ¥7AD €S 05980
uonoeJanul
e 39 997 11-3T¥'S YLE | 0€-31+¥'C 89¢°| 60-3L0'% (443 J01dada.-pues)| aAnEOINAN € dulISs ‘3sERI0.d €5Sud 3 X 1THEIT
uonseJanul
1839997 11-389°L 8lv'l 1€-3C€€ S8€’| 60-3€0°€ 86¢°| J03deda.-pues]| 2AREOINAN € dULIBS ‘35ERI0UY €SS¥d 3T X €94/0T
Kemyped Suieusis
1zI8 39 O'X C1-360C Lyl £2-3SY'E 0Tl 90-3¥6'8 610°1 WVdd ‘wstjoqesaw pidijo.a24|D aseun| 043249 D X L9ILIT
Aemyred Buijeudis
1zI8 39 O'X 11-36€°C 681 €€-IvL'S S99°1 90-308'9 61€l YVdd ‘Wsijoqessw pidijotad4|o aseun| 043249 MO 3 XT/L651T
Aemyred Buijeusis
12|e 39 oex €1-35C°1 €08’ 1€-3£5°S 856'I 90-3LTT 80'I YVdd ‘wsljoqeasw pidijotad4| aseup| [04324|9 D S /8EL0T
opndad4jod eydje
1seduou ‘Sunaodsuey
018 39 UOS]PN 91-3E¥T 1£T€ FARE VAR S00°€ 80-31+'9 97T uone|hioydsoyd aAnepIxQ lIH Bsed 1Y Vildlv 3¥/9€40C
wsijoqelsw
ajeOURING ‘WSI|OqeIBW pIdR dI9[oul| 01g Jaquaw | Ajiwey
| 32 hoyz ye-3ee’s 18Ty 0 e 11-369°% X4 ‘WSI|OGEIdW SSOUUEBW pUE 9503IN.I4 9SEIINPA 019-0p|Y 0lgIWIV ¥ S 19590C
T Jaquisw Ajiwrey ‘pareAnde
ezl 39 Mpoomog 01-38Lv 80°1 0y-3r¥'C 69€’| S0-3L¥C ¥Sl uondnpsue.n 101580 winid[ed ‘|duueyd dpliojyd TVYD1D  3¥ S 99190
BUWIOUIDIED |92 [eseq ‘Jadued ul skemyped
‘sisauaSouejpw ‘Aemiped 3uijeudis
o8 32 BjsmourwIoy L1-36£T £50C 9€-30T°€ S€€T 60-3€8'| 928’ 8oyoBpay ‘Aemuyped Buijeudis JUpA BGWAA 3B S 06650C
z02seuse|\] pue Aemuped Suijeuds supjowayd
Seule4-zaJeng S1-369% ¥99°C G€-366C 688'C £0-36€°L T€6'1  ‘uondessnul 401dedau BupjoIAI-BUDI0IAD 0¢ puedy| yaow D-D 07100 39/$50C
anjeA-d asueyd anjeA-d a8ueyd anjeA-d a8ueyd
po3deuI0)  ploj ‘8o pejdeaso)  ploj 8o  pejdeasod  pioj 8o
|euoissjuou |euoissjuou |euoissjuou
SNSJ9A |eUOISaT] SNSJ9A |eUOISaT] SNSJ9A [eUOISST] shkemyjed 839y] uewny loquig
U499y S06¥13SO SSEEIIASO 01L93SS uo uoierouuE [EUODUNY 9B\ sus |susp ai °qo4id

(panunuop) |s a1qeL

Psoriasis: Targets and Therapy 2013:3

submit your manuscript

40

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Exploring altered expression of T, 17 and T, _ signaling in psoriasis

Dove

"151] @2uaJ)RJ Aseauawalddng aya Ul UIAIS aue palld SAdURIBLRY BION

02| 39 LIDjEM|

¢1[E 39 sIswwol
ail® 39
JnIopspunwpng
ail® 39
JnIopspunwipng

,1[B 39 Jojhe

7€ 39 JopleH

I 39 J3YdI2.1S30
91|€ 39
'UJOAOGEAIdSUOAA
il 32
euloAoqeAId3uopn

<[ 19 Bjsmourwoy

<IB 19 BYSmourwOYy
LR
ZIBYJ9D)-yon.g

I8 39 Uouueys

MLECRY

ile 39 Suig

2|8 39 Aduezid|

[AR=1EN

81-3¢0°¢

01-3098

01-37s'8

S0-36€°1
60-368¢
80-3€L°€
11-3ELY

60-380°C

90-396'L

11-3L€°L

<-aLLL

a1-alre

1-309°L

11-3¥8°C

€1-3¥0°1

86C°|

06LC

L1571

990°C

99971
6L1°1
6491
8|

YLy

[4-i 4l

€561

L681

LI1T]

0€S°I

LEV'

YTl

6C-36/°1

JANE 474

61-39T1

(A= 1VA4

£0-3CT |
[4h= 13N
91-3€0°S
£1-3/8]

0C-31€T

61-361°C

02-391°1

02-390°1

¥C-370°C

€CI9°€

YCaLls

8¢-3¢0°1

8¢C|

€8€°C

Sel’l

¥59°1

80¢’|
9L0°1
8¢l
891°I

Seel

210c

SoI°l

£8€°1

0zL|

[A3N

60-368°¢

£0-301%

2000

S0-36T'|

£0-308'6
60-31€°1

S0-311¥y

90-308'C

S0-3€S°L

90-305°1

€000

£07369°9

£0-3L0°%

00T’I

956’1

8+0°|

09’1

[47A
8E1'l
LL1°]
clo’l

(LAl

1Ll

wl'l

6s’l

9slI'l

wo'l

6971

uonseuaul Jo01dedal-pued| sAndeoINN

wsljoqesw 3nJp

‘0§¥d dWouy201hd £q sonolqousx jo
wsijoqeIsw ‘wsljogesw aujueejAusyd
‘wsi|ogeIsw aulsoJA) ‘wisijoqesw
aulpnsiy ‘sissuadoauodn|3/sisk|0d4|D
wsijogelaw [jAydouojyd pue uiAydiog
sIsayauksolq plo.aig

Aemiped Buireudis | v1S-Hv(
‘uonoeJalul 401dadal aupjoIAd-aun|0IkD)
Aemuped Suifeuds | v S/
‘uonoesaiul 101dedad aup|oIkd-aupjoIfD)
SOpEISED

uone|ngeod pue Juaws|dwor)
wisijoqeIaw 8nup ‘0Gpd dWOIYd014A>

Aq s>nolqouax jo wisijoqelsw
‘wsijogelsw aujueeAusyd ‘wsijoqelsw
auIsoJA1 ‘wisljogelsw auipnsly
‘sIsauagoauodn|3/sisk|0dA|D

wsljogeaaw auljoad pue suluiday
A1121X01034> pajelpaw-|[92

J3||py [edmieu ‘sisordode ‘uonoeaaiul
101da23.4 aup|0Ik-aUP|0ID)

Aemyred

3uijeudis doadedau ai-|-o1yY
sisayauAsolq pidijoduiydsodL|3
‘sisayauhsolq pidijoduiydsosk|n
BIWSN3| PIO[2AW 3INJE ‘49dUEBD
oneaJdued ‘usdued ul skemyed
‘kemyped Suijeudis supjoikoodipe

‘Kemuyped Bujeuds | v S-v(
‘Aemyaed Buijeusis supjowsyd

| uisdAay ISS¥d 38 X 0Lp91T
LR |
D9 unes)| 1919
/99 URRID /Y9 UREIDY /914 ¥ X 085¥1C
/| uneaay L1 ® X 9€TTIT
/| uneaay| LI 3® s /S150C

79 J_quidw ¢ Ajiwey
aseuaBoupAuyep opAYsPlY  ZAEHATY T S I46H0T

| @seuagAxo awaH IXOWH 1% 699£07

asepixods auajenbg 310S 'S 79S€IT
| eydje

‘101dadad g upjnajJaly| IVMEIT 38 s TI9IIT
| eydje

101dadau €| upjnajIaIu| IVMEITl 2ES $0601C
anssn

‘103BAI3DE UdSoulwse|d 1V1d 3® S 09810C

€V Joquiaw ‘Ajiwey
| aseuadoupAyap apAysply  EVIHATY € 081£0T

| dseuiday IDYY IS ££190T
01 Jaquaw
‘Aiwegsadns (puedl))
1030®} SISOUDBU Jowin | 014S4NL 38 S /8970T
| uraoud Bulureauod

-urewop O asedl|dy
P92NPUI-UO.IBISIY| IHHI 1®60761T

T 9seJajsue.njAsoony
-7-eydje-g apisoidees) Tlnd ¥ 580901¢

¢ uondLdsue. JO 0JBARDR
pue Jadnpsue. [eudig €1VIS 3T S 76680C

41

submit your manuscript

Psoriasis: Targets and Therapy 2013:3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Kotb et al

adA1 Y|
€1-3€9°1 689'1 ST-aAL¥'6 S8L 11-30+'C 508 WSI|0qEIBW PIE DIUOPIYIRIY ‘aseuadAxodi|-z| aeuopIYIRIY  GTZIXOTV 37 18€L0T
Aemuyred Suijeudis
11-30L'L L61°1 97-3L€8 8¢’ £0-381°L 0611 YVdd ‘Wsijoqesaw pidijouad4|n auaBopnasd ¢ aseun| 043249 dEdD  3¥XT99651T
60-3€L'| 4aN 0€-38¥'9 wrl 90-3VT| $3|N>3joW uoisaype |30 | utalo.d djij-0.49z utRio.d Al I7ZdW 3¢S £8001C
smyjjaw sa9qelp g 9dA1 ‘Aemyred
Buyjeu)s uinsul ‘wsijoqelaw Jesns
SpRO3oNU puk JeSns oujwe ‘wsljogqeaw
950.2NS pue Yd.Jels ‘wsijoqelaw
950108|e8 ‘WsI|oqeIaW 9SOUUBW pue
€1-3€L°1 161°1 T€-39TT 86€' 90-3699 9901 25012N.1} ‘sIs2Ua509U0N|3/SISA|0IA|D T oseupjoxaH OIH 3 HE6TOT
17 Joquisw ‘Ajiwepiadns
11-3v% | €19°1 17318 9/ 0 0T uonoeialul Joardadau sup|oIkd-aunjoIkD) J01dodau J03dey sisoadau Jown]  [Z4SY4ANL 38 X [8SHIT
L1-31¥] 9¥8e 0 121y 80-3L1'L 118°€ 9| unesay) 9114 3¥00860C
11-35T°1 001'C 8€-387°C 9.0'C 0 69€°| g9 une.dy| go.LUM 3T X 97160T
L1-3LTE 0LLT L€11°€E 685'C S0-36L% L] V9 une.dy| V9.LUI 1®767160C
L1381 6£TT 6€-318'1 vIL] T1-3L9% Uyl T UOIERUSIDYP JO I13ISN|D ¥zao €5 997
91-301°1 Yidi €/-308'6 4 60-391°C 81l T UOIERUSIRYIP JO I13ISN|D pTad X 6LE91T
91-301°1 10£'T 0 ¥9€'T 11-3T¥'L 967'C T UOIBRUSIDYP JO I13ISN|D ¥Tad TS TLL60T
91-36C'1 920'C T-30€°S pSEl 60-3£9'1 L6T'| T UOIBRUSIDYP JO I13ISN|D pTad 3 X 1£260T
£1-351°1 8€TT 14-380°F 1091 60-318C 1S T UONENUSIDYIP JO I3ISN|D yTad> 3 X 15980C
uoneanIew 34500 pajelpawl
-auoJa1sa8oud ‘uonoun| ded ‘Aemypaed e
80-3TH'C 19C°1 vE-39€'8 86L'l 90-3L1'I 781'l  3uieudis £gd ‘sisolaw 314300 B4 ]9 | aseup| auspuadap wPAD 10 TDAD TS 65501T
0l1-3€€L SL0' L€-38€°€ STyl 90-320°€ 6€8'I g-ujBowsaq €9sa 3¥66550C
ZI1-eydje alungns uiyoud
91-381°I PrEl 6T-3ETY TET| 80-361F 144 Aemyaed Buieudss wnijed Buipuig-apro3|anu auluens SIVND 3 65E€50T
€1-3¢€€° €69° €€-3€1'6 ¥SS'l 90-30CF 8L sisayauksolq arejog ase|oJpAy [Aweanj3-ewwes HOD 3¥095€0C
80-3€6'C 4N vE-3€T8 veLl 90-319'6 80€'| $3|N23|oW UOISaYPE |]3D €-uLaypeD €HAD 1©7957€0T
¥1-328' 651T 9e-31¢€| 60€T 01-3TT8 699'1  wsljogelaw Sn.p ‘WsijoqeIaW duIpiwLiAg | asejAsoydsoyd auipin IddN ¥ HETEOT
Kemuped Suijeudis gqd
,Em__onmuorc oco_sudus_m .Em__On_SwE T 3ungns
T1-3pe’| 15TT 0 91lI'€E 60-3LLY 686 auipiwiAd ‘wsijoqesw auking a5€12npaJ 3pRO3PNUOGLY TWYY 3T €£/60C
Kemyped Suieudis gqd
‘wisijoqelaw auoiyleIn|s ‘wisijoqeiaw TIW 3ungns
11-350°2 vL18'1 S€-ALY'E 61T 60-38€ 6981 aulpiwliAd ‘wsijoqesaw auking a5€32NPa. BPRO3[INUOGHY TWYY 3¥06810C
anjeA-d a8ueyd anfeA~d a8ueyd anfeA-d a8ueyd
po329440D)  pjo} ‘Bo] pa3deas0)  ploj 8o  pejdssiod  ploj ‘8o
|euoisajuou |euoisajuou |euoisajuou
SNSJ3A [eUoIsaT] SNSJA9A [eUOISdT] SNSJ3A [eUOISIT] skemyyed 33y |joquig
S0613SD SSEEIASO 01£93SD uewiny uo uoeEjoUUE [EUOROUNY apn suso susn ai 2qo.ad

siseliosd jo sisauagoiped ayy 01 payjull A|snoiraud usaq Jou dARY pUE ‘G061 | ISD
PUE ‘GSEE13SO ‘01£93SD ‘! ‘saudwiliadxa 994yl 9y Jo yoeda wouy sajdwes up|s [BUOISJUOU SNSJIIA [euolsd| ul paiendaudn Apuedyiudis aq 01 punoj sauad 1oy $19s 9qodd TS d|qel

Psoriasis: Targets and Therapy 2013:3

submit your manuscript

42

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Exploring altered expression of T, 17 and T, _ signaling in psoriasis

Dove

rI-319°1

80-35¥'9

90-389°I

¥0-38%°1

S1-396°1

8¢L'|

L9T°|

968’1

050°C

80€°C

LTIEL

03168

€C386'C

€CAL'S

61-359°1

€051 60-3C1y 965’1 ssoI0dsuen DY
BWOI|3 ‘9SBISIP S JaWIdyz)y
‘sisauagouejow ‘Aemyred 3uijeusis
suow.oy 3uisesjas-uidosyopeuod
‘kemyaed Suijeusis ulnsul ‘uondnpsue.
Aaoioeyjo ‘kemyaed Buieusis uiydoayoanau
‘uonenualod w.a3-8uo| ‘UoNIEIUOD
S|2SNW LIOOWS IB|NISEA ‘SISOIdW 914000
‘wasAs Suleuds jousoulApneydsoyd
18€° 90-310% 9z€e'| ‘kemyyed Bujeusis wnijed
Aemuyzed 3uijeudis supjowayd
119 1000 08|  ‘uondesaiul 401dadad aupjoIAd-aUnj0ILD)
Aemyaed 3uieusis supjowayd

1§1°T $00°0 7SI ‘uondesaiul 403dadau 3upjoIfd-aunjoIfD)
wsijoqe3aw

SE9'| S0-3¢6| ad usS0.Iu ‘WsIjoqeIBW BUIPRSIH

7| Jaquisw vy Ajiwey-gns
anassed 3ulpuig-d 1V

¢ uy0.4d jij-ulnpowed
81 pues)| (Jnow H-D) aupjowayd

81 pues)| (Jnow 5-D) subjowayd

aseA|-eluowwWe auIpnsiH

¢Ivoav

EINTVO

81100

81100

IVH

1® G955 1T

1® X 07001¢

® 8TICE

1® $T660T

3 E4990C

43

submit your manuscript

Psoriasis: Targets and Therapy 2013:3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kotb et al Dovepress

o+

Figure S| Network analysis (netAnalyse.py method, setting shortest path threshold =1 and P-value threshold =0.05) shows possible interaction between the potential gene
targets for treatment of psoriasis as identified in this study from the GSE6710 experiment.”’ The network was edited in Cytoskape, with a force-directed layout applied.
Green circles indicate downregulated genes, yellow-orange-red circles indicate upregulated genes, with red showing strongest and yellow showing least upregulation. Size of
the nodes indicates the level of significance, with larger nodes showing a lower FDR (higher significance). Lines connecting nodes show direct interactions between genes.
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Figure S2 Network analysis (netAnalyse.py method, setting shortest path threshold =I and P-value threshold =0.05) shows possible interaction between potential gene
targets for the treatment of psoriasis as identified in this study from the GSEI3355 experiment.® The network was edited in Cytoskape, with a force-directed layout applied.
Green circles indicate downregulated genes, yellow-orange-red circles indicate upregulated genes, with red showing strongest and yellow showing least upregulation. Size of
the nodes indicates the level of significance, with larger nodes showing a lower FDR (higher significance). Lines connecting nodes show direct interactions between genes.
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Figure S3 Network analysis shows possible interaction between the potential gene targets for the treatment of psoriasis as identified in this study from the GSE[4905
experiment?' (green circles indicate downregulated genes and orange/red circles indicate upregulated genes).
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