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In recent years, DNA microarray technology has been used for the analysis of gene
expression patterns in a variety of skin diseases, including malignant melanoma, psoriasis,
lupus erythematosus, and systemic sclerosis. Many of the studies described herein con-
firmed earlier results on individual genes or functional groups of genes. However, a
plethora of new candidate genes, gene patterns, and regulatory pathways have been
identified. Major progresses were reached by the identification of a prognostic gene pattern
in malignant melanoma, an immune signaling cluster in psoriasis, and a so-called interferon
signature in systemic lupus erythematosus. In future, interference with genes or regulatory
pathways with the use of different RNA interference technologies or targeted therapy may
not only underscore the functional significance of microarray data but also may open
interesting therapeutic perspectives. Large-scale gene expression analyses may also help

to design more individualized treatment approaches of cutaneous diseases.
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Gene microarray technology started in the early nineties
of the last century. It was demonstrated that peptides
may be synthesized on small silicon chips by photolitho-
graphic synthesis.!? This technique was then applied to short
DNA fragments, generating so-called DNA microarrays (un-
less otherwise stated, in the present review the term microar-
rays refers to DNA microarrays). By use of these microarrays,
the amount mRNA molecules in a given biological sample
may be quantified with high accuracy via complementary
binding of mRNAs to the DNA probes fixed on the microar-
ray.> The development of oligonucleotide DNA microarrays
was paralleled by that of cDNA microarrays, using 600 to
2000 bases cDNA molecules as probes.* Recent progress in
array technology demonstrated equal sensitivity for DNA mi-
croarrays carrying probes of 60 to 80 bases in length. At
present, the latest oligonucleotide and ¢cDNA microarrays
carry probes for expression analysis of all currently known
genes (more than 35,000). In parallel to these whole-genome
chips, several companies offer more specific microarrays for
mRNA expression analysis of specific gene subsets.

In the mentioned report by Lockhart and coworkers,? it
was demonstrated that oligonucleotide DNA microarrays
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could be used to measure mRNA molecules within a wide
linear range of 3 to 4 orders of magnitude, with a sensitiv-
ity of a few molecules per cell. Indeed, later studies con-
firmed that the detection lower limit of current microarray
technology appears to be around ten copies of mRNA per
cell.>® As a consequence, low abundance genes such as
transcription factors may sometimes be lost, or at least not
reliably be detected by DNA microarrays. When compar-
ing results from different technical platforms, consistency
of data for differentially expressed genes was disappoint-
ing, as reported a few years ago.” This was in part attribut-
able to the fact that in these analyses low abundance genes,
which may often not accurately be detected, were not
filtered out. Moreover, sufficient probe sequence informa-
tion was not available of different platforms, and different
probe sequences for individual genes could thus not be
taken into consideration. As reported recently by the Mi-
croarray Quality Control Project, high intra- and interplat-
form consistency may be reached due to an optimization
of probe sequences and appropriate filtering.®

High specificity of DNA microarrays allows detection of
the exchange of even one single base when using appro-
priate short oligonucleotides (so called single-base resolu-
tion). As a consequence, oligonucleotide DNA microarrays
also may be used for DNA sequencing.? Specific DNA mi-
croarrays were used to detect mutations in certain tumor-
associated genes such as BRCAI and p53, respectively.10-1!
A further application of DNA microarray technology, cur-
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Tahle 1 Current Key Genomics and Proteomics Technologies
Number of Sensitivity
Technology Targets Targets Sensitivity* Thresholdt Specificity References

Oligonucleotide and mRNAs >35,000 High (>90%) Low (~10 mRNA High (70-90%)% 5,6,12

cDNA microarrays (whole genome) copies per

cell)

Oligonucleotide SNPs ~ 1,000,000 High (>95%) NA High (>95%) 14-16

microarrays
Protein and antibody Proteins 1,000-5,000 High (>90%) Low ~ 20 pg Low to intermediate 18,19

microarrays (20-50%)
2D gel electrophoresis Proteins 100,000-500,000 Low (<10%) Low ~ 1 ng High (>75%) 18,19

combined with
mass spectrometry

NA, not applicable.

*Sensitivity refers to the number of mRNAs, SNPs, or proteins detected in a complex background relative to the total number of mRNAs, SNPs,
or proteins that might theoretically be detected by this particular technology.

tSensitivity threshold refers to the lower limit of sensitivity for a specific mRNA or protein.

tEstimated value based on analyses of a limited number of genes. Systematic studies on probe specificity for all genes are lacking.

rently attracting widespread attention, is the identification
of single nucleotide polymorphisms (SNPs).!2-17 SNPs are
homozygous or heterozygous nucleotide variations in the
human genome, with an estimated incidence of about one
SNP every 300 to 1000 base pairs (bps). SNPs may con-
tribute to tumor development and progression and may
predispose one to a variety of different diseases, such as
diabetes, high blood pressure, and arthritis.!” At present,
the total number of SNPs in public databases exceeds 9
million. Current DNA microarray technology may detect
up to 1 million human SNPs.'6'7 Oligonucleotide mi-
croarrays used for SNP detection differ from those for
mRNA expression analysis. In principle, in SNP arrays
four oligonucleotide probes are designed to interrogate a
single position. One probe binds with perfect complemen-
tarity to the reference sequence in the sample DNA. The
other 3 differ from the first at the interrogation position by
substitution of 1 of the 3 other bases, which leads to non-
perfect binding.!> The complementary probe variant re-
sults in significantly enhanced signal intensity compared
with the others, thus allowing exact identification of a
particular SNP.

Because differential gene expression does not necessarily
translate into differential protein expression, technological
platforms for large-scale protein (proteome) analyses have
been developed in recent years.!® In so-called forward-phase
protein microarrays, predefined antibodies are immobilized
on a glass slide to interrogate a given protein sample (eg, a
cellular lysate).!81° In reverse-phase microarrays, a complex
protein mixture is immobilized on a glass slide, which is then
probed with specific antibodies.’®! The detection lower
limit of protein concentrations when one is using protein
microarrays may reach a 10-cell equivalent. However, the
most commonly used technology for proteome analysis is a
combination of 2D gel electrophoresis for protein separation
and mass spectrometry for protein identification.'® Theoret-
ically, this technology allows the identification of any protein
in a given sample, in contrast to the technological limitations
of mentioned antibody or protein arrays. Current mass spec-
trometry may be performed with high mass accuracy (<10

parts per million). However, even with high-resolution pro-
tein separation of 2D gels, the number of proteins that may be
identified is generally less than 10,000. A summary of tech-
nological issues of key genome and proteome technologies is
given in Table 1.

A major challenge in particular for DNA microarray anal-
yses is data processing and biostatistics. Before microarray
data may be subjected to detailed analysis, preprocessing of
raw data must be performed,?®?! including image analysis,
summarization and normalization.?? In particular, each mi-
croarray must be normalized to all other microarrays of an
experiment so that all microarrays are comparable.?® Statisti-
cal analysis of microarray data includes so-called supervised
and unsupervised methods. Supervised methods generally
are applied when a class label for each sample is known, for
instance, each sample may unambiguously be attributed to a
defined clinical or histopathological entity. Supervised clus-
tering methods may then identify differentially expressed
genes or predict the class label of new unknown samples. The
corresponding computational techniques are support vector
machines, neural networks, or partitioning around medoids
(ie. PAM) approaches.?*26 These approaches normally use a
majority of samples as a training set, on which a so-called
classifier is build. This classifier can then be used to predict
the classification of a test sample.

If there are no clearly defined groups or subgroups with
class labels, unsupervised methods (clustering) may be
applied. A series of different methods are in use for cluster
analysis, like k-means clustering or hierarchical clustering,
as described by Eisen and coworkers.?” In the latter case,
hierarchical cluster trees are generated that juxtapose
genes based on the similarity of expression profiles. For
better optical presentation, expression levels of genes are
represented by color squares. Clustering may also be per-
formed by so-called self-organizing maps (SOMs),?® which
may particularly be useful when analyzing time course
experiments. Taken together, tight collaboration between
clinicians, molecular biologists and mathematicians is of-
ten indispensable for optimal design and utilization of
microarray experiments.
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Tahle 2 DNA Microarray Studies on Skin Cancer

Gene Expression in Tumorigenic or
Metastatic Phenotype or Bad Prognosis

Tumor Type Group Cell Type, Tissue Array Type References
Malignant RhoC 1, fibronectin 1, collagen a2() 1, Cell lines A375P, HUM 6.8K microarray, 34
melanoma collagen a10ID 7, matrix Gla protein 1, A375M1, A375M2, Affymetrix, 7,000
fibromodulin 1, biglycan 1, thymosin g4 1 A375SM probe sets
WNT5 1, fibronectin 1, syndecan 4 7, Primary melanomas, cDNA microarray, 36-38
tropomyosin 1, MART1 |, CD63 |, melanoma metastases, 8,000 probes
PGAM1 | cell lines
Osteopontin 1, CXCL1 1, RAB32 1, Benign nevi, primary cDNA microarray, 40
CKS2 1, CENPF 1, CXCL10 1, DSC3 |, melanomas, melanoma Research Genetics,
DST |, WIF1 | metastases 21,000 probes
MCM3, 4,6 7, geminin T, Cdc2 1, Primary melanomas Whole-human-genome 41
CKS2 1, CCNB1 7, Cdc6 1, KIF2C 1, (differing by distant 44K microarray,
STK6 1, CENPF 1, PCNA 1, PROM2 |, metastasis-free Agilent, 44,000
SPINT2 |, CST3 |, CST5 |, CXCL14 | survival) probes
Basal cell PTCH 1 1, gli2 1, WNT5a 1, Frizzled D2 7, Normal skin, basal cell U133 Plus 2.0 45
carcinoma D7 1, D8 1, basonuclin 2 1, carcinomas microarray,
chromogranin A 1, CTNNBIP1 |, TCF-4 | Affymetrix, 55,000
probe sets
Squamous cell E-cadherin 1, MAP4K4 1, N-Myc 1, N-Myc Normal skin, squamous U133A microarray, 47

carcinoma and STAT interactor (NMD 1, Rab31 1,

MMP-1 1, MMP-9 1, CGI-39 |, ERCC1 |

cell carcinomas

Affymetrix, 22,000

probe sets

Arrows indicate upregulated (1) or downregulated (| ) gene expression.

Malignant Melanoma

From the very beginning, DNA microarrays have been used
to identify pathogenic genes or gene patterns in tumors.?%-3°
Some of the recent studies were even able to identify patterns
associated with clinical outcome.?!3? In the first microarray
study on malignant melanoma, gene expression profiles of 2
melanoma cell lines, UACC-903 and UACC-903 (+6), were
compared, using a 1161-item cDNA microarray.>® In the
UACC-903 (+6) cell line, introduction of a normal chromo-
some 6 reversed the tumorigenic phenotype of the UACC-
903 parental cell line. The chemokine monocyte chemoat-
tractant protein 1 (MCP-1), which was one of the genes with
the most significant differences, showed down-regulation in
the tumorigenic phenotype. It was demonstrated in later ex-
periments that low levels of MCP-1 in melanoma tissues in-
deed supported melanoma growth. Melanoma antigen ty-
rosinase-related protein 1 (TRP 1/gp 75) showed enhanced
expression in the tumorigenic phenotype, a finding in line
with earlier observations, showing that TRP 1/gp 75 is a
marker for early malignant transformation of melanoma cells.

Table 2 summarizes results of more recent microarray
studies on malignant melanoma, basal cell, and squamous
cell carcinoma. Clark and coworkers analyzed gene expres-
sion profiles of nonmetastatic and metastatic melanoma cells
with the same genetic background.** An outstanding role for
melanoma metastasis was proposed for RhoC, a member of
the Rho family of GTPases. Indeed, in an experimental me-
tastasis model overexpression of wild-type RhoC in nonme-
tastasizing melanoma cells resulted in enhanced metastasis.
Overall, genes encoding for cytoskeletal and extracellular
matrix proteins, such as fibronectin, different types of colla-
gen, matrix Gla protein, fibromodulin, biglycan, and thymo-
sin B4, appeared to play an important role in melanoma

metastasis. In line with this, in a first series of microarray
experiments we identified the 2 extracellular matrix mole-
cules thrombospondin 2 and desmoglein 2 as being differen-
tially expressed in melanoma cell lines of different metastatic
behavior.*>

The first study that provided evidence for the existence of
gene patterns of prognostic significance in malignant mela-
noma was conducted by Bittner an coworkers.?® Expression
of 7000 genes was analyzed in 31 melanoma specimens with
the use of cDNA microarrays. Hierarchical clustering of data
identified a major cluster of 19 melanoma specimens. Mela-
noma cells derived from these tissues showed reduced mo-
tility, invasive ability, and vasculogenic mimicry. Gene ex-
pression profiles of these melanomas might thus represent
less-aggressive behavior of tumor cells. Indeed, authors
found a tendency for a better prognosis of patients belonging
to this major cluster, yet not reaching statistical significance.
Within this cluster, reduced expression was described for
integrin B1, integrin B3, syndecans, and vinculin. In line
with Clark and coworkers, specimens outside this cluster
showed enhanced expression of fibronectin.>* Expression
levels of WNT5, which was also a good discriminator be-
tween the 2 clusters, correlated with increased motility and
invasiveness of melanoma cells.>” Moreover, high WNT5 ex-
pression in melanoma tissues was associated with worse
prognosis of affected patients.>

In a recent study using a cDNA microarray with 4467
probes, gene profiles of 22 melanocytic tumors, including
benign nevi, primary melanomas, and melanoma metastases,
were analyzed.® Laser-capture microdissection was per-
formed to specifically address gene profiles of melanocytes or
melanoma cells. Four highly differentially expressed genes
allowed correct classification of different tumor stages with
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82% accuracy. Among these were genes encoding for tyrosi-
nase related protein 2, translation initiation factor 2+, and
ubiquitin conjugating enzyme E21.

Gene expression at different stages of malignant melanoma
development was analyzed in a further more comprehensive
study with the use of a ¢cDNA microarray with more than
20,000 probes.* First, the authors compared gene expres-
sion profiles of vertical and horizontal growth phase mela-
noma cells in one primary melanoma. Surprisingly, vertical
growth phase melanoma cells showed down-regulated genes
only. Among these were genes in functional categories of cell
adhesion and extracellular matrix organization, such as des-
mocollin 2, matrix metalloproteinase 10, cadherin 3, and
integrin 2. The different gene patterns identified in vertical
or radial growth phase were able to differentiate between 2
subtypes of metastases. Evidence was provided that the dif-
ferent molecular patterns in metastases might be of prognos-
tic relevance, because all 5 patients within group one had
died, whereas 4 of 12 patients in group 2 were still alive
without evidence of disease. Genes that showed up-regula-
tion in primary melanomas compared with benign nevi in-
cluded osteopontin, CXCL1, and RAB32, all known to play a
role in melanoma progression.

Overall, 83 tumors were included in a study on prognostic
gene patterns in primary melanomas in which researchers
used a whole-genome oligonucleotide microarray.*! Of the
initial 83 specimens, 58 with at least 4 years follow-up infor-
mation were included in further analyses. A classifier of 254
genes was able to differentiate between groups of 4-year dis-
tant metastasis free survival and distant metastasis within this
period. Molecules with enhanced expression in the bad prog-
nosis group belonged to the functional groups of cell cycle
regulation, mitosis, and DNA replication, such as minichro-
mosome maintenance genes 3, 4, and 6 (MCM3, 4, 6), gemi-
nin, Cdc2, CKS2, CCNB1, Cdc6, KIF2C, STK6, CENPF, and
PCNA. Interestingly, the 254-gene classifier was an indepen-
dent prognostic factor with an accuracy rate similar to well-
known factors like tumor thickness and ulceration.

Because tissue hypoxia is a well-known tumor progression
factor, our group analyzed gene expression patterns of hy-
poxic melanoma cells.*? Within one gene cluster, ephrin-Al
and Cyr61 were identified as 2 putative, hypoxia-inducible
angiogenesis factors for malignant melanoma. Ephrin-A1l had
been described earlier by an independent group as a marker
for tumor progression in malignant melanoma.* Ephrin-A2
was identified as a progression marker for malignant mela-
noma in the study of Bittner and coworkers.3¢

Laser-capture microdissection of primary melanomas and
metastases combined with microarray technology was used
by our group to identify tumor progression and metastasis-
related genes.** In accordance with the findings of Win-
nepenninckx and coworkers,*! gene patterns associated with
tumor thickness and metastasis, respectively, were identified.
Enhanced gene expression was found for genes belonging to
gene ontology categories of cell cycle regulation and mitosis,
including CKS2, Cdc6, KIF2C, and STK6. Metastasis was
associated with reduced expression of cell adhesion mole-
cules, such as E-cadherin and desmocollins 1 and 3.

Basal and
Squamous Cell Carcinoma

Little is known about gene patterns in basal and squamous
cell carcinoma. One recent study used a whole-genome mi-
croarray with more than 50,000 probe sets to analyze 20
basal cell carcinomas compared with normal control skin.*
Overall, 3921 genes were differentially expressed. Up-regu-
lation was observed in basal cell carcinomas for genes in-
volved in hedgehog and Wnt signaling, such as patched ho-
mologue 1, gli2, WNT5a, and frizzled D2, D7 and D8,
supporting current concepts of basal cell carcinoma develop-
ment.* Chromogranin A, a molecule associated with neu-
roendocrine differentiation, showed most significant differ-
ences and was suggested as a marker for basal cell carcinoma.
Although its role for basal cell carcinoma remains to be de-
termined, a series of other tumors, such as nonsmall cell lung
carcinoma and prostate cancer, also show enhanced expres-
sion of this molecule.

A study on differentially expressed genes in squamous cell
carcinomas and actinic keratoses compared with normal skin
identified 118 candidates out of more than 22,000 genes
tested.*” All cancerous tissues stemmed from immunosup-
pressed patients, normal tissues stemmed from both immu-
nosuppressed and immunocompetent patients. Many of the
up-regulated genes in carcinomas and actinic keratoses, such
as E-cadherin, MAP4K4, N-Myc, and N-Myc and STAT in-
teractor (NMI), Rab31, MMP-1, and MMP-9 have been de-
scribed to play a role in other cancer types. Interestingly,
there were not significant differences in gene patterns be-
tween squamous cell carcinomas and actinic keratoses.

Psoriasis

Psoriasis is a polygenic chronic inflammatory skin disease,
where epidermal keratinocytes and inflammatory T-cells are
of central pathogenic importance.*® Psoriasis may even be
regarded as an autoimmune disease.*° Table 3 summarizes
results of recent microarray studies on psoriasis and other
inflammatory skin diseases. One earlier study compared gene
expression patterns of lesional skin from 15 psoriasis patients
with patterns of normal skin from the same patients and
normal controls with a microarray with 12,000 gene
probes.>! The authors used k-means clustering to identify
significant differences between diseased and normal skin.
Overall, 177 differentially expressed genes were identified.
Most of these showed up-regulation in diseased skin, such as
S100 family members SI00A2 and S100A7 to 9, a finding
that was confirmed by 2 other microarray studies.??>> More-
over, well-known psoriasis-related genes, such as B-defensin
2, interleukin-8, and CD68, were significantly up-regulated
in diseased skin. The biological relevance of these findings
was underscored by the fact that many genes identified in this
study mapped to known psoriasis susceptibility loci (eg,
1921, 3g21, and 14q31-32).

Shortly thereafter, this latter study was extended by use of
a new microarray type with 63,100 oligonucleotide probes,
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Tahle 3 DNA Microarray Studies on Inflammatory Skin Diseases
Disease Gene Expression in Affected Skin Tissue Array type References
Psoriasis S100A2 7, S100A7-A9 1, IL-8 1, DEFB2 1, Normal, uninvolved U95A microarray, 51
CD68 1, CD47 1, ECGF1 7, ANXA1 1, and involved Affymetrix, 12,000
KRT15 |, MTIL | skin probe sets
S100A7 7, S100A9 1, S100A12 1, FABP5 1, Uninvolved and HuGeneFL microarray, 52
DEFB2 1, MMP12 1, CD47 1, STAT1 1, involved skin Affymetrix, 7,000
TNXA |, TIMP3 | probe sets
S100A7-A9 1, IL-8 1, ECGF1 1, PBEF 1, Normal, uninvolved U95A-E microarrays, 54
STAT1 1, SCYA2 1, SCYA19 1, SCYA21 1, and involved Affymetrix, 63,000
SDF 1, CDKN1C |, SCYA27 |, ITGB1 | skin probe sets
SLE OASL 1, LY6E 7, MX1 1, PRKR 1, ICAM1 1, PBMC of control U95A microarray, 64,71
SCYA3 1, XIAPAF1 1,LCK |, TCRB |, and SLE patients Affymetrix
CcDi1C |
TRIP14 7, OAS1 1, TAP1 1, TRAIL 71, PBMC of control U95A microarray, 74
MX1 1, MX2 1, XIAPAF1 1, IFIT4 7, MCP- and SLE patients Affymetrix
17,DC-LAMP 1, TCR & |, DAP3 |
IFN-w 1, IFIT1 7, IFIT2 1, IFIT4 1, OAS1 1, PBMC of control U95A microarray, 72
OAS2 1, OASL 1, LY6E 1, TCRa |, and SLE patients Affymetrix
TCRé |
SSc CALR 7, COL15A1 1, NID2 1, CTGF 7, Normal, uninvolved U95A microarray, 84
FKBP1A 1, CDH5 1, THY1 1, CD53 1, and involved Affymetrix
IGHG3 1, BMP10 |, WIF-1 | skin
COLA7 1, COLA18 1,CD44 1, MT1A 1, Fibroblast cultures Spotted oligonucleotide 85
MT1B 1, DSP 1, VEGFB |, SGK | of control and microarray, 16,600
SSc patients probes

Arrows indicate upregulated (1) or downregulated (| ) gene expression.

which covers all known genes, including expressed sequence
tags.”* The number of differentially expressed genes in-
creased to 1338. Authors identified a major cluster of 131
immune signaling genes. In this cluster, overall 19 chemo-
kines were identified, some of which have already been de-
scribed in psoriasis, such as interleukin (IL)-8 and Gro-a.
However, many were indeed new, such as small inducible
cytokines SCYA19, SCYA21, and SDF (stromal cell-derived
factor). Overlapping binding motifs for transcription factors
were identified in upstream promoter elements of these im-
mune-regulatory genes. These included motifs for transcrip-
tion factors c-Ets-2, NFkB, AP-1, and IRF2-ISRE (interferon
response factor 2—interferon-stimulated response element),
regulating SI00A7-A9, KRT6A, LDLR, LAMP3, HBP17 (hep-
arin binding protein); OAS1, OAS2 (2,5-oligoadenylate syn-
thetase 1 and 2); and ISG15 (interferon stimulated protein).

Our group analyzed gene expression profiles of periph-
eral blood mononuclear cells (PBMCs) from psoriasis pa-
tients with severe generalized disease before and after clas-
sical dithranol treatment.>® Data were confirmed by real-
time RT-PCR in an independent set of patients. Up-
regulation in the diseased stage was found for
interleukin-8, COX-2, PBEF, ANXAIII, TNFAIP6, and
S100P. CDKNI1C, also termed p57Kip2, was the only gene
that showed significant up-regulation in the cured stage.
Interestingly, CDKN1C acts as a cell cycle inhibitor in T
cells.”® It was demonstrated by use of support vector ma-
chines that a combination of both IL-8 and CDKN1C was
able to differentiate between the 2 disease stages with a
high prediction accuracy. These findings are highly sug-
gestive for an interaction between both genes. Gene ex-
pression profiles of PBMCs from psoriasis patients receiv-

ing oral pimecrolimus treatment were analyzed in another
study.’” This treatment modality led to 80% clearing of
skin lesions after 4 weeks. Of a total of 7129 genes tested,
significant down-regulation was observed for molecules
involved in antigen presentation, chemotaxis and leuko-
cyte migration, and inflammation, including HLA-E,
HLA-F, L-selectin, LFA1, RANTES, and prostaglandin en-
doperoxide synthase 1. Oestreicher and coworkers tested
the effects of treatment with interleukin-11 or Cyclosporin
A on gene expression patterns in psoriatic skin.’? Re-
sponse rates to treatment reached from 60% and 90%. By
use of SOMs 159 differentially expressed genes were di-
vided into 4 different clusters. Two clusters contained
down-regulated genes under treatment. Among these were
S100A9, S100A12, ID4, KRT16, monocyte chemotactic
protein 1 (SCYA2), HBP17, and CCNF. Some of these
were down-regulated by treatment with cyclosporin A but
not with rhlL-11, for instance, HBP17 and CCNF. Taken
together, the latter 3 studies showed that gene expression
profiles might be useful for treatment monitoring or might
even be used to predict treatment responses.

Reischl and coworkers identified WNT5a as an interesting
candidate molecule for psoriasis.’® Their findings of 179 dif-
ferentially expressed genes in psoriatic compared with nor-
mal skin largely confirmed data from earlier studies.* How-
ever, increased expression of WNT5a in psoriatic plaques
compared with uninvolved skin from the same patients was
described for the first time. Moreover, genes involved in inhibi-
tion of WNT/B-catenin signaling, such as frizzled-related pro-
tein, dickkopf homolog 2, and B-catenin-interacting protein 1,
showed down-regulation in diseased skin. The functional sig-
nificance of these findings remains to be determined, since ex-
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pression of CCND1, a well-known downstream target of WNT5
signaling, was down-regulated in lesioned skin.

Up to now, microarray reports of psoriatic skin or PBMCs
from psoriasis patients have not mentioned 1L-17, IL-22, or
IL-23, although these interleukins appear to play an impor-
tant role in psoriasis pathogenesis.’*-%° A feasible explanation
for this might be that these cytokines were either not present
on a particular chip®! or were not detected because of low
expression levels. In our own experiments on rheumatoid
arthritis using oligonucleotide microarrays, IL-17, IL-22, and
IL-23 expression was indeed mostly below or only slightly
above the cut-off values for detection (M. Kunz, unpublished
observation). However, a series of genes involved in IL-22/
[L-23 mediated inflammation such as CXCL1/Gro-c,
S100A7, S100A8, STAT3, IL-6, CCL22/MDC, SCYA20/
MIP3«, and B-defensin 2 have been identified in the men-
tioned psoriasis microarray studies.’!>3*58 The functional
significance of IL-23 was recently emphasized by a clinical
trial, demonstrating successful treatment of psoriasis with a
systemically administered anti-IL-12/23 antibody.5!

Lupus Erythematosus

In recent years, a series of reports have been published on
gene expression profiles of lupus erythematosus (LE).0*%* In
an earlier study, Maas and coworkers found no significant
differences in gene expression patterns of PBMCs from pa-
tients with systemic LE (SLE), rheumatoid arthritis, multiple
sclerosis (MS), and type I diabetes. But gene profiles of auto-
immune patients showed significant differences compared
with those of control patients, which had received influenza
vaccination.%®> Enhanced expression was observed for 95
genes and reduced expression of 117 genes. Up-regulated
genes involved receptor molecules, inflammatory molecules,
and signal transduction molecules. Reduced expression was
observed for genes with proapoptotic function (eg, TRADD
and TRAF). These findings are supportive for the current
concept of deregulated apoptosis in SLE.

The molecular relationship between SLE and MS, 2 inde-
pendent autoimmune diseases, was analyzed in an indepen-
dent study analyzing gene expression profiles of PBMC from
both diseases.®® When compared with healthy controls, a
distinct pattern of 1031 genes for MS and 1146 genes for SLE,
respectively, was identified. An overlapping pattern between
SLE and MS, which separated both from control patients,
included genes involved in apoptosis regulation (eg, TRAF5,
caspase 8, BCL2, IER3 and IL1B), proinflammatory mole-
cules, and genes involved in cellular proliferation and im-
mune response (eg, IL11RA, VEGF, and CD19). The func-
tional relevance of these findings was supported by the fact
that transgenic mice overexpressing CD19 generate sponta-
neous antinuclear antibodies and DNA autoantibodies.’” SLE
alone was characterized by enhanced expression of genes
involved in DNA damage and repair.

In a treatment study of 6 SLE patients suffering from lupus
nephritis, half of the patients received intravenous methyl-
prednisolone plus cyclophosphamide, and the other half was
left untreated.%® The majority of 151 differentially expressed

genes showed up-regulation after treatment. These genes
were involved in apoptosis, cell cycle regulation, and DNA
repair/replication. Some of the genes have already been
linked to LE, such as Fc fragment, immunoglobulin G, cyto-
chrome ¢, p53, and CD22. This study provided evidence that
common immunosuppressive treatments impact on mecha-
nisms involved in LE pathogenesis.

In an elegant approach, Xu and coworkers showed that
peripheral blood CD4+ T-cells from lupus patients are resis-
tant to activation-induced cell death.% Microarray analysis of
cell death resistant cells identified a specific gene cluster with
high expression of cyclooxygenase-2 (COX-2). In functional
assays, COX-2 inhibitors such as colecoxib and niflumic acid
rendered resistant CD4+ T-cells susceptible to apoptosis,
which was associated with activated Fas signaling and de-
creased expression of c-FLIP. On the basis of these findings,
the authors concluded that COX-2 inhibitors may be used for
the treatment of SLE. Indeed, there is a certain body of evi-
dence that LE patients may profit from treatment with COX-2
inhibitors.™

A major breakthrough in the understanding of lupus patho-
genesis came from a series of recent microarray studies, identi-
fying a so-called interferon signature.”’"” In a comprehensive
study by Baechler and coworkers, gene expression profiles of
peripheral blood cells of 48 SLE patients and 42 controls were
analyzed.”" A gene signature was identified in lupus patients,
which showed significant overlap with that of IFN-a/8 stimu-
lated PBMC of normal controls. Twenty-three of 161 differen-
tially expressed genes between lupus and control patients were
IFN-regulated. Similar results were obtained in a microarray
study on early onset lupus.”* In the latter study, it could be
shown that high-dose intravenous corticosteroid therapy, a
common treatment of systemic lupus, significantly influenced
the interferon gene signature. Genes that have been identified as
interferon-response genes were IFIT1 (interferon-induced with
tetratricopeptide repeats 1), IF144 (interferon induced, hepatitis
C-associated microtubular aggregate protein), MX1 (myxovirus
resistance 1), OAS1, and OAS2. Further evidence for a particu-
lar role of type I IFNs in lupus pathogenesis was provided by
high TFN serum levels of lupus patients, lupus-like symptoms in
IFN-a treated patients, and a relatively benign course of the
disease in a mouse model with defective IFN receptors.”8% In-
terestingly, plasmacytoid dendritic cells, which are enriched in
skin lesions of LE patients, are major producers of IFN-a. More
recent investigations found that plasma from lupus but not from
rheumatoid arthritis patients induced IFN-« regulated genes in
the WISH epithelial cell line and that plasma IFN-« levels cor-
related with anti-RNA binding protein (RBP)-specific autoanti-
bodies.8! Moreover, in proteome analyses using antibody mi-
croarrays, lupus patients showed enhanced expression of a set of
12 chemokines, many of which are regulated by type I IFNs.82
Among these were CCL2 (MCP-1), CXCL10 (IP-10), CXCL9
(MIG), and CXCL11 (I-TAQ).

Systemic Sclerosis

Systemic sclerosis (SSc) or systemic scleroderma presents
as a progressive sclerosis of the skin often accompanied by



22

M. Kunz

internal organ involvement. A series of different ap-
proaches have been used to identify genes involved in this
disease. Many of the earlier studies used in vitro cultivated
fibroblasts from SSc and control patients.®> By use of dif-
ferential display technology, enhanced expression of ex-
tracellular matrix molecules like fibronectin receptor, fi-
brosin, nexin-1 and insulin-like growth factor binding
protein (IGFBP)-5 were identified. In a more recent mi-
croarray study, gene expression profiles of skin biopsies
from SSc patients showed significant differences from
those of healthy controls.®* Cluster analysis identified so-
called collagen I, B lymphocyte, cell adhesion and extra-
cellular matrix, smooth muscle, and T-cell clusters, named
after major genes within these clusters. To further substan-
tiate these findings, gene patterns from SSc skin biopsies
were compared with those of dermal microvascular endo-
thelial cells, HS578T myofibroblast-like cells, B lympho-
cytes, dermal fibroblasts from involved and uninvolved
SSc skin, and fibroblasts from normal controls. Indeed,
many of the highly expressed genes in SSc skin biopsies
were also significantly expressed in fibroblasts, endothe-
lial cells, and B cells. Differentially expressed genes be-
tween SSc and normal control skin included calreticulin
(CALR), collagen type XV al (COL15Al), nidogen 2
(NID2), connective tissue growth factor (CTGF). Differen-
tial expression characteristic for the B-lymphocyte signa-
ture included CD53, IGL, and IGHGS3.

To detect early molecular events in SSc, gene expression
profiles were generated from fibroblasts from skin biopsies
taken from clinically uninvolved skin of 21 SSc patients and
18 healthy controls.?> A 16,600 element oligonucleotide mi-
croarray was used. Differentially expressed genes were signif-
icantly enriched in the gene ontology categories of collagen
(cat. no. 5581), extracellular matrix (cat. no. 5201), and
complement activation (cat. no. 6956). Significant differ-
ences in gene expression were observed for COL7AI,
COL18A1 (endostatin), COMP (cartilage oligomeric matrix
protein), CD44, and 5 metallothionein genes. Authors sug-
gested that COL7Al and COL18A1 might be regarded as
biomarkers for early onset of SSc. In line with this, a correla-
tion between disease activity and serum COL18A1 levels has
been described in SSc patients.®

A hallmark of SSc is pulmonary fibrosis. In a recent
proteome approach, bronchoalveolar lavage fluid (BAL)
from patients suffering from pulmonary sarcoidosis, pul-
monary fibrosis associated with SSc, or idiopathic pulmo-
nary fibrosis was analyzed.8” BAL fluid proteins were iden-
tified by mass spectrometry after separation by 2D gel
electrophoresis. Proteins which showed enhanced expres-
sion in SSc compared with idiopathic pulmonary fibrosis
included al-B glycoprotein, complement C3, al-antit-
rypsin, and haptoglobin 8. Another set of proteins showed
enhanced expression in SSc compared with sarcoidosis,
namely prothrombin, thioredoxin, peroxisomal antioxi-
dant enzyme, calgranulin, and thioredoxin peroxidase 2.
Thrombin is a known mitogen for fibroblasts and en-
hanced thrombin levels had been demonstrated in SSc
BAL fluid in earlier reports.®® Thioredoxin expression had

been shown in a rat model of oxidant-induced pulmonary
fibrosis.® Taken together, the presented genome and pro-
teome analyses are suggestive for an important role of
B-cells, endothelial cells, and the coagulation system in the
pathogenesis of SSc, besides that of fibroblasts.

Conclusion

Microarray technology is now widely used for gene expres-
sion studies of skin diseases. Many of the currently available
microarray data have provided deeper insights into the
pathogenesis of these diseases, which is particularly true for
malignant melanoma, psoriasis, and LE. It should be kept in
mind that data from different studies addressing the same
disease may often not directly be compared because of the
use of different tissues, microarray technologies, statistical
methods, or cut-off values. Moreover, the biological variabil-
ity of experiments in humans can only be overcome when
large enough sample numbers are included, which was often
not the case in earlier microarray studies. Larger sample
numbers combined with sophisticated biostatistical analyses
might in future help to identify subgroups of patients, which
could pave the way for new more individualized treatment
approaches.

Many of the findings from gene expression studies may
now be validated using RNA interference technology, which
allows the specific knockdown of individual genes or path-
ways.”® Recent identification of so-called microRNAs, which
are able to regulate several hundreds of genes at a time, may
even allow to influence gene patterns or biological
processes.”t As emphasized recently, future investigations
should also include different splice variants of genes, because
these may have different and sometimes opposing func-
tions.?? Because many of the mentioned skin diseases have a
strong genetic background, analyses addressing SNPs will be
a further focus of future research.!”
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