Received Date : 29-Jun-2015
Revised Date :01-Apr-2016
Accepted Date : 30-Apr-2016

Article type » "Original Article

Psoriasin (S100A7) promotestressinduced angiogenesis
J. Vegford, A--K« Ekmart’ S.W.Stol, C.Bivik Eding' and C Enerback

ingrid Asp*Psoriasis Research Center, Department of Clinical and Experimental Medicine,
Linkdping University, Linképing, Sweden
Department of Dermatology, University of Michigan, Ann Arbor, MI, USA

Running titlesPsoriasin promotes streggluced angigenesis in psoriasis

Word count:2997

Tables and figures: 4 in manuscript, 3 in supplement

Funding sources. This research was funded by the Ingrid Asp Foundation, the Welander
Foundationgthe Swedish Psoriasis Association and the Medical ReSeanutil.

Conflicts of interests: The authors state no conflict of interests

Keywords: Psoriasin/S100A7, Oxidative stress, Angiogenesis, Psoriasis

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

asdoi: 10.1111/bjd.14718

This article is protected by copyright. All rights reserved


http://dx.doi.org/10.1111/bjd.14718�
http://dx.doi.org/10.1111/bjd.14718�

Correspondence: Charlotta Enerback, Ingrid Asp Psoriasis Research Center, Department of
Clinical and Experimental Medicine, Linkdping University,-S&L 85 Linkdping, Sweden.
E-mail: charlotta.enerback@liu.se

What's already"known about this topic?

e Psoriags.is characterized by extensive new blood vessel formation.

e Early'microvascular modifications in the psoriatic lesion hraeeived limited

attentionsin psoriasis pathogenesis.

What does this study add?
e Psariasin expression is promoted by ROS and hgpoxXeratinocytes. It regulates
the'ROSInduced expression of several psoriasis-associated angiogenic factors, and
actsronrdermal endothelial cells to promote key features of the angiogenic process.

ABSTRACT
Background: Vascular modifications occw@arly in the development of psoriasis and

angiogenesisis,one of the key features in the pathogenesis of the disease.

Objectives: We aimal to identify the role of the S100 protein psoriasin in the angiogenesis
associated with psoriasis.

Material and methods: The role of psoriasin in mediating angiogenesis was investigated by
silencing psoriasin with siRNA and measuring psoriassociated angiogenic factoirs
human epidermal keratinocytes. The secretion of psoriasin and the effect of psoriasin on
general regulators of angiogenesis in keratinocytes, and on endothelial cell migration,
proliferation;.tube formation and production of angiogenic mediat@sevaluated.

Results: The"oxidative stress factoROS and hypoxia induced the expression of psoriasin.
Downregulation” of psoriasin in keratinocytes using siRMAered the ROSinduced
expressionof the psoriasassociated angiogenic factors vascular endothelial growth factor
(VEGF), heparirbinding EGFlike growth factor (HBEGF), matrix metalloproteinase
(MMP)-1 and thrombospondin (THBS). Overexpression of psoriasin altered several
regulators of angiogenesis and led to the secretion of psoriasin protein. Tteatithe

extracellular psoriasin induced proliferation, migration and tube formation in ddemaéd
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endothelial cells to a similar extent as VEGF and interleukin-Ii,) and induced the
expression and release of fngiogenic mediatorsThese effects wersuggestedo be
mediated by the PI3K and NF«B pathways.

Conclusion: These findings suggest that psoriasin expression is promoted by oxidative stress
in keratinoeytes'and amplifies the R@®luced expression of angiogenic factors relevant to
psoriasis. Moreover, extracellularly secreted psoriasin may act on dermal endothelial cells to

contribue to key features of the angiogenic process.

INTRODUCTION

Psoriasis “is__a chronic inflammatory skin disease characteriagd an intense
hyperproliferation anda disturbed maturation okeratinocytes an inflammatory dermal
infiltrate andthe formation of new blood vessels, in particular alterations of postcapillary
venules within the rete ridgéd.

Microvascular _modificatiog constitute one of the earliest detectable changes in the
development of the psoriatic lesion®. These modifications include dilatation,
hyperpermeadbility, tortuosity and elongation of dermal blood vessels and pralifiecdti
endothelial.cells The vascular alterations in psoriasis promote skin inflammation through
the recriitment'of ldtocytes to lesional skinSeveral preangiogenic factors are upregulated

in the psoriatiec epidermis/ascular endothelial growth factor (VEGHE),major epidermis
derived" growth factgris strongly upregulated in psoriatic skiand is important inthe
initiation of the psoriatiphenotyp?. Interestingly, théncreasedxpression of VEGHs also
present if nondesional skin®. Transgenic mice overexpressing VEGF develop an
inflammatory skin disorder resembling psoriasisth an increased density of tortuous
capillaried?, Many of the treatments used clinically, includingnor necrosis factom(NF)-a
inhibitors, methotrexate and phototherapy, have-angiogenic properti@sDespitethis, the
vascular,contribution to the pathogenesis of psoriasigér@earallyreceived limited attention.

In fact angiogenesis psoriasiswas receny identified as a“research gdpin thefield of
psoriasis®.

Psoriasin (S100A7) was originally identifiegbeinghighly expressed in psoriatic lesidhs

It belongs to'the S10@mily of calcium binding proteins that amevolvedin several cellular
processes including proliferation, differentiation, invasion and metdst4sian devated
expression opsoriasin has been detected in some carcinomas of epithelial origin, such as
squamous cell carcinoma of the skin and bladd®ras well as in breast cancer, where its

expression has been linked to features of poor prodfigsis
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In the skin, the expression of psoriasinegpeciallypronounced in psoriasis, but it is also
elevatedin other hyperproliferate and inflammatory disorders Psoriasin has a distinct

42223 and has been shown to be chemotacticCi4+ T cells

antimicrobial effecon E. col
and neutrophif. Psoriasin is induced by several finflammatory cytokinespresent in
psoriaticsskimsuch as interleukifiL)-1, TNF-o, IL-17 andlL-22%.

The high expression of psoriasin in the psoriatic plaque, along with its elevated expiessi
other conditions characterized by angiogenesis, makeseie@antprotein to study in the
context of@ngiogenesis.

In this study we aimed to identify the roleof psoriasin in the angiogenesis associated with

psoriasis.

MATERIA-AND METHODS

Cell culturesconditions and treatments

Neonatal human epidermal keratinocytes (HEKn) were cultured in Epilife medium (Cascade
Biologics Paisley, UK as describéd. Human embryonic kidney cells (293FRyitrogen,
Carlsbad, CA) \were grown in Dulbecco's modified Eagle's medium (DMEM, oGibc
Carlsbad, CA) supplemented with 10% fetal bovine serum (Gibco). The immexitatian
transformed=keratinocyte cell line-NERT-2G was grown in keratinocyte seridfree
mediumemedium (KFSM, Gibco) as descrifedHuman dermatierived microvascular
endothelial cells (HMVE@) were cultured in endothelial basal medium (EBM)
supplemented with endothelial cell growth medigrBulletKit (Lonzg Walkersville, MD.
Recombinant*humapsoriasin was purchased from Abnova (Taipei, Taiwan), the VE&F w
obtained frem«Invitrogen and the -17 from R&D systems (Minneapolis, MN). The
inhibitors LY294002 and CAPE were from Sigma-Aldrich (St Louis, MO).

Induction of cellular stress

To study the effect of stress conditions on psoriasin production, HEKn were seeded at a
density of 500,000 cells/T25 culture flaskcomplete Epilife medium. Following adherence,

the medium was replaced wifnresh medium containing 150 or 250M H,O, (Sigma
Aldrich) for 2448 hours (n=4), or 50QM CoCl, (SigmaAldrich) for 24 hours (n=4). To
induce hypoxia(n=6), the adhered cells were given fresh medium and wabsequently
moved to a hypoxic chambeavith 1% O, where they remained for 24 houfsollowing
treatment, cells were harvested and lyiseBLT-buffer (Qiagen, Hilden, Germahjor RNA
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extraction.Protein quantification was performed fordin H,O,-treated cells and r=for
hypoxiatreated cells.

Small interfering RNA (SiRNA)

PsoriasinSiRNA (PssiRNA) and a no#targeting siRNA(C-siRNA) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). HEKn were transfected with siRNA
transfection reagent and siRNA in OMEM (Gibco). Cells were stimulated with,®, 24
hours after transfection. The downregulation of psoriasin was confirmed by quantiative r

time (q)PCR. A total of thdependent experiments were performed.

RNA extraction, cDNA synthesis andjPCR

RNA was prepared using the RNeasy mini gtagern) andcDNA was synthesizedsing the
Maxima First Strand cDNA Synthesis Kit (Fermentas, Vilnius, Lithuania). mRNA expression
was analyzed with gPCR on a r¢iahe 7500HT sequence detection system with SYBR
green detection (Applied Biosystems, Foster City, CA). The primege prevously
described®?..or» were designed using the Primer Express Software v3.0 (Applied
Biosystems). All primer sequences are listed in supplemental table S1. GAPDH or RPLPO
were used abousekeepingenes. The relative expression of thegét genes to untreated
controls was.determinagsing the comparative @ethod.

Cell proliferation and viability

HMVEC-d cells were seeded at,500 cellsivell in a 96 well plate and were allowed to
adhere before treatmentftér adherence, the cell culture medium weplaced withbasal
medium containing either psoriasin (0.A§/mL or 1pug/mL) or VEGF (10 ng/mL). Cells
were allowed to proliferate for 24 hours and the proliferation and viability weeentieed
using a .CellTiter 8° AQueous One Solution Cell proliferation assay (MTS) (Promega,
Madison, Wi)(n=5) or PrestoBlue cell viability reagent (Invitrogeim=4), according to the
manufacturer's<instructionsThe results werdurther verified in 12 well plates and by
counting after 24, 48 and 72 hourd treatment, which revealed a significant increase in
proliferation‘at,24 tbut not at later time poin{slata not shown)lo examine whether VEGF
mediated the proliferative response, cells were treated G2hg/mL VEGFneutrdizing
antibody (RnD Systemsjollowed by treatment with psoriasin or VEGF for 24 hodise

absorbance was recorded at the recommended wavelengths using the VersaMax Microplate
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Reader (Molecular Devices, Sunnyvale, CA). The relative absorbance wastealciar

treated cells against untreated cells.

Tube formation assay

The formation=of HMVEGd in capillarylike structures was studied on Geltreduced
growth factor basement membrane matrix (Invitrogen), according to the manufacturer’s
instructions Briefly, a total of 60,000 HMVEE& cells were seeded onto the matrix and were
allowed to adhere. After adherence, cells were treated with psoriasin (@& or 1
png/mL; Abnova, Taipei, Taiwagnor VEGF (0 ng/mL). Tube formatiomvas visualized after

18 hours oftreatmentusing an Olympus IX51 inverted microscoped a Olympus DP70
camera (Qlympus, Tokyo, Japafhree independent experiments were perforniade
formation assays were quantified in ImageJ with the macro Angiongenesis Analyzer (Gilles
Carpentier. ImageJ contribution: Angiogenesis Analyzer. ImageJ News, 5 0263 for
ImageJ, detecting the total length, defined by the sum of length of segment®disolat
elements and brancheAs these experiments consisted of merely three repédatistisal

comparison.efithe quantifications was not deemed meaningful.

Scratch'migration assay

The ability ofspsoriasin to mediate the migration of HMVVEQvas evaluated in a scratch
migration assayCells were seededensely in complete medium in 9l plates and were
allowed to, adhere. When the cells had adheredcdmdluent HMVEGd monolayer was
scratched with a pipette tip and washeidh PBSto remove debris. The medium was
subsequently replaceslith basal medium containing psoriasin (Ofd¢g/mL or 1pg/mL) or

IL-17 (50 ng/mL), used as a positive conaslit is a key cytokine in psoriasi® inhibit the

PI3K and NFkB pathways, the nhibitorsLY204002 (5uM) and CAPE (5QuM) were applied

to the relevant welld5 minutesprior to psoriasin o IL-17 treatmentDMSO treatment was
used as diluent controCells were allowed to migrate in reduced serum media containing
treatmentfor=18 hours Migration of HMVEGd wasvisualized using arOlympus IX51
inverted mieroscopand anOlympus DP70 camer@lympus).A total of three independent
experimentstwere performe&cratch assays were quantified in ImageJ (Rasband, W.S.,
ImageJ,U.S.National Institutes of Health, Bethesda, Maryland, USA, mtiggj.nih.gov/ij/,
19972016) using the detect edges feature and measuring the mean intensity in theharea of t
scratch As these experiments consisted of merely three repeats, statistical comparison of the

guantifications was not deemed meaningful.
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Directional cloning of the psoriasin sequence

Total RNA wasextracted from homogenized human psoriatic skin biopsies and cDNA
synthesis was performed. Psoriasin (NM_002963) was amplified by PCR with genecspecifi
primers.“Theforward primer included a short sequence at ttedb(CACC) for directional
cloning into the . pENTR/BTOPO vector (Invitrogen). After PCR amplification and gel
purification, the psoriasin DNA was cloned into pENTR followed by transformatiorQne

Shot TOP10 chemically competent E. coli (Invitrogen). Insert DNA from positorees was
verified by_.DNA sequencing with M13 forward (5GTAAAACGACGGCCA®) and
reverse (55CAGGAAACAGCTATGAC-3’) primers.

Lentivirus -mediated gene expression

Complementary. DNA encoding the psoriasin gene was cloned into the lentiraksion
vectors pLenti6.3/TQ/5-DEST and used to produce infectious lentivirus particles in 293FT
cells according to the manufacturer's instructions (Invitrogen). Keratinocytes with
constitutive.pseriasin expression were generated by infectiorT&RIT's with the lentivirus
constructsfellowed by selection with 1Qug/ml blasticidin. NTERTs were seeded at a
density '6f'5:000 cells/cfrand grown to 40% confluence. The medium was tiegmaced

with new medium that was harvested after 24, 48 and 72 hourelsd/ere lysed with RLT
buffer (Qiagen).

Enzyme-linked immunosorbent assay (ELISA)

The secreted levels of psoriasivEGF, MMP9 and IL-8 were quantitated using a
psoriasin/S100A7 (Circulexyvoburn, MA), VEGF Quantikine (R&D Systems), MMP9
Quantikine.(R&D Sgtems)or IL-8 Quantikine (R.D Systems) ELISA kit, according to the
manufacturer’'s. instructionELISAs were performed on cell culture supernatant or total
protein extract::To obtain total protein cells were lysed in RIPA biffeermoscientific,
Rockford, idlz)=and the protein levélas measured with a BiRad proteinassay Klercules,

CA). Thegprotein was diluted in assay buffer before the ELISA assay to avoid RIPA
interferenceThe absorbancef the assaywas measured on a VersaMaxdktiplate Reader
(Molecular Devices) at the recommended wavelength

Gene expression microarray
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100 ng RNA extracted from three psoriaskpressing or control iNERTSs (n=3) after 24

hours of culture was used to generate hybridization probes using the GeneChip® WT PLUS
Reagent kit according to the manufacturer’'s instructions. HybridizatioGeieChip®
human transcriptome arrays 2.0 was performed in a GeneChip® hybridization oven, followed
by washingTand staining in a GeneChip® Fluidics Station 450 and scanning in a GeneChip®
Scanner 3000 7G system. Expression Console software (v1.2.1) was used to verify the quality
controls. All"GeneChip® products were from Affymetrix (Santa Clara, CA)-fi@sl
generatedgby the Affymetrix AGCC program were analyzeédguS§enespring GX software
(v13.0; Agilent, Technologies, Santa Clara, CA). A Standard Robust-Mully Average
(RMA) normalization and background correction was perforriid.probe sets were filtered

on expression with a B0 percentile cubff. The fold change was computed by the
GeneSpring software as a ratio between the psotagrexpressing cells agairibe control

cells. On the prabe sethat remained after the filtering 1.5 fold change weasppliedas a

cut-off for up- and dowrregulated gees. Heatmaps of the differentially regulated genes
were constructed based on normalized, filtered and-t@gaformed data with Euclidean
similarity measureProbe sets with a fold change>0f5 were mapped on the gene ontology
(GO) function,/ selecting for ‘regulators of angiogenesis’ and ‘positive regulators of

angiogenesis™ as biological functions.

Statistical analysis

Statistical analysis was performed in GraphPad Prism 6 (GraphPad Softwaoal £€A4)
using a paireddr unpairedStudent’s #test and Wilcoxon’s signed rank test. A value of
p<0.05 was eonsidered statistically significant. The results are presented as the mean + the

standard deviation (SD).

RESULTS

Psoriasin.expression is induced by cellular stress in keratinocytes
Pro-angiogenic factors are triggered biyess signaJsuch aoxidative stresand hypoxialn
psoriasis, the increased productiorR@S overridesthe effect of endogenous antioxidafits

Treatment with HO, induced the expression of psoriasin in keratinocifegire I and 1b),
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with the highest inductiorseen upon treatment with50 uM H,O, after 48 hoursAs
expected, HO; also led to the expression of VE@Hgure2b and 1c).

Hypoxia has been shown tmducethe production oROS* and a hypoxic state has been
suggested in the psati@ plaqué®. We thereforeculturedHEKnN in a hypoxic chamber with
1% O, for24thours.This culturesignificantly induced the expression of psoria@tigure 4
and 1), as/well aghe expression of VEGRvhich functionedas apositive contro(Figure &
and 1g. Similarly, the hypoxiamimicking agentCoCl,, induced both psoriasin (Figure 1h)
and VEGF;y expressior(Figure 1). Our datademonstrate that the oxidatiaress factors

H»0,, hypoxia,andCoCl, all induce psoriasiexpression irfkeratinocytes.

Psoriasin mediatesH ,0,-induced expression ofpsoriasisassociatedangiogenicfactors

in keratinocytes

To determine whether psoriasissociated factors of angiogenesis are affectedhby
expression_opsaoriasin the levels of these factors were measwaigelr treéing keratinocytes
with H,O,. In addition togiving rise toinduced psoriasin expression (Figure 2js
treatment alse.increased the levelshaf preangiogenic factor¥EGF (Figure 2b) HB-EGF
(Figure 2¢);MMP-1 (Figure 2d) MMP-9 (Figure 2e)and IL-8 (Figure 2f) whereasthe
expression of the antingiogenic factor THBS (Figure 2g) waseducedTo investigate the
specific effeet™ of psoriasin in the ,B,-promoted induction of these factorswe
downregulagd the endogenous expression of psoriasin using siRNAe efficient
downregulation of psoriasiwas confirmedyy g°CR (Figure 2a). The expression of the-pro
angiogenic factors VEGF (Figure 2b), HEB5F (Figure 2c¢) and MMR (Figure 2d)was
found to (be significantly decreased in cells with downregulated psoreagnession
suggesting_that psoriasparticipatesn their regulation The expression of MMB (Figure
2e) and IL-8 (Figure 2f) was decreasdthout reaching statistical significance. Furthermore,
the expression.of the ardgngiogenic factor THBS wassignificantlyincreased in cells with
downregulatedpsoriasiexpression These resultssuggestthat psoriasin ampiés the

angiogenicresponse tg;8, in keratinocytes.

Psoriasindoesnot influence angiogenic markers by upregulating VEGF receptors
We speculated thagtsoriasin might influence these angiogenic factors througmthuetion
of the VEGF receptors R1 angd, since many of these markers are VEGF targeeatment

with extracellular psoriasin did not induce the mRNA expression of VEG&RI-2 in
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keratinocytesna did the treatmensynergize with VEGRo upregulateéhese receptors (data

not shown).

Overexpression of psoriasin leads to secretion of psoriasin into the extracellular space
and altered"expression of general regulators of angiogenesis

To further/determine the effect of psoriasinangiogenesis and tipotentialof the proteirto
influence surrounding cells, we generated keratinocytes with constitutively owessegr
psoriasin. T he efficient upregulation of psoriasin expression was confirmed/R@R (data

not shown).and with a psoriasin ELISA whiavealeda pronounced psoriasin expression at
all the investigated time points (Figu2h). These results demonstrate not only the successful
overexpression of psoriasin in the generated cells but also that psoriasin protgimyis
secreted into“the extracellular environmerfithe overexpression of psoriasin was
accompanied by an uggulaton of MMP9 (Figure 2i).

To determine the effect of this overexpression on angiogeneic factors, we performed a
microarray.expression analysis where we searched for general regulators of angiogenesis. A
total of 56,372-probe sets were above tH& @rcenile of expression on all arrays and were
further analyzed. Of these, 283 probe sets had a fold changé.®fin the comparison
between cells with upregulated psoriasid control cells

The overexpression of psoriasin inducedupeegulation of several factonghich by the GO
pathways were associated wittie regulation of angiogenesiscluding the complement
component (C)3, IHa, IL-1p, MMP9, coagulation factor (F)3, THBS-1 and TNFa-induced
protein (TNFAIP)3. The GO pathwaydso identified the downregulated geneytokeratin
(KRT)1, as a regulator of angiogenesis (supplemeigaléS1).

Furthermore, several factors that have been suggestedulateangiogenesis were altered
including MMP10,plasminogen activator urokinase (PLAU) and transforming growth factor
(TGPHB2 (Supplemental tabl&2), which suggests that psoriasin affects a broad range of
general regulators of angiogenesis.

Psoriasinnduces cell proliferation, migration and capillarylike tube formation in

dermal endothelial cells

Key steps in the angiogenic process involve endothelial cell proliferation,tiorgtarough

the extracellular matrix aritie differentiation of endothelial cells into a network of tubes.

In order to study theffect ofsecretegsoriasin on thessteps HMVEC-d were treated with
psoriasin and investigated using an MTS and a Presto Blue viability assay to determine
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proliferation, a scratch assay to study migration and a tube network formasBag
evaluate angiogenic capacity.

Extracellular psoriasimducedthe proliferation othe endothelial cellsas determined by the
MTS assay (Figur8a) and théPrestoBlue viability assay (Figur8b). This effect was found

to be independent of VEGF as VE@®Eutralizing antibody did nabolish the proliferation
Figure 3¢./Psoriasinalsocaused a pronounced cellular migration of HMVi@&QFigure3d),
comparable with'that induced by the positive colMteGF. Furthermorepsoriasintriggered

the formation of tube networks and generated more cell connectioBslvax matrix than
the basal medium control (Figure)3m conclusion, our results demonstrate that extracellular
psoriasin increasethe angiogenic properties of dermal endothelialscath an extent

comparable to that of extracellular VEGF.

Psoriasininduced dermalderived endothelial cell migration is mediated through the
PI3K and NFkB pathways

VEGF and.|L-17 activate the PISK and KB signaling pathways in endothelial cells and
regulate downstfeam target molecules involved in blood vessel growth and hon&dstasis
To investigatenhether thessignalingpathwaysalso underliepsoriasininducedHMVEC-d
migration. we examined the effect of inhibitors of PI3K (LY294002) or«BF(CAPE)
following treatment with psoriasin or {l7. IL-17 wasshown to stimulate HMVECd
migration and was also used as the positive contfagure 3f). The promoting effect of
psoriasin on HMVE@ migration was effectively blocked by the inhibition of the PI3K
(Figure 3g) and NkB (Figure 3h) pathways. LY294002 and CAPE alone had no effect on
HMVEC-d migration; or did DMSO, used as a diluent control.

Psoriasin induces the expression of angiogenic factors in dermandothelial cells

To acquirefurther insights into the mechanisms by which psoriasin incseaisgiogenesis,
we analyzed-intracellular angiogenic factors in HM\ACells in response textracellular
psoriasin We=demonstrated a significant increase in th&NA expression of the pro
angiogeniesfacta VEGF (Figure4a and IL-8 (Figure 4b). Althoughit did not reach
statistical significancewe observedanincrease in MMPL (Figure4c) and IL-6 (Figure 4d)
expression. e expression of the argngiogenic factor THBS wasfoundto bereduce by

the treatment with psoriasin (Figuée).In addition, treatment with psoriasin upregulated the
expression of the psoriasin receptor RAGE, suggesting that psoriasin expagurturther

potentiatecell reactivity to the protein (Figue).
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Furthermore]L-8 protein secretiofrom the HMVEC-d cells was increased aftpsoriasin
treatmentas demonstrated by ELIS@&igure 4g). Extracellular psoriasirthus induceshe

expression and release of pro-angiogenic cytokines in dermal endatbidial

DISCUSSION

ROSplay an important role isignd transduction anéhduce the transcription of cytokines,
chemokines and growth factors whiplarticipatein many biological processesncluding
angiogenesid. We have previously shown that psoriasrinduced by HO, in mammary
epithelial cellsandinduceshuman umbilical vein endothelial cell proliferatié#’. We have
also demonstratetthat the downregulation of psoriasin in a breast cancer cell lineawithh
endogenols ‘expression of psoriasin led to decreased tumor growit?. In line with
these findings, walso foundthe upregulation oMMP-13 andthe downregulation of VEGF

in cells with reduced psoriasin levels. Moreover, wieserveda significant positive
correlation between psoriasiexpression and blood vessel density, determined by the
immunohisteehemical analysis of psoriasin and CD31, an endotheliapesiific marke?.

In this study we deteted the upregulation ofpsoriasinby cellular stresin keratinocytes,
such atheROSH,0, and hypoxia. Furthermore, we demonstrate that psoregiiateshe
expression.ofhe psoriasimssociated angiogenic factarEGF, HB-EGF, IL-8, MMP-1 and
MMP-9 in H3O0s-treated keratinocytess indicated by the diminished response to ROS when
psoriasin isssilenced with siRNAVe have previously shown that psoriaintself increass

the intracellular levels dROS in keratinocytes, suggesting a feedback loop where psasiasin
both indticed'by"ROS arainplifiesthe angiogenic response to R&S

Among the factors that were regulated by psoriasin, VEGF is of particular interest because of
its overexpression in psoriatic keratinocytes and its potent mitogenid¢ effeendothelial
cell*°. Extracellular psoriasin s induced the expression of VEGF and8llin dermal
endothelial cells, in parallel with an induced cell proliferatibarthermore,extracellular
psoriasin also ased an increase in the expression of the RAGE receptor. As psoriasin is
known to be a ligand of RAGE, this suggests that the upregulation of this receptor upon

psoriasin treatmedrmay potentiate theesponse to psoriasin an autocrine fashion.
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The regulation of MMPs by psoriasin is also of interest, since they are involvédek in t
proteolysis of the basement membrane that is a critical step during the very early stages of
angiogenesf&. Similarly, HB-EGF, which is upregulated in the psoriatic le&fpis a critical
molecular component in wound healing and angiogeffesihe increase in the anti
angiogenic-factor THBS expression in kD,-treated keratinocytes with silenced psoriasin
expression is in\line with previous findings where we have observed a negativetiocorrela
between pseéfiasifi‘and THEISin normal and ductal carcinoma in situ (DCIS) specirfiens

The microarray analysi keratinocyte®verexpressing psoriasin also suggests that psoriasin
affects a broad,range of angiogenic factovde found that psoriasin is highly secreted and
leads to theproliferation, migration and differentiation of dermal endothelial cells.

In conclusiens.eur findings demonstrate that psoriagiplifiesthe stressnduced angiogenic

responsen,keratinocytes and endothelial celiad is involved in potent pro-angiogenic
activity in-severalcrucial steps in the angiogenic processvitro. These findings provide
link between.psoriasin and angiogenemimsl suggesthat the high expression of psoriasin
contribuesto the increased vasculaaiton in psoriatic epidermiand the progregs of the
diseaseOur findings aise the possibility that psoriasgould be evaluated as a novel anti

angiogenic target in psoriasis.
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FIGURE LEGENDS

Figure 1: Rsoriasin is induced by angiogenespgomoting stress stimuli in keratinocytes.
HEKn wereeither treated with HO, (150-250uM) for 48 hours cultured inhypoxia or
treated with theshypoxienimicking agentCoCl, (500 uM), for 24 hours. The expression of
psoriasin and“VEGF was analyzed usggCR. HO, treatment increasethe psoriasin
MRNA expression compared with untreated ¢cétis4) (a) as well as the expression of both
psoriasin (n8).(b) and VEGF protein (n39(c). Furthermore, culture in hypoxiacreased
the psoriasinboth on themRNA (n=6) (d) and protein level (n37(f). Hypoxia also
successfullynduced thenRNA (n=6)(e) and protein (n=)/(g) of thepositive controVEGF.
The treatment=of HEKn with Coglinduced theexpression ofpsoriasin(h) and the
expression ofVEGF (n=4) (i). Gene &pression levels are shown #se relative fold
induction compared withintreated contrsl GAPDH (a) or RPLPO(d, e, h, ) were used as
reference gene$soriasin protein expression is measured as ng per mg of total protein and
VEGF as«pg per mg of total proteiData are presented as the meanSH. *p<0.05 and
**p<0.01.

Figure 2. Thesdownregulation of psoriasin expression in pD,-treated keratinocytes
regulates ‘the expression of angiogenic factorddEKn were transfected with sSiRNA
directed against psoriasin (PsiRNA), or negative controsiRNA (C-siRNA) and were
treated with=25QuM of H,O, for 48 hours. The expression was analyzedgBPZR. The
downregulation of psoriasin was confirmed in®3-treated HEKn(a). The cdwnregulation
of psoriasin suppressed the®}-induced mRNA expression of VEG®), HB-EGF (c),
MMP-1 (d), MMP-9 (e) and IL-8 (f) and increased the mRNA expression of THB)).
The mRNA expression is normalized to GAPDH. Tlesults are shown as the relative
expression of treated cells in relation to untreated cells, (f63tudy the effect gisoriasin
on general regulators of angiogenesis, keratinocytes overexpressing psoriagjerveeated.
The generated keratinocytes {W$ERT) secreted markedly higher levels of psoriasin than

the control cells at all investigated time points (n=8)), and a higher level of MMP9
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(ng/mL) after 48 h (n=3)i). Data are expressed #¥ mean + SD, *p<0.05 **p<0.01,
***n<0.001.

Figure 3. Psoriasin induces cell proliferation, migration andthe capillary-like tube
formation of*dermal-derived endothelial cells. HMVEC-d were treated with psoriasin
(0.15-1.0 gg/ml)  or VEGF (10 ng/ml) for 24 hours. The quantity of viable cells in
proliferation was measured by the MTS as¢ayb5) (a) or the PrestoBlue cell viability
reagent(n=4) (b). Treatment with VEGHeutralizing antibody (0.2 pg/mL) did not abolish
the psoriasifinduced proliferation, measured by PrestoBlie=7) (c). The esults are
presented amherelative absorbance of the treated cells in relation to the untreatedroells.
bar represents the mean-+%D, *p<0.05 and **p<001. In a subsequent experiment,
HMVEC-d were grown to confluence and scratghietlowed by treatment with psoriasin
(0.15-1.0pg/ml) tor VEGF (10 ng/ml)(n=3) (d). HMVEC-d cells werealso seeded onto
Geltrex and treated with psoriasin or VE® 18 hours and capillafike tube formation
was photographedn=3) (e). Basal medium served as a negative control, Wik&F and
complete medium were usedm@ssitive controls.

To investigate the pathways involved in the psoriasituced cell migrationHMVEC-d
were grown to confluengescratchedand pretreated with LY204002 (BM) or CAPE (50
uM) for 45 minutes followed by stimulation with psoriasin or the positive cofitrdl7 (50
ng/ml) for 18 hours Psoriasin and 17 induced HMVEG migration (f). The PI3k
inhibitor, LY204002 (g) and the NkB-inhibitor, CAPE, (h) preventedpsoriasininduced
migration.Neither LY294002 and CAPE alonger DMSO used as a diluecdntrol,had any
effect on HMVEGd migration. The photographsare representative exameof three
individual experimentsBar graphs display the mean §D and display theigrationor total

length tube formation relative the control.

Figure 4. Psoriasin induces the expression of angiogenic factors in dermal endothelial
cells. HMVEC=d" were treated with psorias{0.15-1.0ug/ml) for 24 hours.The expression
was analyzed by reséime gPCR. Boriasintreatment induced the mRNA expression of
VEGF (n=8)"(a),.IL-8 (n=8) (b), MMP-1 (n=3)(c) and IL-6 (n=8)(d), while reducing the
MRNA expression of THBR (n=6) (e). Furthermore, the expression of the psoriasin
receptor RAGE was upregulated upon treatm@s®) (f). Treatment with psoriasin also
caused the production of 48, measured in ELISA in cell supernatént7) (g). VEGF (10
ng/ml) was used as the positive contiihe esults are shown dbke relative expression of
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treated cells in relation to untreatedi€eThe mMRNA expression is normalized to GAPDH as
the internal controlData are expressed e mean + SD, *p<0.05 and **p<0.01.
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