Musculoskeletal Pathology

The American Journal of Pathology, Vol. 174, No. 4, April 2009
Copyright © American Society for Investigative Pathology
DOI: 10.2353/ajpath.2009.080858

Keratinocyte but Not Endothelial Cell-Specific
Overexpression of Tie2 Leads to the Development

of Psoriasis

Julie A. Wolfram,*T Doina Diaconu,*

Denise A. Hatala,” Jessica Rastegar,*

Dorothy A. Knutsen,* Abigail Lowther,”

David Askew,** Anita C. Gilliam,*

Thomas S. McCormick,*$ and Nicole L. Ward*$T

From the Departments of Dermatology,* Pathology," Pediatrics,*
and Neuroscience," Case Western Reserve University, Cleveland;
and The Murdough Family Center for Psoriasis’ University
Hospitals, Case Medical Center, Cleveland, Obio

Psoriasis is initiated and maintained through a multi-
faceted interplay between keratinocytes, blood ves-
sels, gene expression, and the immune system. One
previous psoriasis model demonstrated that overex-
pression of the angiopoietin receptor Tie2 in endo-
thelial cells and keratinocytes led to the development
of a psoriasiform phenotype; however, the etiological
significance of overexpression in each cell type alone
was unclear. We have now engineered two new
mouse models whereby Tie2 expression is confined
to either endothelial cells or keratinocytes. Both lines
of mice have significant increases in dermal vascula-
ture but only the KC-Tie2-overexpressing mice devel-
oped a cutaneous psoriasiform phenotype. These
mice spontaneously developed characteristic hall-
marks of human psoriasis, including extensive acan-
thosis, increases in dermal CD4™" T cells, infiltrating
epidermal CD8" T cells, dermal dendritic cells and
macrophages, and increased expression of cytokines
and chemokines associated with psoriasis, including
interferon-y, tumor necrosis factor-a, and interleu-
kins 1«, 6, 12, 22, 23, and 17. Host-defense mole-
cules, cathelicidin, B-defensin, and S100A8/A9, were
also up-regulated in the hyperproliferative skin. All of
the phenotypic traits were completely reversed with-
out any scarring following repression of the trans-
gene and were significantly improved following
treatment with the anti-psoriasis systemic thera-
peutic, cyclosporin A. Therefore, confining Tie2
overexpression solely to keratinocytes results in a
mouse model that meets the clinical, histological,

immunophenotypic, biochemical, and pharmaco-
logical criteria required for an animal model of
human psoriasis. (AmJ Pathol 2009, 174:1443-1458; DOI:
10.2353/ajpath.2009.080858)

Psoriasis is a chronic inflammatory disease that affects
~2% of the general population and is characterized by
well demarcated erythematous plaques, keratinocyte
(KC) hyperproliferation and differentiation, and increases
in angiogenesis and inflammatory cell infiltrates. The ini-
tial triggers leading to psoriasis and the contribution of
the several identified genetic loci associated with psori-
asis remains unclear.

Animals models targeting overexpression of specific
cytokines and growth factors associated with human pso-
riasis recapitulate some but not all aspects of human
disease including epidermal hyperplasia, leukocyte infil-
tration, increased angiogenesis, and increased presence
of inflammatory cytokines (reviewed in'?). Due to the
partial phenotype these models have been limited in
their usefulness in providing insight into the etiology of
psoriasis.

Overexpression of the pro-angiogenic, pro-inflamma-
tory molecule vascular endothelial growth factor (VEGF)
in KCs leads to significant increases in dermal angiogen-
esis, and the subsequent development of a psoriasis-like
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phenotype in two independent murine models.®* To ini-
tiate the psoriasis phenotype, one model required trig-
gering an inflammatory response using oxazolone,* the
other model required either inducing a wound (eliciting a
Koebner like response) or allowing the mouse to mature
for 6 months, at which time a phenotype developed spon-
taneously.® In both cases, the phenotypes were revers-
ible following inhibition of VEGF signaling using antibod-
ies directed against VEGF or the VEGF receptors. We
previously reported that overexpression of the angiopoi-
etin receptor Tie2 using a Tie2 promoter resulted in in-
creased dermal angiogenesis and the development of a
flakey erythematous skin phenotype that included the
presence of CD3* T cells.® However, the use of the Tie2
promoter led to gene expression in not only endothelial
cells (ECs) as was expected and previously confirmed,®
but also in KCs. Therefore it was unclear whether the KC-
or EC-derived increase in Tie2 was critical for develop-
ment of the psoriasiform phenotype. If EC-Tie2 overex-
pression was sufficient to induce the development of a
psoriasiform phenotype, this would suggest a causative
role for the dermal vasculature in the development of the
disease.

To compartmentalize Tie2 overexpression to either
ECs or KCs, we engineered two new lines of mice with
Tie2 gene expression confined to either ECs, driven by
the Tiel promoter, or KCs, driven by the K5 promoter.
EC-Tie2 mice failed to develop a psoriasis-like phenotype
whereas KC-Tie2 mice developed a strong spontane-
ously occurring phenotype which was characteristically
distinct from that previously described for the KC-EC-
Tie2 overexpressing mouse.>” This mouse model bears
a striking resemblance to human psoriasis meeting mul-
tiple criteria at the clinical, histological, biochemical, im-
munophenotypic, and pharmacological levels.

Materials and Methods

Transgenic Mice and Systemic Treatment
Approaches

The KC-specific (K5-tTA) and EC-specific (Tie1-tTA)
driver lines and the Tet°*Tek/Tie2 responder line of mice,
generated on the outbred CD1 strain, were previously
engineered®®® and were generously provided by Drs.
Adam Glick (Pennsylvania State University, PA) and
Daniel Dumont (Sunnybrook Women’s College Research
Center, Toronto, Canada). Mating was completed be-
tween K5-tTa or Tiel-tTa and the Tet“S-Tek lines. At
weaning, DNA was extracted from ear punch tissues by
incubating in 50 mmol/L NaOH for 1 hour at 95°C and
neutralized with 1M Tris, pH 8. PCR was used for geno-
typing and was performed using primers as previously
described.®® Littermates that inherited one or no trans-
genes served as experimental controls. Gene repression
of the KC-Tie2 transgenic mice was accomplished by
providing animals with 100 ug/ml doxycycline (Sigma-
Aldrich, St. Louis, MO) with 5% sucrose in their drinking
water. Doxycycline-containing water was changed at
least twice weekly for a period of 4 weeks. CsA adminis-

tration (80 mg/kg, Sigma-Aldrich) was accomplished via
oral gavage three times per week for 4 weeks. For longi-
tudinal experiments, before treatment was initiated, a 6
mm skin biopsy was taken from each mouse, half of
which was stained with H&E, the other half used for
immunohistochemistry. Following 4 weeks of treatment,
mice were euthanized, and post-treatment tissues col-
lected from sites separate from the initial biopsy site. All
animal protocols were approved by the Case Western
Reserve University institutional animal care and use com-
mittee and conformed to the American Association for
Accreditation of Laboratory Animal Care guidelines.

Tissue Collection and Histological
and Morphometric Analyses

Adult mice were euthanized; their hair shaved and skin
from the ear and back was processed for either frozen or
paraffin sectioning. For paraffin sectioning, skin was
placed in 10% buffered formalin (Surgipath Medical In-
dustries, Richmond, IL), overnight at 4°C before dehydra-
tion and embedding (Sakura Finetech, Torrance, CA). For
frozen sectioning, skin was either fixed in the non-cross-
linking fixative Histochoice (Amresco, Solon, OH) for 4
hours at 4°C, transferred to 5% sucrose for 1 hour at 4°C
and placed in 20% sucrose overnight at 4°C or embed-
ded fresh in Tissue Fixation Media in TBS (TFM; Triangle
Biomedical), and then flash frozen in liquid nitrogen. Ad-
ditional pieces of ear and back skin from the same animal
were flash frozen in liquid nitrogen and stored at —80°C
for use in protein and RNA experiments.

H&E staining was completed on 5-um thick paraffin
sections using standard protocols. '™ Immunohistochem-
istry was performed on TFM-embedded frozen skin sec-
tioned at 8 um, using antibodies specific for CD4, CD8,
CD11c, Gr-1 (BD Biosciences, San Jose, CA), F4/80
(eBioscience, San Diego, CA), Ki-67 (DAKO, Carpinteria,
CA), Loricrin (Covance Research Products, Denver, PA),
and MECA-32 (MECA-32, Developmental Studies Hy-
bridoma Bank, lowa City, lowa), or on 5-um thick paraffin-
embedded sections using high temperature antigen re-
trieval for VEGF (clone C-1, Santa Cruz Biotechnology,
Santa Cruz, CA), Stat3 and phopho-Stat3 (Cell Signaling
Technology, Danvers, MA), or matched isotype controls:
rat 1IgG,,, mouse IgG1, (BD Pharmingen), rat IgG.,, and
hamster IgG (Serotec, Raleigh, NC). Antibodies and iso-
type controls were detected using either rabbit anti-rat
IgG biotinylated, goat anti-rabbit IgG biotinylated (Vector
Laboratories, Burlingame, CA), or rabbit anti-hamster IgG
biotinylated (Southern Biotech, Birmingham, AL), ampli-
fied with Avidin/Biotinylated Enzyme Complex (ABC,
Vector) and were visualized using the enzyme sub-
strate diaminobenzidine (Vector). Gr-1 was visualized us-
ing ABC-Alkaline Phosphatase (ABC-AP, Vector) and Vec-
tor Red substrate (Vector). Slides were counterstained with
hematoxylin. Images were captured using a Leica DM L82
microscope with an attached Q Imaging MicroPublisher 3.3
Mega Pixel camera and Q-capture Pro software.

Epidermal thickness was quantified on the H&E
stained sections using Image-Pro Plus (MediaCybernet-



ics, Bethesda, MD). For each animal, 20 measurements
were taken from four different fields of view for each of
four individual sections analyzed (320 total measure-
ments/animal). Epidermal thickness was measured from
the stratum basale to stratum granulosum, excluding the
stratum corneum and hair follicles for each animal.
Blood vessel analyses was completed on MECA-32-
stained tissue sections and included quantifying the
number of blood vessels, the average blood vessel
length, and the average vessel area in the dermis, ex-
cluding the hypodermis. Photographs were taken and
image analyses completed in a blinded fashion using an
automated Metamorph software program (Molecular De-
vices, Sunnyvale, CA). Background staining was minimal
therefore color thresholds were not altered between sam-
ples. Post analysis confirmation of blood vessel analysis
demonstrated no false positive identification of blood
vessels. As before, four fields of view from four individual
sections were analyzed per animal with at least 200 indi-
vidual blood vessels included in the final measurements.

RNA Isolation, Quantitative Real-Time Reverse
Transcription-PCR and Microarray

Ear and back skin were homogenized using a Mikro-
Dismembrator S (Sartorius Stedim Biotech, Edgewood,
NY) and RNA isolated using the RNeasy Mini Kit (Qiagen,
Valencia, CA) according to the manufacturer’s instruc-
tions. First strand cDNA synthesis was achieved using
MMLV reverse transcriptase (Invitrogen, Carlsbad, CA)
following the manufacturer’s protocol. Quantitative real-
time reverse transcription (RT)-PCR was performed using
Tagman technology from Applied Biosystems on an ABI
Prism 7700 Sequence Detector. Probes and primers for
Tie2, S100A8, S100A9, cathelicidin, B-defensin, interleu-
kin (IL)-1e, IL-6, tumor necrosis factor (TNF)a, and 18S
were obtained from Applied Biosystems. Expression lev-
els were calculated relative to 18S using the comparative
Ct method (AACT). RNA was further analyzed using a
Th17-specific Autoimmunity and Inflammation PCR Array
(SuperArray, Frederick, MD).

Affymetrix Microarray was performed on pooled back
skin samples of KC-Tie2 mice (n = 3/group). Groups
tested included KC-Tie2 mice with an established phe-
notype, KC-Tie2 mice 96 hours after doxycycline removal
(ie, gene repression occurred throughout gestation into
adulthood, the gene was turned on, and 96 hours later
the tissue collected), and littermate controls for each
group. Equivalent amounts of pooled sample RNA was
provided to the Gene Expression and Genotyping Facility
of the Case Comprehensive Cancer Center at Case
Western Reserve University where the samples were
each processed on a mouse Genome 430 2.0 chip con-
taining 45,101 probe sets. Gene expression and data
analyses were performed as described previously'' and
with Ingenuity Pathways Analysis (Ingenuity Systems,
Inc., Redwood City, CA). Individual genes were validated
using quantitative real time RT-PCR.
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Protein Analyses via Western Blotting and
Enzyme-Linked Immunosorbent Assay

Separate ear and back skin samples taken from the same
mice as used for histology, immunohistochemistry, and
RNA analyses were homogenized as above. Protein was
isolated using PLC+ + buffer (50 mmol/L HEPES pH 7.5,
150 mmol/L NaCl, 10% glycerol, 1% Triton X-100, 1.5
mmol/L MgCl,, 1 mmol/L EGTA, 10 mmol/L NaPPi, 100
mmol/L NaF, 1 mmol/L sodium orthovanadate, and 1
miniprotease inhibitor cocktail tablet [Roche Applied Sci-
ence, Indianapolis, IN]) and quantified as described pre-
viously.®'2 For Western blotting analyses, 20 ug of pro-
tein/sample was separated on an SDS-polyacrylamide
electrophoresis gel and transferred onto polyvinylidene
difluoride membrane (Millipore, Temecula, CA). Mem-
branes were blocked in 5% milk in TBS-T (20 mmol/L Tris
pH 7.5, 150 mmol/L NaCl, 0.1% Tween-20) and probed
with antibodies specific for Tie2 (goat), and VEGF (rab-
bit) (BD Bioscience and Santa Cruz Biotechnology,
Inc., Santa Cruz, CA), washed, incubated with rabbit
anti-goat, and goat anti-rabbit IgG horseradish perox-
idase secondary antibodies (Zymed Laboratories, Inc.,
South San Francisco, CA), washed again, and visual-
ized with Immobilon Western HRP substrate (Millipore,
Temecula, CA).

Further analyses of the following growth factors and
cytokines were completed by enzyme-linked immunosor-
bent assay (ELISA) using the suggested protocol of the
manufacturer: VEGF, IL-4, IL-12p70, IL-17, IL-22, inter-
feron (IFN)y (R&D Systems, Minneapolis, MN), IL-12p40
(BD Biosciences), and 1L.-23p19/40 (eBiosciences, San
Diego, CA).

Statistical Analysis

All data are represented as mean *= SEM. Between-
group comparisons were analyzed using an unpaired,
two tailed Student’s t-test and statistical significance was
defined as P < 0.05.

Results

EC-Tie2 and KC-Tie2 Mice Have Increased
Angiogenesis but Distinct Vascular Phenotypes

To gain insight into the role of EC- versus KC-derived
overexpression of Tie2, we overexpressed Tie2 in either
an EC- or KC-specific manner, using a doxycycline-
based binary transgenic expression system. EC- and
KC-specific Tie2 gene expression was accomplished us-
ing the well-characterized Tie1tTA and K5tTA promoter-
specific driver lines of mice®® which were bred with the
Tet°sTie2 mice that were used previously.® Increases in
Tie2 gene expression were confirmed in the EC-Tie2 and
KC-Tie2 double transgenic mice (mice genotypically
positive for both tTA and Tet°® genes) using real time
RT-PCR and Western blotting (Figure 1, A-B). KC-Tie2
and EC-Tie2 mice had a 26- and 3.4-fold increase in Tie2
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Figure 1. EC-Tie2 and KC-Tie2 mice have distinct phenotypes. Real time RT-PCR and Western blot analysis confirmed increases in Tie2 RNA and protein in ear
and back skin of KC-Tie2 (A) and EC-Tie2 (B) double transgenic mice (DT) compared with littermate controls (WT)(7 = 6-8 for KC-Tie and littermate controls;
n = 4 for EC-Tie2 and littermate controls). KC-Tie2 (C) and EC-Tie2 (D) mice showed increased angiogenesis (arrows) in the ear and superficial fascia compared
with control littermates; only KC-Tie2 animals had erythematous ears (C). Endothelial cells of blood vessels in ear and back skin were stained using an antibody
specific for MECA-32 (E). KC-Tie2 and EC-Tie2 mice have increased dermal angiogenesis compared with littermate controls (E; 7 = 4—6 each). KC-Tie2 but not
EC-Tie2 mice have increased expression of VEGF protein compared with littermate controls as measured using ELISA (F) (KC-Tie2 n = 10-11; EC-Tie2 n =
7). *P < 0.05 compared with littermate controls. Scale bar = 100 pm.

mRNA in ear skin, respectively; and 52- and 2.4-fold (Figure 1, A-B). At the visual level, increased angiogen-
increase in back skin when compared with their litermate esis in the ears of both the KC-Tie2 and EC-Tie2 mice
controls. This increase was confirmed at the protein level was apparent (Figure 1, C-D). The vascular changes



exhibited patterns unique to each mouse line. For exam-
ple, KC-Tie2 mouse ears were erythematous and con-
tained larger blood vessels that were more highly
branched. EC-Tie2 ear skin was not erythematous and
the vessels were similar size as control littermates, although
an increase in the number of vessel branches was ob-
served. A similar trend was observed for vessels in both
dorsal and ventral superficial fascia (Figure 1, C-D). KC-
Tie2 mice had larger, more highly branched vessels,
whereas EC-Tie2 mice showed only increases in vessel
branching (Figure 1D). The vascular patterning was distinct
for both lines of mice compared with litermate controls.

To quantify the vascular changes in the skin, thin sec-
tions collected from ear and back skin were stained using
antibodies against the pan EC marker, mouse EC antigen
(MECA-32; Figure 1E). KC-Tie2 ears contained 59% more
blood vessels than littermate controls (Figure 1E; 64.7 +
4.2 KC-Tie2 vs. 40.6 = 0.8 controls, n = 4 each; P =
0.005). KC-Tie2 back skin (Figure 1E) also showed a
102% increase in the number of vessels (49.8 = 3.8
KC-Tie2 vs. 24.6 = 4.9 controls, n = 4 each; P = 0.0067).
Consistent with the visual increase in the number of ves-
sel branches in ear skin at the gross level in EC-Tie2
animals (Figure 1D), histological analysis of MECA-
stained sections confirmed the increase in the number of
vessels in the ear (41%, 46.4 = 2.8 EC-Tie2 vs. 32.8 =
2.9 controls, n = 4 and 6 respectively; P = 0.013; Figure
1E). EC-Tie2 mice also showed an 82% increase in the
number of vessels in back skin (Figure 1E; 42.7 = 2.8
EC-Tie2 vs. 23.5 + 3.4 controls, n = 4 and 6 respectively;
P = 0.009).

KC-Tie2 but Not EC-Tie2 Mice Have Increased
VEGF Protein

The increase in angiogenesis in the dermis and superfi-
cial fascia observed in the KC-Tie2 mice where expres-
sion of a transmembrane tyrosine kinase receptor had
been confined to the epidermis suggested that changes
may have occurred in KC-derived secreted growth fac-
tor(s) that altered the dermal milieu. Using an ELISA
approach we evaluated changes in VEGF protein expres-
sion, a likely candidate to stimulate vascular remodeling.
KC-Tie2 mice had a ~3-fold increase in VEGF in ear skin
(Figure 1F; 154 = 27pg/ml KC-Tie2 vs. 46 * 5pg/ml con-
trols, P = 0.02) and a 1.5-fold increase in VEGF in back skin
(74 = 7pg/ml KC-Tie2 vs. 36 = 3pg/ml controls, P = 0.003).
Immunohistochemical staining using an antibody specific
for VEGF confirmed the increase (see supplemental Figure
1 at http.//ajp.amjpathol.org). ELISA analyses of EC-Tie2 skin
showed no change in VEGF protein expression compared
with littermate controls (Figure 1F; and supplemental Figure
1 at http.//ajp.amjpathol.org).

KC-Tie2 but Not EC-Tie2 Mice Spontaneously
Develop a Phenotype Analogous to Human
Psoriasis

EC-Tie2 mice did not develop a psoriasiform phenotype
spontaneously, nor did wounding, tape-stripping, or
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treating both topically and subcutaneously with ox-
azolone elicit plaque formation, or induce an acanthotic
reaction at the histological level, despite the increased
influx of immunocytes combined with increased angio-
genesis (data not shown).

KC-Tie2 mice and littermate controls were indistin-
guishable from each other at the time of birth; however by
the time of weaning (day 21) KC-Tie2 animals developed
erythematous ears and increases in the subcutaneous
vasculature became apparent (Figure 1C). As early as 8
weeks of age, but as late as 6 months of age, other areas
of skin, including the dorsal and ventral surfaces (Figure
2, A-B), bilateral elbows (Figure 2C), and skin surround-
ing the genital region (Figure 2D), began to develop
reddened, scaly, hyperkeratotic lesions. These lesions
progressed with time to develop into raised plaques (Fig-
ure 2, A-B).

Interestingly, only two observations of KC Tie2 expres-
sion in murine or human skin have been reported.> ' In
our hands, we have not found expression of Tie2 in
mouse or human cultured KCs or in mRNA isolated from
laser capture dissected KCs from involved psoriatic skin
(data not shown). Other investigators have also con-
firmed a lack of Tie2 expression in human and murine
KCs (Dr. Michael Detmar; personal communication). Al-
though the initial trigger for psoriasis development has
yet to be identified, the skin response and downstream
phenotypic characteristics are quite similar between mu-
rine models and human psoriasis. Similarly, in this mouse
model, Tie2 in KCs appears to initiate a series of events
that results in analogous cascades of events, ultimately
leading to the development of plaque.

The KC-Tie2 animals showed no signs of hair loss
other than in regions containing the most severe plaque.
Of 180 KC-Tie2 mice evaluated thus far, 73% (131 mice)
exhibited both ear and back phenotypes, while 22% of
the animals (40 mice) developed the ear phenotype
alone, and 5% developed no phenotype at all (9 mice).
Interestingly, animals with no overt phenotype still
showed a ~26-fold increase in Tie2 gene expression
compared with control littermates (data not shown).
KC-Tie2 mice were fertile and could successfully repro-
duce. Nails were kept trimmed on all animals at time of
weaning and beyond to prevent scratching and excoria-
tion of the ears.

Histological examination of affected ear and back skin
showed hyperplasia of the epidermis (acanthosis), a loss
of the granular cell layer, thickening of the interfollicu-
lar epidermal layers, confluent parakeratotic scale, in-
creased dermal angiogenesis, and extensive inflamma-
tory infiltrate (Figure 2, E-H). Image analyses of the
epidermis revealed a 3.2- and 3.1-fold increase in epider-
mal thickness between KC-Tie2 and control littermates in
ear and back, respectively (ear; 67 = 4.9 KC-Tie2 vs.
16.5 = 1.8 controls, back; 55 = 2.9 KC-Tie2 vs. 13.5 £ 1.1
controls, n = 14 controls, n = 16 KC-Tie2, P < 0.001).
Additional analyses of the epidermal phenotype showed
characteristic increases in Ki-67 (Figure 2, I-L), and loss of
loricrin staining (Figure 2, M-P), indicative of increased
mitosis and loss of terminal KC differentiation, respectively.
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Figure 2. KC-Tie2 mice spontaneously develop a psoriasis phenotype. KC-Tie2 mice develop raised plaques on their torso (A, B) and bilaterally flakey, scaly skin
on their elbows (C) and surrounding their genitals (D). H&E stained sections of ear (E, F) and back (G, H) skin demonstrate acanthosis, loss of the granular cell
layer, thickening of the interfollicular epidermal layers, confluent parakeratotic scale (closed arrows), increased dermal angiogenesis (open arrows), and
extensive inflammatory infiltrate (asterisks) in KC-Tie2 mice (F, H) compared with control mice (E, G). Increases in Ki-67 staining were evident in ear (I, J) and
back (K, L) skin from KC-Tie2 mice (J, L) compared with littermate controls (I, K). Decreases in Loricrin staining in ear (M, N) and back (O, P) skin were found
in KC-Tie2 mice (N, P), as compared with control mice (M ,0). Scale bar = 100 um.

Systematic evaluation of the inflammatory infiltrate in
the KC-Tie2 mouse skin revealed increased numbers of
CD4™ T cells primarily in the dermis of affected ear and
back skin (Figure 3, A-D), CD8™ T cells in the epidermis
(Figure 3, E-H), presence of CD11c™ myeloid dendritic
cells (Figure 3, I-L), and F4/80* macrophages (Figure 3,
M-P), with many lining the dermal epidermal junction,
representative of lining macrophages.’ In addition,
GR1™" granulocytes were observed in the dermis and
micro abscesses in the epidermis of ears (Figure 3, Q-T),
most likely representative of neutrophils, as no F4/80
staining was observed in the epidermis. Increased num-
bers of mast cells and no difference in the number of
eosinophils were found between KC-Tie2 and control
litermates (data not shown). The presence of these im-

munocytes represents the classic immunophenotypic
profile of human psoriatic lesions.

Molecular and Biochemical Characteristics of
the KC-Tie2 Psoriatic Phenotype Mimics
Human Disease

A large number of cytokines, chemokines, and transcrip-
tion factors have been proposed to contribute to the
pathogenesis of psoriasis,'®'® many of which have been
used in attempts to engineer a mouse model represen-
tative of this complex, multifaceted human disease.™'"~'°
We used immunohistochemistry, ELISA, microarray, and
real-time RT-PCR approaches to quantify changes in our
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Back

Figure 3. Inflammatory cell infiltrate in KC-Tie2 mice contains T cells, dendritic cells, macrophages and neutrophils. Skin from control ear (A, E, I, M, Q) and
back skin (C, G, K, O, ), and KC-Tie2 ear (B, F, J, N, R) and back skin (D, H, L, P, T) was stained using immunohistochemical methods with antibodies against
CD4™" T cells (A-D), CD8™ T cells (E-H), CD11c" dendritic cells (I-L), F4/80" macrophages (M—P), and Gr-1" granulocytes (Q-T). Higher magnification insets
correspond to boxed areas. Scale bar = 100 um, 10 um in insets. Arrow in R indicates a micro abscess.

mouse model of several of the cytokines, transcription
factors and host defense genes known to be up-regu-
lated and involved in human psoriasis. We observed
significant increases in Stat3 protein in KC-Tie2 mice
compared with littermate controls (Figure 4, A-D) but
more importantly, were able to show a considerable up-
regulation of naturally occurring Stat3 phosphorylation in
the epidermis of KC-Tie2 animals compared with litter-
mate controls (Figure 4, E-H). Stat3 activity has previ-
ously been shown to be critical in human disease, and
engineered over expression of active Stat3 has been
used to create one of the more relevant mouse models
of human psoriasis.’” In addition to phosphorylation of

Stat3, significant increases in Thi-related cytokines in-
cluding IFNy, IL-12, and IL-23 were found in the KC-Tie2
mice when compared with littermate controls while the
Th2-related cytokine IL-4 remained unchanged (Figure
41). These profiles are consistent with the cytokine and T
cell profile observed in human psoriasis. Moreover, Th17-
derived cytokines, specifically IL-17 and IL-22 were also
up-regulated (Figure 41).

To further characterize the molecular phenotype, gene
expression profiling of the skin from KC-Tie2 mice was
performed using an Affymetrix Mouse Genome Array.
Analyses of genes that were either increased or de-
creased at least twofold were included. Independent
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confirmation of increased Tie2 expression in KC-Tie2
mice was reported in the array, such that Tie2 was found
to be increased by 64-fold (P = 0.0003). Other changed
genes included increased expression of three critical
pro-inflammatory cytokines found in human psoriasis:
TNFa (3-fold increase, P = 0.002), IL-6 (4-fold increase,
P = 0.00002), and IL-1a (5-fold increase, P = 0.00004),

which were validated with real time RT-PCR (see below).
Additional markers that were found to be differentially
regulated in our murine model that are also altered in
human psoriasis included: increases in Gro1 (CXCLT;
10-fold increase, P = 0.00002), CSF2 (11.8-fold increase,
P = 0.00002), and K16 (6.5-fold increase, 0.00002), and
decreases in caveolin (2-fold decrease, P = 0.00002)



and leptin (4-fold decrease, 0.00004). Other molecules
recently reported to be involved in the development and
maintenance of human psoriasis, included increases in
the chemotactic proteins, ST00A8 and S100A9 (13- and
29.9-fold increase, respectively, P = 0.00002) and in-
creases in host defense genes, such as cathelicidin (40-
fold increase, P = 0.0002), mouse B-defensin 3 (Mbd3,
12-fold increase, P = 0.0002) and secretory leukocyte
protease inhibitor (Slpi; 12.1-fold increase, P = 0.00002).
RT-PCR validation of IL-1«, IL-6, TNFea, cathelicidin,
Mbd3, S100A8, and S100A9 confirmed a 9-, 34-, 21-,
549-, 12-, 254-, and 132-fold increase compared with
littermate controls, respectively (Figure 4J).

To examine the molecular events driving the develop-
ment of the phenotype, we repressed gene expression in
a separate litter of mice from the point of conception until
adulthood by including doxycycline in the drinking water
and then removing it, thereby reintroducing gene expres-
sion. Within 3 days, S100A8 (2.3-fold increase, P =
0.001), CXCL7 (4.6-fold increase, P = 0.0002), and epi-
regulin (2-fold increase, P = 0.00002) were significantly
up-regulated whereas leptin was found to already be
down-regulated (2.3-fold decrease, P = 0.0005).

KC-Tie2 Ear and Back Skin Respond Differently
to Gene Repression and Systemic CsA
Treatment

To determine whether the phenotype was permanent
once it was established or if it was reversible, mice were
treated for a 4-week period with either doxycycline (n =
4), to repress Tie2-transgene expression, or with the
commonly used psoriasis systemic immunosuppressant,
cyclosporin A (CsA; 80 mg/kg of CsA gavage, three times
weekly, n = 4). The original back skin phenotype, includ-
ing the flaky skin and overt plaques were reversed fol-
lowing either treatment course, and the dorsal and ventral
surfaces of the skin were indistinguishable from littermate
controls. The ear skin phenotype improved however low
levels of erythema continued to be present in both treat-
ment paradigms, with the CsA treatment appearing to be
less effective than the doxycycline (data not shown). Real
time RT-PCR (Figure 5A) confirmed the decreases in Tie2
expression in ear and back skin following exposure to
doxycycline. Treatment with CsA also resulted in de-
creased Tie2 mRNA expression, although these levels
remained 15-fold higher than littermate control animals.
Western blotting in two representative animals demon-
strated that doxycycline-mediated gene repression de-
creased levels of Tie2 protein (KC-Tie2 + Dox). KC-Tie2
mice treated with CsA (KC-Tie2 + CsA) expressed Tie2
protein levels that equaled or exceeded the expression of
Tie2 found in the representative untreated KC-Tie2
mouse ear and back skin. Analysis of VEGF expression
following both treatment paradigms showed a complete
return to basal levels in KC-Tie2 mice treated with doxy-
cycline in both back and ear skin, whereas mice treated
with CsA showed significant reductions in VEGF protein,
but these levels were still significantly elevated compared
with littermate controls (Figure 5, B-C).
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To determine the histological effects of our treatment
approaches, a longitudinal comparison of acanthosis
was completed by evaluating epidermal thickness in ear
and back skin taken from the same mice before and after
treatment. Doxycycline treatment resulted in a nearly
complete reversal of acanthosis in back skin of KC-Tie2
mice and a significant reduction in epidermal thickness
and edema in the ear. Mice treated with CsA showed
significantly reduced epidermal thickness in back and
ear skin, however the epidermis remained significantly
thicker than control littermates (Figure 5, D and E). Inter-
estingly, two of the four animals treated with CsA showed
100% resolution of acanthosis in the back skin, whereas
the remaining half only showed improvement, explaining
the variability in the overall observations. This trend was
evident only in back skin. An additional observation was
the sustained edema present in the CsA-treated ear skin,
which failed to resolve in any of the treated mice (Figure
5, E and G), perhaps reflecting the continued elevation
in VEGF (Figure 5, B and C). The difference we observe
in resolution of the skin phenotype between ear and
back skin may reflect differences in the tissue anat-
omy, such that ear skin contains a layer of cartilage
instead of the hypodermis and muscle layer found in
mouse back skin and these differences may result in
lymphocytic compartmentalization making ear tissue
more resilient to treatment.

Analyses of the angiogenic phenotype following both
doxycycline and CsA treatment revealed a return to con-
trol levels for the number of MECA™ stained blood ves-
sels in ear and back skin (Figure 5, F-G).

Our initial characterization of the inflammatory infiltrate
and cytokine profiles revealed a striking similarity to that
observed in human psoriasis, including increases in
CD4™, CD8™ T cells, dendritic cells, and macrophages
along with significantly elevated Th1- and Th17-derived
cytokines (Figure 3). Following 4 weeks of doxycycline
exposure, T cell, dendritic cell, and macrophage num-
bers were reduced in KC-Tie2 back skin (Figure 6, A-C,
E-G, I-K, and M-0). For mice treated with systemic CsA,
a classic T cell mediated target, T cells were also found
to be decreased, although there still appeared to be
more T cells present when compared with littermate con-
trols (Figure 6, D and H). The number of dendritic cells
present remained high, and only a small decrease in
macrophages was seen in KC-Tie2 back skin consistent
with the idea that the maintenance of acanthosis may
have a T cell independent component (Figure 6, L and P).
In ear skin, where the phenotype failed to improve to the
same degree as the back skin for both doxycycline and
CsA treated animals, numerous CD4™" T cells were still
evident in the dermis and epidermis under both treatment
conditions (Figure 7, A-D), although CD8* T cells ap-
peared to decrease to control levels (Figure 7, E-H).
Interestingly, for KC-Tie2 ears that showed significantly
reduced acanthosis (doxycycline treated), dendritic cell
and macrophage numbers returned to control levels (Fig-
ure 7, I-K, M-0), whereas in CsA treated mice, where the
ear acanthosis improved only minimally, dendritic cell
and macrophage numbers appear to stay elevated (Fig-
ure 7, L and P).
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Figure 5. Doxycycline and CsA treatments lead to reversal and improvement in the psoriatic phenotype, respectively. Real time RT-PCR (A) and Western blotting
(B) analyses of Tie2 expression following doxycycline (Dox) or cyclosporin A (CsA) treatment (12 = 4 each). Tie2 expression returns to control levels following
Dox-mediated gene repression at both RNA and protein levels, whereas CsA treatment leads to decreases in Tie2 RNA in both ear and back skin, but no change
in Tie2 protein in back skin only. Western blot (B) displays representative samples from littermate control (ST, n = 1), KC-Tie2 (DT, n = 1), KC-Tie2 + Dox
(DT+Dox, n = 2), KC-Tie2 + CsA (DT+CsA, n = 2). Western blot (B) and ELISA (C) analyses of VEGF protein show return to baseline levels in ear and back
skin of Dox treated KC-Tie2 mice. CsA treatment lead to reductions in VEGF compared with untreated animals, however these levels remained significantly higher
than control mice. Representative H&E stained ear and back skin (E) and epidermal thickness quantification of control mice post treatment, KC-Tie2 mice before
treatment and KC-Tie2 mice following 4 weeks of Dox exposure or CsA administration (D). Quantification of MECA-32-stained endothelial cells from ear and back
skin (G) with corresponding analysis of blood vessel number for control mice post treatment, KC-Tie2 mice pretreatment and KC-Tie2 mice following 4 weeks
of Dox or CsA exposure (F). *P < 0.05 compared with littermate controls. +P < 0.01 compared with KC-Tie2 mice before treatment. Scale bar = 100 um.

Following treatment for 4 weeks with either doxycycline
or CsA, protein levels of IFNy, IL-17, and the p70 het-
erodimer of IL-12 were all reduced to control levels in
both ear and back skin (Figure 8A). IL-22 expression
levels in ear and back skin also returned to basal levels in
doxycycline treated mice, where acanthosis improved
and antigen presenting cell (APC) numbers were re-
duced to control levels; in contrast IL-22 expression re-
mained elevated in CsA-treated animals, perhaps reflec-
tive of the continued presence of macrophages, dendritic
cells, and/or CD4* T cells. Similar sustained cytokines
levels were found for the heterodimer form of 1L-23, with
the overall trend reflecting sustained expression of
IL23p19/p40 across all groups even following treatment
(Figure 8A). Of further interest was the complete return to
baseline levels for IL-6 and TNFea, and for the host de-

fense genes cathelicidin, B-defensin and ST00A9 mRNA
following either CsA or doxycycline treatment (Figure 8B).

Discussion

We initially sought to determine whether either EC- or
KC-specific overexpression could be solely responsible
for the development of the psoriasiform phenotype pre-
viously reported in the KC-EC-Tie2 mouse®” and dem-
onstrate here that KC, and not EC Tie2 overexpression is
responsible for the development of the psoriasiform phe-
notype. Despite an increase in subcutaneous and dermal
vascularization, and even in the presence of a robust
inflammatory response, EC-Tie2 overexpressing mice did
not develop acanthosis, suggesting that regardless of the
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Figure 6. Immunocyte profile changes in back skin of KC-Tie2 mice treated with doxyclycline or CsA. CD4™ T cell (A-D), CD8™ T cell (E-H), Cd11c"* dendritic
cell (I-L), and F4/80" macrophage (M=P) staining in back skin of control animals (A, E, I, M), KC-Tie2 mice before treatment (B, F, J, N), and KC-Tie2 mice treated
with doxycycline (C, G, K, O) or CsA (D, H, L, P). Higher magnification insets correspond to boxed areas. Scale bar = 100 uwm, 10 wm in insets.

state of vascularization, the presence of more blood ves-
sels is not, on its own, or in combination with sustained
inflammation, sufficient to cause the development of a
psoriasiform phenotype. This contradicts findings by two
other groups who demonstrated VEGF overexpression in
KCs, results in increased dermal vascularization, fol-
lowed by the development of a VEGF-dependent psoria-
sis-like phenotype. In one case,® the phenotype devel-
oped after wounding young, phenotypically normal mice
(Koebner phenomenon) or spontaneously 6 months into
adulthood; in the other,* psoriasis-like characteristics de-
veloped only following induction of a delayed type hyper-
sensitivity reaction elicited by treatment with oxazolone.
In both cases, the increase in vascularization preceded
acanthosis; and introduction of an acute inflammatory
reaction was sufficient to drive the development of the
epidermal hyperplasia. Despite the increase in vascular-
ization we observed in the EC-Tie2 animals, we were not
able to elicit psoriasiform changes. It is possible that the
observed increase in angiogenesis was insufficient, or
that VEGF protein did not significantly increase in these
mice, thereby reducing the amounts of vascular leaki-
ness, although we believe this to be unlikely, as we have
also engineered a K5tTA-Tet®® VEGF mouse line, and

these mice despite increased VEGF, more dermal angio-
genesis, and increased vessel leakiness also fail to de-
velop a psoriasiform phenotype (data not shown). The
lack of significant increases in angiogenesis (ie, in-
creased vessel number and area) is also unlikely to ex-
plain why EC-Tie2 mice failed to develop psoriasiform
characteristics, as similar numbers of blood vessels were
found in back skin of EC-Tie2 as in KC-Tie2 mice; al-
though the vessels themselves were smaller. Whether the
addition of VEGF to our EC-Tie2 mice, in addition to
inflammatory stimulus could drive the development of the
psoriasiform phenotype was not tested.

The overexpression of Tie2 in KCs leads to the robust
spontaneous development of a psoriasis-like phenotype;
with distinct differences from the previously published
KC-EC-Tie2 mouse (Table 1 and supplementary Table 1
at http.//ajp.amjpathol.org), with the prior KC-EC-Tie2 rep-
resenting a more Th2 skewed, atopic dermatitis like phe-
notype; while our KC-Tie2 mouse is Th1 and Th17
skewed, and is more representative of psoriasis.®>” Our
KC-Tie2 murine model displays numerous hallmarks of
human disease and provides another example where
disturbance of the intrinsic KC balance causes psoriasis-
like skin inflammation (for review'*'7). Our examination
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Figure 7. Immunocyte profile changes in ear skin of KC-Tie2 mice treated with doxycycline or CsA. CD4" T cell (A-D), CD8™ T cell (E-H), Cd11c* dendritic
cell (I-L), and F4/80" macrophage (M—P) staining in ear skin of control animals (A, E, I, M), KC-Tie2 mice before treatment (B, F, J, N), and KC-Tie2 mice treated
with doxycycline (C, G, K, O) or CsA (D, H, L, P). Higher magnification insets correspond to boxed areas. Scale bar = 100 uwm, 10 wm in insets.

of the KC-Tie2 mouse suggests that multiple starting
points for psoriasiform skin changes may exist and that
once the cycle is initiated or triggered; the physical,
cellular and immunological changes are the same. There-
fore, it is likely that the same cells and molecules that
confer and sustain human psoriasis are up-regulated in
our animal model. Further, examination of the molecular
signaling pathways altered in our model may elucidate
key signaling pathway changes associated with the initi-
ation and/or maintenance of the psoriatic phenotype.
Whether Tie2 expression in KCs is directly responsible
for the observed skin phenotype via downstream signal-
ing or indirectly responsible as a result of increasing
other growth factors and growth factor signaling is not
currently known. Although Tie2 receptor activation is not
known to induce mitosis directly, previous studies have
shown that Tie2 activation is associated with the gener-
ation of reactive oxygen species,?° which can lead to
VEGF production,?’ 23 angiogenesis,?® and interactions
with cytokines and host defense molecules,?*2° poten-
tially mediating KC proliferation. Alternatively, KC-overex-
pression of Tie2 may lead to increases in other KC re-
ceptor tyrosine kinase signaling pathways, such as
epidermal growth factor ligand-receptor interactions and

increased MAPK signaling, which would also result in KC
proliferation and epidermal acanthosis.?®=2° |dentifica-
tion of these signaling events in this model may provide a
preclinical opportunity to test the efficacy of inhibitors of
oxidative signaling pathways, such as carbazole or pi-
perazine/piperidine derivatives®°2" or epidermal growth
factor®?72% on psoriatic plagque resolution.

Of particular interest in our model is the development
of scale and plaque in regions seen in human patients,
including bilateral elbows and surrounding the genital
region. At the skin histological level, dermal CD4" and
epidermal CD8"* T cells, dendritic cells, and macro-
phages were found at increased density and derived
cytokines from these cells were significantly elevated.
Classic psoriasis related cytokines elevated in our mu-
rine model included TNFa, IL-6, IL-1a, IFNy, and IL-12,
in addition to newly described cytokines important in pso-
riasis pathogenesis such as IL-23, IL-22, and IL-17.1516:3¢
As observed for human disease, IL-4, a Th2-related cy-
tokine did not differ between control mice and KC-Tie2
mice.

S100A8/A9 (calgranulin A/B; MRP8/14) are calcium
binding proteins whose serum levels have been reported
to be elevated in psoriasis. In our model, we detected
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these potent stimulators of leukocyte trafficking into pso-
riatic tissue®”*® as early as three days following gene
expression. Therefore, KC-derived S100A8/A9 may stim-
ulate immune cell invasion,®® which may then initiate
and/or exacerbate dermal inflammation and cytokine pro-
duction. Recent evidence correlates ST00A8/A9 mRNA
and IL-22 mRNA levels in psoriasis patients.®® Moreover,
S100A8/A9 may serve as the etiological link for the
association between psoriasis and cardiovascular dis-
ease,*°~* as during initiation and maturation of athero-
matous plaques, ST100A8/A9 protein expression is in-
creased in microvascular murine ECs*® and macrophages,*©
potentially regulating both monocyte transmigration and en-
dothelial activation.*”

Increases in cathelicidin (LL37) and B-defensin 3 have
been described in human psoriasis, and were found to
be up-regulated in our mouse model, perhaps playing a
role in attracting and retaining dendritic cells. A recent
report by Lande et al,*® suggests that LL37 may serve as
the principle trigger of pathogenic IFNa response in pso-
riatic skin, providing a critical link between microbial
defense systems and psoriasis pathogenesis. Their
model suggests that skin injury coupled with de-regu-
lated LL37 is capable of eliciting and sustaining DC
activation in psoriatic skin, recruiting myeloid cells, and
initiating local T cell mediated inflammation and lesion
development. Further support for a role for defensins in
psoriasis has also recently been reported by Hollax et al,
indicating that the higher genomic copies of B-defensin
genes, the greater increased risk for psoriasis.*®

$100A9

In our study, repression of Tie2 (doxycycline treat-
ment), reversed acanthosis in the back skin, decreased
immunocytes to baseline levels, and lowered expression
of inflammatory cytokines. In ear skin, significant reduc-
tions in acanthosis were observed, although ears ulti-
mately remained thicker than littermate controls. APCs,
including dendritic cells and macrophages were dramat-
ically reduced and cytokines associated with APCs also
returned to control levels.

CsA-treated mice showed improved, but not resolved,
phenotypes in both back and ear skin. In both back and
ear skin, fewer T cells were found but APCs remained
high, thus suggesting APCs may play key roles in the
development and maintenance of the disease as sug-
gested by several recent reports.® 195051 Degpite the
presence of remaining APCs following treatment, the cy-
tokine protein levels improved significantly, including a
return to control levels for IFNy, IL-17, and IL-12p70.
IL-22 remained elevated, most likely reflecting the ongo-
ing presence of APCs and Th1 cells and could explain
the sustained acanthosis in the ear and back, as IL-22
receptors are found on KCs, but not circulating immune
cells and can, on its own, induce KC hyperplasia.®?
Whether IL-22 inhibition would resolve the phenotype in
our animals is unknown, but is possible, as others have
recently shown its efficacy in resolving murine psoria-
siform dermatitis.®® For both doxycycline- and CsA-
treated mice, regulation of IL-23p19p40 was more com-
plex. Doxycycline-treated mice maintained elevated
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Table 1.

Comparison between the KC-Tie2 and KC-EC-Tie2 Mouse Models

Characteristic

KC-Tie2 mouse

KC-EC-Tie2 mouse

Physical characteristics

Demarcated plaques acquired after birth Yes
Koebner

Involvement of nails/toes Yes
Auspitz sign Yes
Normal lifespan, healthy weight yes

Epidermal differentiation
Confluent hyperkeratosis plus parakeratosis Yes

Epidermal thickening Yes
- Aberrant keratin expression Yes
- Loss of loricrin expression Yes
- Increased Ki67 Yes
Intra epidermal micro abscesses Yes
Rete ridges Suggestion
Presence of PMNs in epidermis Yes
Vascular proliferation and dilatation Yes
Increased VEGF Yes (ELISA)

Increased EGF
Increased FGF

Yes (microarray)
Yes (microarray)

Yes (whole body, no demarcation, develops
neonatally)

Yes (in C57Bl/6 background) Yes

Yes
Not reported
No (failure to thrive)

Yes

Yes

Not reported
Not reported
Not reported
Yes
Suggestion
Yes

Yes

Yes (ELISA)
Not reported
Not reported

Lymphatic proliferation and dilatation Yes Not reported
Immunophenotype
T cells in dermis and epidermis Yes CD4 and CD8 Yes CD3
Increased presence of macrophages Yes Not reported in skin, none present in spleen
Increased presence of dendritic cells Yes Not reported in skin, none present in spleen
Increased presence of eosinophils No Increased in skin
Th1 (IFNy, IL12, TNFa)* Yes Yes
Th2 (IL4, IL9, RANTES, TARC, eotaxin)* No Yes
Th17* Yes No
Innate host defense molecules
B-defensins Yes Not reported
S100A8/A9 Yes Not reported
Cathelicidin Yes Not reported
Response to therapeutics
CsA responsive Yes Yes

Differences between models are marked in bold. * For additional details on specific cytokine and chemokine breakdown, method of measurement
and differences between mouse models, see Supplemental Table 1 at http://ajp.amjpathol.org.

expression of IL-23p19p40 in back and ear skin despite
resolution and improvement in I1L12/23p40, perhaps indi-
cating decreased p40 homodimer formation (data not
shown). Resolution of the phenotype in these mice may
reflect the efficacy of therapeutic targeting of p40 expres-
sion using anti-p40-antibodies, shown to successfully im-
prove clinical outcomes.®* Improvement of the psoriasis
phenotype with decreased IL-12/23 would also be con-
sistent with previous work showing KC-specific overex-
pression of p40 leads to the development of inflamed
skin.®® In CsA treated mice, IL23p19p40 remained in-
creased in back skin (where the phenotype was found to
improve), whereas in the ear skin, where minimal im-
provement in acanthosis was found, IL23p19p40 re-
turned to control levels. Innate immune response markers
across both treatment conditions all returned to control
levels or lower in back skin (Figure 8B), indicating a
correlative, but not necessarily a causative relationship
with resolution of the psoriasis phenotype.

In our hands, KC-derived Tie2 cannot be detected
under normal or pathological conditions in humans and
mice including laser capture microdissection of the basal
layers of KCs isolated from involved human psoriasis
plaque, uninvolved skin, and control patient skin, com-
bined with real time RT-PCR. Despite these findings,

alterations to KC-Tie2 clearly induce signaling events
mimicked in human psoriasis including Stat3 phosphoryla-
tion and downstream regulation of inflammatory cytokines.

The initial trigger used to generate the phenotype (Tie2
in KCs) may not represent a biological event in human
psoriasis; however the downstream events are found in
human psoriasis progression and play key roles in the
current model. Using Ingenuity® Pathways Analyses, we
identified IL-6, NF«B, Fos, Jun (AP1), and Stat signaling
as key components of the phenotype in our mouse
model. Additional important molecules upregulated be-
fore development of an overt phenotype included NF«B,
TNFa, TGFB, and Stat3. Analyses specifically queried for
Tie2 related pathways connected Tie2 to ST00A8/A9, T
cell receptor, Stat3, VEGF, and IL-6 (Tie2-Akt-PKC-S100A8/
A9; Tie2-Akt-PKC-TCR-MAPK-Stat; Tie2-Akt-PISK-Hif1a—
Stat3; Tie2-Akt-PI3K-Hif1a-VEGF-IL-6), which in turn lead to
identification of downstream components, including cyto-
kine regulation, angiogenesis, and sustained inflammatory
reactions. Stat3, VEGF, and IL-6 have all been targeted
previously in murine models of psoriasis, and are all up-
regulated in human disease.’

Nonetheless, factors favoring our model as a strong
mimic of human psoriasis include: spontaneous phenotype
development, chronic but reversible, and nonscarring. This



model also reflects classic psoriatic immunocyte profiles
and their derived cytokines and is responsive to a common
psoriasis therapy. The ability to regulate gene expression
will allow for temporal gene identification and validation
during not only disease progression, but also reversal of the
disease and will be highly valuable in identifying the initial
trigger(s) of disease progression. This model meets the
clinical, histological, immunophenotypic, biochemical, and
pharmacological criteria required for an animal model of
human psoriasis and therefore will become important for
studying pathological mechanisms of psoriasis and pre-
clinical testing of new therapeutics.

Note Added in Proof

At the time we submitted and revised this manuscript, we
reported that our KC-Tie2 mouse model developed a
psoriasisform skin disease phenotype in the absence of
any signs of oncogenesis, including animals that were
almost 2 years old. We have recently begun to observe
spontaneous development of tumors in offspring from a
subset of our KC-Tie2 breeding colony, and despite hav-
ing animals in the colony that are older than 1 year of age
with no signs of oncogenesis, we can no longer assert a
complete lack of oncogenesis in certain progeny of this
animal model. We are currently working at characterizing
the genetics underlying these observations.
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