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Summary
Background—There is ongoing debate regarding the initiation of psoriatic plaque as primarily
arising from an anomaly in epidermal keratinocytes (KCs) or from abnormalities in immunocytes
that secondarily activate otherwise normal KCs. In mice engineered to overexpress the
angiopoietin receptor Tie2 in KCs, skin spontaneously develops the characteristic clinical,
histological and immune cell phenotypes of psoriasis which can be reversed with either transgene
repression or cyclosporin A administration, suggesting key roles for both KCs and T cells in
mediating the skin disease in this murine model.

Objectives—To determine if antigen presenting cells and macrophages alone are sufficient to
sustain psoriasiform inflammation in the KC-Tie2 murine model of psoriasis.

Methods—Clodronate liposomes were intradermally injected into involved dorsal skin of KC-
Tie2 or control animals once a week for 6 weeks and acanthosis, angiogenesis, immune cell
infiltration and cytokine production was quantitated using immunohistochemistry and interactive
image analyses, enzyme linked immunosorbant assay (ELISAs) and quantitative real-time
polymerase chain reaction (qRT-PCR).

Results—Clodronate liposome injection eliminated CD11c+, F4/80+, and CD11b+ cells in the
skin and returned CD8+ T cell numbers to control mouse levels. Antigen presenting cell depletion
in KC-Tie2 mouse skin resulted in resolution of the acanthotic skin phenotype, decreased dermal
angiogenesis, and a return to control mouse levels for IL-1α, IL-6, IL-23 and TNFα expression and
modest reductions in IFNγ and IL-17.

Conclusions—These findings suggest a critical role for APCs and myeloid cell derived IL-23
and TNFα and underscore the importance of Th1 and Th17 T cells in maintaining the psoriasiform
skin phenotype in the KC-Tie2 mouse model.
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What's already known about this topic?

• macrophage depletion in two different mouse models of psoriasis has previously
been shown to improve the skin phenotype; however the mechanisms
underlying this improvement remain unclear.

• one group ruled out interferon gamma (IFNγ) as a potential mediator, but failed
to identify the molecular mechanisms mediating their findings

• the other group identified macrophage-derived Tumor Necrosis Factor alpha
(TNFα) as a key player but did not examine other mechanisms.

What does this study add?

• demonstrates that clodronate liposome injection results in a specific loss of
CD11b, CD11c and F4/80+ cells (phagocytic dendritic cells and macrophages)
in the KC-Tie2 psoriasis murine model

• Confirms that a decrease in TNFα can reverse the phenotype but also
demonstrates a key role for IL-23 but not IL-12 in maintaining psoriasiform
dermatitis.

• demonstrates that APC depletion leads to a return of CD8+ T cells to normal
levels concomitant with decreased IFNγ and IL-17, highlighting the importance
of lymphocytes as well as APCs in this murine model

• further validates the KC-Tie2 mouse as a representative and useful mouse model
of psoriasis.

Introduction
Psoriasis is dependent upon a series of coordinated cytokine signalling events between KCs,
endothelial cells, cutaneous nerves, T cells, antigen presenting cells (APCs) including
macrophages and DCs that once started, initiates a vicious pro-inflammatory cycle 1,2.
However, a strict mitigating signal or a single antigenic target for psoriasis has yet to be
identified. Rather, in patients with a genetic background predisposed to psoriasis, some
unknown stimulus, perhaps antigenic in nature, such as an infection, initiates production of
pro-inflammatory cytokines such as IL-12, IL-23 and TNFα by resident dendritic cells
(DCs) and macrophages. IL-12 production in turn activates Th1 T cells that produce IFNγ.
Together with IL-23, IL-6 and TGFβ these elevated cytokines lead to Th17 cell
development, a subset of CD4+ and CD8+ T cells that produce IL-17, IL-21 and IL-22 3.
IL-21 expression can then lead to the differentiation of more Th17 cells while IL-22 plays a
role in KC proliferation and epidermal hyperplasia. IL-23 and IL-22 can also activate Stat3
phosphorylation within KCs, exacerbating pro-inflammatory cytokine production and
subsequent KC proliferation 4-7. Once initiated, this cycle perpetuates sustained
inflammatory responses in the dermal and epidermal tissue of psoriasis patients. Intervention
at several points in this cycle results in clinical resolution, however durable remission and/or
permanent clearance has not been achievable.

In human psoriasis 8-11 and in mouse models of psoriasis 12-21, macrophages are
consistently found in involved areas of skin, even in the absence of T cells 20. These
findings suggest that recruitment and activation of macrophages in the skin may represent a
key pathogenic event in the development and maintenance of psoriatic skin. Recent work by
others 19,20 has provided further preclinical evidence in mouse models to support a role for
macrophages and macrophage-derived TNFα 19 in the development and maintenance of
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psoriasiform disease. Biological therapeutics currently being used as clinical treatments
target macrophage-derived cytokines, including TNFα and IL12/23p40 22-26. We have
previously described a psoriasis mouse model in which Tie2 is overexpressed in KCs,
resulting in a psoriasiform skin phenotype with an abundance of infiltrating macrophages,
DCs and T cells, and increases in many pro-inflammatory cytokines including TNFα, IFNγ,
IL-1, IL12, IL-23, and IL-17. This model also demonstrated resolution of the phenotype
following CsA treatment, consistent with a role for T cells in disease maintenance27. We
now report that clodronate liposome depletion of F4/80+ macrophages, CD11b+ myeloid
cells, and CD11c+ dendritic cells from the skin of KC-Tie2 animals resulted in resolution of
acanthosis, a return of CD8+ T cells to control mouse levels, significant reductions in TNFα,
IL-23, IL-1α, IL-6 and modest decreases in IL-17 and IFNγ. Moreover, systemic inhibition
of TNFα signalling also led to the reversal of the psoriasiform skin phenotype. These
findings suggest a critical role for myeloid cells and myeloid cell derived TNFα and IL-23 in
maintaining psoriasis and further underscore the importance of lymphocytes, IFNγ and
IL-17 in disease pathogenesis.

Materials and Methods
Animals, macrophage depletion and TNFα inhibition experiments

The KC-specific (K5-tTA) driver line and the TetosTek/Tie2 responder line have been
described previously 27-29. Matings were performed between the K5tTA line and the
TetosTek/Tie2 line and offspring were genotyped by polymerase chain reaction (PCR) using
DNA extracted from ear biopsies. DNA was prepared and PCR performed using primers as
previously described 27. We have previously demonstrated that animals inheriting a single
copy of each gene (KC-Tie2 mice) have ∼50-fold increase in Tie2 mRNA and
spontaneously develop a psoriasisform skin phenotype 27. Littermates inheriting one or no
transgenes do not express either transgene and therefore served as experimental controls.

Phagocytic cells were depleted in vivo by using dichloromethylene diphosphonate
(clodronate) encapsulated in liposomes obtained through www.clodronateliposomes.org.
Mechanistically, liposomes serve as an intracellular delivery vehicle for clodronate, and are
readily engulfed by phagocytic cells, following which the liposomal phospholipid bilayer is
disrupted via phospholipases resulting in the release of the clodronate into the cell.
Following intracellular clodronate accumulation, the cell becomes irreversibly damaged and
apoptosis occurs30. This approach for macrophage depletion has been used successfully
before by others20,30-32. At least two weeks prior to beginning these experiments, pre-
treatment punch biopsies were taken from individual KC-Tie2 mice and control littermates
in order to obtain baseline measurements of acanthosis prior to treatment. Administration of
clodronate- or PBS-encapsulated liposomes was accomplished by briefly exposing mice to
isofluorane followed immediately by intradermal injection of 50μl of liposome into one of 4
injection locations on the dorsal surface of the mouse, for a total of 200μl per animal,
consistent with approaches previously described 19. Animals were injected once a week for
6 weeks. Efficacy of clodronate liposome depletion was confirmed by staining frozen skin
sections using antibodies specific for F4/80 (clone BM8; eBioscience, San Diego, CA),
CD11c (Clone HL3; BD Biosciences, San Jose, CA), and CD11b (Clone M1/70, BD
Biosciences). The efficacy of cutaneous cell depletion using clodronate-encapsulated
liposomes has been comprehensively reported in the literature, including in skin of other
mouse models of psoriasis 19,20,33.

TNFα inhibition was completed using a rat/mouse chimeric monoclonal IgG2a,κ antibody
specific for murine TNFα (CNTO5048) generously provided by Dr. David Shealy
(Centocor). Mice were injected with either TNFα antibody or IgG2a,κ at 5mg/kg IP, once a
week for a four week period.
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All animal protocols were approved by the Case Western Reserve University institutional
animal care and use committee (IACUC) 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 back where liposomes were
injected and adjacent tissue was processed for either thin frozen or paraffin sectioning. For
paraffin sectioning, skin was placed in 10% buffered formalin (Surgipath Medical
Industries, Richmond, IL), overnight at 4°C prior to dehydration and embedding (Sakura
Finetech, Torrance, CA). For frozen sectioning, skin was either embedded in Tissue
Freezing Medium (TFM; Triangle Biomedical Sciences, Durham, NC), and then flash
frozen in liquid nitrogen or fixed in the non-cross-linking fixative Histochoice (Amresco,
Solon, OH) for 4 hours at 4°C and then transferred to 5% sucrose for 1 hour at 4°C and
placed in 20% sucrose overnight at 4°C prior to embedding.

H&E staining was completed on 5μm thick paraffin sections using standard protocols.
Immunohistochemistry was performed on TFM embedded frozen skin sectioned at 8μm
using antibodies specific for CD4, CD8 (BD Biosciences, San Jose, CA), CD11b, CD11c,
F4/80 and on histochoice-fixed MECA-32 stained tissues (MECA-32, Developmental
Studies Hybridoma Bank, Iowa City, Iowa) or matched isotype controls. Antibodies and
isotype controls were detected using either rabbit anti-rat IgG biotinylated or rabbit anti-
hamster IgG biotinylated (Southern Biotech, Birmingham, AL). Biotinylated antibodies
were then amplified with Avidin/Biotinylated Enzyme Complex (ABC, Vector) and then
visualized using the enzyme substrate DAB (Vector). Slides were counterstained with
hematoxylin. Epidermal thickness and blood vessel analyses, and immune cell counts were
quantified using approaches similar to those described previously 27.

RNA and protein isolation and analysis
Dorsal skin from regions in which liposomes were injected and adjacent regions was
homogenized using a Mikro-Dismembrator S (Sartorius Stedim Biotech, Edgewood, NY)
and RNA and protein isolated and quantified as described previously 27. IFNγ, IL17,
IL-12p70 (R&D Systems, Minneapolis, MN), IL12p40 (BD Biosciences) and IL-23p19/40
(eBiosciences, San Diego, CA) expression was quantitated by ELISA according to the
individual manufacturer's instructions.

RNA was reversed transcribed using MMLV reverse transcriptase (Invitrogen, Carlsbad,
CA) following the manufacturer's protocol. Quantitative real-time RT-PCR was performed
using Taqman technology from Applied Biosystems on an ABI Prism 7700 Sequence
Detector. Probes and primers for IL-1α, IL-6, TNFα, S100A8/9 and 18S were obtained from
Applied Biosystems. Expression levels were normalized to 18S.

Statistical analysis
All data are represented as mean ± standard error of the mean (SEM). Between group
comparisons were analyzed using either a Student's T test or a Mann Whitney U test and
statistical significance was defined as p<0.05.

Results
Injection of clodronate liposomes eliminates CD11c+, F4/80+ and CD11b+ cells from skin

In an effort to identify the contribution of phagocytic antigen presenting cells (APCs) to the
maintenance of the psoriasisform skin phenotype, KC-Tie2 transgenic mouse skin was
intradermally injected with either PBS or clodronate encapsulated liposomes once a week
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for a 6 week period. Efficacy of the liposome-mediated depletion was confirmed using skin
tissues stained and analysed for the presence of antigen presenting cells (APCs) CD11c+,
F4/80+ and CD11b+ cells (Fig. 1a-i). KC-Tie2 mice treated with PBS encapsulated
liposomes had significantly more myeloid derived cells than control mice treated with
clodronate encapsulated liposomes (n=5 KC-Tie2 + PBS liposomes; n=9 controls +
Clodronate liposomes; p≤0.01; Fig. 1j), consistent with previous work 27. KC-Tie2 animals
receiving clodronate liposomes (n=12) had significantly reduced levels of not only CD11b+

and F4/80+ macrophages, but also CD11c+ cells compared to KC-Tie2 mice treated with
PBS liposomes (p≤0.01; Fig. 1j) and these levels did not differ from control animals. No
differences in cutaneous CD11c+ or F4/80+ cell numbers were observed between untreated
KC-Tie2 mice and KC-Tie2 mice treated with PBS encapsulated liposomes or between
untreated control mice and control mice treated with clodronate encapsulated liposomes
(Supplemental Figure 1a).

Elimination of antigen presenting cells significantly improves acanthosis and dermal
angiogenesis and returns CD8+ T cell numbers back to control levels

H&E histological analyses confirmed our previous report 27 of a ∼3 fold increase in
epidermal thickness in KC-Tie2 animals treated with PBS liposomes compared with
littermate controls treated with clodronate liposomes (Fig. 2a-b, e). This increase
disappeared in KC-Tie2 mice treated with clodronate liposomes (Fig. 2c). Longitudinal
comparison within the same KC-Tie2 mouse across the treatment period revealed a
statistically significant decrease in epidermal thickness (paired student T-test, p=0.032;
n=12; Fig. 2d) following clodronate liposome administration. Further analyses revealed that
7/12 animals treated with clodronate liposomes had a significant reduction in epidermal
acanthosis; 3/12 treated animals failed to respond; and 2/12 did not exhibit elevated levels of
acanthosis at the initiation of liposome treatment, consistent with previous findings that
∼10% of KC-Tie2 animals do not develop acanthosis 27 (Fig. 2d). Evaluation of acanthosis
levels in KC-Tie2 responders (n=7) compared with KC-Tie2 mice treated with PBS
liposomes (n=3) revealed a 40% decrease in acanthosis (p=0.0002) but levels remained
elevated compared to control animals treated with clodronate encapsulated liposomes
(p=0.023; n=9; Fig. 2a-c, e). No differences were observed between untreated KC-Tie2 mice
and KC-Tie2 mice treated with PBS encapsulated liposomes or between untreated control
mice and control mice treated with clodronate encapsulated liposomes (Supplemental Figure
1b).

Further analyses of the skin phenotype across the different treatment groups also revealed
that KC-Tie2 animals treated with PBS liposomes (n=3) had more blood vessels compared
to control mice treated with clodronate encapsulated liposomes (n=9; p=0.024) and that
following exposure to clodronate liposomes and APC depletion, the number of dermal blood
vessels (identified using with the pan endothelial cell marker, MECA), returned to control
mouse levels indicative of reductions in angiogenesis (Fig. 3). No differences were observed
between untreated KC-Tie2 mice and KC-Tie2 mice treated with PBS encapsulated
liposomes or between untreated control mice and control mice treated with clodronate
encapsulated liposomes (Supplemental Figure 1c).

Examination of the other immune cell types in the tissues revealed significant increases in
CD4+ and CD8+ T cells in KC-Tie2 animals treated with PBS-encapsulated liposomes (n=3)
compared to control animals treated with clodronate encapsulated liposomes (n=9;
p≤0.001). Significant decreases in CD4+ T cell numbers were observed in KC-Tie2 animals
responsive to treatment with clodronate encapsulated liposomes (n=7; p=0.019), although
these numbers remained significantly higher than control mice (p=0.041; Fig. 4a-c, g). In
contrast, CD8+ T cell numbers returned to control mouse levels in KC-Tie2 mice treated
with clodronate encapsulated liposomes (n=7; p=0.10 vs control mice; p=0.018 vs KC-Tie2
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+ Clodronate liposomes; Fig. 4d-g). As before, no differences were observed between
untreated KC-Tie2 mice and KC-Tie2 mice treated with PBS encapsulated liposomes or
between untreated control mice and control mice treated with clodronate encapsulated
liposomes (Supplemental Figure 1d).

Proinflammatory IL-1, IL-6, TNFα and IL-23 are significantly decreased following
clodronate liposome administration

A large number of APC derived cytokines have been proposed to contribute to the
pathogenesis of psoriasis 34,35. We used ELISA and qRT-PCR approaches to quantify
changes in APC- and T cell-derived cytokines between clodronate and PBS liposome treated
KC-Tie2 skin. Significant increases in APC, Th1 and Th17 T cell-derived cytokines were
confirmed between control animals (n=5) and KC-Tie2 mice treated with PBS liposomes
(n=3), including increases in IFNγ, IL-12, IL-23 and IL-17 protein (Fig. 5a), and IL-1α,
IL-6, TNFα and S100A8/A9 mRNA (Fig. 5b). KC-Tie2 mice treated with clodronate
liposomes (n=5) had significant decreases in cutaneous IL-23 protein (p=0.036) and modest
reductions in IFNγ expression (p=0.08; Fig. 5a) compared to KC-Tie2 animals treated with
PBS encapsulated liposomes. IL-17 expression also decreased to levels between control
animals and KC-Tie2 mice treated with PBS encapsulated liposomes (Fig. 5a). At the
mRNA level, IL-1α, IL-6 and TNFα expression returned to control mouse levels (p<0.05 vs
KC-Tie2 + Clodronate liposomes); S100A8/S100A9 were significantly decreased, however
levels remained elevated compared to control mice (p<0.05).

Functional inhibition of TNFα eliminates cutaneous inflammatory cell infiltrate and
improves acanthosis

To further validate the contribution and significance of TNFα in the KC-Tie2 psoriasiform
murine model, KC-Tie2 transgenic mice were injected IP with TNFα blocking antibodies
once a week for a 4 week period. As before, KC-Tie2 mice administered IgG (n=6) alone
showed a ∼3-fold increase in epidermal thickness (p=0.0007 vs Control + IgG) and
significant increases in inflammatory infiltrate in the skin including increases in CD4+

(p=0.0025 vs Control + IgG), CD8+ (p=0.013 vs Control + IgG), CD11c+ (p=0.0093 vs
Control + IgG) and F4/80+ (p= 0.05 vs Control + IgG) cells compared to control mice
treated with either IgG or TNFα antibodies (n=6 each; Fig. 6). TNFα inhibition (n=5) lead to
a significant reduction in acanthosis (p=0.05), however the thickness of the epidermis
remained significantly thicker than control mice (p=0.0024, Fig.6a); whether control mouse
levels would be obtained with a longer treatment approach is likely, but remains unknown.
In contrast, targeting TNFα in KC-Tie2 mice lead to a return of T cell and APC
inflammatory infiltrate back to control mouse levels (Fig. 6b).

Discussion
We have previously reported the responsiveness of the KC-Tie2 mouse to T cell targeted
therapies, such as CsA 27 but also identified a large population of infiltrating macrophages
in psoriatic lesions on the skin of the mouse. Here we report that administration of
clodronate liposomes into the skin of KC-Tie2 animals results in the elimination of F4/80+

macrophages, CD11b+ myeloid cells, and CD11c+ dendritic cells. Elimination of these
APCs occurred concomitant with the resolution of acanthosis, decreases in T cell numbers
and significant decreases in TNFα, IL-23, IL-1α, IL-6 and S1008/9 and modest reductions in
IFNγ and IL-17. We further demonstrated that systemic TNFα inhibition also resulted in
resolution of the skin disease phenotype. These findings suggest a critical role for myeloid
cells and myeloid cell derived cytokines in maintaining psoriasis and continues to highlight
the importance of lymphocytes in disease pathogenesis. Reversal of pathogenesis by TNFα
inhibition also highlights the importance of TNFα in the KC-Tie2 murine model of psoriasis.
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To date, there are only two other reports of similar findings albeit with identifiable areas of
divergence following macrophage depletion in other murine models of psoriasis 19,20. Wang
et al, utilizing a T cell dependent mouse model (CD18hypo on a PL/J background),
demonstrated in adult mice an improvement in gross external phenotype following
clodronate administration, macrophage depletion and reduced expression of TNFα, however
moderate levels of acanthosis were still apparent after treating animals for 6 weeks, as were
sustained levels of T cells, neutrophils, mast cells and mature Langerhans cells 19.
Pasparakis et al, used a KC-specific inhibitor of NFκB (IκB) kinase 2 (IKK2) mouse model
which they previously had shown developed a psoriasiform like skin disease that was T cell
independent and began treating postnatal day (P)4 neonates with either clodronate or PBS
liposomes for 3 days 36. This resulted in a significant improvement in acanthosis by
normalizing epidermal differentiation, depleting macrophages in addition to decreasing the
number of skin infiltrating CD3+ T cells and GR-1+ granulocytes. This group ruled out
significant contributions of granulocytes as well as IFNγ as critical for the sustainment of
the phenotype in their mouse model 20. Both groups observed elevated levels of phagocytic
cells in their murine models that exhibited skin lesions and determined that depletion of
these cells lead to a significant improvement in various aspects of the skin disease; and in
the case of the CD18hypo model, reduced levels of TNFα.

Our current findings support the importance of myeloid-derived phagocytic cells and their
derived cytokines, including TNFα and IL-23, as key molecules in disease maintenance in
the KC-Tie2 murine model of psoriasis. These results are consistent with the current
efficacy and usage of both TNFα inhibitors, Infliximab (Remicade)37-39, Etanercept
(Enbrel)23,40,41, Adalimumab(Humira) 42 and most recently the usage of an IL-12/23p40
inhibitor, ustekinumab (Stelara) in human psoriasis 25,26,43. Although significant changes in
IL-23 were observed, we did not detect changes in IL-12p70 or IL12/23p40; which suggests
that the p19 subunit of IL-23 may be the critical component to sustaining the inflammation
within the skin. This confirms a prior finding from a clinical trial showing that following 2
weeks of ustekinumab treatment a significant decrease in IL-23p19 and IL12/23p40 mRNA
concomitant with an increase in IL12p35 25 was observed. Our observations of a return to
control mouse levels for CD8+ T cells and modest reductions in both IL-17, IFNγ and IL-6,
despite an ongoing presence of CD4+ T cells, further underscores the role of lymphocytes in
this murine model and suggests that targeting APCs decreases the cytotoxic CD8+ T cell
population and leads to sufficient decreases in T cell-derived cytokines to further aid in the
rebalancing of the skin to non-psoriatic phenotype. These results also reinforce the idea that
treatment strategies focused on the elimination of inhibition of APCs may be efficacious in
clinical psoriasis as this approach circumvents a specific T cell inhibition and still results in
a decrease of T cell derived inflammatory cytokines. Our previous report in which we
demonstrate improved skin response following CsA administration 44 resulted in a subset of
outbred mice that failed to respond, much like what has been reported in the clinical
environment. Here again, we report three animals of 12 that also failed to respond to APC
depletion targeted therapy. Whether these animals would respond following the addition of
CsA in a combination therapy approach has not been tested, but if successful would support
the idea of specific subsets of animals having differential responses to targeted therapy.

These results confirm the importance of activated lymphocytes in psoriasis pathogenesis and
provide further support for the critical role for APCs in disease progression. Myeloid cell
derived IL-23 in addition to TNFα appears critical for maintaining the psoriasiform skin
phenotype in the KC-Tie2 mouse model. The combined results suggest that the KC-Tie2
psoriasiform murine model is ideal as a preclinical tool for evaluating the efficacy of
therapeutic strategies that directly target APCs in psoriasis.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Clodronate liposome administration results in antigen cell depletion
Immunohistochemical staining detecting CD11c+ (a-c) F4/80+ (d-f), and CD11b+ (g-i) cells
in skin sections from KC-Tie2 or control animals treated with either clodronate or PBS filled
liposomes for 6 weeks. Quantitation using interactive image analyses approaches (j) reveals
increased numbers of antigen presenting cells in KC-Tie2 + PBS liposomes (PBSL)
compared to control mice, and that these numbers return to control mouse levels following
clodronate liposome (CL) administration. * p≤0.05 compared to controls; ** p≤0.05
compared to KC-Tie2 + PBSL.
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Figure 2. Acanthosis improves in KC-Tie2 mice following clodronate liposome administration
(a-c) H&E stained skin following either PBSL or CL liposome treatment. (d) Longitudinal
measurement of back skin epidermal thickness in individual KC-Tie2 mouse skin before and
after treatment with clodronate liposomes. (e) Average epidermal thickness measures
following 6 weeks of treatment with either PBSL or CL demonstrates increased acanthosis
in KC-Tie2 + PBSL skin compared to control skin; KC-Tie2 + CL epidermis is significantly
less thick than KC-Tie2 + PBSL, but still thicker than controls. * p≤0.05 compared to
controls; ** p≤0.05 compared to KC-Tie2 + PBSL.
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Figure 3. Dermal angiogenesis returns to control levels in KC-Tie2 + CL animals
(a-c) Immunohistochemical staining of skin following PBSL or CL treatment using the pan
endothelial cell marker, mouse endothelial cell antigen (MECA). (d) KC-Tie2 + CL mouse
skin has significantly more MECA+ endothelial cells than control animals, and this number
decreases to control mouse levels in KC-Tie2 + CL mice. * p≤0.05 compared to controls; **
p≤0.05 compared to KC-Tie2 + PBSL.
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Figure 4. T cell numbers decrease significantly following clodronate liposome treatment
Immunohistochemical staining detecting CD4+ (a-c) and CD8+ (d-f) T cells in skin sections
from KC-Tie2 or control animals treated with either clodronate or PBS filled liposomes. (g)
Quantitative analyses demonstrates KC-Tie2 + PBSL skin has significantly more T cells
than control animals, and that this number decreases significantly in KC-Tie2 + CL mouse
skin. * p≤0.05 compared to controls** p≤0.05 compared to KC-Tie2 + PBSL.
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Figure 5. Protein and RNA expression analysis of cytokines and innate defence molecules
derived from antigen presenting cells (APC) and T cells
ELISA analyses (a) of T cell derived cytokines IFNγ, IL-17 and APC derived cytokines
IL12 and IL23 demonstrates significant decreases in IL-23 and modest decreases in IFNγ
and IL-17 expression following clodronate liposome exposure. qRT-PCR analyses (b) of
pro-inflammatory cytokines IL-1α, IL-6 and TNFα and the calcium binding proteins
S100A8 and S100A9 demonstrates significant decreases in expression of each molecule
following clodronate liposome exposure. * p≤0.05 compared to controls; ** p≤0.05
compared to KC-Tie2 + PBSL; + p=0.08 compared to KC-Tie2 + PBSL.
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Figure 6. Systemic administration of antibodies targeting murine TNFα leads to significant
improvement in the psoriasiform skin phenotype in KC-Tie2 mice
Average epidermal thickness measures performed on H&E stained sections (a) following 4
weeks of treatment with either TNFα antibodies or IgG control demonstrates increased
acanthosis in KC-Tie2 + IgG skin compared to control skin treated with either IgG or TNFα
antibodies. Epidermal thickness in KC-Tie2 mice treated with TNFα antibodies is
significantly decreased compared to KC-Tie2 + IgG animals, but remains thicker than
control animals. TNFα antibody treatment results in a return of T cell and APC numbers
back to control mouse levels. * p≤0.05 compared to control + IgG; ** p≤0.05 compared to
KC-Tie2 + IgG.
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