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Abstract
Background—Previous work has identified CD11c+CD1c- dendritic cells (DCs) as the major
“inflammatory” dermal DC population in psoriasis vulgaris and CD1c+ DCs as the “resident”
cutaneous DC population.

Objective—To further define molecular differences between these two myeloid dermal DC
populations.

Methods—Inflammatory and resident DCs were single-cell sorted from psoriasis lesional skin
biopsies, and the transcriptome of CD11c+CD1c- versus CD1c+ DCs was determined. Results
were confirmed with RT-PCR, flow cytometry, immunohistochemistry, and double label
immunofluorescence. Human keratinocytes were cultured for functional studies.

Results—TNF-related apoptosis-inducing ligand (TRAIL), Toll-like receptors (TLRs) 1 and 2,
S100A12/EN-RAGE, CD32, and many other inflammatory products were differentially expressed
in inflammatory DCs compared to resident DCs. Flow cytometry and immunofluorescence
confirmed higher protein expression on CD1c- versus CD1c+ DCs. TRAIL receptors, death
receptor 4 (DR4), and decoy receptor 2 (DcR2) were expressed in keratinocytes and dermal cells.
In vitro culture of keratinocytes with TRAIL induced CCL20 chemokine.

Conclusions—CD11c+CD1c- inflammatory DCs in psoriatic lesional skin express a wide range
of inflammatory molecules compared to skin resident CD1c+ DCs. Some molecules made by
inflammatory DCs, including TRAIL, could have direct effects on keratinocytes or other skin cell
types to promote disease pathogenesis.
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Implications

Inflammatory myeloid dermal DCs in psoriasis expressed TNF-related apoptosis-
inducing ligand (TRAIL), TLR1, TLR2, S100A12, CD32, and many other inflammatory
cytokines and receptors. These molecules could contribute to many different
inflammatory pathways and they form a basis for discriminating two key DC populations
in the skin.

Introduction
In normal human skin, CD11c+ myeloid DCs express the MHC-class II-like lipid
recognition protein CD1c/blood dendritic cell antigen-1 (BDCA-1)1. However, CD1c is not
a sensitive marker for cutaneous myeloid DCs during inflammation. We have recently
characterized a population of “inflammatory dermal” CD1c- myeloid DCs that infiltrate
cutaneous lesions of psoriasis, which is a prototypic inflammatory disease of the skin2.
CD1c- DCs are phenotypically immature and produce cytokines and inflammatory
mediators including TNF, inducible nitric oxide synthase (iNOS), IL-203, IL-23p19 and
IL-12/IL-23p404, 5. In addition, these inflammatory myeloid DCs induce allogeneic T cell
proliferation and polarize T cells towards Th17 and Th1, two types of T cells implicated in
psoriasis2, 6, 7.

Myeloid DCs are important bridges between the innate and adaptive immune systems, but
their functions in many inflammatory diseases are still not entirely clear. In this present
study, these inflammatory CD1c- myeloid DCs were single-cell-sorted from psoriatic
lesional dermis and further characterized by microarray analysis in order to elucidate
molecules associated with CD1c- versus CD1c+ DCs, and determine what inflammatory
mediators these cells might be producing. We are also seeking a more useful “positive”
marker to be able to study these cells specifically, rather than relying on a “negative”
(CD1c-) definition.

In this study, we identified several differentially expressed gene products, including TNF-
related apoptosis-inducing ligand (TRAIL), as selective markers for inflammatory myeloid
DCs. TRAIL is a member of the TNF superfamily of cytokines that is involved in different
kinds of inflammatory responses8. TRAIL is a type II transmembrane protein, which can be
cleaved at its C-terminus to form a soluble ligand, and both the membrane bound and
soluble form can induce apoptosis9. Multiple cell types at different stages of activation
express TRAIL, including myeloid lineage cells (monocytes, DCs and macrophages)10,
plasmacytoid DCs11, NKT12, and T cells13. Five TRAIL receptors have been identified in
humans14-16. Although TRAIL is best known for induction of apoptosis in tumor cells while
sparing normal tissue12, TRAIL has also been implicated in inflammatory disease processes
including allergic asthma17 and atopic dermatitis18. In this manuscript, we demonstrate that
inflammatory DCs in psoriasis vulgaris express TRAIL, lesional epidermal and dermal cells
co-express TRAIL receptors, and the addition of TRAIL to keratinocytes induces CCL20.
Thus TRAIL and other differentially expressed molecules identified in inflammatory DCs
may be direct inflammatory mediators in the skin. In addition, these markers provide a
means to isolate different DC populations for future functional studies.

Zaba et al. Page 2

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methods
Skin Samples

Skin biopsies were obtained from normal volunteers and psoriasis patients under a
Rockefeller University Institutional Review Board approved protocol. Written informed
consent was obtained and the study was performed in adherence with the Declaration of
Helsinki Principles. Lesional and non-lesional psoriasis punch biopsy skin samples were
used for immunohistochemistry and immunofluorescence. Dermal single cell suspensions
from psoriasis shave biopsies were obtained after removing the epidermis with dispase, and
culturing the dermis for 2-3 days, as previously described2.

FACS
FACS-sorting of dermal single cell suspensions was performed as previously described2

using a FACS Aria (BD Biosciences). Dermal cells were sorted into two populations:
CD11c+CD163-HLA-DR+CD1c+ and CD11c+CD163-HLA-DR+CD1c- (n=4), to 99%
purity. Seven psoriatic DC samples were obtained: 3 paired CD1c+/- DCs and an additional
unpaired CD1c- sample. FACS-sorted cells were processed for microarray as biological
replicates. FACS phenotyping of dermal single cell suspensions was performed on an LSR-
II (BD Biosciences) (n=3). Antibodies used are outlined in Table E1 (see Online
Repository).

Cell culture myeloid cells to determine their transcriptome
We have previously published the transcriptomes of the myeloid cells used for principal
component analysis19 (see Figure E1 in Online Repository). Macrophages, immature DCs
and mature DCs were prepared in a standard manner from monocytes, and RNA hybridized
to HGU95 chips. In order to apply principal component analysis to our experimental
samples on Affymetrix Hu133A2.0 platform and previously published cell lineage data on
Affymetrix HGU95av2 platform19, probe sets were averaged to obtain a unique expression
for each gene.

Microarray hybridization
CD1c+ and CD1c- DCs were FACS-sorted directly into Trizol (Invitrogen). RNA was
extracted using the RNeasy Mini Kit (Qiagen), GeneChip two-cycle target labeling kit
(Affymetrix) was performed, and fragmented cRNA were then hybridized to HGU133A
Affymetrix gene chips as previously described20. The data discussed in this publication have
been deposited in NCBI's Gene Expression Omnibus and are accessible through GEO Series
accession number GSE20264.

RT-PCR
RT-PCR was performed using EZ PCR core reagents, primers, and probes (Applied
Biosystems) as previously published21. Primer and probe sets used were TLR1
(Hs00413978_m1), TLR2 (Hs00152932_m1), TRAIL (Hs00234355_m1), S100A12
(Hs00194525_m1), CD32 (Hs00234969_m1), and CCL20 (Hs00171125_m1). Custom
probe for human acidic ribosomal protein (HARP) was used as a housekeeping gene21.

Immunohistochemistry and immunofluorescence
These techniques were performed in a standard manner, as previously described 4. Each
staining was performed on 3-5 patient samples. Antibodies used are outlined in Table E1.
All immunofluorescence images are from lesional skin. In all immunofluorescence figures,
single stained controls are above the merged image, white line denotes dermo-epidermal
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junction, dermal collagen fibers gave green autofluorescence, and antibodies conjugated
with a fluorochrome often gave background epidermal fluorescence.

CCL20 detection in TRAIL-treated cultured keratinocytes
Primary pooled human keratinocytes (n=4) were obtained from Yale Skin Diseases Research
Center core facility. Keratinocytes were cultured in EpiLife medium with defined growth
supplement (Cascade Biologics) at 37°C. Once 80% confluent, cytokines were added to
keratinocytes and harvested after 24 hours. Cytokines added were rh-TRAIL (Peprotech
Inc.) 0.1ng/mL, 1ng/mL, 10ng/mL, 100ng/mL, TNF (R&D) 10ng/ml, Etanercept (Enbrel,
Amgen) 10ug/ml. Concentrations of CCL20 in cell-free supernatants of TRAIL-treated
keratinocytes were measured using the Quantikine Human CCL20/MIP-3 alpha ELISA
(R&D Systems).

Statistics
Two-tail, Wilcoxon signed rank test was used to compare lesional versus non-lesional
mRNA expression, and control versus TNF or TRAIL treated keratinocytes. A t-test was
also used to compare the effects on CCL20 protein of TRAIL and other mediators. Effect
size was calculated by subtracting control CCL20 protein from the mediator added. For all
figures p<0.05 (*), p<0.01 (**), p<0.001 (***). To compare microarray data from CD1c-

with CD1c+ DCs, a moderated paired t-test was used, available in limma package from R/
Bioconductor (http://www.bioconductor.org/). For multiple hypotheses testing, false
discovery rate was controlled by using the Benjamini–Hochberg procedure. Genes were
considered significant if they had a fold change > 3, and false discovery rate < 0.2
(maximum observed p value =0.03). (using ENTREZ identifiers) and then matched between
the two platforms.

Results
CD11c+CD1c- inflammatory DCs were closely related to CD1c+ resident DCs and in vitro-
derived immature DCs

We analyzed the transcriptome of these CD1c- DCs from psoriasis lesions together with the
transcriptomes of other in vitro-derived myeloid cells19, using principal component analysis
(PCA). PCA is a data analysis algorithm to visually assess similarities and differences
between samples22. The genomic similarity of these different cell types is represented in a
2D map (see Figure E1 in the Online Repository). While the grouping of similar samples
was expected, this analysis showed that there was a clear (right-to-left) progression from in
vitro-derived macrophages, in vitro-derived immature DCs (iDC), to psoriatic CD1c- DCs,
psoriatic CD1c+ DCs, and in vitro-derived mature DCs (mDC). Monocytes were located far
away from this “line” as a negative control. CD1c- DCs were most closely related to CD1c+

DCs followed by iDCs.

The CD1c- DC subset in psoriasis expressed inflammatory genes including TRAIL, TLR1/2,
S100A12 and CD32

The gating strategy to obtain pure CD11c+CD163-HLA-DR+CD1c- (n=4) and
CD11c+CD163-HLA-DR+CD1c+ (n=3) populations is shown in Figure 1A. Gene array
analysis was performed to compare the two DC populations using fold change >3, p<0.03,
false discovery rate < 0.2. We found that 555 genes were up-regulated and 131 genes were
down-regulated in the CD1c- DC population compared to the CD1c+ DC population (see
Table E2 in the Online Repository). From this list, we selected known inflammatory genes
of interest, and found that the majority of these genes were upregulated in the CD1c-

population (Figure 1B), supporting prior observations that the CD1c- DC subset is
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inflammatory in function2. Of particular interest were inflammatory mediators TNF-receptor
apoptosis-inducing ligand (TRAIL)/TNFSF10 and S100A12/EN-RAGE (fold change 6.1
and 18.1 respectively). Notable receptor genes included Toll-like receptors 1 and 2 (TLR1
and TLR2) and Fc fragment of IgG, low affinity IIa and IIb receptors (FCgR2a/CD32a and
FCgR2b/CD32b) (fold change 9.8, 8.4, 8.7, and 12.8, respectively). Although our single-cell
sorting strategy gated out CD163 protein expressing macrophages, CD163 mRNA was
expressed in CD1c- DCs (fold change 24.3). In addition, CCR2 monocyte chemotactic
receptor and intracellular pattern recognition receptor nucleotide-binding oligomerization
domain protein 2 (NOD2) were expressed in CD1c- myeloid DCs (fold change 13.7 and 5.6,
respectively).

We verified that these genes were potentially important inflammatory mediators in psoriasis
by performing RT-PCR for these genes in additional non-lesional and lesional paired biopsy
specimens (n=11 pairs). TLR2, TRAIL, S100A12, and CD32 were significantly up-
regulated in lesional psoriatic skin compared to non-lesional (Figure 2). TLR1 expression
was not significantly different in lesional versus non-lesional skin (data not shown).

TRAIL identified the CD11c+CD1c- inflammatory DC population
We determined the relative protein expression of TRAIL, TLR1, TLR2, CD68, CD14, and
CD209 on CD1c+ versus CD1c- dermal dendritic cells using 8-color FACS analysis (n=3).
Representative FACS plots of single cell suspensions from psoriasis lesional biopsies shown
in Figure 3. As in the sorting experiments, both CD1c+ and CD1c- DC populations were
gated on CD11c+CD163-HLA-DR+ cells. We confirmed the gene array expression data that
each of these markers was more highly expressed in CD1c- cells compared to CD1c+ cells.
TRAIL was the most consistent marker for CD1c- inflammatory DCs, expressed at a high
level on nearly all CD1c- cells. One log difference in level of expression of TRAIL by
FACS would allow cell sorting to obtain a pure population of these DCs for further studies.
TLR2 was expressed at a high level of CD1c- cells, but was not highly expressed on CD1c+

cells (Figure 3A). CD1c+ DCs expressed higher levels of DC maturation markers HLA-DR,
CD86, CD83 and CD40 compared to CD1c- DCs (Figure 3B).

We confirmed that TRAIL+ cells were localized to the papillary dermis and at the dermal-
epidermal junction in lesional psoriasis skin, but not in non-lesional skin (Figure 4A), and
TRAIL was expressed by many CD11c+ DCs and few CD1c+ cells (Figure 4B). TLR1
(Figure E2A in Online Repository) and TLR2 (Figure E2B) also localized to the papillary
dermis and dermo-epidermal junction in psoriatic lesional skin, but not in non-lesional skin
by immunohistochemistry. The majority of CD11c+ DCs co-expressed TLR1 and TLR2, but
no CD1c+ cells expressed TLR1 or TLR2. S100A12 was expressed in both lesional and non-
lesional keratinocytes and in dermal cells (Figure E2C). The majority of S100A12 producing
dermal cells expressed CD11c, but very few co-expressed CD1c. CD32 was expressed by
papillary dermal cells in both lesional and non-lesional skin (Figure E2D). In addition,
CD32 was expressed by cells scattered throughout the epidermis and in the reticular dermis
of lesional skin. We found that CD32 was expressed by both CD11c+ and CD1c+ cells.

Characterization of TRAIL+ cells and TRAIL receptor+ cells
TRAIL+ cells co-expressed blood derived antigen CD45, suggesting that TRAIL was only
produced by bone marrow-derived leukocytes (Figure 4C). The majority of TRAIL+ cells
co-expressed MHC-II molecule HLA-DR (Figure 4D), and some TRAIL+ cells were also
CD3+, indicating they were T cells (Figure 4E). Only occasional CD163+ macrophages
expressed TRAIL (see Figure E3 in Online Repository). Thus, the majority of TRAIL
expression in psoriatic skin localized to CD11c+CD1c- inflammatory DCs.
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To determine the potential site of action of TRAIL in psoriatic skin, we evaluated the
expression of its activating receptors DR5, DR4, and DcR2 (Figure 4F). Ligation of DR5
and DR4 may more commonly induce apoptosis but also inflammation, while the DcR2
lacks an apoptosis domain and causes inflammation cells via NFκB14-16. In both non-
lesional and lesional skin DR5 was not expressed, but DR4 and DcR2 were localized to
basal keratinocytes and dermal cells. Few CD11c+ cells expressed DR4 (Figure E4A in
Online Repository), and there was no overlap between DR4 and either CD3 (Figure E4B) or
CD163 (see Figure E4C). In the dermis, there was nearly complete overlap between DR4
and blood vessel markers vimentin and CD31, and growth receptor IGF1Rb (Figure E4D, E,
F).

TRAIL+ cells produced IL-23p19 and IL-12/IL-23p40 cytokine subunits, as well as iNOS and
TNF

We further characterized the myeloid DC subsets in psoriasis lesions using double label
immunofluorescence (Figure 5). The resident myeloid DCs (CD1c+) expressed IL-23p19 but
not IL-12/23p40 (Figure 5A), while the inflammatory subset identified by CD11c expressed
both IL-23 subunits (Figure 5B)4, 5. Many IL-12/23p40 and IL-23p19 expressing cells also
expressed TRAIL (Figure 5C) and some TRAIL+ cells expressed iNOS and TNF (Figure
5D). Results are summarized in Table E3 (see Table E3 in the Online Repository). Thus.
TRAIL+ cells are likely a subset of inflammatory myeloid DCs that contributes to
pathogenesis in psoriasis by producing these inflammatory mediators.

TRAIL induced CCL20 in human cultured keratinocytes
In order to start to evaluate the potential function of TRAIL in the skin, pooled human
keratinocytes (n=3) were cultured with recombinant human TRAIL. TRAIL induced dose-
dependent CCL20 expression in cultured keratinocytes, although TNF induced 10-fold more
CCL20 mRNA expression than 100ng/mL of TRAIL (see Figure E5A in the Online
Repository). A second set of experiments (n=3) were performed to analyze the production of
CCL20 protein by TRAIL. In Figure E5B, addition of each agent was compared to saline to
determine the difference from control. There was some background CCL20 produced (mean
38 pg/ml), most likely due to endogenous TNF production, as there was a reduction in
CCL20 production by the addition of etanercept (to mean 22 pg/ml, p=0.1). There was an
increase in the production of CCL20 by TRAIL (56 pg/ml) compared to control (p=0.3), but
it was greater in magnitude compared to etanercept alone (p=0.12). TRAIL appears to
induce some TNF as the addition of etanercept decreased the amount of CCL20 produced
(43pg/ml). TNF induced a greater increase in CCL20 (179 pg/ml) compared to control
(p=0.13), and this was almost completely abolished by etanercept (14 pg/ml).

Discussion
In this study, we have identified novel molecular markers of different DC subsets in
psoriasis, a common human inflammatory skin disease. These markers were initially
identified in the transcriptome of FACS-sorted, dermal single cell suspensions from
inflamed human skin, and expression was confirmed in situ. This approach has led to
identification of new molecules that are associated with infiltrating leukocytes in psoriasis
and it has expanded our understanding of how CD11c+CD1c- DCs may contribute to
inflammation in human skin.

We first studied TRAIL as an example of how the list of CD1c- differentially expressed
genes could be used to dissect pathogenic mechanisms of these inflammatory myeloid DCs.
TRAIL is best known as an apoptosis-inducing ligand that selectively “kills” tumor cells12.
In BCCs treated with the TLR7/8 agonist imiquimod, TRAIL acted as a cytotoxic
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molecule11. During the BCC regression phase, imiquimod treated, DR4-expressing tumor
islets were surrounded by an inflammatory infiltrate containing TRAIL-expressing CD11c+

myeloid DCs, plasmacytoid DCs, and T cells. In vitiligo, TRAIL was proposed to cause
apoptosis of melanocytes, resident skin pigment producing cells. TRAIL+ CD11c+ DCs
surrounded depigmented plaques, and both TRAIL and in vitro-derived TRAIL+ DCs were
cytotoxic to cultured melanocytes23.

However, recent studies on mouse models of allergic asthma have suggested a potential
inflammatory role for TRAIL in immune-mediated diseases. In both human asthmatics and
an allergen-specific airway hyperreactivity mouse model, TRAIL was overexpressed in
asthmatic sputum and the bronchial epithelium, respectively. In mice deficient for TRAIL,
this allergen-specific airway hyperreactivity was abolished, secondary to diminished T cell
trafficking to the lungs17. TRAIL and S100A12, both products of inflammatory DCs,
potentiate inflammation by upregulating blood vessel leukocyte adhesion molecules and
TRAIL promotes vascular proliferation24-26.

There is a third proposed role for TRAIL, as an anti-inflammatory agent. In patients with
AD but not in healthy controls, TRAIL was expressed in blood mononuclear cells, T cells,
eosinophils, and neutrophils, and in cutaneous T cells. Expression of TRAIL in myeloid
DCs was not assessed. The investigators proposed an anti-inflammatory function for TRAIL
in human skin, demonstrating that TRAIL induced IL-1R antagonist expression in cultured
human keratinocytes18.

While alternate functions of TRAIL in cutaneous diseases have been proposed, the
expression in psoriasis is most consistent with its pro-inflammatory or cell-damaging effects
in other systems. CCL20, a potent T cell and DC chemokine, was expressed by bronchial
epithelial cells in a TRAIL-dependent manner17. Our studies support a similar mechanism of
TRAIL-dependent inflammation in psoriatic skin. TRAIL receptors DR4 and DcR2 were
expressed on psoriatic basal keratinocytes, and recombinant human TRAIL induced CCL20
in cultured human keratinocytes. TRAIL may function as an inducer of CCL20 and
subsequent T cell and DC chemotaxis to sites of inflammation, although the biological
relevance of the induction of CCL20 by TRAIL remains to be determined.

Thus, TRAIL may contribute to leukocyte trafficking and transmigration through induction
of CCL20 in keratinocytes, endothelial cell integrin and selectin up-regulation, and IGF1R-
dependent vascular smooth muscle cell proliferation. In psoriasis skin, there is no evidence
for keratinocyte or vessel apoptosis27, however, there is up-regulated blood vessel integrin
and selectin expression28, 29. TRAIL-induced vascular hyperproliferation may contribute to
the psoriatic phenotype of supra-abundant ectatic blood vessels coursing through the
papillary dermis30. Therefore, we propose a unifying hypothesis whereby TRAIL production
by inflammatory myeloid DCs acts on TRAIL receptors on keratinocytes, vascular smooth
muscle cells, and endothelial cells to induce secretion of CCL20, proliferation of blood
vessels, and inducion of E-selectin and ICAM-1 expression (Figure E6 in the Online
Repository).

Other molecules in the molecular characterization of inflammatory myeloid DCs that are of
great interest include TLR1 and TLR2, S100A12 and CD32. We confirmed these genes
were specific to CD11c+ cells, and not CD1c+ cells in psoriasis by immunofluorescence.
TLR1/2 are very interesting molecules as they are the receptors for Listeria monocytogenes,
and infection in mice with this agent induced TIP-DCs31, which we described in psoriasis,
and consider a subset of inflammatory myeloid DCs2, 32. DCs co-express the activating
(CD32a) and inhibitory (CD32b) isoforms of IgG FcR II (CD32). The balance between
these receptors controls DC activation, maturation and function33. Further studies will be
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required to determine if and how these molecules function in cell-mediated inflammatory
skin diseases.

We have now identified a number of positive surface markers that distinguish
“inflammatory” DCs from “resident”, CD1c+ DCs in human skin. These markers need to be
studied on DC subsets that accumulate in different inflammatory conditions, such as atopic
dermatitis or Crohn's disease to determine if they are restricted to specific disease tissues or
different types of cell mediated inflammation (Th1/Th17 versus Th2). Our transcriptome
also identified a wide set of molecules in bona-fide inflammatory DCs that should be
compared to molecules induced during in vitro manufacture of DCs with various cytokines
and ligands. These markers give the potential to more easily sort distinct DC subsets for
functional studies. Furthermore, these molecules identify potential therapeutic targets to
prevent the development or emigration of pathogenic myeloid DCs into the skin for the
prevention or treatment of psoriasis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

DC dendritic cell

iNOS inducible nitric oxide synthase

Tip-DC TNF-and-iNOS producing dendritic cell

TRAIL TNF-related apoptosis-inducing ligand

DR4 death receptor 4

DR5 death receptor 5

DcR2 decoy receptor 2

IGF1Rb insulin-like growth factor 1 receptor b

BDCA-1 blood dendritic cell antigen-1

VSMC vascular smooth muscle cell

KC keratinocyte

NOD2 nucleotide-binding oligomerization domain protein 2

HUVEC human umbilical vein endothelial cell

HD-MEC human dermal microvascular endothelial cell

ICAM-1 intercellular adhesion molecule 1

AD atopic dermatitis

BCC basal cell carcinoma

TLR Toll-like receptor

iDC immature dendritic cell

mDC mature dendritic cell
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Figure 1. Transcriptome of CD1c- DCs versus. resident CD1c+ DCs from psoriatic dermis
(A) Gating strategy used for cell sorting. HLA-DR+CD11c+CD163- myeloid DCs were
sorted into CD1c- (red gate) and CD1c+ (blue gate) populations. (B) Selected up- and down-
regulated inflammatory molecules from the transcriptome of CD1c- DC populations. The
full list of differentially expressed genes can be found in Table E2.
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Figure 2. RT-PCR of genes differentially up-regulated in CD1c- DCs in non-lesional and lesional
psoriatic skin
TLR2, TRAIL, S100A12, and CD32 were up-regulated in lesional psoriatic skin (n=11).
Error bars indicate SEM. p<0.05 (*), p<0.01 (**), p<0.001(***).
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Figure 3. Flow cytometric analysis of psoriatic dermal single cell suspensions
(A) CD1c- DCs (bottom row) express higher levels of TRAIL, TLR1, TLR2, CD68, CD14
and CD209 compared to CD1c+ DCs (top row), (B) CD1c+ DCs expressed comparatively
higher levels of DC maturation antigens HLA-DR, CD86, CD83 and CD40. Red histogram
represents antigen expression gated on HLA-DR+CD11c+CD163-CD1c+/- DCs, blue is
isotype.

Zaba et al. Page 13

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. Lesional CD11c+CD1c- DCs express TRAIL, and keratinocytes expressed TRAIL
receptors
(A) TRAIL antigen was present in lesional dermis. (B) The majority of lesional CD11c+

cells expressed TRAIL, while few cells co-expressed TRAIL and CD1c. (C) Many TRAIL+

cells express CD45, (D) HLA-DR, and (E) some T cells expressed TRAIL. (F) There was no
expression of DR5, but abundant DR4 and some expression of DcR2. Bar = 100μm.
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Figure 5. Expression of Th17 polarizing cytokines IL-23p19 and IL-12/IL-23p40 in cutaneous
DCs in psoriasis
(A) CD1c+ resident DCs did not express IL-12/23p40, but did express IL-23p19. (B)
Inflammatory myeloid DCs (CD11c+) expressed both IL23 subunits. (C, D) TRAIL+ cells
co-expressed some IL-12/IL-23p40 and IL-23p19, as well as iNOS and TNF. Bar = 100μm.
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