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Major differences in inflammatory dendritic
cells and their products distinguish atopic
dermatitis from psoriasis

Emma Guttman-Yassky, MD, MSc,? Michelle A. Lowes, MBBS, PhD,? Judilyn Fuentes-
Duculan, MD,? Julia Whynot, BSc,? Inna Novitskaya, MSc,? Irma Cardinale, MSc,?
Asifa Haider, PhD,? Artemis Khatcherian, MSe¢,? John A. Carucci, MD, PhD,?

Reuven Bergman, MD,° and James G. Krueger, MD, PhD? New York, NY, and Haifa, Israel

Background: Atopic dermatitis (AD) and psoriasis represent
contrasting poles of the Tyl versus Ty2 paradigm. Both
diseases have been associated with increased numbers of
dendritic cells (DCs) in the skin, but the similarities and
differences in DC populations need to be established.
Objective: We aimed to characterize the specific DC subsets,
as well as chemokine and cytokine environment in chronic
AD compared with psoriasis.

Methods: Skin biopsies were obtained from patients with acute
exacerbation of chronic AD (n = 18), psoriasis (n = 15), and
healthy volunteers (n = 15) for microarray analysis, RT-PCR,
immunohistochemistry, and double-label immunofluorescence.
Results: Myeloid DCs upregulate CCL17 and CCL18 in AD,
as opposed to TNF-a and inducible nitric oxide synthase
(iINOS) in psoriasis. In our study, we identified cells
phenotypically identical to the inflammatory dendritic
epidermal cells in the dermis in both diseases, although to a
lesser extent in psoriasis. We found substantially higher
numbers of dermal CCL22 producing plasmacytoid DCs in AD.
The thymic stromal lymphopoietin receptor showed
significantly higher expression in AD, whereas the thymic
stromal lymphopoietin ligand was upregulated more in
psoriasis.

Conclusion: There are major differences in myeloid and
plasmacytoid subsets of cutaneous DCs and the chemokine/
cytokine environment between AD and psoriasis. Distinct
subsets within the CD11c* population may influence
polarization through the production of regulatory mediators,
including iNOS, TNF, CCL17, and CCL18. Plasmacytoid DCs
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may also influence Ty2 polarization, having a more important
role in AD than previously appreciated.

Clinical implications: Dermal inflammatory dendritic cells in
AD and TNF and iNOS-producing DCs in psoriasis, and/or
their regulatory products, may be potential targets for future
therapeutic interventions. (J Allergy Clin Immunol
2007;119:1210-7.)

Key words: Atopic dermatitis, psoriasis, myeloid DCs, inflamma-
tory dendritic epidermal cells, plasmacytoid DCs, TIP-DCs

Psoriasis and atopic dermatitis (AD) are common
inflammatory skin diseases, accounting for the largest
group of human diseases likely to be T-cell-mediated or
autoimmune diseases in human beings.'™ Chronic AD
and psoriasis vulgaris share many pathologic features in
skin lesions, including the presence of marked T-cell infil-
trates, hyperplasia/altered differentiation of keratinocytes,
and infiltration by a group of CD11c¢*/CDla™ dendritic
cells (DCs) that have been termed inflammatory dendritic
epidermal cells IDECs).> Whereas the original methods
for definition of this DC subset were based on flow-
cytometric techniques and examination of DCs in cell sus-
pensions of the epidermis (which led to classification of
the cells as epidermal)f”8 more recent work has identified
a significant population of CD1a™* DCs within the dermis
of normal skin.” The overall number and distribution of
IDECs within the epidermis and dermis of normal skin
and inflammatory skin disorders are presently unknown,
although this is potentially a key issue in the activation
of T cells located in the epidermis versus dermis of inflam-
matory skin diseases.

An increased frequency of another DC subset, plasma-
cytoid DCs (CD11c DCs that express blood dendritic
cell antigen (BDCA)-2 or CD123), has been noted in
AD and psoriasis.''? Recent work in psoriasis has also
identified skin infiltration by a group of CD11c”™ DCs
that synthesize TNF-a and inducible nitric oxide synthase
(iNOS), termed TNF and iNOS-producing DCs (TIP-
DCs). These cells are abundant in the dermis, approxi-
mately equal in number to T cells in the skin lesions."?
Atopic lesions have not yet been investigated for the
presence of TIP-DCs. Because TNF-a and iNOS likely
contribute to the inflammation of psoriasis, it would be
important to compare psoriasis and AD in terms of the
types of inflammatory DCs.
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Abbreviations used
AD: Atopic dermatitis
BDCA: Blood dendritic cell antigen
DC: Dendritic cell
DC-SIGN: Dendritic cell-specific intercellular adhesion
molecule 3—grabbing nonintegrin
FC: Fold change
hARP: Human acidic ribosomal protein
IDEC: Inflammatory dendritic epidermal cell
iNOS: Inducible nitric oxide synthase
PDC: Plasmacytoid dendritic cell
TIP-DC: TNF and iNOS-producing dendritic cell
TSLP: Thymic stromal lymphopoietin
TSLPR: Thymic stromal lymphopoietin receptor

An additional pathogenic factor in AD is thymic
stromal lymphopoietin (TSLP). TSLP is an IL-7-like
cytokine produced by AD keratinocytes.'*'® It binds to a
heterodimeric receptor composed of the IL-7R and TSLP
receptor (TSLPR). TSLP matures myeloid DCs to produce
Ty2-attracting chemokines, such as CCL17 (thymus and
activation-regulated chemokine) and CCL22 (macro-
phage-derived chemokine),*'*'® and to differentiate T
cells to become inflammatory Ty2 cells producing TNF-
o, [L-4,1L-5, and IL-13. This reveals a potential functional
link among epithelial cells, DCs, and T-cell-mediated
immune responses. ta-16

To define similarities and differences between AD
and psoriasis further, we characterized the specific DC
subsets and chemokine and cytokine environment in
patients with chronic AD. First, we noted an abundance
of myeloid DCs in both AD and psoriasis, but in AD,
these DCs expressed chemokines that attract Ty2 cells,
and the AD DCs lacked iNOS. Second, IDECs were
found predominantly in the dermis of both diseases, al-
though they were significantly increased in AD com-
pared to psoriasis. Third, there were significantly more
plasmacytoid DCs (PDCs) in AD than psoriasis.
Finally, whereas TSLP was expressed more in psoriasis,
the TSLPR showed significantly higher expression in
AD. Thus, there are major differences in the myeloid
and plasmacytoid subsets of cutaneous DCs and chemo-
kine/cytokine environment between these 2 important in-
flammatory skin diseases.

METHODS
Study design and skin samples

Skin biopsies were collected from 18 patients with atopic derma-
titis (12 male subjects, 6 female subjects; age, 17-66 years; median,
37 years), 15 patients with psoriasis (lesional and nonlesional skin; 11
men, 4 women; age, 28-59 years; median, 48 years), and 15 healthy
volunteers (7 men, 8 women; age, 24-69 years; median, 41 years)
under a Rockefeller University Institutional Review Board—approved
protocol. Patients with moderate to severe psoriasis (psoriasis
involvement of > 10% body surface area) and with an acute
exacerbation of chronic AD (Scoring Atopic Dermatitis Index
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between 20 and 70, all with elevated IgE) who did not receive any
therapy for > 4 weeks were included.

Sample preparation for gene chip analysis

The microarrays used for this study were U95A-set GeneChip
probe arrays (Affymetrix Inc, Santa Clara, Calif) containing probe
sets of approximately 12,000 genes. The labeled target was
fragmented and hybridized to probe arrays as previously described.'”
A description of RNA extraction and chip processing is provided in
the Methods in this article’s Online Repository at www.jacionline.
org. On each chip, the human housekeeping genes 3-actin and glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) served as controls
for normalization of expression values. Chips with 3’ to 5’ ratios for
GAPDH less than 3 and scaling factors within 3-fold of each other
were compared for the study.

DNA microarray analysis

Data were analyzed with Affymetrix Microarray Suite 5.0 soft-
ware (Affymetrix Inc) and GeneSpring 7.0 software (Silicon
Genetics, Redwood City, Calif). Detailed protocols for data analysis
were previously described.'®

Gene expression analysis. Using GeneSpring 7.0, the Robust
Multi-Chip Average algorithm was applied for normalizing and
summarizing probe-level intensity measurements, as described
elsewhere.'®

Hierarchical clustering and heatmaps. Hierarchical clustering
was performed by using GeneSpring 7.0. Genes with a similar pattern
of expression were grouped as hierarchical clusters and presented as
heatmaps. The gene tree was computed on the basis of a full data set,
and distances between samples were computed by using Pearson
correlations as similarity measures. Each line in the heatmap repre-
sents genes with relative upregulated (red) or downregulated (green)
expression values in fold changes.

Statistical comparisons. Data were analyzed by unpaired 2-tailed
t test or 1-way ANOVA. We considered genes that passed the
Benjamini and Hochberg correction as the most relevant for skin
inflammation. An associated probability of <.05 was considered
significant.

Description of relevant functions of genes. GeneOntology anno-
tations of differentially expressed genes were collected from
LocusLink (http://www.ncbi.nlm.nih.gov/LocusLink).

Real-time PCR analysis. Primers and probes for TagMan RT-
PCR (Applied Biosystems, Foster City, Calif) assays were generated
with the Primer Express algorithm (Applied Biosystems), version
1.0, by using published genetic sequences (National Center for
Biotechnology Information-PubMed) for each gene. Sequences are
published in the Methods in this article’s Online Repository at
www.jacionline.org. The data were analyzed and quantified by the
software provided with the Applied Biosystems PRISM 7700 (Se-
quence Detection Systems, version 1.7). Statistical comparisons of
mRNA expression levels were performed by using a 2-tailed Student
t test, with a probability of P < .05 considered significant.

Immunohistochemistry and immunofluorescence. Tissue sections
were stained with hematoxylin and eosin. mAbs used for immuno-
histochemistry are listed in the Methods in this article’s Online
Repository at www.jacionline.org. Biotin-labeled horse antimouse
antibody was amplified and developed as previously described.'?
Positive cells were counted by using computer-assisted image analy-
sis, National Institutes of Health software (NIH IMAGE 6.1), which
captures an image of a 1-mm length of epidermis (and approximately
1 mm depth of dermis below this length). Cells were counted per 1-
mm epidermal length in both epidermis and dermis. The counts were
analyzed by using the Mann-Whitney test, comparing epidermis and
dermis of normal, psoriatic, and AD skin. A probability of P < .05
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was accepted as significant. For immunofluorescence, skin sections
were fixed with acetone and then blocked in 10% normal goat serum
(Vector Laboratories, Burlingame, Calif). Primary antibodies were
incubated overnight at 4°C. Sections were stained with an anti-iso-
type antibody conjugated to a fluorochrome and then blocked with
10% mouse serum. A second primary was applied to the section
and detected with an anti-isotype antibody conjugated to an alternate
fluorochrome. Images were acquired by a Zeiss Axioplan 2I upright
microscope (Zeiss, Thornwood, NY) with attached Zeiss 5 Fluar/0.25
and 10 Fluar/0.05 lenses and appropriate filters.

RESULTS

In this study, we characterized DCs and inflammatory
products in patients with untreated active psoriasis or
atopic dermatitis. The extent of epidermal reaction was
similar by histologic and genomic measures, as shown
in this article’s Fig El in the Online Repository at
www.jacionline.org.

Quantification and distribution of T cells and
major DC lineages in normal skin, psoriasis,
and AD lesions

We analyzed biopsies for the number and distribution
of T cells and the 3 main DC lineages: Langerhans cells,
CDI11c* DCs (marking dermal and interstitial DCs),'® and
PDCs. We also included a number of other markers that
may distinguish functional DC subsets within these clas-
ses. Results are shown in Fig 1 and this article’s Fig E2
in the Online Repository at www.jacionline.org.

T cells. We measured the number of T cells and DCs in
biopsies of normal skin, psoriasis, and AD (Fig 1). Although
AD and psoriasis had similar numbers of CD3™ T cells in
the dermis, the number of T cells in the epidermis was sig-
nificantly higher in psoriasis (a mean of 109 and 53 T cells
per millimeter in psoriatic and AD epidermis, respectively;
P = .01). Normal skin had minimal T-cell infiltrates.

Langerhans cells. We identified Langerhans cells using
both langerin and CDla. In normal and psoriatic skin,
there was a similar number and distribution of epidermal
langerin® and CDla* cells (Fig 1), and these markers
were consistently coexpressed in Langerhans cells (Fig
2, B). However, in AD, there was significantly increased
CDla distribution in both the epidermis and dermis, but
the increase in CD1a™ cells in the dermis was particularly
notable (P = .004 psoriatic vs AD dermis). Langerin and
CD1a were coexpressed on epidermal but not on dermal
cells in AD (Fig 2, C), which might indicate a dermal
CDl1a™ IDEC population that is langerin-negative.

CDIIc DCs. Compared with normal skin, both pso-
riasis and AD have consistent increases in CD11¢™ DCs,
in a similar pattern (30/123 CD11c™ cells per millimeter
epidermis/dermis in psoriasis; 38/158 CD11c* cells per
millimeter epidermis/dermis in AD; and 11/72 CD11c”*
cells per millimeter epidermis/dermis in normal skin).
AD showed increased CD11c™ cells in the dermis com-
pared with psoriasis (P = .046). However, as will be dis-
cussed, the products of CDIlc™ DCs were markedly
different in these 2 diseases.
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PDCs. We found a significantly higher number of
BDCA2™ cells in the dermis of AD compared with both
psoriatic and normal skin. The mean number of
BDCA2™ cells was < 10 cells per millimeter in normal
and psoriatic dermis and 52 cells per millimeter in AD
(P = .002 for AD dermis compared with psoriatic dermis,
and P = .009 for AD compared with normal dermis).

IDECs. IDECs are defined as HLA-DR*Lin~
CDI11c*CD1a*CD1237/BDCA2~ DCs that coexpress
CD206/macrophage mannose receptor (MMR), CD36,
FceRlI, IgE, CD1b/c, and CD1 1b.%7 Given the increased
expression of CDla" in dermal cells in AD, we further an-
alyzed additional markers of IDECs, including CD36
(thrombospondin receptor), CD206 (MMR), FceRI, and
CDlb/c.

Based on cell counts (Fig 1), the number of CD36%,
CD206™", and FceRI" cells was higher in the dermis of
AD lesions compared with normal skin (P < .05 for all an-
tigens). CD206™ cell numbers were also higher in AD ep-
idermis and dermis compared with psoriasis (P = .0003,
.0007, respectively). The distribution pattern of CD36
and CD206 markers was similar in all skin samples, sug-
gesting they identified the same cell type. FceRI, consid-
ered a hallmark of IDECs, was similarly distributed in
AD and psoriasis, displaying a relatively more restrictive
staining pattern than CD206 and CD36. FceRI staining
was mainly dermal in all skin lesions (Fig 1; see this arti-
cle’s Fig E2 in the Online Repository at www.jacionline.
org). CD1b/c displayed a significantly higher dermal
distribution in AD (a mean number of 39 vs 89 cells per
millimeter in the dermis in psoriasis vs AD, respectively;
P = .02). The majority of CD1b/c™ DCs in AD, like the
CDla" DCs, were dermal residents.

In normal skin, CD1a and CD11c were mainly epider-
mal and dermal, respectively, and not coexpressed (Fig 2,
A), whereas langerin and CDla were expressed on the
same cell and located in the epidermis (Fig 2, B). In AD,
langerin was mainly epidermal, but CD1a also has a der-
mal distribution (Fig 2, C and D), with minimal coexpres-
sion of these 2 markers in the dermis (Fig 2, C). In contrast
with normal skin, IDECs in AD (defined by coexpression
of CD1lc"/CDla", CDllc"/FceRI", and CDIllc"/
CD206™) were mainly located in the dermis (Fig 2, D-
F), although a few CD11c*/CD1a™ cells appear to be mi-
grating into the epidermis (Fig 2, D). The expression of
DC-specific intercellular adhesion molecule 3—grabbing
nonintegrin (DC-SIGN/CD209), although not a known
IDEC marker, was found to parallel other IDEC markers
(Fig 1). Double immunofluorescence labeling showed
that DC-SIGN-positive cells are also CD206-positive
(see this article’s Fig E3 in the Online Repository at
www.jacionline.org). The combination of single IDEC
markers shown in Fig 1 and double-label markers shown
in Fig 2 establishes a predominantly dermal location for
IDEC-like DCs.

TIP-DCs. TIP-DCs are a new type of myeloid CD11c™
DCs that are increased in psoriasis compared with normal
skin.'® These cells show an intense distribution of iNOS,
as well as TNF in psoriasis. In AD, however, as well as
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FIG 1. Quantification of the cellular microenvironment in normal skin, psoriasis, and AD. Cell counts/mm and
means in normal epidermis (N epi), normal dermis (N derm), psoriatic epidermis (P epi), psoriatic dermis
(P derm), AD epidermis (AD epi), and AD dermis (AD derm). *P < .05, **P < .01, ***P < .001.

cells per millimeter in normal skin, 33 and 126 cells per
millimeter in psoriatic epidermis and dermis, respectively,
and 0 and 68 cells per millimeter in AD (P < .0001, and
.003 in AD vs psoriasis epidermis and dermis,

in normal skin, we found less intense staining for iNOS
(see this article’s Fig E2 in the Online Repository at
www.jacionline.org) and significantly fewer iINOS™ cells
(Fig 1). The mean number of iNOS™ cells was 0 and 71 P
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FIG 2. Double-label immunofluorescence confirmed the dermal presence of CD1a* cells in AD and the lack of
complete overlap with langerin, in contrast with normal skin. A and B, Normal skin; C-F, AD. CD11c and CD1a
were not coexpressed (A), whereas langerin and CD1a™ were nearly completely coexpressed (B) in normal
skin. In AD, there was only partial coexpression of CD1a" and langerin, with substantial dermal localization
of CD1a* cells (C), and partial coexpression of CD11c* and CD1a* cells (D) in both epidermis and dermis.
In AD, CD11c* cells colocalized with FceRI and CD206 markers in the upper dermis (E and F).

respectively; Fig 1). In addition, there was reduced iNOS
mRNA in AD versus psoriasis (P < .0001; Fig 3). Hence,
TIP-DCs appear to characterize psoriasis but not AD.
DCs with markers of maturation and strong antigen-
presenting potential. Markers of highly immunogenic
DCs include CD1b/c, CD205, DC-lysosomal-associated
membrane protein (LAMP), and CD83, with the last 2 also
identifying mature DCs. All these markers were increased
in AD versus normal skin (P < .05 for all comparisons;
Fig 1; see this article’s Fig E2 in the Online Repository
at www.jacionline.org). CD83 was minimally distributed
in normal skin and increased in AD and psoriasis (P <
.001 for psoriasis and AD vs normal skin). CD205
(DEC-205), a member of the family of C-type lectin endo-
cytic receptors, is a DC antigen uptake/processing recep-
tor. There was little CD205 staining in normal skin, but
clear expression in AD and psoriasis (Fig 1; see this arti-
cle’s Fig E2 in the Online Repository at www.jacionli-
ne.org). DC-LAMP*, CD83", and CD205" cells were
often organized in discrete dermal clusters in both AD
and psoriasis (see this article’s Fig E2 in the Online
Repository at www.jacionline.org). These clusters also

contain many T cells intermixed with DCs (data not
shown).

Expression of Ty2-type inflammatory genes
in AD versus psoriasis

We verified high-quality mRNA, based on the control
gene human acidic ribosomal protein (hARP), a high level
of keratin16 expression in both psoriasis and AD, and also
a high level of expression of several epidermal activation
genes using Affymetrix U95 gene arrays (Affymetrix,
Santa Clara, Calif) (Fig 3, A; see this article’s Fig E1 in
the Online Repository at www.jacionline.org), which
were confirmed by RT-PCR. As expected, AD was char-
acterized by a Ty2 profile, with abundant IL-5, IL-10,
and IL-13, and reduced expression of IFN-y (Fig 3, A).
In contrast, psoriasis showed a Ty1 pattern, with elevated
IFN-vy and low levels of expression of IL-5, IL-10, and IL-
13. In addition, IL-8 and IL-13 were increased in psoria-
sis. We therefore analyzed a set of cytokines, chemokines,
and receptors that are associated with polarization by DCs
toward cell populations that stimulate Ty;1 versus Ty2 cell
responses.
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CDIB 5855 0.00159
MMP12 3697 0.0000792
CCLI8 5.883 0.00383
CDIC 3559 0.0243
CCLS 3471 0.0438
ILIORA2.549 0.00148
IL7R  3.194 0.000453
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ILIb  CCL17 CCLI8 CCL22 TSLPR TSLP L CCLS
Cc
Psoriasis Inflammatory genes
Normal NLPS AD LSPS Common FC Pvalue

L8 37.85 0.00219
IL1IB  8.111 0.00575
NOS2A 6.696 0.00147
CCL20 9.283 0.000559
ILIRN 7.15 0.00199
STATI 5.1 0.00108
LYN 3241 0.000002
REL 2,825 0.0033

FIG 3. Genomic expression differences in AD compared to psoriasis. A, RT-PCR analysis of selected genes in
AD, lesional psoriasis (LS PS), nonlesional psoriasis (NL PS), and normal skin. Mean gene expression values/
hARP are shown (SEM), with statistical analyses indicated. B and C, Heat maps showing the differences in
expression of proinflammatory DC products between AD and psoriasis, upregulated genes in AD (B), and
psoriasis (C). FC and P values represent AD versus psoriasis.

Differential expression of chemokines and
cytokines that may regulate Ty2 versus Tyl
polarization in AD versus psoriasis

Chemokines produced by DCs polarizing Ty2 re-
sponses include CCL17, CCL18 (pulmonary and activa-
tion-regulated chemokine), and CCL22. We found
significantly increased CCL17 and CCL22 mRNA expres-
sion in AD skin lesions compared with psoriasis and nor-
mal skin (P < .01; Fig 3, A). TSLP, thought to be critical
for activating CD11c™ DCs to polarize T cells toward
proallergic effectors, and TSLPR were also analyzed.
Although we expected TSLP to be higher in AD, this
was not the case, with increased TSLP mRNA expression
in psoriasis (P < .05; Fig 3, A). In contrast, TSLPR mRNA
expression was significantly greater in AD compared with
both psoriatic and normal skin (P < .001 for both compar-
isons). TSLPR immunostaining was also more intense and
diffuse in AD skin lesions compared with psoriasis lesions
and normal skin (see this article’s Fig E2 in the Online
Repository at www.jacionline.org), suggesting that recep-
tor expression may be more important in regulating TSLP
activity rather than TSLP expression. mRNA expression
of CCL5/RANTES, a Ty2 chemokine which attracts

eosinophils, was significantly increased in AD compared
with psoriasis and normal skin (P < .04; Fig 3, A).

In AD we found an inflammatory Ty2 gene signature
with a significantly higher expression of the following
products compared with psoriasis: CCL17 (fold change
[FC] of 12.5; P < .02), CCL18 (5.88 FC; P < .004),
CCLS5/RANTES (3.471 FC; P < .04), IL-10 receptor an-
tagonist (2.5 FC; P < .001), IL-7 receptor (part of
TSLPR; 3.15 FC; P < .0004), CDla, CDI1b, and CDIc.
Matrix metalloproteinase 12 was also significantly upre-
gulated in AD (3.7 FC; P < .00007; Fig 3, B). In contrast,
psoriatic skin exhibited significantly increased expression
of proinflammatory mediators, including IL-8, IL-13, sig-
nal transducer and activator of transcription 1, and nitric
oxide synthase 2A (NOS2A, gene for iNOS; Fig 3, C).
Among Tyl chemokines, macrophage inflammatory pro-
tein 3o (CCL20) was highly expressed in psoriasis (9.3
FC; P < .0005; Fig 3, C).

Tw2 polarizing chemokines were produced
by DCs in AD

To determine the cell types that produced these polar-
izing chemokines, we localized protein expression to DC
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FIG 4. A proposed alternate model of dermal DC plasticity during
cutaneous inflammation. Depending on environmental triggers, as
well as intrinsic or genetic differences, dermal CD11¢c* DCs differ-
entiate to an inflammatory DC. These IDEC-like interstitial DCs
encompass both the proposed atopic DC in AD and TIP-DC in
psoriasis.
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subtypes. CCL17, CCL18, and CCL22 all showed
increased dermal protein in AD compared with psoriasis
(see this article’s Fig E4, A, in the Online Repository at
www jacionline.org). CD11c* myeloid DCs produced
CCL17 and CCL18 (see this article’s Fig E4, B, in the
Online Repository at www.jacionline.org). PDCs ap-
peared to be the predominant source of CCL22, because
CCL22 was mostly expressed within BDCA-2" DCs
(see this article’s Fig E4, B, in the Online Repository at
www.jacionline.org), whereas we observed minimal
coexpression with CD11c* DCs (data not shown).

DISCUSSION

Acute AD and psoriasis have been considered opposite
poles of the Tyl versus Ty2 paradigm. AD is initially
characterized by a Ty2 profile, with a shift to Ty;1 during
the chronic phase,® whereas psoriasis is considered to be a
model Tyl disease.' DC subsets potentially provide dif-
ferent cytokine and chemokine microenvironments that
determine this differentiation of Tyl or T2 cells.?**! A
marked increase in Ty2 and eosinophil-attracting chemo-
kines was demonstrated in AD, whereas psoriasis was as-
sociated with an expression of cytokines and chemokines
known to attract Ty 1 cells and neutrophils, confirming and
extending previous repons.zz’23 We found a substantially
higher gene expression of CCL5/RANTES in AD in com-
parison with psoriasis and normal skin, which probably
plays a major role in the orchestration and recruitment of
eosinophils in ongoing inflammation in AD.**% Qur eval-
uation of DC subsets provides important new information
that could help explain T-cell polarization in AD versus
psoriasis.

Dendritic cell subsets have been recently expanded to
include DCs that are classic antigen presenting cells, and
also an inflammatory DC.?’ Although both myeloid
(CD11c™) and PDCs have been conceptualized as inflam-
matory DCs, the potential role of DCs as inflammatory
effectors is clearest for TIP-DCs, in which a role in elim-
ination of bacterial infection has been demonstrated.”®
TIP-DCs are also abundant in psoriasis vulgaris skin le-
sions, where they appear to be the dominant type of
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myeloid DC, with overall numbers roughly equal to infil-
trating T cells.'® A small fraction of TIP-DCs invades the
lower portion of the epidermis in psoriasis, so these cells
may in fact be the source of CDl11c* IDECs, which
have been defined as being an epidermal population by
flow-cytometry—based methods of epidermal single cell
suspensions.

Similar to psoriasis, AD lesions contain a rich infiltrate
of CD11c¢™ DCs, with a minority of CDl1l1c* or CDla™/
CD11c™ cells infiltrating the lower epidermal layers. On
the basis of immunohistochemical or fluorescence detec-
tion of the molecules used to classify IDECs as a unique
cell type, we detect no difference in phenotype between
epidermal and dermal populations of CD11c* DCs in
AD or in psoriasis. Hence, it seems IDECs may actually
reflect the larger process by which inflamed skin becomes
infiltrated with a population of inflammatory DCs, and
these cells span dermal and epidermal tissue compart-
ments, unlike normal skin, in which CD11c¢* DCs are
located in the dermis.

We propose an updated model of DC behavior during
cutaneous inflammation (Fig 4), which encompasses our
findings in the context of the recent expansion in the
role of DCs. We suggest that dermal CD11c™ myeloid
DCs are capable of remarkable plasticity. Depending on
environmental triggers, as well as intrinsic or genetic dif-
ferences, DCs may differentiate to an inflammatory DC.
These inflammatory DCs are IDEC-like, and encompass
both the proposed ““atopic DC”” in AD and TIP-DC in pso-
riasis. In AD, stimulation of CD11lc* DCs leads to
development of CCL17-producing and CCL18-producing
DCs. In conjunction with CCL22 from PDCs, this results
in a Ty2-polarizing environment and atopic skin disease.
We observed considerable numbers of PDCs in the dermis
of AD lesions, far exceeding that of psoriasis lesions
and normal skin, supporting an important role for these
cells in AD. In contrast, in psoriasis, TIP-DCs produce
TNF and iNOS that may have specific roles in stimula-
ting the intense visible cutaneous inflammation of
psoriasis.

Another feature of both AD and psoriasis is the
presence of mature (CD83™" or DC-LAMP™") DCs, which
are often organized in aggregates intermixed with T cells.
In addition, CD1b/c* cells constitute a large fraction of
DCs in both conditions, and previous work has established
that this is the most stimulatory type of DC in the periph-
eral circulation.”” Hence, T-cell activation could be stim-
ulated directly in skin lesions of both AD and psoriasis by
multiple types of DCs, and ongoing T-cell activation is
likely to account for the genomic activation of cytokine
mRNAs that typify Tyl versus Ty2 polarity in these
diseases.

In summary, in AD and psoriasis, chronic T-cell
activation and the polarity of differentiation may be
strongly influenced by the mixtures of abundant inflam-
matory and mature DCs. At this point, more work is
required to elucidate distinct factors that allow CD11c™
DCs to differentiate with alternative properties, such as
TIP-DCs versus atopic DCs, and also to determine
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whether intrinsic differentiation of DCs or T cells is influ-
enced by the complex genetic underpinnings of both
diseases.

We thank Dr Ralph Steinman for critical reading of the manuscript.
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