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a4p7 integrin is essential for contact hypersensitivity by
regulating migration of T cells to skin
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Background: 7 integrin, a cell adhesion molecule, is present in
the form of a4f37 integrin or aEf37 integrin. a4B7 integrin is
expressed on most leucocytes and is essential for their migration
to gut-associated lymphoid tissues by interacting with its
primary ligand, mucosal addressin cell adhesion molecule-1,
which is preferentially expressed in gut-associated lymphoid
tissues. Although the importance of a4f37 integrin in intestinal
inflammation has been established, its role in cutaneous
inflammation remains to be elucidated.

Objective: We sought to investigate the role of B7 integrin in
cutaneous inflammation.

Methods: We used a murine contact hypersensitivity model and
examined the role of 37 integrin by using 37 integrin—deficient
and oE integrin—deficient mice.

Results: 37 integrin—deficient mice, not «E integrin—deficient
mice, are defective in contact hypersensitivity responses. 37
integrin deficiency does not affect irritant contact dermatitis.
The distribution, migration, and function of antigen presenting
cells from B7 integrin—deficient mice are comparable to those
from wild-type mice. Moreover, sensitized 37 integrin—deficient
T cells are able to respond to antigen stimuli in vifro and elicit
contact hypersensitivity responses when directly injected into
the skin. However, they are defective in reaching the skin under
inflammatory conditions, resulting in reduced contact
hypersensitivity responses when intravenously injected.
Furthermore, intraperitoneal injection of anti-a47 integrin
neutralizing antibody elicit impaired contact hypersensitivity
responses.

Conclusion: o437 integrin contributes to contact hypersensitivity
responses by regulating T-cell migration to inflammatory skin.
(J Allergy Clin Immunol 2010 ;mun:EEE-NEN,)

From “the Department of Dermatology, Faculty of Medicine, University of Tokyo; "the
Department of Biological Sciences, University of Wisconsin-Milwaukee; and ‘the
Department of Immunology, Duke University Medical Center, Durham.

Supported by grants from the Ministry of Education, Culture, Sports and Technology in
Japan.

Disclosure of potential conflict of interest: H. Ohmatsu has received research support
from the Ministry of Education, Culture, Sports and Technology in Japan. The rest of
the authors have declared that they have no conflict of interest.

Received for publication April 14, 2010; revised August 22, 2010; accepted for publica-
tion August 26, 2010.

Reprint requests: Takafumi Kadono, MD, PhD, Department of Dermatology, Faculty of
Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan.
E-mail: kadono-der@h.u-tokyo.ac.jp.

0091-6749/$36.00

© 2010 American Academy of Allergy, Asthma & Immunology

doi:10.1016/j.jaci.2010.08.048

Key words: a4B7 integrin, contact hypersensitivity responses,
VCAM-1

Leukocytes recirculate through blood and secondary lymphoid
organs, and they also migrate into peripheral tissues to elicit
immune responses.' Aberrant leukocyte trafficking, however,
leads to inflammatory and autoimmune diseases. Leukocyte traf-
ficking is orchestrated and controlled by combinatorial inputs of
adhesion and chemoattractant molecules located on both leuko-
cytes and vascular endothelium.

Integrins, a family of cell adhesion molecules, regulate leuko-
cyte adhesion and migration into blood vessels of lymphoid organs
and at sites of inflammation. Integrins are composed of an o subunit
and a (3 subunit. B7 integrin forms heterodimer either with
a4 integrin or oF integrin.” a4B7 integrin is expressed on lympho-
cytes,3 macrophages,4 mast cells,” natural killer cells,® and eosino-
phils,” and its ligands includ mucosal addressin cell adhesion
molecule-1 (MAdCAM-1)®° and vascular cell adhesion
molecule-1 (VCAM-1).'"" MAdCAM-1 is the main ligand of
a4B7 integrin and is expressed on Peyer’s patches of intestines,
high endothelium venules of mesenteric lymph nodes, and vascular
endothelial cells of gut lamina propria.'""'> VCAM-1 expressed on
activated vascular endothelial cells is induced by inflammation.'”
VCAM-1 binds to a4B1 integrin in addition to a437 integrin.13

a4B7 integrin organizes migration of leukocytes to Peyer’s
patches and mesenteric lymph nodes by binding to MAdCAM-1.
Involvement of (37 integrin in intestinal immunity has been
extensively explored. In murine models, migration of activated
CD8™ T cells to the mesenteric lymph nodes and Peyer’s patches
after viral infection depends on a4B7 integrin.'* a47 integrin is
also important for the invasion of alloreactive donor T cells into
the gut and the subsequent development of intestinal graft-
versus-host disease.'® In another study, pathogenic CD4 " T cells
use the o437 integrin/MAdCAM-1 pathway to recirculate to the
chronically inflammatory small intestine in models of Crohn dis-
ease—like ileitis.'® In human beings, MLN0002, a mAb targeting
the o437 integrin, is effective for disease control against both ul-
cerative colitis'” and Crohn disease.'® As for oER7 integrin, the
onset and maintenance of murine Crohn disease models depend
on the colonic localization of «Ef37 integrin-expressing lamina
propria CD4™ T cells."”

On the other hand, little has been known about the engagements
of B7 integrin in cutaneous inflammation. 37 integrin—deficient
(877/ ) mice show delayed skin graft rejections,20 and oF integ-
rin—deficient ((xE_/ ) mice, in certain backgrounds, are known to
develop dermatitis.>' However, the mechanisms of these findings
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Abbreviations used
«E~'": oF integrin—deficient
APC: Antigen presenting cell
B7~'": B7 integrin—deficient
CFSE: Carboxyfluorescein diacetate succinimidyl ester
CHS: Contact hypersensitivity
CLA: Cutaneous lymphocyte-associated antigen
DC: Dendritic cell
DLN: Draining lymph node
DNBS: 2.4-Dinitrobenzene sulfonic acid
DNFB: 2.4-Dinitrofluorobenzene
FACS: Fluorescence-activated cell sorting
FITC: Fluorescein isothiocyanate
MAAdCAM-1: Mucosal addressin cell adhesion molecule-1
oxazolone: 2-Phenyl-4-ethoxymethylene oxazolone
VCAM-1: Vascular cell adhesion molecule-1
WT: Wild-type

were far from clear. It is well known that VCAM-1, one of the
ligands for a437 integrin, is upregulated at sites of cutaneous
inflammation.'® Therefore, we set out to examine the role of B7
integrin in cutaneous immune responses by using contact hyper-
sensitivity (CHS) models. The results of this study indicate that
a4B7 integrin contributes to CHS responses by regulating T-
cell migration to inflammatory skin.

METHODS
Mice

C57BL/6 mice were purchased from SLC Japan (Tokyo, Japan). B7~/~
mice were generated as described.”> «E '~ mice were obtained from Jackson
Laboratory (Bar Harbor, Me). All mice were free of pathogenic bacteria and
viruses as determined by antibody screening and routine histologic analysis
of organs and tissues. All experiments were performed by using mice between
8 and 14 weeks of age. All studies and procedures were approved by the An-
imal Experiment Committee of the Graduate School of Medicine of the Uni-
versity of Tokyo guided by the Bioscience Committee of the University of
Tokyo.

CHS responses

Contact hypersensitivity responses were induced by using 2,4-dinitrofluor-
obenzene (DNFB) as previously described.” The volume 50 pL 0.5% DNFB
in 4:1 acetone/olive oil solution was painted on the shaved abdomens of mice
on days 0 and 1. Mice were challenged on day 6 by topically applying 20 pL
0.25% DNFB (10 pL/side of the pinna) onto each side of the left ear. The right
ear received the vehicle alone. CHS responses to 2-phenyl-4-ethoxymethylene
oxazolone (oxazolone) were induced by applying 150 L. 3% oxazolone in 3:1
alcohol/acetone solution on the shaved abdomens on day 0, and then chal-
lenged on day 7 with 20 L 1% oxazolone (10 pL/side). CHS responses to flu-
orescein isothiocyanate (FITC) were induced by applying 400 L 0.5% FITC
in 1:1 acetone/dibutyl phthalate to the shaved abdomen. Six days later, the
CHS reactions were elicited by applying 20 pnL of the FITC solution (10
wL/side). For all CHS experiments, baseline ear thickness was determined
with a caliper (dial thickness gauge; Ozaki Manufacturing, Tokyo, Japan).
Ear swelling responses were measured at 24 hours after elicitation, and the
change in ear thickness from baseline measurement was computed. Each
ear was measured 5 times, and the mean of these values was used. Croton
oil was used to elicit irritant contact dermatitis: 15 wL 1.0% croton oil in
4:1 acetone/olive oil solution was painted on the pinna, and 16 hours later,
the change in ear thickness from baseline was measured as described for
CHS responses. DNFB, oxazolone, FITC, and croton oil were purchased
from Sigma-Aldrich (St Louis, Mo).
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Histologic examination

Ears were excised 24 hours after elicitation with DNFB. Excised ears were
fixed in 2% paraformaldehyde and embedded. Sections, 4 wm thick, were
stained with hematoxylin and eosin. For immunohistochemistry, epidermal
sheets were stained with phycoerythrin-conjugated anti—I-A® antibody (AF6-
120.1; BD Pharmingen, San Diego, Calif).

Purification of cell subsets

Lymph nodes (inguinal and axillary) and spleens were used to prepare
single-cell suspensions. T cells were isolated by negative selection by
using the magnetic-activated cell sorting system (pan T-cell isolation kit;
Miltenyi Biotec, Bergisch Gladbach, Germany). Purity was routinely
more than 95%. For obtaining dendritic cells (DCs) from skin, mouse
ear skin was placed onto the 6-well plates containing RPMI 1640 medium
supplemented with glutamine, antibiotics, and 10% FBS (1.5 mL/well) and
incubated for 5 days at 37°C in 5% CO,. DCs from skin draining lymph
nodes (DLNs) were prepared by enzymatic digestion with 1 mg/mL
collagenase D (Sigma-Aldrich) and 0.2 mg/mL deoxyribonuclease
(Sigma-Aldrich). After digestion, cell suspension was layered on 14.5%
metrizamide (Accurate Chemical & Scientific Corp, Westburg, NY) and
centrifuged. By discarding the top layer of the suspension, DCs were
collected at the interface.

Antigen-specific proliferation assay

In vitro proliferation to 2,4-dinitrobenzene sulfonic acid (DNBS; Sigma-
Aldrich), the water-soluble analog of DNFB, was carried out as follows. In
all experiments, cells were cultured in the presence of DNBS for 3 days. In
some experiments, inguinal and axillary lymph node cells collected on day
1 after sensitization to DNFB were used as antigen presenting cells (APCs).
Inguinal and axillary lymph node cells from unsensitized mice were also
used as APCs, and they were incubated for 20 minutes at 37°C with
4 mmol/L DNBS before use. APCs (5 X 10°) were then treated with
25 pg/mL mitomycin C (Calbiochem, Darmstadt, Germany) for 25 minutes
and incubated for 3 days with purified T cells harvested on day 5 after
DNFB sensitization. Cultures were pulsed with 1 wCi/well [*H] thymidine
(Amersham Bioscience, Buckinghamshire, United Kingdom). T-cell prolif-
eration was determined in triplicate wells of 96-well plates by [*H] thymi-
dine uptake during the last 18 hours. All experiments were performed at
least 3 times.

Ex vivo chemotaxis assay

2.4-Dinitrofluorobenzene—painted mouse ear skin was placed onto 6-
well plates containing RPMI 1640 medium supplemented with glutamine,
antibiotics, and 10% FBS (2 mL/well) and incubated for 24 hours at 37°C
in 5% CO,. Migratory DCs were collected, stained with propidium iodide
(BD Pharmingen), and FITC-conjugated CD1 1c antibody (HL3; BD Phar-
mingen). The proportion of CD11c* cells per propidium iodide-negative
population was calculated by using a FACScan flow cytometer (Becton
Dickinson, Franklin Lakes, NJ) and CellQuest software (Becton
Dickinson).>*

Adoptive transfer of sensitized lymph node cells

Donor mice were sensitized with DNFB as described. On day 6, T cells
were isolated from DLNs by negative selection using a pan T-cell isolation kit
(Miltenyi Biotec). Naive recipient mice intravenously received 5 X 10°
T cells, which were from donor mice, in 200 wL PBS. Eighteen hours later,
mice were elicited with 0.25% DNFB, and after 24 hours, ear swelling
responses were measured. As a control, unsensitized wild-type (WT) or
B77'" mice were painted with 0.25% DNFB on the pinna. In another experi-
ment, sensitized 2 X 10° T cells in 20 pL PBS were intradermally injected into
both ears using a 27-gauge needle. Recipients were immediately treated with
0.25% DNFB solution on the left ears and vehicle on the right ears. Ear swell-
ings were measured after 24 hours.
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T-cell recruitment to CHS sites

The procedure was performed as previously described with some modifi-
cation.”® DNFB-primed T cells were prepared as described and labeled with
1 pmol/L carboxyfluorescein diacetate succinimidyl ester 5-chloromethyl-
fluorescein diacetate (CFSE; Molecular Probes, Eugene, Ore). Naive recipient
mice intravenously received 5 X 10° labeled T cells and were challenged with
0.25% DNEFB solution on the left ear and vehicle on the right ear. Twelve hours
after the transfer, the dorsal portions of dermis were collected from each ear.
Single cell suspensions were prepared from the ear tissues as previously de-
scribed.?® CFSE" cells in a total of 100,000 nucleated cells were enumerated
by flow cytometer.

Blocking of CHS responses by using antibodies

Anti-a4B7 integrin (DATK 32), anti-B7 integrin (FIB27), and isotype-
matched control (R35-95) antibodies were obtained from BD Pharmingen.
Anti-a4 integrin antibody (PS/2) was obtained from American Type Culture
Collection (CRL-1911; Manassas, Va). WT mice were sensitized with DNFB
as described. On day 6, each antibody (65 pg/body) was administered
intraperitoneally to sensitized mice. Immediately after the injection, mice
were elicited with 0.25% DNFB, and after 24 hours, ear swelling responses
were measured.

Statistics

The Student 7 test was used to assess differences between 2 groups. A P
value of less than .05 was considered significant. When multiple groups
were compared, 1-way ANOVA followed by the Turkey-Kramer multiple
comparisons test were performed. A P value less than .05 was considered
significant.

RESULTS
B7'~ mice exhibit impaired CHS responses

To evaluate the roles of B7 integrin in cutaneous immune
responses, we examined CHS responses in 877/ " mice. The [377/ -
and WT mice were challenged with DNFB, oxazolone, or FITC
after sensitization, and ear swelling was measured 24 hours after
elicitation. The increase of ear thickness was significantly lower
in 37/~ mice than in WT mice when DNFB was used as hapten
(P<.01;Fig 1, A). Similar results were obtained when we used dif-
ferent haptens such as FITC (P <.01; Fig 1, B) and oxazolone (P <
.01; Fig 1, C). CHS responses were also evaluated histopathologi-
cally. The ear swelling and cellular infiltration were not prominent
in B77/ ~ mice compared with WT mice (Fig 1, E). The profiles of
infiltrating cells were similar in both strains, which mainly con-
sisted of polymorphonuclear cells, lymphoid cells, and macro-
phages. To exclude the possibility that nonspecific inflammatory
responses are exaggerated in 37 '~ mice, immune responses to
irritants were examined. Croton oil was applied to ears of B77/7
and WT mice, and ear thickness was measured after 16 hours.
The increase of ear thickness was similar in both 37/~ and WT
mice (Fig 1, D). These results demonstrate that CHS responses
are impaired in 7'~ mice, but that those mice respond normally
to irritants.

CHS responses in aE™/~ mice are not impaired
877/ ~ mice lack both a437 and «E37 integrins because (37 in-
tegrin forms heterodimer with either a4 or o.E integrin. To inves-
tigate which heterodimer is critical for CHS responses, aE™"
mice were challenged with various haptens. aE™" mice are
known to lack solely «EB7 integrin and retain a4f7 integrin.*’
The increase of ear thickness in «E ™'~ mice was comparable to
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that in WT mice when those mice were challenged with DNFB
(Fig 2, A). Similar results were obtained when either FITC (Fig
2, B) or oxazolone (Fig 2, C) was used as hapten. As expected,
the increase of ear thickness was similar in both «E~'~ and WT
mice when those mice were applied with croton oil (Fig 2, D).
Therefore, the impairment of CHS responses observed in 37/~
mice is mainly a result of a4f37 integrin deficiency.

B7 integrin deficiency does not affect migration of
APCs

Contact hypersensitivity responses involve a sensitization
phase and a challenge phase. In the sensitization phase,
hapten-loaded APCs migrate to the lymph nodes and prime
hapten-specific T cells. To determine whether (37 integrin
regulates the sensitization phase, we first examined the number
and distribution of DCs in the skin. Epidermal sheets from ears
were stained with anti—I-A” antibody, and I-A* cells were enu-
merated. The number of I-A®* cells was similar between B7 '~
and WT mice (Fig 3, A). Moreover, the density, morphology, and
distribution of DCs were comparable between those strains (Fig
3, B and C) Epidermal sheets were also stained with anti— 37 in-
tegrin antibody. I-A*" cells in the epidermis from WT mice ex-
pressed B7 integrin, whereas those from B7 '~ mice did not
(data not shown).

To examine whether antigen-bearing DCs appropriately leave
the skin in [37_/_ mice, ears were floated on the medium, and the
cells were collected from the medium. When ears painted with
DNFB were used, the proportion of CD11c™ cells per all col-
lected cells was not significantly different between WT and
B77/ ~ mice (Fig 3, D). Thus, the exodus of DCs from the skin
is not impaired despite the lack of 37 integrin.

After migrating from the skin, DCs enter afferent lymph ducts
and reach DLNs by lymph flow. To evaluate the lymph flow,
Evans blue dye was injected into footpads, and the amount of dye
reaching the DLNs was measured. The concentration of Evans
blue dye was not decreased in [377/ " mice, suggesting lymph flow
is not perturbed in 877/ " mice (data not shown).

To evaluate whether APCs from 37 '~ mice uptake antigen
and migrate from the skin to the DLNs, FITC was applied to
the abdomen, and after 24 hours, FITC" I-A®" APCs in the
DLNs were evaluated by fluorescence-activated cell sorting
(FACS). In WT mice, 71.8% = 2.0% of I-A®" cells were positive
for FITC. Similarly, 69.5% * 5.0% of I-A®" cells were positive
for FITC in [37_/_ mice (Fig 4, A). These results indicate that an-
tigens painted on the skin of [377/ " mice are taken up by APCs,
which then migrate in normal numbers to DLNs.

APCs lacking B7 integrin can normally prime T cells

It has been shown that DCs existing in the skin reach the DLNs
3 to 8 hours after transdermal stimulation.® To determine whether
APCs in the [37_/_ mice are functionally normal, DLNs from WT
and [377/7 mice 24 hours after painting with DNFB were col-
lected, treated with mitomycin C, and then used as APCs. These
APCs were cultured with DNFB-sensitized lymph node T cells
from WT mice. APCs from B77/ ~ mice were as competent at
priming T cells as those from WT mice (Fig 4, B). This result
demonstrates that 37 integrin deficiency does not influence
antigen-presenting capacity of APCs.
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FIG 1. B7”’ mice exhibit impaired CHS responses. CHS responses with DNFB (A), FITC (B), and oxazolone
(C). D, Irritant dermatitis with croton oil. Values are means = SEMs (n = 6-15 per group). **P<.01 versus WT
mice. E, Hematoxylin and eosin staining of sections from ears of WT mice and 87’/’ mice with DNFB elic-
itation. Original magnification, X100 (left panel); X800 (right panel). Oxa, oxazolone.
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FIG 2. CHS responses in «E~~ mice are not impaired. CHS responses with DNFB (A), FITC (B), and oxazo-
lone (C). D, Irritant dermatitis with croton oil. Values are means = SEMs (n = 6-8 per group).

B7 integrin-deficient T cells show normal hapten-
specific proliferation

We next examined whether 37 integrin-deficient T cells were
able to proliferate after antigen stimulation. T cells were purified
from DLNs from WT and B77/ " mice 5 days after sensitization.
Those T cells were cultured with DNBS-conjugated WT lymph
node cells treated with mitomycin C. 37 integrin—deficient T cells
proliferated equally to WT T cells in response to antigen stimula-
tion (Fig 4, C). These results indicate that the proliferation of
hapten-specific T cells in the DLNs is not disturbed in the absence
of B7 integrin. Collectively, we have concluded that the sensitiza-
tion phase of CHS is intact in 37 integrin deficiency.

Hapten-specific 37 integrin-deficient T cells induce
normal CHS responses when directly injected into
the skin

Next we investigated whether 37 integrin—deficient T cells
could induce cutaneous inflammation in situ. To test this, T cells
from the DLNs of DNFB-sensitized WT or 877/7 mice were in-
tradermally injected into the ear of WT recipients, and those mice
were challenged with DNFB. The intensity of ear swelling re-
sponses induced by sensitized 37 integrin—deficient T cells was
comparable to that induced by WT T cells (Fig 5, A). In addition,
T cells from DNFB-sensitized WT mice were intradermally in-
jected into the ear of either WT or (37 integrin—deficient recipi-
ents. WT and B7 integrin—deficient recipients showed similar
degrees of ear swelling (Fig 5, A).

These results indicate that sensitized 37 integrin—deficient T
cells can elicit CHS if they exist in target skin, and (37 integrin—
deficient recipients show normal CHS responses if they have
sensitized T cells in target skin.

B7 integrin is required for T-cell trafficking to the
inflammatory skin

At the challenge phase of CHS, ear swelling is initiated by
antigen-specific T cells followed by the recruitment of additional
cells.?® To examine the trafficking of T cells to the skin, we adop-
tively transferred T cells from DNFB-sensitized WT or [377/ B
mice into WT or 37 integrin—deficient recipients, and recipients
were then challenged with DNFB. Although WT T cells induced
CHS in both WT and 37 integrin—deficient recipients to a similar
extent, 37 integrin—deficient T cells failed to elicit CHS responses
evenin WT recipients (Fig 5, B). Considering that the sensitization
phase of CHS is normal in 877/ ~ mice and that the challenge
phase of CHS is sufficiently induced when 37 integrin—deficient
T cells exist in target skin, these results suggest that sensitized
37 integrin—deficient T cells are defective in trafficking to the skin.

To verify that hypothesis, T cells from DNFB-sensitized WT or
877/ ~ mice were labeled with CFSE, and those T cells were
injected intravenously into WT recipients that were then immedi-
ately challenged with DNFB. Sensitized 37 integrin—deficient
T cells migrated poorly to the ear compared with WT T cells
(Fig 6, A). On the other hand, sensitized 37 integrin—deficient
T cells migrated to spleens and DLNs more than WT T cells
(Fig 6, B and C) and distributed equally to blood (Fig 6, D). These
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results demonstrate that 37 integrin is important for sensitized T
cells to reach the skin.

Finally, we used a blocking antibody to confirm the role of 37
integrin in CHS. DNFB-sensitized WT mice were intraperitone-
ally injected with anti-a4, anti-37, anti-a437 integrin neutralizing
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mice. A, Ear swelling after intradermal injection with sensitized T cells
and application with DNFB. Values are means = SEMs (n = 7 per group).
B, Adoptive transfer. Unsensitized mice, which were painted with DNFB
on the pinna, were used as controls (WT no transfer and B7”’ no transfer).
Values are means = SEMs (n = 7-8 per group). **P < .01 versus WT —>WT.

antibody, or control antibody. Immediately after the injection,
mice were challenged with DNFB. The increase of ear thickness in
mice treated with anti-a4, anti-37, or anti-a437 integrin antibody
were similarly reduced compared with that in mice treated with
control antibody (Fig 7). The cellular infiltration was not promi-
nent in groups treated with anti-o4, anti-B7, or anti-a4(7 integrin
neutralizing antibody (data not shown). The profiles of infiltrating
cells were similar in all groups (data not shown). These results
confirm that 47 integrin is essential for the challenge phase of
CHS responses.

DISCUSSION

Rapid recruitment of lymphocytes to sites of inflammation is
crucial to mount an efficient immune response. a437 integrin is
well known for lymphocyte migration into gut-associated lym-
phoid tissue. Here, we show that a437 integrin is also essential for
lymphocyte migration to the skin. This is the first demonstration
of the direct participation of o437 integrin in cutaneous immunity
in vivo.
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for FACS analysis. Values are means = SEMs (n = 5-6 per group). *P < .05 versus WT.

Our current results demonstrate that 37 integrin deficiency
causes impaired hapten-specific CHS responses (Fig 1, A-C). The
CHS responses were reduced in all haptens we examined, such as
DNFB, FITC, and oxazolone. In addition to a4[37 integrin, B7_/_
mice lack «ER7 integrin. Previous reports have shown that aE37
integrin may play a role in infiltrating T cells in the epidermis of
psoriasis®® and atopic dermatitis.>' However, most of the infiltrat-
ing CD3" cells are cutaneous lymphocyte-associated antigen
(CLA)““EB7"™Y in patch test reaction,”’ which resembles con-
tact hypersensitivity. In this study, «E~’~ mice showed normal
CHS responses. These results suggest that lack of a437 integrin,
possibly not «Ef37 integrin, is responsible for the reduced CHS re-
sponses in B77/7 mice.

In an irritant dermatitis model using croton oil, ear swelling
was not reduced in 87_/_ mice (Fig 1, D). It has been shown that
most of infiltrating cells in irritant dermatitis are neutrophils3 Zand
that o¢281,33’34 alLB2, and aM2 integrins35 are involved in re-
cruiting neutrophils. Moreover, neutrophils do not, under most
circumstances, express detectable levels of «a4f7 integrin.3 6
Thus, our results confirm that neutrophil migration to the skin is
independent of 37 integrin.

During the sensitization phase of CHS responses, hapten-
loaded APCs migrate to the lymph nodes and prime hapten-
specific T cells. Langerhans cells, which are DCs resident in the
epidermis, bind to keratinocytes via E-cadherin.*’ Deficiency of

[37 integrin could impair the retention of DCs and reduce the num-
ber of DCs in the epidermis. Our current results showed that in
87_/ ~ mice, the number of I-A®" DCs in the epidermis was not
significantly reduced compared with that in WT mice (Fig 3,
A). These results are compatible with the previous report showing
that anti-a4 integrin antibody does not influence migration of ep-
idermal DCs from the epidermis.*® It is also known that oF integ-
rin deficiency does not reduce the number of epidermal
Langerhans cells.*® Collectively, it is unlikely that 37 integrin de-
ficiency affects DC retention in the epidermis.

DCs start to migrate from the skin and upregulate expression
of CCR7 after they uptake antigens. These DCs migrate into the
afferent lymph ducts, expressing CC chemokine ligand 21,
which is a ligand for CCR7. These DCs presumably consist of
various subsets including Langerhans cells and dermal DCs.
Langerhans cells have long been believed to be responsible for
CHS initiation as APCs.*>#! However, recent studies show that
Langerhans cell depletion in mice does not significantly affect
CHS responses, indicating dispensability of Langerhans cells
and contribution of dermal DCs to the CHS induction.****
o431 integrin and o5B1 integrin are known to play a role in mo-
tility of DCs.*** To examine the role of 7 integrin for DC re-
tention, DNFB-painted ears were floated on the medium, and the
cells moving to the medium were collected. In this setting, we
could evaluate both Langerhans cells and dermal DCs. The



8 OHMATSU ET AL

Ear thickness (x102 mm)
th & ® o

S = N WA

control anti—o4 anti—B7 anti-a4p7

FIG 7. Ear swelling is reduced when sensitized mice are administered with
neutralizing mAbs to a4, B7, or a4B7 integrins. Results are expressed as
means + SEMs (n = 6-9 per group). **P < .01 versus control antibody.

numbers of DCs from the ear explants of WT mice and B77/7
mice were not significantly different (Fig 3, D), indicating that
37 integrin—deficient DCs are able to leave the skin as efficiently
as WT DCs.

After migrating from the skin, DCs enter lymph ducts and reach
the DLNSs through the lymph flow. Lymph flow was not disturbed
in B77/7 mice when we measured the dye content in DLNs after
Evans blue dye injection (data not shown). Moreover, measure-
ment of FITC* DCs in DLNs after cutaneous FITC application
shows that the migration of DCs in DLNs was not altered in
877/ ~ mice (Fig 4, A). These results indicate that DCs from
B7’~ mice are able to uptake antigens and migrate from the
skin to the DLNS.

Although the interaction between lymphocyte function-asso-
ciated antigen-1 (aLB32 integrin) expressed by T cells and inter-
cellular adhesion molecule-1 expressed by DCs is important for
antigen presentation,*’ the role of B7 integrin in this process re-
mains unknown. In an in vitro proliferation assay, sensitized T-
cell proliferation was comparable when we used APCs either
from WT mice or from 87 '~ mice (Fig 4, B). Signal via a4B7
integrin activates signal transducers such as p125™ in B cells.*®
p1255*¥ on T-lymphoblastic cells is tyrosine phosphorylated by
a4B1 and o5B1 integrin engagement.*” Therefore, B7 integrin
deficiency might disturb activation and proliferation of T cells.
However, T cells existing in DLNs from [377/ " mice exhibited
normal proliferation in response to antigens (Fig 4, C). These re-
sults suggest that the sensitization phase of CHS response is not
affected by B7 integrin deficiency.

We further investigated whether sensitized T cells in DLNs
were actually able to induce ear swelling in situ. When sensitized
T cells were subcutaneously injected, those from 877/ " mice in-
duced ear swelling similar to those from WT mice (Fig 5, A). Re-
cipient B77/7 mice were also able to mount the challenge phase
of CHS responses when sensitized WT T cells were either subcu-
taneously or intravenously transferred (Fig 5). These results sug-
gest that the reduction of CHS responses observed in B77/7 mice
is caused by disturbed trafficking of activated T cells. Consistent
with this hypothesis, ear swelling of WT mice intravenously
transferred with sensitized B77/ ~ T cells was significantly re-
duced compared with that of mice transferred with sensitized
WT T cells (Fig 5, B). Because we already showed that these sen-
sitized T cells from [377/7 mice proliferated normally and in-
duced comparable ear swelling if they were directly injected
into the skin, this finding suggests that 37 integrin—deficient ac-
tivated T cells are defective in migrating from blood to the ear.
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This idea was further supported by the finding that CFSE-
labeled sensitized T cells from (37 ~/~ mice were inefficient in mi-
grating to the challenged ear and that they rather trafficked to
spleens and DLNs (Fig 6, A-C).

The impaired trafficking of B77/ ~ T cells suggests that 37 in-
tegrin interacts with its ligands at the sites of the cutaneous vascu-
lature. The main ligand of a47 integrin is MAdCAM-1, which is
mainly expressed in intestinal areas. There has been no report
showing that MAdCAM-1 is expressed on the vessels in the
skin. Consistent with this, we were also unable to detect the ex-
pression of MAdCAM-1 on cutaneous vessels after the elicitation
(data not shown). By contrast, expression of VCAM-1, another
ligand of o437 integrin, is strongly induced on endothelial cells
in inflammatory skin diseases including CHS.>*! VCAM-
1 also binds to a4P1 integrin. The interactions between
VCAM-1 and a4 1 integrin is essential for lymphocyte tethering
and rolling.’ 2In previous reports, lymphocyte migration to the in-
flammatory skin was impaired by a4 integrin blockade that can
disturb the function of both a4B1 and a4B7 integrins.>>>> There-
fore, it is possible that both «431 and o437 integrins contribute to
lymphocyte migration to the inflammatory skin in those settings.

The majority of activated T cells in the spleen, DLNs,>® and pe-
ripheral blood”’ express high levels of «4f7 integrin. However,
Campbell and Butcher’® have shown that CD4 " cells in DLNs
downregulate a437 integrin after systemic immunization. In our
experiments, we have used epicutaneous immunization, which
might explain why a47 integrin is important in our study. In an-
other human study, the frequency of «EB7" T cells in skin blister
was slightly increased, whereas that of a4B7 " T cells was rather
decreased compared with peripheral blood.”” However, a4B7 in-
tegrin expression levels in T cells in CLA!OY/intermediate p co1)g jn
skin blister were comparable to those in peripheral blood. Consid-
ering that the considerable number of infiltrating cells remained
CLA°w/intermediate 3 kin blister in that study, it is possible that
a4p7 integrin was required for those CLA!OY/intermediate p coyg
to migrate to skin. In another study, most of the infiltrating
CD3" cells in patch test reaction areas were CLAYoER7"".%!
It is possible that these CLA'¥a4B7"E" CD3 ™" cells used a4B7 in-
tegrin for skin infiltration. Taken together, our results indicate that
a4P7 integrin expressed on activated T cells in the peripheral
blood and VCAM-1 expressed on endothelial cells under cutane-
ous inflammation interact each other and that their interactions
promote the CHS responses through regulating T-cell migration
to the skin.

To date, alLB2 and «4P1 integrin, which are ligands of
intercellular adhesion molecule-1 and VCAM-1, respectively,
have been identified as the major integrins that are essential for
CHS responses. In the results of the current study, a4(7 integrin,
which is thought to function predominantly in the intestine, is
identified as another critical integrin that regulates CHS responses
in our mouse model. Blockade of 37 integrin is already known to
be effective for treating of graft-versus-host disease®” and Crohn
disease.'® The role of a4B7 integrin in human skin is still un-
known; however, our results suggest that targeting (37 integrin ei-
ther independently or in combination of other integrins is another
option for treating inflammatory skin disorders such as CHS.

Clinical implications: a437 integrin could be a novel target for

inflammatory skin disorders such as contact hypersensitivity
responses by limiting T-cell migration to the inflammatory skin.




J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

REFERENCES

1.

2.

20.

21.

22.

23.

24.

25.

Mora JR, von Andrian UH. T-cell homing specificity and plasticity: new concepts
and future challenges. Trends Immunol 2006;27:235-43.

Parker CM, Cepek KL, Russell GJ, Shaw SK, Posnett DN, Schwarting R, et al. A
family of beta 7 integrins on human mucosal lymphocytes. Proc Natl Acad Sci
U S A 1992;89:1924-8.

. Ruegg C, Postigo AA, Sikorski EE, Butcher EC, Pytela R, Erle DJ. Role of integrin

alpha 4 beta 7/alpha 4 beta P in lymphocyte adherence to fibronectin and VCAM-
1 and in homotypic cell clustering. J Cell Biol 1992;117:179-89.

. Yang Y, Harrison JE, Print CG, Lehnert K, Sammar M, Lazarovits A, et al. Inter-

action of monocytoid cells with the mucosal addressin MAdCAM-1 via the inte-
grins VLA-4 and LPAM-1. Immunol Cell Biol 1996;74:383-93.

. Gurish MF, Bell AF, Smith TJ, Ducharme LA, Wang RK, Weis JH. Expression of

murine beta 7, alpha 4, and beta 1 integrin genes by rodent mast cells. J Immunol
1992;149:1964-72.

. Perez-Villar JJ, Zapata JM, Melero I, Postigo A, Sanchez-Madrid E, Lopez-Botet

M. Expression and function of alpha 4/beta 7 integrin on human natural killer cells.
Immunology 1996;89:96-104.

. Walsh GM, Symon FA, Lazarovils AL, Wardlaw AJ. Integrin alpha 4 beta 7 me-

diates human eosinophil interaction with MAdCAM-1, VCAM-1 and fibronectin.
Immunology 1996;89:112-9.

. Nakache M, Berg EL, Streeter PR, Butcher EC. The mucosal vascular addressin is

a tissue-specific endothelial cell adhesion molecule for circulating lymphocytes.
Nature 1989;337:179-81.

. Streeter PR, Berg EL, Rouse BT, Bargatze RF, Butcher EC. A tissue-specific

endothelial cell molecule involved in lymphocyte homing. Nature 1988;331:41-6.

. Osborn L, Hession C, Tizard R, Vassallo C, Luhowskyj S, Chi-Rosso G, et al. Di-

rect expression cloning of vascular cell adhesion molecule 1, a cytokine-induced
endothelial protein that binds to lymphocytes. Cell 1989;59:1203-11.

. Streeter PR, Rouse BT, Butcher EC. Immunohistologic and functional characteri-

zation of a vascular addressin involved in lymphocyte homing into peripheral
lymph nodes. J Cell Biol 1988;107:1853-62.

. Szabo MC, Butcher EC, McEvoy LM. Specialization of mucosal follicular

dendritic cells revealed by mucosal addressin-cell adhesion molecule-1 display.
J Immunol 1997;158:5584-8.

. Vonderheide RH, Tedder TF, Springer TA, Staunton DE. Residues within a con-

served amino acid motif of domains 1 and 4 of VCAM-1 are required for binding
to VLA-4. ] Cell Biol 1994;125:215-22.

. Lefrancois L, Parker CM, Olson S, Muller W, Wagner N, Schon MP, et al. The role

of beta7 integrins in CD8 T cell trafficking during an antiviral immune response.
J Exp Med 1999;189:1631-8.

. Petrovic A, Alpdogan O, Willis LM, Eng JM, Greenberg AS, Kappel BJ, et al.

LPAM (alpha 4 beta 7 integrin) is an important homing integrin on alloreactive
T cells in the development of intestinal graft-versus-host disease. Blood 2004;
103:1542-7.

. Rivera-Nieves J, Olson T, Bamias G, Bruce A, Solga M, Knight RF, et al. L-selectin,

alpha 4 beta 1, and alpha 4 beta 7 integrins participate in CD4+ T cell recruitment to
chronically inflamed small intestine. J Immunol 2005;174:2343-52.

. Feagan BG, Greenberg GR, Wild G, Fedorak RN, Pare P, McDonald JW, et al.

Treatment of ulcerative colitis with a humanized antibody to the alpha4beta7 integ-
rin. N Engl J Med 2005;352:2499-507.

. Feagan BG, Greenberg GR, Wild G, Fedorak RN, Pare P, McDonald JW, et al.

Treatment of active Crohn’s disease with MLN0002, a humanized antibody to
the alphadbeta7 integrin. Clin Gastroenterol Hepatol 2008;6:1370-7.

. Ludviksson BR, Strober W, Nishikomori R, Hasan SK, Ehrhardt RO. Administra-

tion of mAb against alpha E beta 7 prevents and ameliorates immunization-induced
colitis in IL-2-/- mice. J Immunol 1999;162:4975-82.

Sun X, Qiao H, Shi J, Kanwar JR, Mueller W, Wagner N, et al. Beta7 integrins con-
tribute to skin graft rejection. Transplantation 2002;74:1202-3.

Schon MP, Schon M, Warren HB, Donohue JP, Parker CM. Cutaneous inflamma-
tory disorder in integrin alphaE (CD103)-deficient mice. J Immunol 2000;165:
6583-9.

Wagner N, Lohler J, Kunkel EJ, Ley K, Leung E, Krissansen G, et al. Critical role
for beta7 integrins in formation of the gut-associated lymphoid tissue. Nature 1996;
382:366-70.

Toews GB, Bergstresser PR, Streilein JW. Epidermal Langerhans cell density de-
termines whether contact hypersensitivity or unresponsiveness follows skin paint-
ing with DNFB. J Immunol 1980;124:445-53.

Saeki H, Moore AM, Brown MJ, Hwang ST. Cutting edge: secondary lymphoid-
tissue chemokine (SLC) and CC chemokine receptor 7 (CCR7) participate in the
emigration pathway of mature dendritic cells from the skin to regional lymph no-
des. J Immunol 1999;162:2472-5.

Smithson G, Rogers CE, Smith PL, Scheidegger EP, Petryniak B, Myers JT, et al.
Fuc-TVII is required for T helper 1 and T cytotoxic 1 lymphocyte selectin ligand

26.

27.

28.

29.

30.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

OHMATSU ET AL 9

expression and recruitment in inflammation, and together with Fuc-TIV regulates
naive T cell trafficking to lymph nodes. J Exp Med 2001;194:601-14.

Szabo SK, Hammerberg C, Yoshida Y, Bata-Csorgo Z, Cooper KD. Identification
and quantitation of interferon-gamma producing T cells in psoriatic lesions: local-
ization to both CD4+ and CD8+ subsets. J Invest Dermatol 1998;111:1072-8.
Schon MP, Arya A, Murphy EA, Adams CM, Strauch UG, Agace WW, et al. Mu-
cosal T lymphocyte numbers are selectively reduced in integrin alpha E (CD103)-
deficient mice. J Immunol 1999;162:6641-9.

Garg S, Oran A, Wajchman J, Sasaki S, Maris CH, Kapp JA, et al. Genetic tagging
shows increased frequency and longevity of antigen-presenting, skin-derived den-
dritic cells in vivo. Nat Immunol 2003;4:907-12.

Grabbe S, Schwarz T. Immunoregulatory mechanisms involved in elicitation of
allergic contact hypersensitivity. Immunol Today 1998;19:37-44.

Pauls K, Schon M, Kubitza RC, Homey B, Wiesenborn A, Lehmann P, et al. Role
of integrin alphaE(CD103)beta7 for tissue-specific epidermal localization of
CD8+ T lymphocytes. J Invest Dermatol 2001;117:569-75.

. de Vries1J, Langeveld-Wildschut EG, van Reijsen FC, Bihari IC, Bruijnzeel-Koomen

CA, Thepen T. Nonspecific T-cell homing during inflammation in atopic dermatitis:
expression of cutaneous lymphocyte-associated antigen and integrin alphaE beta7 on
skin-infiltrating T cells. J Allergy Clin Immunol 1997;100:694-701.

Catalina MD, Carroll MC, Arizpe H, Takashima A, Estess P, Siegelman MH. The
route of antigen entry determines the requirement for L-selectin during immune
responses. J Exp Med 1996;184:2341-51.

Werr J, Xie X, Hedqvist P, Ruoslahti E, Lindbom L. Betal integrins are critically
involved in neutrophil locomotion in extravascular tissue in vivo. J Exp Med 1998;
187:2091-6.

Werr J, Johansson J, Eriksson EE, Hedqvist P, Ruoslahti E, Lindbom L. Integrin
alpha(2)beta(1) (VLA-2) is a principal receptor used by neutrophils for locomotion
in extravascular tissue. Blood 2000;95:1804-9.

Issekutz AC, Issekutz TB. The contribution of LFA-1 (CD11a/CD18) and MAC-
1 (CD11b/CD18) to the in vivo migration of polymorphonuclear leucocytes to
inflammatory reactions in the rat. Inmunology 1992;76:655-61.

Erle DJ, Briskin MJ, Butcher EC, Garcia-Pardo A, Lazarovits Al, Tidswell M.
Expression and function of the MAdCAM-1 receptor, integrin alpha 4 beta 7, on
human leukocytes. J Immunol 1994;153:517-28.

Tang A, Amagai M, Granger LG, Stanley JR, Udey MC. Adhesion of epidermal
Langerhans cells to keratinocytes mediated by E-cadherin. Nature 1993;361:
82-5.

Price AA, Cumberbatch M, Kimber I, Ager A. Alpha 6 integrins are required for
Langerhans cell migration from the epidermis. J Exp Med 1997;186:1725-35.
Schon MP, Schon M, Parker CM, Williams IR. Dendritic epidermal T cells (DETC)
are diminished in integrin alphaE(CD103)-deficient mice. J Invest Dermatol 2002;
119:190-3.

Kripke ML, Munn CG, Jeevan A, Tang JM, Bucana C. Evidence that cutaneous
antigen-presenting cells migrate to regional lymph nodes during contact sensitiza-
tion. J Immunol 1990;145:2833-8.

Macatonia SE, Knight SC, Edwards AJ, Griffiths S, Fryer P. Localization of anti-
gen on lymph node dendritic cells after exposure to the contact sensitizer fluores-
cein isothiocyanate: functional and morphological studies. J Exp Med 1987;166:
1654-67.

Kissenpfennig A, Henri S, Dubois B, Laplace-Builhe C, Perrin P, Romani N, et al.
Dynamics and function of Langerhans cells in vivo: dermal dendritic cells colonize
lymph node areas distinct from slower migrating Langerhans cells. Immunity 2005;
22:643-54.

Bennett CL, van Rijn E, Jung S, Inaba K, Steinman RM, Kapsenberg ML, et al.
Inducible ablation of mouse Langerhans cells diminishes but fails to abrogate con-
tact hypersensitivity. J Cell Biol 2005;169:569-76.

Kaplan DH, Jenison MC, Saeland S, Shlomchik WD, Shlomchik MJ. Epidermal
Langerhans cell-deficient mice develop enhanced contact hypersensitivity. Immu-
nity 2005;23:611-20.

D’Amico G, Bianchi G, Bernasconi S, Bersani L, Piemonti L, Sozzani S, et al.
Adhesion, transendothelial migration, and reverse transmigration of in vitro cul-
tured dendritic cells. Blood 1998;92:207-14.

De Vries 1J, Krooshoop DJ, Scharenborg NM, Lesterhuis WJ, Diepstra JH, Van
Muijen GN, et al. Effective migration of antigen-pulsed dendritic cells to lymph
nodes in melanoma patients is determined by their maturation state. Cancer Res
2003;63:12-7.

Dustin ML, Springer TA. T-cell receptor cross-linking transiently stimulates adhe-
siveness through LFA-1. Nature 1989;341:619-24.

Manie SN, Astier A, Wang D, Phifer JS, Chen J, Lazarovits Al, et al. Stimulation
of tyrosine phosphorylation after ligation of beta7 and betal integrins on human B
cells. Blood 1996;87:1855-61.

Nojima Y, Tachibana K, Sato T, Schlossman SF, Morimoto C. Focal adhesion
kinase (pp125FAK) is tyrosine phosphorylated after engagement of alpha 4 beta



10

50.

51.

52.

53.

OHMATSU ET AL

1 and alpha 5 beta 1 integrins on human T-lymphoblastic cells. Cell Immunol 1995;
161:8-13.

Goebeler M, Meinardus-Hager G, Roth J, Goerdt S, Sorg C. Nickel chloride and
cobalt chloride, two common contact sensitizers, directly induce expression of inter-
cellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-
1), and endothelial leukocyte adhesion molecule (ELAM-1) by endothelial cells.
J Invest Dermatol 1993;100:759-65.

McHale JF, Harari OA, Marshall D, Haskard DO. Vascular endothelial cell ex-
pression of ICAM-1 and VCAM-1 at the onset of eliciting contact hypersensitiv-
ity in mice: evidence for a dominant role of TNF-alpha. J Immunol 1999;162:
1648-55.

Alon R, Kassner PD, Carr MW, Finger EB, Hemler ME, Springer TA. The integrin
VLA-4 supports tethering and rolling in flow on VCAM-1. J Cell Biol 1995;128:
1243-53.

Issekutz TB. Inhibition of in vivo lymphocyte migration to inflammation and hom-
ing to lymphoid tissues by the TA-2 monoclonal antibody: a likely role for VLA-4
in vivo. J Immunol 1991;147:4178-84.

54.

55.

56.

57.

58.

59.

J ALLERGY CLIN IMMUNOL
mmm 2010

Issekutz TB. Dual inhibition of VLA-4 and LFA-1 maximally inhibits cutaneous
delayed-type hypersensitivity-induced inflammation. Am J Pathol 1993;143:1286-93.
Chisholm PL, Williams CA, Lobb RR. Monoclonal antibodies to the integrin
alpha-4 subunit inhibit the murine contact hypersensitivity response. Eur J Immu-
nol 1993;23:682-8.

Andrew DP, Rott LS, Kilshaw PJ, Butcher EC. Distribution of alpha 4 beta 7 and
alpha E beta 7 integrins on thymocytes, intestinal epithelial lymphocytes and
peripheral lymphocytes. Eur J Immunol 1996;26:897-905.

Picker LJ, Martin RJ, Trumble A, Newman LS, Collins PA, Bergstresser PR, et al. Dif-
ferential expression of lymphocyte homing receptors by human memory/effector T cells
in pulmonary versus cutaneous immune effector sites. Eur J Immunol 1994;24:1269-77.
Campbell DJ, Butcher EC. Rapid acquisition of tissue-specific homing phenotypes
by CD4(+) T cells activated in cutaneous or mucosal lymphoid tissues. J Exp Med
2002;195:135-41.

Waldman E, Lu SX, Hubbard VM, Kochman AA, Eng JM, Terwey TH, et al.
Absence of beta7 integrin results in less graft-versus-host disease because of
decreased homing of alloreactive T cells to intestine. Blood 2006;107:1703-11.



	α4β7 integrin is essential for contact hypersensitivity by regulating migration of T cells to skin
	Methods
	Mice
	CHS responses
	Histologic examination
	Purification of cell subsets
	Antigen-specific proliferation assay
	Ex vivo chemotaxis assay
	Adoptive transfer of sensitized lymph node cells
	T-cell recruitment to CHS sites
	Blocking of CHS responses by using antibodies
	Statistics

	Results
	β7−/− mice exhibit impaired CHS responses
	CHS responses in αE−/− mice are not impaired
	β7 integrin deficiency does not affect migration of APCs
	APCs lacking β7 integrin can normally prime T cells
	β7 integrin–deficient T cells show normal hapten-specific proliferation
	Hapten-specific β7 integrin–deficient T cells induce normal CHS responses when directly injected into the skin
	β7 integrin is required for T-cell trafficking to the inflammatory skin

	Discussion
	References


