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Atopic dermatitis (AD) is a chronic skin disorder, character- 
ized by infiltration of activated memory CD4 + T cells into 
skin. A model to study the onset of allergic inflammation in 
a patient with AD is the atopy patch test (APT), in which, by 
epicutaneous application of aeroallergen, an eczematous re- 
action is indnced in 50% of sensitized patients with AD. Ex- 
travasation of T cells into skin is thought to be critically de- 
pendent on expression of the surface molecule cntaneous 
lymphocyte-associated antigen (CLA), which recognizes and 
binds its ligand E-selectin on endothelium. We studied the 
dynamics of expression of CLA and the gut homing receptor 
«E137 (HML-1) on T cells in the skin of patients with AD 
and in APT reactions and nickel and sodium lanryl sulfate 
patch test reactions by means of immunohistochemical dou- 
ble staining of skin biopsy specimens. The results show an 
increase in the number of CD3 + T cells in the lesional skin 
of patients with AD, APT reactions, and nickel and sodium 
lauryl sulfate patch test reactions as compared with non- 
lesional skin of the same patients and nonatopie individuals. 
In contrast, the percentages of CLA + T cells in the lesional 
skin of patients with AD, in the APT reactions, and in so- 
dium lauryl sulfate and nickel patch test reactions were de- 
creased. In addition, we found a marked expression of o~El~7 
by T cells present in skin, indicating a nonspecific influx of T 
cells during allergic skin inflammation. We propose that dur- 
ing allergic skin inflammation CLA expression is not a pre- 
requisite for cutaneous T-cell infiltration. CLA expression 
may be important for T cells to extravasate from blood into 
skin during immune surveillance or for retention of allergen- 
specific T cells in skin. (J Allergy Clin Immunol 1997;100: 
694-701.) 
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Abbreviations used 
AD: 

APT: 
CLA: 
mAb: 

NHoS: 
NHuS: 

NRS: 
PBMCs: 

PBS: 
SLS: 

TGF: 

Atopic dermatitis 
Atopy patch test 
Cutaneous lymphocyte-associated antigen 
Monoclonal antibody 
Normal horse serum 
Normal human serum 
Normal rabbit serum 
Peripheral blood mononuclear cells 
Phosphate-buffered saline 
Sodium lauryl sulfate 
Transforming growth factor 

Atopic dermatitis (AD) is a chronic, inflammatory 
skin disorder with an important  allergic component .  
Together  with allergic asthma and rhinitis, it is one of 
the major clinical manifestations of the atopy syndrome. 
The skin lesions result f rom an allergic skin response to 
foreign proteins, which is often aggravated by bacterial 
superinfections. 1 Histologic examination of lesional skin 
of patients with A D  reveals a dermal infiltrate consisting 
mainly of activated (HLA-DR+) ,  memory  (CD45RO+),  
and helper  (CD4 ÷) T cells and monocytes?  

To respond adequately to foreign antigens that affect 
the integrity of the body, the immune system has devel- 
oped an elaborate system for the direction of immune 
cells to effector sites and different lymphoid compart-  
ments. Under  physiologic flow conditions, leukocytes 
interact with endothelial  cells through constitutively 
functional (i.e., activation-independent) leukocyte hom- 
ing receptors and their ligands. 3 This selectin-based 
initial adhesion, however, is unstable and not sulticient 
for extravasation. Functional activation of integrins me- 
diated by locally produced activation factors and che- 
moattractants leads to firm at tachment and subsequently 
to extravasation. 4 The need for these factors increases 
the complexity of the mechanism by which immune cells 
are directed to certain locations in the body, hence 
augmenting the specificity of the immune system. 

T cells at cutaneous sites were shown to be phenotyp- 
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ically different from T-cell populations at noncutaneous 
sites because of their expression of the cutaneous lym- 
phocyte-associated antigen (CLA),  5 identified by the rat 
monoclonal  antibody (mAb) HECA-452.  This homing 
receptor  on memory  T cells binds its ligand E-selectin on 
endothelium. 6 In lesional skin of patients with AD,  the 
majority of T cells express CLA. 5 C L A  is expressed on 
approximately 10% to 15% of peripheral  blood T cells 
and on about 45% of the T cells in normal skin from 
nonatopic control subjects. 7 As yet, it is unclear whether  
C L A  expression is a prerequisi te for blood T cells to 
extravasate into cutaneous sites or whether  there is a 
nonhoming-specific T-cell influx during inflammation, 
followed by C L A  upregulat ion in sl0än. Recently, the 
importance of CLA has been shown. In patients with A D  
and in patients with contact allergy, al lergen-dependent  
responses of peripheral  blood lymphocytes are largely 
confined to the CLA + T-cell subset, s Furthermore,  
casein stimulation of T cells derived from blood of 
allergic children with milk-induced eczema resulted in 
expansion of CLA + T cells, whereas this was not the 
case in children with milk-induced gastroenteropathy. 9 

Expression of  homing  receptors  on T cells can be 
both  induced and upreguta ted.  Induc t ion  of  C L A  
expression,  which occurs during the t ransi t ion f rom 
naive to m e m o r y  state, is media ted  by var ious cyto- 
kines, among  which are t ransforming growth factor  
(TGF)-131 and IL-12. ~°,1~ Fur the rmore ,  these two 
cytokines are also capable  of  upregula t ing  C L A  ex- 
press ion on memory  T cells. ~°, ~2 In addit ion,  however ,  
TGF-[~I can upregu la te  expression of  integrin c~E137 
on T lymphocytes.  ~3 This molecule  has been  re la ted  to 
the local izat ion and adhesion of T cells at mucosal  
sites. 14 «E137 is expressed by more  than 95% of 

in t raepi thel ia l  lymphocytes  located in the intestine,  by 
a substantial  number  of  lymphocytes within the bron-  
chial epi thel ium,  by some aIveolar  wall lymphocytes,  
and by bronchia l  a lveolar  lavage fluid T cells. 15 In 
contrast ,  less than 2% of per iphera l  b lood T cells 
express c~E[~7. 

To study homing receptor  expression on infiltrating 
skin T cells, we used the atopy patch test (APT), in which 
aeroallergens, epicutaneously applied to clinically non- 
involved skin of patients with AD,  induce an eczematous 
reaction after 24 to 48 hours. ~6 APT-induced eczema- 
tous skin lesions are characterized by a dermal influx of 
CD4 + T cells, eosinophils, and CD1 + cells. ~7 Histologic 
appearance of late A P T  sites (72 hours) elosely resem- 
bles the lesional skin of  patients with AD.~~ 

We studied homing receptor  expression on T cells in 
the lesional skin of patients with AD,  clinically nonin- 
volved skin of  patients with AD,  the skin of A P T  sites of 
patients with AD,  and nickel and sodJum lauryl sulfate 
(SLS) patch test reactions. Therefore  we per formed 
immunohistochemical  double staining with anti-CD3 
and antibodies against C L A  or c~E~~7, which allows 
specific identification of homing receptor  expression on 
T cells. 

METHODS 
Patients and test procedures 

PatientswithAD. We studied 16 patientswith AD, diagnosed 
according to the criteria of Hanifin and Rajka, j~ who were 
selected on the demonstration of a positive APT response at 24 
hours, a positive skin prick test response (defined as >3 mm 
induration 20 minutes after intradermal allergen chatlenge), 
and a positive RAST response to house dust mite allergen. 
APTs were performed as described previously. ~6 In sbort, 
clinically noninvolved skin of the back was stripped 10 times 
with adhesive tape, after which house dust mite allergen (0.08 
ml, 10,000 AU/ml) was applied with Leucotest patches (Beiers- 
dorf AG, Hamburg, Germany). APT results were read after 24, 
48, and 72 hours and recorded as: +, erythema with slight 
induration; 2+, erythema with papules; and 3+, erythema, 
papules, and vesicles. The diluent was applied as a negative 
control in all patients. Punch biopsy specimens (3 mm) were 
taken after local anesthesia (1% lidocaine) from clinically 
noninvolved skin (n = 6) and lesional skin of patients with AD 
(n = 5), and from APT sites at 24 (n - 5), 48 (t~ = 5), and 72 
hours (n = 5). 6 Biopsy specimens from early APT sites were 
taken at 0 hours (n = 4), 20 minutes (n = 2), 2 hours (n = 2), 
4 hours (n = 2), 6 hours (n = 1), 8 hours (n = i), 16 hours (n = 
1), and 24 hours (n = 3). 

Patients with contact dermatitis. Six patients with allergic 
contact dermatitis, who were known to have positive patch test 
reactions to nickel sulfate, were studied. Patch tests were 
performed on the back with 5% nickel sulfate dissolved in white 
petrolatum by using Finn chambers (Epitest, Norgesplaster, 
Norway). Patch tests were read after 24, 48, or 72 hours. In all 
patients strong reactions were seen with erythema and papules 
(2+). Punch biopsy specimens (3 mm) were taken after local 
anesthesia (1% lidocaine) at 0 (n = 6), 48 (n = 3), and 72 hours 
(, = 3 ) .  

In#ant reactions. Irritant reactions were induced in four 
patients with AD with 1% SLS in disti]led water by using 
Leucotest patches (Beiersdorf AG). Patch tests were removed 
after 24 hours. All individuals showed erythema and induration 
at that time point. Punch biopsy specimens (3 mm) were taken 
after local anesthesia (1% lidocaine) at 0 (n = 4) and 24 hours 
(. = 4 ) .  

Nonatopic controls. Control skin biopsy specimens were 
taken from healthy nonatopic volunteers tn = 3). with negative 
skin prick test and RAST results. 

All participants in this study gave their informed consent. All 
biopsy specimens were snap-frozen in liquid nirrogen and 
stored at -70  ° C before use. Sequential sections (6 p~mj were 
cut on a freezing microtome and mounted on 3-aminopropyl 
tri-ethoxy silaan (Sigma A3648) coated slides. 

Double staining. To establish the expresslon of c~EB7 on T 
cells, double scaining was performed with HML-1 an mAb 
recognizing c~EI37, and anti-CD3 mAb. Sections were fixed in 
dry acetone with H2Oz (30%, 100 izl/100 tal) for 7 minutes and 
air dried and preincubated for 20 minutes in 10% normal horse 
serum (NHoSL 10% normal human serum (NHuS), 10% 
normal rabbit serum (NRS) (Dako X-903), after which the 
sections were incubated with anti-«E[37 [HML-1. Immunotech. 
0318:1:50 in phosphate-buffered saline [PBS] with 1% NHoS. 
1% NHuS) for 60 minutes. Subsequently biotinylated horse- 
anti-mouse ( 1:800 in PBS 1% NHoS. 1% NHuS. 1% NRSI was 
added for 30 minures, and sections were blocked for 30 minutes 
with potyclonal rabbit-anti-mouse antibody i Dako Z-109:!:50 
in PBS 1% NHuS, 1% NRS). Anti-CD3 ~ Leu-4. Becton Dick- 
inson 668:1:50 in PBS t ~  NHuS. 1% NRS" was then applied 
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FIG. 1. Percentage of CD3 + T cells expressing CLA er e~EL37. CLA (shaded column) and «E137 (open column) 
were double stained with CD3 in nonatopic skin, clinical•y noninvolved skin, and lesional skin of patients with 
AD and in 24, 48, and 72 hour APT sites of patients with AD who underwent APT at 24, 48, and 72 hours. The 
data represent the mean (_+SEM) of the percentage of double-stained cells. Significant differences between the 
percentages CLA+/CD3 + cells and c~EI37+/CD3 + cells are indicated by an asterisk. The percentage of 
CLA+/CD3 + cells at all APT timepoints significantly differs when compared with clinically noninvolved skin of 
patients with AD as indicated by a double asterisk. 

for 60 minutes. Sections were then incubated with a mixture of 
streptavidine-conjugated alkaline phosphatase (Dako, D-396; 
1:300) and peroxidase-conjugated rabbit-anti-mouse (Dako P- 
161; 1:50) in PBS 1% NHuS, 1% NRS for 30 minutes. In 
between incubations, sections were washed with PBS-Tween 
(three times for 5 minutes), and before substrate iucubation, 
slides were washed with Tris-HCL (0.1 mol/L, pH 8.5; three 
times for 5 minutes). 

First, alkaline phosphatase activity was demonstrated by 
using naphtol AS MX phosphate (Sigma N-4875) as the sub- 
strate and fast btue BB base (Sigma F-0125) as the chromogen, 
resulting in blue staining. 2° After rinsing twice with PBS and 
once with NaAc (0.1 mol/L, pH 5.0), peroxidase activity was 
revealed with 3-amino-9-ethylcarbazole (Sigma A-5754) as the 
substrate, resulting in a red color. 21 In this way cells positive for 
CD3 stain red, cells expressing «E[37 stain blue, and e~E[37- 
expressing T cells appear as purple cells. 

The specificity of the double staining was established by using 
the following controls. Anti-«E[37 was replaced by IgG2a 
isotype control (Southern Biotechnology Associates, Inc., Bir- 
mingham, Ala.), which resulted in red-staining cells only. 
Replacement of anti-CD3 by IgG1 isotype control (Southern 
Biotechnology Associates, Inc.) resulted in blue-staining cells 
only. 

To determine whether c~E[37 was expressed on CD8 + cells, 
anti-CD3 was replaced by anti-CD8 (DAKO T8, M707; 1:50). 

In this way CD8 + cells stain red, c~E[37 + cells stain blue, and 
double-positive cells stain purple. 

To determine CLA expression on T cells, sections were 
double stained with HECA-452, a rat mAb, » and anti-CD3 
mAb. After fixation with dry acetone with H20» sections were 
preincubated for 20 minutes in PBS with 10% NHuS, 10% 
NRS, then sections were incubated with anti-CD3 (1:50) in 
combination with HECA-452 (kindly donated by R. Scheper, 
Amsterdam; 1:5) in PBS with 1% NHuS, 1% NRS. The sections 
were incubated with a mixture of peroxidase-conjugated rabbit- 
anti-mouse (1:50) and biotinylated rabbit-anti-rat (Dako, 
EO468; 1:2000) in PBS with 1% NHuS, 1% NRS, after which 
streptavidine-conjugated alkaline phosphatase was applied. In 
between incubations, sections were washed with PBS-Tween 
(three times for 5 minutes). Enzyme reactivity was demon- 
strated as described above. With this method CD3 + cells stain 
red, whereas CLA-expressing cells stain blue. CLA-expressing 
T cells appear as purple cells. 

The specificity of the double staining was established by using 
the following controls. HECA-452 was replaced by IgM isotype 
control (clone G42-6.1; Pharmingen, San Diego Calif.), which 
resulted in red-staining cells only. Replacement of anti-CD3 by 
IgG1 isotype control (Southern Biotechnology Associates) re- 
sulted in blue-staining cells only. 

Microscopic evaluation. Sections of skin biopsy specimens 
were examined by light microscopy at ×400 magnification. 
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TABLE I. Expression of  CLA and ~EI57 by CD3 + cells 

CD3+CLA + CD3+ŒEIB7 + 
C D 3  + ( m m  :z ) ( m m  :z } (mm z) 

Nonatopic control skin (n = 3) 
Clinically noninvolved skin of patients with AD (n = 6) 
24 hr APT (n = 5) 
48 hr APT (n = 5) 
72 hr APT (n = 5) 
Lesional skin of patients with AD (n := 5) 

17 -+ 3 ~'b 8 ± 1 g 3 ± 1 
45 ± 5 b'c'd'e'f 27 _+ 3 g'h 17 + 5 j 

116 ± 2 a 31 +_ 8 25 +_ 5 
196 _+ 29 ~ 42 ± 16 28 _+ 13 
173 + 41 f 34 ± 10 i 22 ± 6 
211 _+ 25 a'° 73 ± 11 h'i 65 ± 18 j 

All values are given as cells per square millimeter, mean +- SEM. 
Statist±ca[ analyses of corresponding letters: p < 0.05. 

Before examination of the double staining, sections were com- 
pared with their control-stained countersections. For quantifi- 
cation of cell numbers and homing receptor expression, all 
double- and single-stained cells between the dermal-epidermal 
junction and the base of the hair follicles were counted inde- 
pendently by two observers. The mean interobserver coelficient 
of variation was 10%. In fields containing sweat ducts and hair 
shafts, only intervening dermal regions were counted. Of all 
biopsy specimens, at least two sections (surface area >1.5 mm 2 
per section) were stained and counted. Results are expressed as 
the number of positive cells per square millimeter. Percentages 
in Fig. 1 were calculated per patient, after which the mean was 
taken. 

Surface marker analysis by flow cytometry. Surface marker 
analysis on peripheral btood mononuclear cells (PBMCs) was 
performed by indirect immunofluorescence with flow cytomet- 
ric assessment. PBMCs were isolated from peripheral blood 
obtained from nonatopic control subjects and from patients 
with AD. Briefly, heparinized blood (diluted 1:1 in PBS) was 
centrifuged on Ficoll-Paque (20 minutes, 2100 rpm, room 
temperature, no brake). The interphase (PBMC) was collected 
and washed twice with PBS. PBMCs [1 × 10 » in PBS/2% FCS/5 
mmol/L sodium az±de (NaN»)] were incubated for 30 minutes at 
4 ° C with HECA-452 (1:5), e~E[37 (HML-I; 1:50), or control 
antibody of the appropriate isotype class (rat IgM or mouse 
IgG2a, as controt for HECA-452 and e~E[~7, respectively) in 
96-well round-bottom plates. Celts were then washed (three 
times in PBS/FCS/NaN 3 solution) and incubated for 30 minutes 
at 4 ° C with biotinylated rabbit-anti-rat (1:2000) (HECA-452/ 
rat IgM) or with biotinylated horse-anti-mouse (1:800) (HML- 
1/IgG2a). After washing the cells, samples were incubated with 
a mL-~ture of phycoerythrin-labeled streptavidin (1:20) and 
fluorescein isothiocyanate-conjugated CD3 (Becton Dickin- 
son, Leu 4; 1:10) or fluorescein isothiocyanate-labeled IgG1 
(Becton Dickinson; 1:10) as isotype-matched control for CD3. 
Finally, cells were fixed with 2% paraformaldehyde and stored 
at 4°C until they were analyzed. Cytofluorography (Becton 
Dickinson FACScan) was performed with laser excitation at 
488 nm. CLA expression and c~EÔ7 expression on T cells were 
determined by gating fluorescein isothiocyanate-positive cells 
(CD3+), and individual markeis (CLA and aE,B7) were mea- 
sured from the amount of phycoerythrin binding. Specific 
binding was determined by subtraction of the isotype control 
antibody. 

Statistical analysis 

Statistical analysis was performed by using the Wilcoxon rank 
sum test for nonparametric distributions. Probability (p) values 
of less than 0.05 were considered significant. 

RESULTS 
Increased numbers of CD3 + teils in lesionai and 
clinically noninvolved skin of patients with AD 

Skin biopsy specimens f rom nona topic  control  sub- 
jects  and patients  with A D  were  immunohis tochemi-  
cally stained for the pan-T cetl marker  CD3. In 
lesional  skin of  pat~ents with AD,  the number  of  
CD3 + cells was signif~cantly increased when compared  
with clinicatly noninvolved skin of  pat ients  with AD,  
which in turn conta ined  significantly higher  numbers  
of  CD3 + cells than skin of nona top ic  subjects (Table  
I). 

Higher percentage of CLA ÷ T cells in clinically 
noninvolved skin of patients with AD than in 
lesional skin of patients with AD 

To study the expression of homing receptors on T cells 
in skin of patients with A D  and nonatopic control 
subjects, we double stained skin sections with mAbs 
against CD3 and CLA (Fig. 2). 

In both clinically noninvolved skin of patients with A D  
and skin of nonatopic subjects, CLA + cells were located 
in small perivascular infiltrates in the dermis. In lesional 
skin they were found in rauch larger infiltrates scattered 
throughout  the derrnis, in particular in the papillary 
region, and occasionaUy in the epidermis. A few single- 
stained CLA + cells were found only in lesional skin, all 
localized in the dermis. 

A significantly larger number  of  CD3 + cells express- 
ing the skin-homing receptor  CLA was seen in clinically 
noninvolved skin of  patients with A D  than in skin fi-om 
nonatopic subjects (Table I). The percentages in these 
groups, however, were comparable (Fig. 1). Lesional 
skin showed an increased number  of CLA+/CD3 + cells 
compared with clinically noninvolved skin from patients 
with A D  (Table I). Importantly, however, and seemingly 
in contrast, the percentage of CD3 + cells expressing 
CLA was significantly lower in the iesional skin of 
patients with A D  (Fig. 1). 

By means  of f luorescence-ac t iva ted  cell sorter  anal- 
ysis, the  percen tage  of  CD3 + cells expressing C L A  in 
b lood was de termined .  In blood,  both  f rom nona top ic  
subjects and f rom pat ients  with A D ,  the percen tage  of  
C L A + / C D 3  + cells was signifieantly lower than in the 
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FIG. 2. Immunohistochemical double staining of T cells in lesional skin of patients with AD. a, Double staining 
with anti-CD3 (red) and anti-CLA (blue). Double-positive cetls (CD3+/CLA +) are indicated by purple staining. 
Arrows indicate a double-posit ive cell (double arrow) and a single red positive ceil (single arrow). No single 
blue-staining cells are seen. b, Double staining with anti-CD3 (red) and anti-eE137 (blue). Double-positive cells 
(CD3+/«E{57 +) are indicated by purple staining. Scale bar, 10 Fm. 

skin. No difference was observed between the percent- 
age of CLA+/CD3 + cells in the blood of nonatopic 
control subjects (14.2% -+ 5% [mean +_ SD], n = 6) 
and blood of patients with AD (16.8% _+ 7%, n = 6). 

Increased numbers of «E~7-expressing CD3 + 
cells in lesional skin of patients with AD 

A substantially increased number of CD3 ÷ cells ex- 
pressing the gut-homing receptor c~E[37 was observed in 
the lesional skin of patients with AD compared with 
clinically noninvolved skin of patients with AD (Fig. 2). 
In addition, the number of double-positive cells in 
noninvolved skin of patients with AD was significantly 
higher than in the skin of nonatopic subjects (Table I). 
The distribution of aE[37+/CD3 + cells was comparable 

to that of CLA+/CD3 + cells, although no single ~xE~7 + 
cells were observed. 

Immunofluorescence double staining of peripheral 
blood obtained from patients with AD (n = 6) and 
nonatopic control subjects (n = 6) with c~E[37 and CD3 
showed that no significant difference existed between 
the two groups with regard to the percentages of 
CD3+/e~E[37 + cells (1.6% + 0.8% and 1.4% + 0.6%, 
respectively). 

Increasing numbers of CD3 ÷ ceUs found in the 
APT, the majority expressing neither CLA nor 
~E~7 

All patients with AD showed positive APT reactions 
with scores of 1+ or 2+. In the APT there was a strong 
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FIG, 3. Percentage of CD3 + T cells expressing CLA during the early APT timepoints. Data are depicted per 
patient; different symbols represent individual patients. 

influx of CD3 ÷ cells during the first 48 hours after 
allergen application (Table I). In contrast, no increase in 
CD3 ÷ T cells was seen after either tape stripping only or 
buffer occlusion. 

After patch testing for either 24, 48, or 72 hours, 
neither the number of CLA+/CD3 + cells nor the hUre- 
ber of c~E~7/CD3 + cells changed as compared with 
clinically noninvolved skin (Table I). Because the num- 
ber of infiltrating CD3 + cells increased during patch 
testing, there was a significant decrease in the percent- 
age of CLA+/CD3 + cells at all three APT time points 
(Fig. 1). 

To study whether CD3 + eells infiltrating in the early 
APT were CLA ÷, serial biopsy specimens were taken 
from the skin of patients with AD between 0 and 24 
hours of the APT time points. As is shown in Fig. 3, 
there was no increase in the percentage of CLA+/CD3 + 
cells between 0 and 24 hours after allergen application; 
there is even a gradual decrease reaching a minimum at 
24 hours. 

At  all APT time points, the CLA+/CD3 + cells were 
found in perivascular infiltrates and papillary regions in 
the dermis and occasionally in the epidermis, whereas no 
CLA single positive cells were observed. As in the 
lesional skin of patients with AD, the majority of the 
«E~37+/CD3 + cells were localized in perivascular infil- 
trates, but some were localized in papillary regions. 

Previously, c~Ef37 expression was predominantly ob- 
served on CD8 ÷ cells. 14 To determine whether in skin 
e~EI37 + cells are of the CD4 or CD8 T-cell subset, APT 

skin sections were double stained for aEl~7 and CD8. A 
minority of c~E~7 + cells were of the CD8 + subset (34% 
-+ 9% [mean -+ SEM] n = 3), but not all CD8 + cetls 
expressed c~E~37. 

In noninvolved and lesional skin of patients with AD 
and in skin from nonatopic subjects, the majority of the 
CD3 + cells expressed either CLA or c~EI37. During APT 
this percentage decreased dramatically and the majority 
of the CD3 * cells expressed neither CLA nor «E~7. 

We did not find a correlation between the intensi V of 
the macroscopic skin reaction and the number of CLA + 
T cells. 

Increasing numbers of CD3 + cells after patch 
testing with nickel suifate or SLS, the majority 
expressing neither CLA nor «E~7 

To study homing receptor expression on T cells during 
other skin inflammatory reactions, CLA/CD3 double 
staining was performed in biopsy specimens from nickel 
patch test reactions after 48 and 72 hours and in biopsy 
specimens obtained from 24 hours SLS patch test reac- 
tion sites. The number of infiltrating CD3 + cells varied 
considerably between the two groups. In the nickel patch 
test reactions, the mean number of CD3 +cells  was 837 
per square millimeter at 72 hours, ranging from 532 to 
1028 per square millimeter. In SLS patch test reactions, 
the mean number of CD3 ÷ cells was 218 per square 
millimeter at 24 hours, ranging from 98 to 424 per 
square millimeter. 

In nickel patch test reactions, the percentage of 
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CLA+/CD3 + cells was significantly decreased both at 48 
hours (16% + 3%; mean _+ SEM) and at 72 hours (26% 
+ 4%) as compared with nonpatch-tested skin (74% _+ 
7%). The slight increase at 72 hours was not significant 
compared with the increase at 48 hours. In SLS patch 
test reactions, the percentage of CLA÷/CD3 + (36% _+ 
5%) was also significantly decreased compared with 
non-patch-tested skin (64% _+ 7%), albeit not as dra- 
matically as in nickel patch test reactions. 

DISCUSSION 

To perform their effector and immunoregulatory 
functions, T cells must extravasate from blood into 
tissue. A specific mechanism by which T cells extravasate 
is called selective homing. In this process T cells express- 
ing homing receptors are able to migrate from blood 
into discrete tissue sites by local expression of homing 
receptor ligands on vascular endothelium. This concept 
is based on the observation that under normal, nonin- 
flammatory conditions, the expression of homing recep- 
tors on T cells shows a tissue-specific distribution. 22 

There are several explanations for the relatively re- 
stricted tissue expression of putative homing receptors. 
One is that they play a role in the regulation of T-cell 
extravasation during immune surveillance under normal 
circumstances. Another function could be retention of 
specific T-cell subsets in tissue, possibly after local 
induction. 

The expression of skin-homing receptor CLA and 
gut-homing receptor c~EI37 on T cells is, however, not 
exclusive to their alleged specific tissue site, 15, 23, 24 indi- 
cating that other factors may play a role in T-cell 
extravasation as well. Extravasation of T cells is thought 
to be a multiple-step process, involving activation-inde- 
pendent adhesion (mediated by selectins) and activa- 
tion-dependent adhesion (mediated by integrins and 
members of the immunoglobulin gene superfamily). 3 
Therefore homing receptors are almost certainly not the 
only adhesion molecules mediating T-cell extravasation 
at sites of cutaneous inflammation. 1° 

In this study we set out to determine at what stage of 
cutaneous inflammation T-cell homing receptor expres- 
sion plays a significant role in extravasation of these 
cells. To that end, skin biopsy specimens of nonatopic 
subjects and noninvolved skin, lesional skin, and APT 
reaction sites of patients with AD and skin from nickel 
and SLS patch test sites were immunohistochemically 
double stained for CD3 and either c~E[37 or CLA. 

It was previously demonstrated that in noninflamed 
skin, both nonatopic skin and clinically noninvolved skin 
of patients with AD, a large proportion of T cells 
expresses CLA. », 7. 23 Our data are in agreement with 
these results but also show that a minority of cutaneous 
T cells expresses c~E[37. Together these results indicate 
that CLA is involved in specific homing of T cells to skin. 
However, during the APT reaction and the nickel and 
SLS patch test reactions, the number of T cells increases, 
whereas the percentage of T cells expressing CLA 
diminishes. This therefore suggests that CLA expression 

is not a prerequisite for blood T cells to extravasate into 
skin during eczematous reactions. 

Allergen-specific Th2 clones have been detected in 
clinically noninvolved skin of patients with AD a5 (Van 
Reijsen et al. Unpublished data). Furthermore, these T 
cells have been shown to express CLA in vitro. 26 Similar 
allergen-specific T cells may well be part of the CLA ÷ T 
cells we observe in clinically noninvolved skin. We 
propose that stimulation of these Th 2 cells in an aller- 
gen-specific manner induces a cytokine cascade, upregu- 
lating adhesion molecules on endothelial cells and in this 
way facilitating, or even inducing, extravasation of cir- 
culating blood T cells, which may express nonskin- 
specific homing receptors. 27 Monitoring T-cell influx 
during APT reactions showed that the phenotype of T 
cells, with regard to their cytokine production, changes 
from an initial Th2 into a Thi/Tho type. a8 This indicates 
that in acute allergic skin inflammation, the allergen- 
specific T-cell response is followed by a nonspecific 
bystander response. Our observation that T cells infil- 
trating during APT are CLA-  suggests that these might 
be the ThJTh o bystander cells. 

Expression of CLA on memory T cells can be upregu- 
lated by IL-2, IL-6, TGF-131, and IL-12 in a superanti- 
gen-dependent way. 1°, 12 IL-2 is available in an autocrine 
fashion, whereas IL-6, TGF-[31, and IL-12 are para- 
crinice fashion provided by other cells in the skin. a°, 28-3o 
Furthermore, Hamid et al. 31 recently showed that there 
was a significant increase in IL-12 messenger RNA- 
positive cells in chronic skin lesions compared with acute 
lesions and clinically noninvolved skin of patients with 
AD. However, CLA upregulation by the above-men- 
tioned cytokines takes 2 to 6 days in vitro and is likely to 
take as much time in vivo. 1°, 12 This would explain why 
we did not observe an upregulation of CLA + T cells 72 
hours after nickel and house dust mite patch testing, 
although the number of CLA + T cells was increased in 
lesional skin. 

c~E[37 has been described to be not only a homing 
receptor for the gut but also an activation markerY. 32 
The increased percentage of e~E[37 + T cells in the 
lesional skin of patients with AD indicates that cells are 
activated because of continuous stimulation. Indeed, the 
majority of e~E[37-positive T cells also expressed CD25, 
an activation antigen on T cells, as was determined by 
double staining (data not shown). In addition, it was 
shown that a considerable number of T cells in lesional 
skin expresses the activation marker H L A - D R Y  

In summary, we propose that CLA expression is not a 
prerequisite for cutaneous T-cell infiltration during 
acute or chronic inflammation in skin, although a role 
for CLA in determining tissue specificity of T cells under 
other circumstances cannot be excluded. Accordingly, 
expression may be important for T cells previously 
activated in skin or skin-related lymphoid tissue to 
extravasate from blood into the skin during immune 
surveillance. This important feature of CLA will enable 
the immune system to respond adequately on contact 
with antigen through the skin and thus provide protec- 
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tive immunity against such antigens at the most likely 
site of repeated encounter. During acute inflammation, 
however, other mechanisms may permit extravasation of 
other, non-CLA-expressing T cells to equip the in- 
flamed skin with an immune defense system that is as 
broad as possible to combat a wide array of potentially 
harmful antigens. 
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