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Skin Homing (Cutaneous Lymphocyte-Associated
Antigen-Positive) CD8" T Cells Respond to Superantigen and
Contribute to Eosinophilia and IgE Production in Atopic
Dermatitis®

Milbeccel Akdis>* Hans-Uwe Simon,* Lorenz Weigl," Oliver Kreyden,* Kurt Blaser,* and
Cezmi A. Akdis*

In allergic inflammations of the skin, activation of CD4* T cells was demonstrated to play an important role; however, a minor
role for CD8™ T cells is implied. In the present study, we compared cutaneous lymphocyte-associated Ag (CLA)-expressing CD4
and CD8™" subsets, which were isolated from peripheral blood and lesional skin biopsies in atopic dermatitis (AD) patients. We
demonstrated that CD8"CLA * T cells proliferate in response to superantigen and are as potent as COELA* T cells in IgE
induction and support of eosinophil survival. In atopic skin inflammation, the existence of high numbers of CD# and CD8* T
cells was demonstrated by immunohistochemistry and by culturing T cells from skin biopsies. In peripheral blood, both CDZand
CD8™" subsets of CLA"CD45RO™ T cells were in an activated state in AD. The in vivo-activated CLA" T cells of both subsets
spontaneously released an IL-5- and IL-13-dominated Th2 type cytokine pattern. This was confirmed by intracytoplasmic cytokine
staining immediately after isolation of the cells from peripheral blood. In consequence, both CD%4and CD8", CLA™ memory/
effector T cells induced IgE production by B cells mainly by IL-13, and enhanced eosinophil survival in vitro by delaying eosinophil
apoptosis, mainly by IL-5. These results indicate that in addition to the CD4 subset, the CD8 CLA * memory/effector T cells are
capable of responding to superantigenic stimulation and play an important role in the pathogenesis of AD.The Journal of
Immunology, 1999, 163: 466—475.
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preferential secretion of Th2 cytokines in patients with and help B cells for Ab production (13-17).

asthma and atopic dermatitis (Athas repeatedly been In AD, the pivotal role of CD45R0O (memory/effector) T cells
reported (1-6). These cells control IgE Ab synthesis by B lym-expressing the skin homing receptor, the cutaneous lymphocyte-
phocytes and are capable of attracting, activating, and prolongingssociated Ag (CLA) was demonstrated (18—22). Almost all T &
survival of nonspecific effector cells. Eosinophils are major effec-cells in benign and malignant cell infiltrations of the skin express o
tor cells in the pathogenesis of atopic inflammatory diseases such| A on their surface (18, 22, 24). The CLA molecule was shown ﬁ
as AD and bronchial asthma (7, 8). Besides other mechanisms, g pe a posttranslational modification of the carbohydrate moiety Q
was shown that delayed apoptosis contribute to the accumulatiogf the p-selectin glycoprotein ligand, i.e., constitutively expressed &
of eosinophils in allergic tissue (9). Mainly the cytokines IL-5, o [ymphocytes, by the activity of a fucosyltransferase (25). CLA 3
IL-3, and GM-CSF were shown to enhance eosinophil survival andneracts with its vascular counterreceptor E-selectin (CD62E), be- 5
activation of eosinophils in vitro (1, 10-12) and in cultures of jo4 oxnressed on inflamed superficial dermal postcapillary venules
excised nasal polyps (9). In previous studies mostly using s_pecm 19, 20). CLA" T cells, isolated from peripheral blood of atopic &
T ce+ll clones, the allergen-specific responses were _ascnbed f dividuals, were shown to contain and spontaneously release cy-
ﬁelzjt:ro;e%ee"itsy(gf_gl)). BH'IE) g;:’mzz;es'scgogvf L%T‘lg?;;;":;nacst fortc')kines, IL-4 and IL-13 (21, 26).'Furthermore, it was shown that ?n
solely as potent effector cells concefning the elimination of viralVItrO staphylococcal enterotoxin B (SEB) treatment of atopic

PBMC resulted in up-regulation of CLA expression on T cells and
therefore may facilitate the homing of T cells in the AD skin (27).
Moreover, evidence from several in vitro and in vivo studies sug-
*Swiss Institute of Allergy and Asthma Research (SIAF), Davos, Switzerls@ihic gests that bacterial superantigens possess the potency to trigger
for Dermatology and Allergy, Davos, Switzerland; afilircher Hohenklinik Cla-  chronic T cell-mediated skin inflammation in AD (27-29).
vadel, Davos, Switzerland . .
In the present study, the functional properties of CDdnd

CD8" subsets among CLA-expressing memory/effector T cells
9solated from peripheral blood and lesional skin of AD patients

A ctivation of peripheral blood CD4 T cells and their  and other intracellular pathogens. They can secrete Th2 cytokines
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zerland. E-mail address: akdism@siaf.unizh.ch and t e_re ore are capa e o prgventlng spontaneous eosinophi
2 Abbreviations used in this paper: AD, atopic dermatitis; CLA, cutaneous Iympho—apOptOSIS and enhancing IgE similar to the Cisubset of CLA

cyte-associated Ag; SEB, staphylococcal enterotoxin B; ECD, PE-Texas red. T cells.
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Materials and Methods Isolation of CLA" and CLA" CD45RQO" T cells of CD4 and
Study population CD8" subsets from peripheral blood

Nineteen patients, 11 female and 8 male, with chronic AD (mean age, 3PBMC were isolated by Ficoll (Biochrom, Berlin, Germany) density gra-
yr) who fulfilled the criteria of Hanifin and Rajka (30) and who required dient centrifugation of peripheral venous blood (31). Cells were washed
hospitalization were selected for the study. All were polyallergic and hadthree times and resuspended in DMEM (Life Technologies,), supplemented
positive cutaneous tests to at least three aeroallergens. None of these péth 10 mM HEPES (Life Technologies), 5 mM EDTA (Fluka Chemie,
tients had asthma. Patients showed specific IgE Abs at radioallergosorbeRt/chs, Switzerland), 2% heat-inactivated FCS (SerA-Lab, Sussex, U.K.),
test class=2 and total IgE of>400 U/ml (mean, 3219~ 1862 IU/ml). 100 U/ml penicillin, and 10Q.g/ml streptomycin (both from Life Tech-
None of the patients had systemic immunosuppressive treatment at least"plogies). CLA” and CLA™ cells were isolated with the MACS magnet-
mo before peripheral venous blood was taken. Skin biopsies were taken iActivated cell separation system (Miltenyi Biotech) as described in detail

five of the AD patients after receiving their informed consent. Total IgE of (21, 23, 26). In brief, anti-CD14- and anti-CD19-depleted cells were in-
patients who underwent skin biopsy was 9182265 IU/ml. Peripheral ~ cubated with MACS microbead-conjugated anti-CD45RA and anti-CD16

eosinophilia was 9.75 2.39%. They were all severely ill patients who MAbS and anti-CD4 or anti-CD8. The negatively selected COB45RO"
required hospitalization. Five healthy individuals (mean age, 28 yr) with noand CD8 CD45RO" T cells were sequentially incubated with anti-CLA
history of atopy were included in the study as normal control group. TheirMAb HECA-452, biotin-conjugated goat anti-rat IgM, and streptavidin-

mean IgE levels were 72- 18 1U/ml. The study was approved by the conjugated microbeads. The magnetic (COAA"CD45RO" or
ethical committee of Davos, Switzerland. CD8+CLA+CD45RU) and nonmagnet|c (CD+4:LA7CD45ROF or

CD8"CLA~CD45RQO") T cell fractions were recovered by sequential elu-
tion from the MACS column. This procedure yielded<610°-1.5 X 10°
Abs and reagents CLA*CDA4" cells, 9x 10°-2.4 X 10° CLA~CD4" cells, 3x 10°P-9 x 10°

+ + - -+
The CLA-specific rat mAb HECA-452 was kindly provided by Dr. E. géﬁnccgﬁ %e[l)lzst’ _?_nd I?X 1(:5_1:7 >t< 10‘.3 Ctlr‘]A CCDI,DBS t‘)l'cctells f;gg]l%f
Butcher, Stanford University, Palo Alto, CA (18-20). All fluorescent- or - he cell contamination In the subset was-v. 1%,

- I d CD8 T cell contamination in CD4 T cells was<0.2% as assessed
biotin-labeled mAbs for cell purification or FACS analyses were purchase n . -
from Coulter (Hialeah, FL), Immunotech (Marseilles, France), or Phar- y FACS analysis. Although CLACDASRO" T cells were positively se-

Mingen (San Diego, CA). Anti-CD4, anti-CD8, anti-CD14, anti-CD19, lected by MACS purification, it was clearly demonstrated in the previous

anti-mouse Ig, and streptavidin-conjugated magnetic microbeads for Maggtudles that ligation of CLA with HECA-452 mADb induces neither prolif-

net Activated Cell Sorting (MACS) cell separation were from Miltenyi eration nor cytokine production (23, 26).

Biotech (Marburg, Germany). Anti-CD2 (4B2 and 6G4) and anti-CD28

(15E8) mAbs were from the Red Cross Blood Transfusion Service, Am-Flgw cytometric analysis

sterdam, The Netherlands. Anti-CD3 was produced by clone CRL 8001

obtained from American Type Culture Collection (Manassas, VA). Anti- After purification, 5 10* cells were sequentially stained with FITC-
CD4 mAb was obtained from Novocastra Laboratories (Newcastle, U.K.) conjugated anti-CLA mAb HECA-452, together with anti-CD4-ECD or
Anti-CD8 and control mAbs were purchased from Dako (Zug, Switzer- anti-CD8-ECD and either anti-CD45RO-PE. Stained cells were fixed in 2%
land). Neutralizing anti-IL-4 mAbs (8F12 and 3H4) and anti-IFNnAb paraformaldehyde. The controls were FITC-conjugated rat IgM and FITC-,
45-15 were provided by Novartis (Basel, Switzerland). Anti-IL-13 mAbs PE-, or ECD-conjugated mouse IgG1. The purity of the C|.&D4", and
(JES8-5A2 and JES10-2F9) and mutant IL-4 antagonist (Y124D) withCD8" populations ranged from 93 to 99%.

IL-4- and IL-13-inhibitory activity were provided by DNAX Research In- Intracellular staining of cytokines in CLA and CLA™ T cells was
stitute (Palo Alto, CA). Neutralizing anti-IL-5 and anti-GM-CSF were pur- performed by fixing and permeabilizing the cells immediately after puri-
chased from R&D Systems (Abingdon, U.K.) and PharMingen. fication from PBMC with a paraformaldehyde and saponin solution (OR-

THO PermeaFix, Ortho Diagnostic Systems, Raritan, NJ) (26, 32). After

- . washing with PBS containing 5% FCS, 1.5% BSA (Sigma, St. Louis, MO),
Culture of T cells from skin biopsies and 0.0055% EDTA (Fluka Chemie), cells were stained with ©gml
Biopsies from AD skin lesions that were not treated by any topical treat-R-PE-labeled anti-IL-4, anti-IL-5, anti-IL-13, or anti-IFi-mAbs and R-
ment were incised at 8 mm diameters with 1% Xylocaine as local anesPE-labeled rat1gG1 and rat IgG2a control Ab (all from PharMingen) for 30
thetic. The biopsy specimens were minced with two scalpels; no proteolytidnin at 4°C. The flow cytometric analysis was performed by an Epics Pro-
enzymes were used. Skin fractions from biopsy specimens were cultured iffe Il (Coulter).
25 U/ml IL-2 containing RPMI 1640 supplemented with 1 mM sodium
pyruvate, 1% MEM nonessential amino acids and vitamins, 2 wajlu-
tamine, 100 U/ml penicillin, 10Qug/ml streptomycin, 5quM 2-ME (all
from Life Technologies, Basel, Switzerland), and 10% heat-inactivatedrreshly isolated CLA and CLA™ T cells were resuspended in the above

T cell cultures
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FCS. The biopsy specimens were stimulated with the combination of mAbsupplemented RPMI 1640 medium. Spontaneous cytokine secretion was &y

to T cell surface molecules anti-CD2 (two mAbs, 4B2 and 6G4, each 0.&determined in supernatants of*Ifteshly isolated, unstimulated cells, cul-
ug/ml), anti-CD3 (5ug/ml), and anti-CD28 (Jug/ml). The combination of  tured in 200ul medium for 24 h. Cultures were performed in 96-well
these mAbs provided an effective T cell growth from skin biopsies. Theflat-bottom plates (Costar, Cambridge, U.K.). Time points for harvesting

CDA4:CD8 ratio and CLA expression were measured between days 7 and Ifie supernatants were chosen according to previous kinetic studies (26).

of skin biopsy cultures as soon as enough T cells were obtained for FACShe spontaneous proliferation of the cell subsets was analyzed by a
analysis. Stimulation of the skin biopsies to grow T cells may also induce[*H]TdR incorporation of 18 cells in 200 ul medium in 96-well flat-
CLA. The possibility that the CD4:CD8 ratio alters among T cells during bottom tissue culture plates that were pulsed witaCli/well [°H]TdR for
culturing of skin biopsies for 7-10 days for FACS analysis was excluded24 h immediately after purification. The CLAD4" or CLA*CD8" T

by PBMC or purified T cells stimulations with IL-2 and mAbs to CD2, cells isolated from peripheral blood or skin of the patients were stimulated
CD3, and CD28 (data not shown). This type of polyclonal T cell stimula- with different doses of SEB in 96-well flat-bottom plates X510%200

tion expands both CDZ4 and CD8 T cell subsets to the same degree. ul/well) in triplicates by using 3000-rad-irradiated autologous PBM& (5
CD4" and CD8 T cell subsets from skin biopsies were positively selected 10%) as APC. fH]TdR incorporation was measured after 3 days after an 8-h
by MACS at a purity of 99.8%. incubation with 1uCi/well [°*H]TdR. The plates were harvested on glass
fiber plates, and radioactivity was measured i Blate Reader (Pharma-
cia-Wallac, Turku, Finland). Cytokine production by SEB stimulation was

Demonstration of the CD% and CD8" cell infiltrate in the skin et
determined in parallel cultures from supernatants taken after 3 days.

by immunohistochemistry

CD4" and CDg' cells were identified from skin biopsies by using specific |,quction of IgE and 1gG4 production

mAb and immunohistochemistry (9). Briefly, skin tissues were fixed in 4%

paraformaldehyde solution. Paraffin sections were mounted onLggly- B cells were purified by MACS microbead-conjugated anti-CD19 after
sine-coated slides, stored at room temperature, deparaffinized in xylenégepletion of monocytes with microbead-conjugated anti-CD14 (26). Either
and rehydrated through graded concentrations of ethanol. Ag retrieval waSD4* or CD8" subsets of CLA or CLA™ T cells (16/200 ul/iwell, 96-
achieved by the microwave oven heating procedure. CD4 and CD8 stainwell plate) were cocultured with the same number of purified B cells at
ings were performed with the Dako catalyzed signal amplification systen87°C in a 5% CQ atmosphere. IgE and 1gG4 were determined in super-
according to the manufacturer’s instructions. natants taken after 12 days. Inhibition of Ig production was attempted by
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addition of neutralizing mAbs to IL-4 or IL-13, each at @/ml. The
neutralization capacity of the anticytokine mAbs was previously estab-
lished (26, 33). Mutant IL-4 and IL-13 antagonist Y124D is used at 100
ng/ml (34). Mouse 1gG1 (1@&g/ml) (Immunotech) was used as a control.
All experiments were performed in triplicate.

Quantification of cytokines and Ig isotypes

Solid phase sandwich ELISAs for IFi-IL-3, IL-4, IL-5, IL-13, and
GM-CSF are described (26, 31, 35, 36). Briefly, microtiter plates (Max-
isorb, Nunc, Roskilde, Denmark) were coated with mAb 43-11 to human
IFN-y and developed with biotinylated mAb 45-15. The sensitivity of the
IFN-y ELISA was=10 pg/ml (mAbs and IFNy standard were gifts from
Dr. S. S. Alkan, Novartis, Basel, Switzerland).

IL-4 was measured by using mAb 3H4 for coating and biotinylated
mAb 8F12 for detection (mAbs and IL-4 standard were provided by Dr.
C. H. Heusser, Novartis). The sensitivity of IL-4 ELISA was0 pg/ml.

IL-5 was determined by using mAb TRFKS5 for coating and biotinylated
mAb JES15-A10 for detection (mAbs and IL-5 standard were from Phar-
Mingen). The detection limit of the IL-5 ELISA was 50 pg/ml. IF}- + : . ) ’
IL-4, and IL-5 ELISAs were developed by peroxidase-labeled ExtrAvidine FIG.URE 1. CD4 "?‘”d CD_8* cells in lesional Sk'.n (.)f AD patlents: The
(Sigma), anc-phenylenediamine HCl in citrate buffer, pH 5.5, was used majority of the cells in the inflammatory cellular infiltrate in dermis rep-
as substrate. Optical density was measured at 490 nm in an ELISA readégsented CD4 and CD8' T cells. Two CD4 T cells and one CD8T cell
(Molecular Devices, Menlo Park, CA) after stopping the reaction with 0.5are stained in the basal cell layer of epidermis. Results shown are repre-
N H,SO,. sentative of five skin biopsies from five AD patients. Cumulative results of

For the detection of IL-13, the mAb JES10-2F9 (kindly provided by enumeration of cells are shown in Table I.

DNAX Research Institute) was used for coating. Recombinant IL-13 from

PeproTech (Rocky Hill, NJ) was used as a standard. Rabbit anti-IL-13

(PeproTech) and alkaline phosphatase-labeled goat anti-rabbit Ab (Zymed

Labs, San Francisco, CA) were used for detection. The detection limitwas )

300 pg/ml IL-13. GM-CSF and IL-3 were detected by commercial ELISA Statistical interpretation

kits (R&D), with a sensitivity of<5 pg/ml. In IL-3, IL-13, and GM-CSF
ELISAs, the chromogenic substrate was 4-nitrophenyl phosphate-disodiu
hexahydrate (E. Merck, Darmstadt, Germany) in diethanolamine buffer, pI-P
9.8. Optical density was measured at 405 nm. The IL-2 activity was mea-
sured by fH]TdR uptake of the IL-2-dependent cytotoxic T lymphocyte ReSUlts

line cells as described (37, 38). _ ) ~Comparison of CLA-expressing CD4nd CD8" T cells in the

IgE and IgG4 in supernatants were measured in duplicates b_y S,andw'qésional skin and PBMC of AD patients
ELISA as described (31, 35, 36). The assays reached a sensitivity of 0.2
ng/ml human IgE standard (Behringwerke, Marburg, Germany) and 0.6The CD4" and CD8" T cell subsets in lesional skin of AD patients

ng/ml IgG4 World Health Organization 67-97 reference standard. were identified in punch biopsies by immunohistochemistry. The
o ) ) ) CD4 and CD8 T cells in the eczema lesions in AD are shown in
Determination of eosinophil death and apoptosis Fig. 1. The majority of the cells in the inflammatory cellular in-

Eosinophils were purified by negative MACS separation as previously defiltrate represent CD4and CD8 T cells. This suggests a role for
scribed (39). Briefly, PBMC were separated from peripheral blood of pa-both T cell subsets in AD. The percentages of Czhd CD8 T
tients with moderate eosinophilia (5-8%) by Ficoll-Hypaque centrifuga- ce||s in PBMC and skin biopsies are shown in Table I. The ratio of

tion. The remaining cell population, mainly granulocytes and erythrocytes . . . o
were treated with erythrocyte lysis solution (155 mM @4 10 mM CD4:CD8 T cells in blood and skin appeared to be similar (1.74

KHCO,, and 0.1 mM EDTA, pH 7.3). The resulting granulocyte popula- @nd 1.62), indicating that both CD4and CD8 T cell subpopu-
tion was incubated with anti-CD16 mAb microbeads. CDIanulocytes  lations are equally recruited into the inflammatory skin of AD
were depleted by passing the through a MACS column. The resulting celpatients.

population contained 99% eosinophils as controlled by staining cell smears ; : _ : .
with Diff-Quick (Baxter, Dudingen, Switzerland) and light microscopy. As shown in Table Il the ratio of ClA-bearing CDA:CD8 T

Eosinophils (18 cellsiwell) were cultured in 96-well tissue culture C€lls in PBMC was 1;9-’? 0-3.3 and was significantly lower in T
plates in RPMI 1640, either with spontaneously secreted 25% supernatan@glls cultured from skin biopsies (0.850.73) (p < 0.001). CLA-
of CLA™ or CLA™ T cell or with recombinant cytokines at different con- expressing CD% (70%) and CD8 (88%) T cells in skin biopsies
centrations for indicated time points. Cell death of eosinophils was asyere significantly higher than peripheral blood (30%: CDand

sessed by uptake of AM ethidium bromide and flow cytometric analysis . . . .
as described (40). 27%: CD8", p < 0.001). High CLA expression on skin T cells

Oligonucleosomal DNA fragmentation, a characteristic feature of cells
undergoing apoptosis, was assessed as previously described (41). Briefly,
MACS-purified eosinophils were cultured in the presence or absence of o . )
CLA* or CLA™ T cell supernatants for the indicated conditions and indi- Table I. Distribution of CD4" and CD8' T cells in PBMC and skin
cated times. After culture, the cells were resuspended in 0.3 ml hypotonigiopsies of AD patients
fluorochrome solution (5@g/ml propidium iodide, 0.1% sodium citrate,

IRata are expressed as meansSEM. Statistical analysis for paired com-
arisons was conducted by Studentsst and for percentages by theest.

0.1% Triton X-100) and incubatedrf@ h at 4°C in thedark. The relative Atopic Dermatitis

amounts of apoptotic eosinophils were determined by flow cytometric dis- Control

crimination of DNA fragmentation in hypodiploid and diploid cells. (PBMC) PBMC Skin
Membrane phosphatidylserine redistribution from the inner to the outer

membrane leaflet takes place in apoptotic cells. Annexin V is a phosphati- % CD4 49.20+ 7.25 43.14+ 3.43 502= 78

dylserine-binding protein and is used to detect apoptotic cells (42). Briefly, % CD8 33.05* 6.42 24.82¢ 4.29 297= 56

2 X 10° eosinophils were washed twice with cold PBS and resuspended in  CD4:CD8 1.49*+ 0.31 1.74+ 0.24 1.62+ 0.20

1 ml binding buffer (HEFES’ 025 mM Cagl FITC-conjugated annexin 2 PBMC from five AD patients and five healthy controls were stained immediately
V (100 ng/ml) and propldlum IOdId(_? (500 ng/ml_) were added to the cells. y¢q, purification. CD3 cells were gated, and the percentages of CD4CD8" T
After gentle vortexing and incubating for 15 min in the dark, cells were ce|is was measured by FACS. The skin-infiltrating CDand CD8&" T cells were
immediately analyzed for annexin V binding and propidium iodide uptake determined by immunohistochemistry per square millimeter of skin section in five AD
by flow cytometry. patients. Results are shown as mearSE.
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Table Il. CLA expression in CD4 and CD8" T cells in PBMC and A
skin biopsies of AD patierits 80
5 O CD4
Atopic Dermatitis 3 604 H CD8 TI I
Control ; T
(PBMC) PBMC Skin -
o
% CD4"CLA*  9.75+ 0.75% 13.06* 1.69 31.26+ 8.86%: g
% CD4"CLA~ 39.45+7.75 30.08+ 2.63 12.97+ 3.07 3
% CD8'CLA" 545+ 1.95 6.62+ 1.38 36.94+ 5.35%:x :
% CD8'CLA~ 27.60+5.60 18.20+5.18 5.24+ 2.25 é
CLATCD4:CD8 1.78+0.71 1.97+0.33  0.85% 0.73#x
2PBMC from five AD patients and five healthy controls were stained immediately S 5 & 2 5 - 9 S
after purification, and skin T cells were stained after 7-10 days of culture with IL-2 g g g g g S g S
and anti-CD2, anti-CD3, anti-CD28 mAb mixture. The percentages of ‘Cb#
CD8" T cell subsets with and without CLA were measured by FACS. Results are SEB [ng/mil]
shown as meart SE.*, Significant difference between control group and AD PBMC B
(p < 0.001).:x*, Significant difference between AD PBMC and skip € 0.001). 20 —
£ 1 CD4
ERE m CD8
. . . z 0]
assures that the experiments are done with real skin T cells but not =
the T cells inside the vessels of the skin biopsies. S
. . 0-
Peripheral blood CLA T cells from AD patients represent an IL-4 IL-5 IL-13 IFN-¥
vivo-activated memory T cell subset FIGURE 3. CLA"CD4" and CD8 T cells isolated from peripheral

The CLA* memory/efector T cells demonstrated typical featuresblood or skin proliferate by superantigenic stimulatiénCD4" or CD8"
of in vivo activation in AD. CLA"CD45RO" T cells highly ex- T cells cultured and purified from AD lesional skin biopsies were stimu-
pressed CD25 and HLA-DR in contrast to the CLA cell pop- lated by .SEB in the presence of autologous irradiated PBMC as APC.
ulation of AD patients and both CLA and CLA™ subsets of [_3H]Tr_jR incorporation was measured at day 3. SEB dose-dependent pro-
healthy individuals (21, 26). Additional evidence for in vivo acti- liferation was observed in both CD4and CD8 SUb.setSB.’ Cytokines

. 4 produced in parallel cultures from 1 ng/ml SEB stimulation were deter-
vation appeared from the fact that b.Oth .CD?‘nd C.D8FCLA T mined from supernatants harvested after 3 days. Cytokine production in
cells showed spontaneous proliferation in vitro without further ac-ynstimulated cultures was7% of the SEB stimulated cultures and sub-
tivation. This was demonstrated BH|TdR incorporation in cells  tracted. Values are mearts SD of triplicate cultures. There is no signif-
that were pulsed immediately after purification from PBMC with icant difference between COLLA™ and CD8 CLA* T cells in cytokine
[*H]TdR for 24 h. As shown in Fig. 2, freshly isolated CD4nd production. Same results were observed in CLéubsets isolated from
CD8'CLA* T cells spontaneously proliferated, whereas thetwo PBMC and the CD4and CD8' subsets isolated from two skin biopsy
CLA™ T cell subsets from AD patients and control subjects re-samples.
mained resting | < 0.001). CD4 CLA™ T cells of AD patients
showed higher spontaneous proliferation than COUA™ T cells
of the control group p < 0.05).
analyzed by stimulating the CD8and CD4" subsets of CLA T
cells from peripheral blood and skin biopsies of AD patients with
SEB, by using irradiated autologous PBMC as APC. As shown in
One explanation for the existence and in vivo activation of CD8 Fig. 3A, both CD4 T cells and CD8 T cells of AD patients
T cells in skin lesions in amounts similar to those of CDBcells  responded to SEB in a dose-dependent manner. The cytokines re
could be that their responsiveness to superantigenic stimuli released from CDZ and CD8" T cells isolated from skin showed a
leased byStaphylococcus aureusolonizing the skin. This was similar pattern by SEB stimulation (FigB3. Both CD4" or CD8"

T cells released high amounts of IL-5 and IL-13 and relatively
lower amounts of IL-4 and very little IFN=

CD8" T cells respond to superantigenic stimulation to the same
extent as CDZ T cells and secrete a Th2 cytokine profile in AD
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CD4" CLA™ and CD8" CLA"™ memory/effector T cells in AD
display an IL-5- and IL-13-dominated Th2 cytokine profile

To analyze in vivo-activated cytokine patterns of CLAand
CLA~ CD45RO" T cells among CD% and CD8 subsets, we
visualized their IL-4, IL-5, IL-13, and IFNy cytokine content in
the cytoplasm immediately after isolation from PBMC. In Fig. 4,
the intracellular IL-4, IL-5, IL-13, and IFNy content of CLA" and
CLA™ T cells from an AD patient and a healthy nonatopic control

. o ) ) are shown. In AD patients, the number of IL-5- and IL-13-positive
FIGURE 2. CLA™ T cells are in vivo activated. Peripheral blood CLA cells was significantly higher in CO&LA* cells (IL-5, 71 +

T cells show spontaneous proliferation. In five AD patients and five healthy,, .. + Qo . L )
controls, freshly isolated CD45RQ CD4", or CD8", T cells with and 9%; IL-13, 77 = 8%) compared with CDACLA" cells (IL-5,

without CLA were pulsed withH]TdR for 24 h immediately after isola- 52 i}l%; IL-13, 55?: 7%) _(p < 0.01). Neither CD_Zt nor CD8" .
tion. Both CD4"and CD§ subsets of CLA T cells spontaneously pro- CLA™ T cells contained significant amounts of intracytoplasmic

liferated, whereas the CLAT cells from AD patients and controls re- |L-4 and IFN-y. In healthy individuals, only 2-17% of the CD4
mained resting (##p < 0.001;*, p < 0.05). Values are means SD of or CD8"CLA™ T cells contained intracellular IL-5 and IL-13 but

triplicate cultures. no IL-4 and IFN+.

[3H] TdR (CPM X 1000)
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FIGURE 4. Intracytoplasmic cytokine content of & §
peripheral blood CLA and CLA™ CD45RO" T w ”
cells immediately after purification. CLA and z IL-13 ‘g
CLA™ T cells were fixed and permeabilized imme- :>j O

diately after purification. PE-labeled anti-IL-4, anti-
IL-5, anti-IL-13, and anti-IFNy were used for stain-
ing of cytokines. Filled curve, control Ab; thick line,
CLA" T cells; dotted line, CLA cells. IL-5 and
IL-13 showing significant shift in CLA cells were
studied in both CD#and CD8 subsets of
CLA*CD45R0O" cells. One patient and one control
are shown from similar results of five AD patients
and three nonatopic healthy individuals.
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The spontaneously secreted cytokine profile was determined iBoth CD4" and CD8" subsets of CLA T cells induce IgE

freshly isolated peripheral CLACD45RO" T cells with no fur-
ther in vitro stimulation. As shown in Fig. 5, the CLAD45R0O"

production primarily by IL-13

T cells spontaneously released large amounts of IL-5. The amouni/e then determined the capacity of both T cell subsets to induce

of IL-5 released from CD% cells was 4.22+ 0.59 ng/ml, and the
amount from CD§& cells was 8.43+ 0.71 ng/ml. The amount of
IL-13 released from CD% cells was 0.74+ 0.19 ng/ml, and that
from CD8" cells was 2.73+ 0.34 ng/ml. Only low amounts of
IL-4 (CD4", 0.18 = 0.02; CD§8', 0.32+ 0.03 ng/ml) and IFNy
(CD4", 0.09= 0.02; CD8", 0.19 = 0.03 ng/ml) was secreted in
both CLA™ subsets. Significantly high amounts of Th2 cytokines
were released by CLAT cells from AD patients in comparison
with healthy subjectsg{ < 0.01). Similar to intracellular cytokine
staining, the amounts of IL-4, IL-5, and IL-13 secreted by
CD8*"CLA™ T cells were significantly higher than those from the
CD4"CLA™ subset p < 0.01). Although the spontaneous cyto-
kine release by the CLAT cell subsets reached higher levels in
cells from AD patients than from the controls, it was in both
groups significantly higher among the CLApopulations than
among the CLA T cells (p < 0.001). On the other hand, there
was no significant difference for IFN-between patients and con-
trols. Neither the CLA nor the CLA™ cell subsets secreted de-
tectable amounts of IL-2, IL-3, and GM-CSF.

and regulate IgE synthesis in vitro. In the first set of experiments,
the two memory T cell populations and autologous B cells, purified
from PBMC of AD patients, were cocultured without further stim-
ulation. Fig. 6 demonstrates that either CDdr CD8" subsets of
CLA™ T cells were capable of inducing IgE in B cells. In contrast
the enhancement of IgE by CLAT cells was much less pro-
nounced. IL-4 and IL-13 possess similar isotype-regulatory prop-
erties on IgE production (43—-45). To analyze whether IL-4 or
IL-13 is responsible for IgE production in AD, either CDsbr
CD8" subsets of CLA memory/effector T cells were cultured
with autologous B cells in the presence of neutralizing anti-IL-4,
anti-IL-13, or mutant IL-4 antagonist Y124D. Neutralization of
IL-4 in cultures had a small effect (11.1-18.4%) on suppression of
the IgE production, whereas IL-13 neutralization and Y124D mu-
tant IL-4, which also inhibits IL-13 (34), decreased IgE levels by
84.2-91.7%. These results point out the pivotal role of IL-13 but
not IL-4 in induction of IgE in AD, and CD% and CD8" T cells
were similarly potent in IgE induction by B cells.
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= FIGURE 6. Both CD4" and CD8 subsets of peripheral blood CL'AT
0 . . . . 0 I | l | cells induced IgE by IL-13. Purified B cells were cocultured with autolo-
CLA+ CLA- CLA+ CLA- CLA+ CLA- CLA+ CLA- gous purified CD4 or CDs8* subsets of CLA or CLA™ T cells. The cells
did not receive additional stimulation. IgE and IgG4 were measured from
4 [P 4 supernatants harvested after 12 days. IL-4 and IL-13 were neutralized by
ﬁE\ 3 3 mADbs to these cytokines and by mutant IL-4 antagonist Y124D added from
S the start of culture. A mouse IgG1 was used as a control mAb. Results O
£ 24 2 represent mean of triplicate culturesSD from three different experiments %
m * (*, p < 0.001). =
] 14 14 8
= . . &
0 1 L T O L 1 ¥ T :"*
CLA+ CLA- CLA+ CLA- CLA+ CLA- CLA+ CLA- 8
0.3 0.3 nounced than the supernatants of cells from AD patients. The dif- =
£ . ference between CLA T cell supernatants of AD patients and -E\;’
E, 0.2 0.2 control group on eosinophil survival was significant after 48, 72, <
et * and 96 h of incubation f < 0.01). The supernatants of g
4 0.14 014 * * CD8"CLA™ T cells were significantly more effective than those 5
= I"‘l | l from CD4*CLA™ T cells after 48, 72, and 96 hp(< 0.05). 3
0y T T T oH— r T T During numerous attempts to find out the spontaneously se- 3
CLA+ CLA- CLA+ CLA- CLA+ CLA- CLA+ CLA- creted cytokine from CLA T cells that may play a role in pro- 5
CcD4 cb8 CD4 CDh8 longed eosinophil survival, we neutralized IL-4, IL-5, IL-13, <
FIGURE 5. Peripheral blood CD#and CD8 subsets of CLACD45sRO™  IFN-y, and GM-CSF and inhibited IL-4 and IL-13 activity by a =
T cells spontaneously release a Th2 pattern of cytokines in AD. Purifiednutant IL-4 antagonist Y124D. Only neutralization of IL-5 from ¢
CD4"and CD8' subsets of CLA and CLA™ T cells of nine AD patients  the spontaneously secreted CDdr CD8" supernatants decreased a
and five controls were cultured without stimulation. ”_'4, ”_'5, ”_'13, and the life Span of eos|n0ph|ls (F|g 7B) Repeated attempts to neu- %
IFN-y were measured from the supernatants harvested after 24 . Thg,;i, 0 cytokines responsible for eosinophil survival with different S
results are shown as mean SD. Significantly higher amounts of IL-4, mixtures of mAbs did not decrease eosinophil viability to back- ~
IL-5, and IL-13 were released by either CD4r CD8", CLA™ T cells of o o P Y @
AD patients than by control subjectp & 0.01). The amounts of IL-4, ground_ I_evels. In _add't'_on'_ (z_ombmat'or! of |L_'5' and GM-CSF- N
IL-5, and IL-13 secreted by CD&LLA™ T cells were signiﬁcanﬂy h|gher neutl’allzmg Abs did not inhibit eOSanphll survival more than IL-5 a

than those from the CD4CLA* subset in AD patientsxf, p < 0.01). alone.

In both groups, the spontaneous cytokine release was significantly In Fig. 8, the effect of different memory/effector T cell super-

higher among the CLA populations than among the CLAT cells  patants on eosinophil apoptosis is demonstrated. DNA fragmenta-

(*, p < 0.001). tion, a characteristic feature of apoptotic cells, was assessed by
staining DNA with propidium iodide in Triton X-100 permeabil-

In vivo-activated CLACD45RO™ T cells of both CD4 or ized cells and flow cytometric analysis. Exposure of purified eo-

CD8" subsets prevent eosinophil apoptosis sinophils to supernatants of CLAT cells of either the CD4 or

the CD8" subset from AD patients prevented DNA fragmentation

CD4" and CD8 memoryl/effector T cells suggested the investi-gds obseryed sign?ficantly after 24 h (FigA)S Fu.rthermore, ﬂOW
cytometric analysis of surface phosphatidylserine expression, rep-

gation of the role of CLA T cells on eosinophil survival and resenting an early marker of apoptotic cell death, demonstrated
apoptosis of AD patients. Therefore, the number of viable eosin- 9 y pop '

ophils, measured by ethidium bromide exclusion, was quanth‘ie&hat t.he eosin.ophil. apoptosis-associated phosphatidyl§erine trans-
after cocultivation with supernatants from freshly isolated, non-ocation was inhibited by supernatants of CLA cells in both
stimulated CDZ or CD8". CLA* or CLA—. CD45RO" T cells.  CD4" and CD8' subsets (Fig. B). Eosinophils cultured for 48 h

As shown in Fig. A, supernatants from CLAT cells of both with in vivo-activated CLA™ T cell supernatants were 30.7% for
CD4" and CD8 subsets extended the life span of freshly purified CD4" and 29.2% for CD8 T cells propidium iodide and annexin
eosinophils in vitro. In contrast, supernatants of CLA cells ~ V stained. In comparison, eosinophils cultured with CLA cell
exhibited no effect on eosinophil survivap (< 0.001). Also su-  Supernatants showed significantly high apoptosis. Propidium io-
pernatants of CLA T cells from healthy controls generated some dide and annexin V staining of eosinophils was 67.1% for CD4
prolongation of eosinophil survival; however, much less pro-CLA™ and 65.4% for CD8 CLA™ T cell supernatants.
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A . o effector cells, whereas CLACD45RO" T cells represent resting
Atopic Dermatitis Control memory T cells in AD. Most of the previous studies to demonstrate
100% intracytoplasmic cytokines have been conducted by a full T cell
stimulation with a phorbol ester and ionomycin combination (32,
47). To demonstrate in vivo-generated intracytoplasmic IL-5 and
IL-13, the cells were not further stimulated but only fixed and
stained immediately after purification, because CLRcells were
in vivo activated in AD patients. CDS8CLA™ T cells appeared to
be higher producers of IL-5 and IL-13 and more potent in inhibi-

754

504

254

% Viable Eosinophils

0 T T r 0 r r r i i i i i
0 24 48 72 9% o 24 48 72 96 tion of apoptotic eosmgphl! death. Bpth subsgts induced IgE to Fhe
hours hours same extent. In certain diseases includBchistosoma mansoni
—O—omMcsE —@—CD4TaAT —o—cD4tan infection, leishmaniasis, lepromatous leprosy, and AIDS, a CD8
B —O— Medium —a—cpgT AT —A—CD8t oA T cell subset has been identified with a cytokine profile usually
attributed to e cells (13-15, . In allergic diseases,
ttributed to CD4 Th2 type cells (13-15, 48). In allergic d
CD4+CLA+ o - .
rantiLoS CD8" T cells seem to exhibit diverse effects. In a study comparing
+anti-IL-4 IgE induction by IL-4 and IL-13, IL-13 was shown to be the major
+anti-IL-13 IgE-inducing cytokine secreted from CDS8T cell clones (33).
ant Ny However, in mouse and rat systems of allergic sensitization, IgE
Y1240 production and allergic inflammation was dependent on CD4
anti-GM-CSF -
CDACLA- cells, whereas CD8T cells were shown to be negative regulatory

T
70 80 90 100
% Viable Eosinophills

T cells (49, 50). Apparently, these animal models of allergic sen-
sitization and CD# T cell accumulation in aeroallergen-induced

cutaneous late phase responses do not adequately represent t
FIGURE 7. Spontaneously secreted supernatants from CTahd immune responses in AD (49-53).

" . ) -
CD8" subsets of CLACDASRO" T cells enhance eosinophil survival, A number of pathogenetic mechanisms leading to T cell acti-
Freshly isolated human eosinophils were exposed to spontaneously se-

creted supernatants of CD4r CD8" subsets of CLA or CLA™ T cells. Vatl.on in AD including aeroa}llergens, food allergens, and §uper-

GM-CSF, 50 ng/ml, was used as positive control. Cell death was assesséiI9€NS have been emphasized. The role of aeroallergens in T cel
by uptake of ethidium bromide and flow cytometry. Results represen@ctivation in AD has been extensively studied (2-6, 51, 52).

mean= SD of five AD patients and five control individuals. Supernatants Aeroallergens can induce both immediate type and delayed type
from CLA™ T cells of both CD4 and CD8' subsets extended the life span responses in the skin (51, 52). The frequency of aeroallergen-spe-Z,
of freshly purified eosinophils in AD patients and healthy contrgls<( cific T cells was investigated in AD lesions, and they were found 3
0.001). The increase in eosinophil survival by CLA cell supernatants of  to be <1% in nonchallenged AD lesions (54). Besides, such al-

AD patients was significantly higher than the control group after 48, 72,jergen-specific T cells can be detected in the skin of atopic patients &
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and 96_h9§inc1:|batiorp(<ﬁ0.(:;). -{:e stl:]pern?tants of CAD§'LI'A+IT Ci's after allergen administration, without signs of AD lesions (53). é
were signiticantly more eifective than tnose frrom CA. cells arter . . . .
48, 72, and 96 hg( < 0.05).B, Inhibition of cytokines from supernatants. The contribution of food allergens in the exacerbation of AD by T g

The supernatants containing spontaneously secreted cytokines were pre%(-eII activation has also been studied. Food allergen-specific T cells

cubated with neutralizing Ab against IL-4, IL-5, IL-13, GM-CSF, IFN- Nave been cloned _f_ro_m lesional skin of patients with c_IinicaIIy ﬁ
(each 10pg/ml), and mutant IL-4 Y124D fo2 h at4°C. Viability in  'elevant hypersensitivity responses to foods; however, this type of 5
eosinophils added to neutralized supernatants was measured after 48 h 8{}ergy plays a role in a minority of adult AD (55, 56). Itis obvious
ethidium bromide exclusion. The viability of eosinophils in COZLA™ T that allergen-specific T cell responses in food and aeroallergen
cell supernatants was accepted as 100%, and the rest is calculated. Resuttergy are confined to CD4 T cells; this does not explain the
are meanst SD of duplicate cultures representing three experiments.  activation and recruitment of CD8T cells in AD skin lesions.
From a number of studies, it could be concluded that bacterial
superantigens contribute to the pathogenesis and exacerbation of
. . AD. Staphylococcal superantigens were isolated from AD skin
Discussion (28, 29). The superantigen patch test elicits skin inflammation in
Activation of peripheral blood T cells and preferential secretion of AD patients (57) and in the human SCID mouse model (58). In
Th2 cytokines are associated with atopic syndromes such aaddition, superantigens up-regulate the CLA molecule (27). The
asthma and AD (2-6). In previous studies investigating the mechpresent study shows that CD8T cells cultured from skin or
anisms of allergy, CD4 T cells were inscribed as pivotal cells and CLA"CD8" T cells freshly isolated from peripheral blood effi-
the main producers of Th2 type proinflammatory cytokines andciently proliferate by superantigenic stimulation. Furthermore, pu-
inducers of allergic inflammation (2—6). In contrast, there was lim-rified CD4" or CD8" T cells cultured from skin biopsies secrete
ited evidence for involvement of CD8T cells in human allergic  a Th2-like cytokine profile with high IL-5 and IL-13 by SEB stim-
responses (46, 47). Culturing of T cells from AD skin lesions ulation. Bacterial superantigens can interact with certgthele-
allowed the comparison of CD4and CD8 T cell subsets in  ments of the TCR, leading to activation, expansion, anergy, or
the present study. Previously, it wdsmonstrated that in blisters of deletion of T cells. It is evident from mouse studies that superan-
AD skin almost the entire T cell population was of the CL@D45RO" tigen response of T cells is not restricted to CDz¥ CD8" subsets
phenotype (18, 20). Accordingly, CLACD45RO" T cells of (59, 60) and even CDACD8 T cells can respond to superanti-
CD4" and CD8" subsets were purified from peripheral blood for genic stimuli (61).
comparison. The functional Ig isotype-regulatory capacity of peripheral
The present study dissec®D45RO" T cells into two distinct CLA™ and CLA™ memory/effector T cells from AD patients was
subsets by their skin-homing ligand expression. The GCR45R0O" investigated by coculturing isolated T cell subpopulations with pu-
T cells of both CD4 and CD8" subsets express immunological rified B cells or T cell-depleted PBMC. The IgE production by B
features and functional properties of in vivo-activated memory/cells mainly depended on secreted IL-13. Previous reports and our
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FIGURE 8. Effect of different memory/effector T cell supernatants on eosinophil apop#siBNA fragmentation was determined by DNA staining %
with propidium iodide in Triton X-permeabilized cells and flow cytometric analysis after 24 h incubation with 25% supernatants of peripheral bfood CD
and CD8 subsets of CLA or CLA™ T cells. GM-CSF, 50 ng/ml, was used as positive control. Numbers in parentheses are the percentage of D

fragmented cells. The eosinophil apoptosis-associated with DNA fragmentation was inhibited by supernatant$ @f¢elléin both CD4 and CD8 =
subsetsB, Surface phosphatidylserine expression in freshly purified eosinophils was assessed by flow cytometric analysis after 48 h incubation with 256%
supernatants of peripheral blood CD&nd CD8 subsets of either CLA or CLA™ T cells. The eosinophil apoptosis-associated phosphatidylserine é

translocation was inhibited by supernatants of CLAcells in both CD4 and CD8" subsets. Results are representative of four independent experiments.2

(0]

present findings indicate that IL-4 inhibition is not sufficient to ing the IL-5 gene associate eosinophilia with IL-5 (67). In this
suppress IgE in atopic diseases. An IgE-inducing activity, whichcontext, it is now more reasonable that both Clehd CD8 T
could be attributed to IL-13, has been found in PBMC cultures ofcell populations expressing the appropriate TCR 8An be acti-
atopic but not of normal individuals (62, 63). Accordingly, IL-13 vated by superantigen in the presence of HLA class ll-expressing ¢,
produced by the skin-selective homing T cells in high amountscells. This suggests an explanation for the existence and activationg
may have an important role in the pathogenesis of chronic AD. Inof CD8" T cells in the eczema lesions contributing to IgE pro-
contrast to IL-4, there is no feedback or priming mechanism ex-duction and eosinophil survival similar to CD4T cells and de-
erted by IL-13 on T cells, because human T cells do not displawelopment, chronicity, and exacerbation of AD.

specific receptors for IL-13 (34). Therefore, IL-4 may be decisive
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