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Abstract

Objectives To investigate differences in expression of
surface markers, cytokine profiles, and presence of
CD4*CD8" T cells in skin-derived T cell cultures from
patients with extrinsic atopic dermatitis (AD), intrinsic AD,
and psoriasis expanded in the presence of IL-2 and IL-4.
Material Skin biopsies from patients with extrinsic AD
(n = 6), intrinsic AD (n = 9) and psoriasis (n = 9).
Methods Skin-derived T cell cultures were analyzed for
expression of six surface markers, 11 intracellular cytoki-
nes, and three T cell subtype signature transcription factors
by flow cytometry, and secreted cytokines by multiplex.
Results A different IFN-y profile emerged between the
extrinsic AD and psoriatic T cell cultures; however, there
was no difference in IL-17 profile. No differences with
regard to cytokine expression were found between extrinsic
AD and intrinsic AD cultures; however, cutaneous lym-
phocyte-associated antigen was expressed by a higher
percentage of CD8™ than CD4™ T cells in the intrinsic AD
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cultures. Double-positive CD4TCD8" T cells were only
detected in two out of 15 AD cultures.

Conclusion The data suggest that IL-2 and IL-4 affects
the cytokine profile during culture. Earlier findings of
substantial levels of double-positive CD4TCD8™ T cells in
skin derived T cell cultures from AD skin was not repro-
duced in this study.

Keywords Atopic dermatitis - Psoriasis - Cell culture -
T cells - Cytokine - Cutaneous lymphocyte-associated
antigen

Introduction

Atopic dermatitis (AD) is an inflammatory skin disease
with an underlying barrier defect in addition to a deregu-
lated immune response, leading to the development of
eczematous, pruritic lesions. Patients with AD can be
divided into two groups: extrinsic AD, characterized by an
increased total IgE level, and intrinsic AD with normal
total IgE levels. AD is characterized by heavy infiltration
of T cells in the skin [1] that together with keratinocytes
can result in continuous cytokine secretion leading to
chronic lesions. Acute AD lesions are dominated by Th2
cytokines as IL-4, IL-5, IL-13 and the Th22 cytokine IL-
22, whereas more chronic lesions involve increased
expression of the Thl-associated cytokines IFN-y and IL-
12 [2, 3]. Skin-derived T cell numbers from punch biopsies
are unpredictable, and it is therefore a great advantage if
these can be multiplied for extensive investigative and
mechanistic studies. Bang et al. [4] and Hashizume et al.
[5] expanded skin-derived T cells by placing skin biopsies
from AD patient in media containing IL-2 and IL-4. In
contrast to psoriatic skin-derived T cell cultures, Bang et al.
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[4] found increased levels of CD4TCD8" T cells in AD
skin-derived T cell cultures, which they related to imma-
ture T cells from the thymus in AD patients. CD4"CD8"
expression is a thymocyte marker, thus these CD4"CD8"
T cells could indicate a dysregulated thymus in AD patients
which is also supported by the finding that the size of thymi
in children with AD decline slower than do thymi from
healthy children [6]. Since skin-derived T cell cultures
cannot be established from normal skin by use of IL-2 and
IL-4 [4], investigators have used psoriasis as controls for
studies of atopic dermatitis. Psoriasis is an inflammatory
skin disease considered to be partially divergent from AD
with regard to the T cell subsets involved in their under-
lying immune response, with Th17 and Thl cytokines
dominating psoriatic lesions [7].

We aimed at studying the divergence in a broad range of
cytokines and cell surface markers between extrinsic and
intrinsic AD and psoriatic lesions in skin-derived T cell
cultures. First, we asked whether a difference in cytokine
profiles of extrinsic AD and intrinsic AD skin-derived T
cell cultures could be found. Secondarily, we investigated
the presence of CD4+TCDS8™ cells in the T cell cultures with
the aim of exploring phenotypic differences between
CD4"CD8*, CD4" and CD8" T cells in regards to
expression of surface markers and cytokine production.

Methods
Patients

Seventeen patients with AD, diagnosed according to the
criteria of Hanifin and Rajka [8] and 11 psoriasis patients
[Psoriasis Area and Severity Index (PASI) 5.2 &+ 2.3, age
42 + 17; male/female 5/6] each donated three punch
biopsies from lesional skin (two 3-mm and one 4-mm) and
a blood sample. Use of systemic and topical immunosup-
pressants was not allowed 1 month and 2 weeks prior to
sampling, respectively. Seven patients with AD were
characterized as having extrinsic AD based on their total
IgE >200 kU/ [total IgE 1642 4+ 2246 (mean £ SD);
Eczema Area and Severity Index (EASI) 10.4 £ 8.8, age
34 £ 13; male/female 2/5] and ten had intrinsic AD [total
IgE 64 £ 54; EASI 3.1 &£ 2, age 26 £ 7; male/female
3/7]. The EASI score for the extrinsic AD group was sig-
nificantly higher than for the intrinsic AD group (p < 0.01,
Mann-Whitney U test). Eight healthy controls (age
29 + 8; male/female 6/2) each donated two punch biopsies
and a blood sample. [All subjects gave written informed
consent in accordance with the Declaration of Helsinki
Principles for Human Tissue Research, and the study was
approved by the local ethics committee (H-04-2011-068)
and the Danish Data Protection Agency.]
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T cell cultures

T cell cultures were established by placing a 4-mm punch
biopsy in culture flask containing 5 ml RPMI-1640 sup-
plemented with 10 % sterile filtered human AB serum, IL-
2 (1000 U/ml), IL-4 (250 U/ml), penicillin (100 U/ml),
streptavidin (100 pg/ml), and L-glutamine (1 mM) and kept
at 37 °C. Fresh media with cytokines was added to the
cultures three times a week or as needed, so that the cells
were diluted to a concentration of 0.5 x 10° cells/ml.

Blood cell purification

Peripheral blood mononuclear cells (PBMCs) were puri-
fied from blood using lymphoprep (Axis-Shield Poc AS,
Oslo, Norway) density centrifugation. Cells were cen-
trifuged with lymphoprep for 15 min at 1000g at 17 °C.
Subsequently, cells were washed four times, for 5 min at
600, 500, 400, and 300g respectively, using PBS+ [PBS
without Ca** and Mg2+ (Invitrogen, Carlsbad, USA),
supplemented with 0.5 % (v/v) ethylene diamine tetra
acetate (Bie & Berntsen, Rgdovre, DK) and 0.5 % (v/v)
human serum albumin (ZLB Behring GmbH, Marburg,
GE)]. PBMCs were analyzed for surface marker expres-
sion by flow cytometry subsequent to purification,
whereas PBMCs for intracellular flow cytometry analysis
were stored overnight before analysis at 37 °C in RPMI-
1640 supplemented with 10 % sterile filtered human AB
serum, penicillin (100 U/ml), streptavidin (100 pg/ml),
and L-glutamine (1 mM) at a concentration of 1 x 10° -
cells/ml.

Flow cytometry

Skin-derived T cells were cultured without IL-4 for 24 h
prior to analysis. Cells used for intracellular staining were
re-stimulated with 25 ng/ml phorbol 12-myristate 13-ac-
etate (Sigma-Aldrich) and 1 pg/ml ionomycin (Sigma-
Aldrich) for 6 h and 10 pg/ml Brefeldin A (Sigma-Aldrich)
was included for the last 4 h of incubation. All cells were
stained with LIVE/DEAD fixable red dead cell stain kit
(Invitrogen) according to the manufacturer’s protocol. For
surface staining, cells were incubated with antibodies (abs)
(Online Resource Table S1) or corresponding isotype
controls for 15 min at room temperature. For intracellular
staining, cells were fixed and permeabilized with IntraPrep
from Beckman Coulter (Fullerton, CA, USA) according to
the manufacturer’s protocol and stained with abs against
intracellular targets together with abs specific for CD4 and
CDS. For proliferation analysis, cells were stained with
carboxyfluorescein diacetate succinimidyl ester (CFSE)
approximately 72 h before surface marker staining. Cells
were analyzed by a Beckman Coulter FC500 MPL flow
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cytometer (Beckman Coulter). Recommended compensa-
tion beads (Invitrogen) were used according to the
manufacturer’s protocol for compensation of the FACS
data prior to data analysis using FlowJo from Treestar
(Ashland, OR, USA).

Supernatant analysis

For supernatant analysis, cells were cultured for 24 h
without IL-4 and the supernatant was stored at —80 °C.
Supernatants were analyzed for the following cytokines:
IL-1B, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12, IL-13, IL-21,
IL-22, IL-25 (IL-17E), IL-17A, IL-17F, IL-31, IL-33, IFN-
v, and TNF-o by multiplex magnetic bead assay (BioRad,
Berkeley, CA, USA), according to the manufacturer’s
protocol on a Bio-Plex 200 System using Bio-Plex Man-
ager 5.0 (BioRad).

Immunohistochemistry

Biopsies were embedded in paraffin and stained by
immunohistochemistry (IHC) with mouse anti-human CD4
(clone 4B12, Dako, Denmark; 1:40) or mouse anti-human
CDS (clone 144B, Dako, Denmark; 1:100). Negative con-
trols excluding the primary antibody were conducted for all
stainings. For further detail of the staining procedure see
Online Resource Methods S1. Stained slides were scanned
using a NanoZoomer 2.0 HT (Hamamatsu Photonics,
Germany) and Visiopharm software (Visiopharm, Den-
mark) was used to assess the stained area (umz) positive for
CD4 and CDS8, respectively, normalized to the length of the
biopsy.

Statistical analysis

Statistics were calculated using GraphPad PRISM version 5.
For all data except IHC data, Mann—Whitney U test was used
for comparison of two groups, and Kruskal-Wallis with
Dunn’s multiple comparison test was used when comparing
several groups. The IHC data were log transformed and two
groups were compared by two-tailed unpaired ¢ tests,
whereas several groups were compared using 1-way
ANOVA with Tukey’s multiple comparison test.

Results
T cell cultures
Proliferating T cell cultures were established from 9 out of

13 biopsies from patients with psoriasis and from 15 out of
17 biopsies from patients with AD. From two patients with

psoriasis cultures were established from two skin biopsies
per patient, whereas for all patients with AD one culture
was established per patient. Five biopsies from patients
with psoriasis and two from patients with AD did not
develop into proliferating cultures. T cell cultures reached
10 x 107 cells in 25 + 4 (mean £+ SD; n = 11) days,
whereas the psoriatic cultures needed 30 £ 13
(mean £ SD; n = 6) days (Online Resource Fig. S1),
similar to what has been found by others [9]. Eight biopsies
(four from patients with AD and four from patients with
psoriasis) were split in two and cultured in media with IL-4
and without IL-4. For the biopsies kept in media without
IL-4 transient proliferation was only seen in one (max.
1.7 x 10°T cells) of the eight cultures, whereas continu-
ously proliferating cultures were established from seven of
the eight biopsies in media with IL-4, demonstrating the
importance of IL-4 to induce sustained proliferation. All
established cultures were analysed once a week after pro-
liferation was apparent, which happened on day 20 and 25
for AD and psoriatic cultures, respectively. The presented
data are from the first analysis of each culture. The first
three AD and five psoriatic cultures were analysed by flow
cytometry for the following markers: BDCA2, CDla,
CD14, and CDI19, representing plasmacytoid dendritic
cells, Langerhans cells, monocytes, and B cells. The per-
centage of positive cells for any of these markers was
insignificant (mean = SD, AD cultures 0.06 = 0.07, pso-
riasis cultures 0.16 = 0.15).

Cytokine analysis

In the psoriatic cultures, a significantly higher percentage
of the CD4" T cells produced IFN-y compared to the
percentage of IFN-y producing CD4% T cells in the
extrinsic AD cultures (p < 0.05). IFN-y production was
also found in a few of the intrinsic AD CD4" T cells and
the percentage of CD8™ T cells positive for IFN-y showed
a tendency similar to that of the CD4" T cells (Fig. 1;
Online Resource Table S2). Concordantly, IFN-y was
detected in the supernatant in two of nine psoriatic cultures,
but not in any of the 15 AD cultures (Table 1). Also, a
tendency towards higher percentages of t-bet” and IFN-
y*t-bet™ CD4" and CD8" T cells was seen for the psori-
atic cultures compared to the extrinsic AD cultures
(»p < 0.15) (Online Resource Table S2). However, few
cells were found to be positive for IL-17 and its tran-
scription factor RORyt (Online Resource Table S2). No
significant difference was detected for any of the other
measured transcription factors or cytokines neither intra-
cellularly or in the supernatant (Table 1, Online Resource
Table S2). The cytokines IL-9, IL-12, IL-21, IL-25, IL-
17A, IL-17F, and IL-33 could not be quantified in the
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Fig. 1 Higher intracellular levels of IFN-y in psoriatic CD4* skin-
derived T cells compared to extrinsic AD CD4* skin-derived T cells.
a Percentage of CD4" skin derived T cells positive for IFN-y.
b Percentage of CD8" skin derived T cells positive for IFN-v.
¢ Representative dot plot of skin-derived T cells from psoriatic skin.
First plot gating of CD4" and CD8* T cells; second plot gating of

Table 1 No difference in levels of secreted cytokines between cultures

IFN-y* and t-bet* within the CD4" population. d Representative dot
plot of skin-derived T cells from AD skin. First plot gating of CD4"
and CD8™ T cells; second plot gating of IFN-y" and t-bet* within the
CD4" population. Bars mean + SEM. ADex extrinsic AD, ADin
intrinsic AD, Pso psoriasis. *p < 0.05

Marker ADex ADin Pso DT
IL-1B 2+0@4) 2+0(@) 2+04) 1
1L-4 2348 + 791 (6) 3948 + 1661 (9) 7645 + 4278 (9) 10
1L-5 79 £ 46 (6) 645 + 590 (9) 274 + 122 (9) 6
1L-6 232 £+ 189 (6) 28 + 6 (9) 51+ 16 (9) 2
1L-10 9+ 7(6) 28 + 26 (9) 6£5(0) 1
IL-13 1414 + 545 (6) 4089 + 3105 (9) 2454 + 1339 (9) 7
IFNy 10 £ 0 (6) 10 £ 0 (9) 11£20) 10
TNFa 4+1(6) 11+£79) 9+209) 3

Cytokine levels (pg/ml) measured in supernatant from T cell cultures after initiated proliferation [mean £ SEM (n)]. DT: detection threshold
(pg/ml) corresponds to the lowest value on the standard curve. Detected cytokine values below the range of the standard curve were assigned the
value of the detection threshold. No significant differences between groups (Kruskal-Wallis with Dunn’s multiple comparison test)

ADex extrinsic AD, ADin intrinsic AD, Pso psoriasis

supernatants of any culture. IL-22 was only quantifiable in
media from a single extrinsic AD culture and IL-31 in two
intrinsic AD cultures, and these cytokines were not
detected in any of the psoriatic cultures. No differences
were found comparing the cytokine profile of T cell cul-
tures derived from extrinsic AD and intrinsic AD skin.
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Surface marker expression

All cells in all cultures expressed CD45RO, and thus were
characterized as memory cells; in a single culture all cells
were double positive for CD45RO and CD45RA (Online
Resource Table S3). In the intrinsic AD cultures, the
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percentage of CD8" T cells expressing the skin homing
marker cutaneous lymphocyte-associated antigen (CLA)
was significantly higher (p = 0.0127) than the percentage
of CD4™" T cells expressing CLA (Fig. 2a; Online Resource
Table S3), which was not seen for the extrinsic AD or
psoriatic cultures. This finding was not reflected by a
higher percentage of CD8* T cells in the intrinsic AD skin-
derived T cell cultures, and significantly higher percentages
of CD3*CD4™ T cells in blood from patients with intrinsic
AD expressed CLA compared to CD3"CD8" T cells
(Fig. 2b). An equivalent result was seen in blood T cells
from healthy subjects, with a similar tendency for patients
with extrinsic AD (p = 0.095) and psoriasis (p = 0.093).
Quantification of the area of lesional skin staining positive
for CD8 and CD4 respectively, by IHC, showed that the
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Fig. 2 Increased cutaneous lymphocyte-associated antigen (CLA)
expression on intrinsic AD skin-derived CD8" T cells from skin-
derived T cell cultures is not reflected in blood and do not cause
increased staining of CD$ in lesional skin. a Percentages of CD4*
and CD8" cells in skin-derived T cell cultures expressing CLA.
b Percentages of CD37CD4" and CD3*CD8" T cells in blood
expressing CLA. Representative dot plots from staining of skin-
derived T cells and blood: Online Resource Fig. S2. ¢ Area of skin

CD8" and CD4™" areas were comparable both within and
across all patient groups (Fig. 2c, d). In contrast, the CD4™*
area was significantly higher than the CD8" area in the
healthy skin (Mann—Whitney U test). As expected the
percentage of CD4" T cells in the blood was significantly
higher than the percentage of CD8' T cells in all four
groups (p < 0.05, Mann—Whitney U test). Comparing all
groups (1-way ANOVA with Tukey’s multiple comparison
test) the CD8™ area was significantly increased in all three
lesional samples compared to healthy skin, which was not
the case for the CD4™ area (p < 0.05, not shown on graph).
This shows that the increase in percentages of CD§TCLA™
cells in the intrinsic AD skin-derived T cell cultures did not
exhibit as increased infiltration of CD8* cells in intrinsic
AD lesional skin. No differences in expression of CD25,
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biopsies stained positive for CD4 and CDS, respectively, by
immunohistochemistry, normalized to the length of the biopsy.
d Representative staining with CD4 (left column) and CD8 (right
column) of healthy skin, and lesional AD and psoriatic (Pso) skin.
Scale bars 500 um. Error bars mean &+ SEM. ADex extrinsic AD,
ADin intrinsic AD, Pso psoriasis. *p < 0.05 (a, b Mann—Whitney
U test, ¢ 1-way ANOVA with Tukey’s multiple comparison test)
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CRTH2, and CD56 were found between groups (Online
Resource Table S3).

Distribution and proliferation of CD4*, CD8*,
and CD4"CD8" subsets

The percentages of CD4"CD8" cells were <2 % regard-
less of disease with the exception of one extrinsic AD and
one intrinsic AD culture where the CD4*CD8" T cells
comprised 22.9 and 5.8 % of the respective cultures. The
majority of the cultures developed into either pure CD4 ™" or
CD8"' T cell cultures (Online Resource Fig. S3) as also
found by Hashizume et al. [5]. Immunohistochemical
staining of CD4" and CD8" cells was performed on skin
biopsies sampled from the same lesional area as biopsies
used to establish T cell cultures. Quantification of the
stained area showed that the dominating T cell subset in a
specific lesion was also predominant in the corresponding
culture. When CD4" and CD8™ cells were equally present
in the lesions, the cultures varied between CD4 and CD8
dominance. These changes were confirmed by proliferation
analysis of CFSE stained cell samples from each culture
(Online Resource Fig. S4). For each culture, histograms of
the CFSE profile for the CD4", CD8*, and CD4*CD8"
subsets were compared and found to be predictive for
changes in CD4 versus CD8 dominance.

Discussion

In this study, the distribution of T cell subsets in skin-
derived T cell cultures from patients with AD and psoriasis
was investigated by a large number of cytokines and sur-
face markers. A difference in IFN-y profiles was found
between skin-derived T cell cultures from patients with
extrinsic AD and psoriasis, and a significantly higher per-
centage of CD8" compared to CD4™ T cell expressed CLA
in the intrinsic AD cultures. No difference in cytokine
profiles was found for cultures established from extrinsic
AD and intrinsic AD skin. Only in two out of 15 AD
cultures, a substantial level of CD4TCD8" T cells were
found. The psoriasis-associated cytokine IL-17 was not
detected in any of the cultures, suggesting that the high
levels of IL-2 and IL-4 in the media may have suppressed
the phenotype of the psoriatic Th/c 17 cells. Likewise the
IL-2 and IL-4 in the media might have skewed the cytokine
profile of other T cell subsets originally present in these
biopsies, thereby clouding differences in cytokine profiles
between T cell cultures derived from psoriasis, extrinsic
AD and intrinsic AD skin. Nograles et al. [7] isolated fresh
T cells from dermis of AD and psoriatic lesions and Hijnen
et al. [10] derived T cells by skin explant cultures of
patients with AD and psoriasis. In accordance with our
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results, these studies found increased levels of IL-4 and IL-
13 in AD T cells and of IFN-y in psoriatic T cells. How-
ever, in contrast to our results they also found increased
levels of IL-17 in the psoriatic T cells. As IL-4 has been
found to down regulate production of IL-17 and IFN-y
in vitro [11, 12], we expect that the IL-4 in the media has
affected IL-17- and also to some degree IFN-y-producing
cells towards a Th2 phenotype. These data were confirmed
by detection of GATA3, IL-5, and IL-13 in the psoriatic
cultures. Although AD is characterized as a Th2 disease,
other T cells subsets are also known to be involved. These
might have been differentiated into Th2/Tc2 cells or been
outcompeted by highly proliferative Th2/Tc2 cells. In this
study, we were not able to establish proliferating T cell
cultures when omitting IL-4 from the media. Bang et al. [4]
tried to reduce the concentrations of IL-2 and IL-4 and to
replace IL-4 with the T cell proliferative IL-7; however,
both resulted in decreased proliferation. Hashizume et al.
[5] compared the use of IL-2 and IL-4 with that of anti-
CD3/CD28 antibody coated microbeads for establishment
of skin-derived T cell cultures, and found the proliferation
induced by anti-CD3/CD28 inferior to that induced by IL-2
and IL-4. Clark et al. [13] induced antigen-independent
proliferation in skin-derived T cells from healthy skin by
adding IL-2 and IL-15 to the media. However, Bang et al.
[4] found that IL-2 and IL-4 in the media could neither
induce migration and proliferation of skin T cells from
healthy skin nor proliferation of lymphocytes from
peripheral blood of patients with AD, indicating that IL-2
and IL-4 selectively promote expansion of in vivo activated
and thus disease-associated T cells.

CLA is a skin-homing marker expressed primarily by
memory T cells [14]. Comparable to other studies [15, 16],
we found higher percentages of CD4" than CD8" T cells
expressing CLA in blood from healthy controls and
patients with AD, but in contrast to these studies we did not
see increased expression of CLA on blood CD4% T cells
from patients with AD compared to healthy subjects.
However, the latter might be due to our patients having
mild AD (EASI <10 for all except one patient), as only the
level of circulating CD4*CLA™ T cells from patients with
severe AD has been found to be significantly higher from
normal blood [16]. For the healthy controls, the increased
expression of CLA on blood CD4* T cells was reflected in
the skin as increased CD4 staining compared to CD8
staining, whereas no difference in CD4 and CD8 staining
was seen for the lesional skin samples. This is in contrast to
a study [17], finding ratios >1.5 for CD4:CDS in blood and
skin from patients with both extrinsic and intrinsic AD.
Significantly lower CLATCD4:CD8 ratio in AD skin-
derived T cell cultures compared to AD PBMCs have
previously been found [15], which is in line with our
finding for the intrinsic AD cultures where a higher
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percentage of CD8" than CD4™1 T cells expressed CLA;
conversely, not reflected as an increased percentage of
CD8" cells in our intrinsic AD skin-derived cultures
compared to the extrinsic AD and psoriatic cultures. In this
study, double staining of CLA with CD4 and CDS,
respectively, was not performed. However, if the increased
percentage of CLA* CD8" T cells in the intrinsic AD
cultures is a reflection of the lesional skin, the difference
might be explained by the increased severity score of the
extrinsic AD group. As the discussion above together with
other studies [10, 18] indicate that the majority of CD8*"
CLA™ in diseased skin may be epidermal resident T cells
whereas the CD4"CLA™ are circulating between the skin
and blood, patients with an increased AD severity score
may have an increased percentages of CD4TCLA™ infil-
trating their skin, resulting in a decreased CLA*CD4:CD8
ratio.

In AD skin-derived T cell cultures, Bang et al. [4] found
the average percentage of CD4"CD8™ T cells to be 26 %.
In this study, CD4"CD8" T cells were only found in two
out of 15 established AD cultures, and no difference in
detection was found when comparing the antibodies used
by Bang et al. [4] to ours. CD4"CD8" T cells have been
found in various diseases as cancers, inflammatory dis-
eases, and viral infections [19-22]. Flamand et al. [21]
found that stimulation of purified CD8% T cells with
superantigens produced by Staphylococcus aureus induced
CD4 expression on 26-59 % of CD8™ T cells, and colo-
nization with superantigen-producing S. aureus has been
found to correlate with increasing severity score
(SCORAD) in AD patients [23]. The cultures from Bang
et al. [4] were donated from patients with moderate to
severe AD, whereas our patients had a low mean EASI
score. Thus, the patients from Bang et al. [4] were more
likely to have been colonized with superantigen-producing
S. aureus. If the CD4TCD8" T cells are induced by
superantigens, these merely represent an inflammatory
signature rather than a cell type especially associated with
development of AD.

In summary, establishment of skin-derived T cell cul-
tures using IL-2 and IL-4 is effective when large amount of
cells are needed. Although their cytokine profile does not
completely resemble that of the lesional skin, these skin-
derived T cells may prove useful for studies of more
stable T cell characteristics as T cell receptor specificity.
Furthermore, earlier findings of substantial levels of dou-
ble-positive CD4TCD8" T cells in skin derived T cell
cultures from AD skin was not reproduced in this study.
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