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INVESTIGATIVE REPORT

Proliferation of T Lymphocytes from Atopic Dermatitis Skin is
Enhanced upon anti-CD3, Reduced upon Mitogen and
Superantigen, and Negligible upon Tuberculin Stimulation
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Knowledge about the nature of lymphocytes infiltrating atopic
dermatitis skin is restricted to allergen-specific T cells. We
investigated the proliferative capacities of T lymphocytes
cultured in an antigen-independent way from biopsies of
atopic dermatitis skin. When compared with peripheral blood
mononuclear cells (PBMC) from healthy donors or atopic
dermatitis patients, the skin-homing lymphocytes proliferated
more vigorously in response to stimulation with anti-CD3
antibodies (1 vg/ml), reflecting their high response capacity.
When stimulated with phytohemagglutinin (10 vg/ml) or
staphylococcal enterotoxin A (0.1 vg/ml) the skin-homing
lymphocytes achieved significantly lower proliferation levels
than PBMC. In contrast to normal and atopic PBMC the skin-
homing lymphocytes did not respond to tuberculin purified
protein derivative (10 vg/ml). In the mixed lymphocyte reaction
the skin-homing lymphocytes did not stimulate autologous
PBMC to proliferate. We conclude that skin-homing lympho-
cytes have more pronounced immune deviations than PBMC in
patients with atopic dermatitis. They represent a valuable
approach for further investigating the pathogenesis of the
disease. Key words: lymphocyte transformation test; autologous
mixed lymphocyte reaction; phytohemagglutinin; staphylo-
coccal enterotoxin A.
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Atopic dermatitis is a fairly common skin disease of ill-
defined aetiology. Activation and skewed reactivity of the
immune system are suggested to be involved in the
pathogenesis of the disease (1-4). Histological studies
indicate that the lesional skin contains lymphocytic infiltrate
predominantly consisting of HLA-DR+ T-helper cells of
memory subtype (5-9) but the functional characteristics of
these lymphocytes are poorly described. In vitro stimulation
studies of lymphocytes homing to atopic dermatitis skin have
mainly been based on allergen-specific T cells (10-14);
however, allergy is unlikely to be the basic mechanism in
the pathogenesis of the disease (15, 16).

Characterizing functionally a wider range of lymphocytes
homing to atopic dermatitis skin may contribute significantly
to the understanding of the pathogenesis of the disease.
Several groups have so far established T-cell lines independent
of antigen, mitogen or accessory cells from atopic dermatitis
skin biopsies (17-19).
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In the present study we describe the proliferative capacities
of in vitro-cultured, non-antigen-stimulated skin-homing T
lymphocytes by means of the lymphocyte transformation test.
The results are compared with those for atopic peripheral
blood mononuclear cells (PBMC), in order to elucidate
whether lymphocytes from atopic dermatitis skin have more
pronounced immune deviations and could therefore be more
relevant for determining the pathogenesis of the disease. In
order to include different pathways of T-cell activation the
cells were stimulated by monoclonal antibodies to the CD3
complex, a mitogen (phytohemagglutinin, PHA), a super-
antigen (staphylococcal enterotoxin A; SEA) and a conven-
tional antigen (tuberculin purified protein derivative; PPD).
The autologous mixed lymphocyte reaction was also
performed to test whether skin-homing lymphocytes induce
a proliferative response in lymphocytes from peripheral
blood.

MATERIAL AND METHODS
Patients

Skin biopsies were obtained from 15 consecutive adult patients aged
18 — 54 years (median age 27 years) with a flare-up of moderate-to-
severe atopic dermatitis. Systemic treatment including UV light had
not been given and the biopsied area had not been treated topically
within the previous week. All but one of the patients had high IgE
levels (>800 kU/I) and type I allergies. Two control groups were
enrolled for peripheral blood samples: 11 patients with atopic
dermatitis (age 19-54, median age 29 years) and 22 healthy
volunteers (age 18-64, median age 26 years). All subjects gave
their informed consent and the study was approved by the local ethics
committee.

Preparation of cells

PBMC were isolated from fresh heparinized blood by density gradient
centrifugation (Lymphoprep; Nycomed Pharma) and washed three
times in Hank’s balanced salt solution at room temperature.

Cultures of skin-homing lymphocytes were established as described
elsewhere (13). Briefly, a 4-mm punch biopsy was taken from atopic
dermatitis lesional skin and placed into a medium comprising 90%
RPMI 1640 with glutamax (GibcoBRL) and 10% human AB serum,
supplemented with antibiotics and interleukins 2 and 4. Lymphocytes
cultured from skin biopsies were used for the lymphocyte transforma-
tion test after being cultured for 19-122 days (mean 32 days). Five
cell cultures were used for mixed lymphocyte reactions after a culture
period of 18-60 days (mean 35 days). Prior to use the in vitro-
cultured skin-homing lymphocytes were washed three times in Hank’s
solution and seeded into medium lacking cytokines.

In order to obtain monocytes by the plastic adherence technique,
PBMC were incubated in the medium described previously in cell
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culture flasks (Nunc) for 45 min at 37 C. The non-adherent cells were
discarded and the flasks rinsed thoroughly with Hank’s solution
containing 10% human AB serum. Thereafter Hank’s solution with
2% serum was added to the flasks which were left on ice for 30 min.
The monocytes were detached from the plastic by vigorous shaking,
washed once and seeded to medium (RPMI 1640, antibiotics and 2%
human AB serum; 4 C).

Only viable cells were counted, as estimated by the trypan blue dye
exclusion test.

Lymphocyte transformation test

Triplicate cultures of 2 x 10° cells in 200 ul of medium (RPMI 1640
with glutamax supplemented with 10% human AB serum and
antibiotics) were prepared in flat-bottomed 96-well plates (Nunc).
For anti-CD3 stimulation the plates were coated with 100 ul mouse
anti-human-CD3 monoclonal antibodies (clone CLB-T3/4.E;
Research and Diagnostics) per well at a concentration of 1 pg/ml,
incubated overnight at 4 C and thereafter washed twice with
phosphate-buffered saline and once with medium. The cells were
also stimulated with phytohemagglutinin (PHA; Sigma; 10 pg/ml),
staphylococcal enterotoxin A (SEA; Sigma; 0.1 pg/ml) or tuberculin
purified protein derivative (PPD; Statens Seruminstitut, Denmark;
10 pg/ml). Upon PPD stimulation of 5 cell lines 2x10* (10%)
autologous monocytes were added per well as antigen-presenting cells.
Cultures were incubated at 37 C in a humidified atmosphere of 5%
CO; in air for 3 days upon PHA stimulation, for 4 days upon anti-
CD3 stimulation and for 5 days upon PPD and SEA stimulation.
Unstimulated cultures were always prepared in parallel.

Mixed lymphocyte reaction

Stimulator cells (2 x 106/m1) were treated with mitomycin C (Sigma;
30 pg/ml) in medium (RPMI 1640 with glutamax supplemented with
10% human AB serum and antibiotics) for 2h at 37 C and
subsequently washed 3 times in Hank’s solution containing 2%
bovine serum albumin (Sigma). Triplicate cultures of 1x 10°
mitomycin-treated skin-homing lymphocytes (stimulators) and
1x10° autologous or allogeneic PBMC (responders) were mixed in
the 96-well plates in 200 ul of medium as described above and
incubated for 6 days. Mitomycin-treated autologous and allogeneic
PBMC served as negative and positive controls, respectively, under
similar conditions.

[3H]thymidine incorporation into DNA

The cells were pulse-labeled with 1 pCi [3H]thymidine (Amersham)
per well 18 h prior to harvesting using an automatic cell harvester
(Skatron). Incorporated radioactive thymidine was counted in a liquid
scintillation counter (Packard) and mean counts per minute (cpm) of
triplicate cultures were subsequently calculated.

Statistical analysis

Data are expressed as mean+ SD. A p value of <0.05 was considered
to be statistically significant. The ability of stimulants to increase
proliferation in each particular cell group was analysed by the

Wilcoxon signed rank test. Comparisons of groups were performed by
the Mann - Whitney U test.

RESULTS

Unstimulated skin-homing lymphocytes proliferated similarly
to PBMC except for 1 cell line out of 15 which showed a high
spontaneous proliferation rate (data not shown). The time of
culturing had no effect on the in vitro reactivity of skin-
homing lymphocytes to the stimuli (data not shown).
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Antibodies to CD3 surface antigen were able to stimulate
proliferation of lymphocytes in all three groups (p® 0.01).
PBMC from normal controls and atopics proliferated equally
upon anti-CD3 stimulation (p>0.1) whereas skin-homing
lymphocytes responded with higher proliferation rates than
PBMC from either group (p 0.05; Fig. 1A).

PHA stimulated lymphocyte proliferation in all 3 groups
(p® 0.005). There was no difference in responses to PHA
stimulation between PBMC from atopics and normal controls
(p>0.5), but skin-homing lymphocytes proliferated less than
PBMC from both groups (pw 0.005; Fig. 1B).

SEA was able to stimulate lymphocytes from all 3 groups
(p® 0.005). PBMC from atopics reached lower levels of
proliferation than those from normal controls (p® 0.05). Skin-
homing lymphocytes responded to SEA even less than atopic
PBMC (pw 0.05; Fig. 1C).

PPD increased the proliferation rate of both atopic and
normal PBMC (pw 0.005), which responded equally well to
the stimulus (p>0.1). However, PPD failed to stimulate the
skin-homing lymphocytes (p >0.05; Fig. 1D). The presence of
autologous monocytes in the culture did not improve the
response of skin-homing lymphocytes to PPD stimulation
(results not shown).

Results of the mixed lymphocyte reaction are shown in
Fig. 2. None of the 5 skin-homing lymphocyte cultures
stimulated autologous PBMC to proliferate when compared
with the negative controls, whereas allogeneic PBMC induced
apparent proliferation, indicating appropriate test conditions.
Also, the skin-homing lymphocytes were able to stimulate
allogeneic PBMC.

DISCUSSION

The present study describes the functional activity of the
range of T lymphocytes homing to the skin of atopic
dermatitis patients after the cells are cultured in an antigen-
independent way. The main findings are that, in comparison
with atopic PBMC, the skin-homing lymphocytes have
increased reactivity to anti-CD3 stimulation, their reactivity
is reduced upon PHA and SEA stimulation and they do not
respond to PPD.

One could argue that the proliferative capacities of the
skin-homing lymphocytes become reduced during prolonged
in vitro culture, but we did not observe any correlation
between the age of cultures and cell reactivity. Also, the
strong proliferation upon anti-CD3 stimulation clearly
excludes this presumption. Our data indicate that skin-
homing lymphocytes have a facilitated signal transduction via
the CD3 molecular complex, i.e. downstream from the T cell
antigen receptor. Interestingly, a similar proliferation pattern
was found on monocyte-depleted blood lymphocytes from
atopic dermatitis patients by Glinski et al. (20).

We demonstrated that stimulation of the skin-homing
lymphocytes with PHA, a non-physiological mitogen, gives a
markedly lower proliferation compared with both PBMC
groups. This finding is difficult to interpret as the exact mode
of action of PHA is not known. PBMC from atopic patients
gave similar results to those from healthy controls, thus
confirming previous observations (21, 22).

Staphylococcus aureus colonization on the skin of atopic
dermatitis patients is extremely common (23, 24), but its
contribution to the pathogenesis of the disease is poorly
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Fig. 1. Proliferation rates of lymphocytes from peripheral blood of healthy, non-atopic persons (Control PBMC), and atopic dermatitis
patients (Atopic PBMC), and of skin-homing lymphocytes (SHL) from atopic dermatitis skin biopsies following in vitro culture. The pro-
liferative response of skin-homing lymphocytes is augmented upon anti-CD3 stimulation (A), decreased upon phytohemagglutinin (PHA)
and staphylococcal enterotoxin A (SEA) stimulation (B and C, respectively) and absent upon tuberculin purified protein derivative (PPD)

stimulation (D). Error bars are +SD from mean.

understood. Several studies have suggested that staphylococ-
cal enterotoxins can exacerbate atopic dermatitis (25-27). We
found that PBMC from atopic dermatitis patients achieved
significantly lower proliferation levels in response to SEA
than normal PBMC, as also shown by Konig et al. (28).
Although the skin-homing lymphocytes were able to respond
to SEA, they proliferated even less than atopic PBMC.
Nevertheless, the response may be sufficient to exacerbate and
maintain dermatitis in atopic skin and does not exclude the
possible role of staphylococcal enterotoxins in this. It is well
known that by means of its superantigenic properties SEA
can stimulate a wide range of T cells (29). However, in vivo
exposure to staphylococcal superantigens is reported to
induce anergy of the superantigen-reactive T-cell clones in
mice (30, 31). Also, Yoshino et al. (32) showed recently that a
majority of PBMC from patients with severe atopic
dermatitis, with suppressed in vitro proliferative responses
to staphylococcal enterotoxin B, express an early apoptosis
cell marker APO2.7. Thus, mechanisms of anergy and/or
apoptosis ensuing from substantial exposure of the immune

system to the exotoxins can lead to the reduced response to
SEA of lymphocytes from atopic dermatitis skin. This in turn
can result in an inability of patients with atopic dermatitis to
control skin colonization by this microorganism.

Our results describing normal response of PBMC from
atopic dermatitis patients to PPD are in concordance with
previous studies (21, 33). Contrary to atopic PBMC, the skin-
homing lymphocytes from the same subjects were not able to
respond to PPD, a finding that did not change after addition
of autologous monocytes as antigen-presenting cells in the
cultures. The non-responsivenes cannot simply be explained
as a phenomenon acquired during in vitro culture, as we
found that T cells obtained under similar conditions from a
biopsy of a positive tuberculin skin test of a non-atopic
person responded well to PPD (unpublished observation).
Elliott & Hanifin (34) described that PBMC from atopic
dermatitis patients have normal in vitro responsiveness to
certain microbial antigens while showing absence of cuta-
neous delayed hypersensitivity to the same antigens. As
PBMC from atopic individuals proliferate normally upon
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Fig. 2. Skin-homing lymphocytes from atopic dermatitis do not sti-
mulate peripheral blood mononuclear cells (PBMC) in an auto-
logous mixed lymphocyte reaction, whereas allogeneic PBMC
do. Responder cells (A) were incubated with mitomycin C-treated
stimulator cells. Am= autologous PBMC; Sm= autologous skin-
homing lymphocytes; Fm= allogeneic PBMC.

PPD stimulation, the non-responsivenes of the skin-homing
lymphocytes seems instead to be caused by a lack of
tuberculin-reactive cells in the skin infiltrate or a down-
regulation of their function. This is supported by the findings
of diminished tuberculin skin reaction occurring during
exacerbation of atopic dermatitis (35) and an inverse
association between tuberculin skin responses and atopy (36).

In vitro-cultured activated T cells, expressing HLA-DR, are
known to induce proliferation of autologous lymphocytes
with suppressor activity (36 —39). The phenomenon is thought
to reflect an immunoregulatory mechanism occurring in vivo.
We observed that skin-homing T Ilymphocytes did not
stimulate autologous blood Ilymphocytes, although they

express HLA-DR (19). This could indicate impaired
immune surveillance mechanisms towards skin-homing lym-
phocytes.

The present results provide evidence that T cells grown in
vitro from atopic dermatitis lesional skin have more
pronounced immune deviations than atopic blood lympho-
cytes. They offer a valuable approach to further investigating
the pathogenesis of the disease.

ACKNOWLEDGEMENT

A. V. was supported by scholarships from the Danish Rectors’
Conference and the Danish Health Research Council, grant no.
9600822 (Aarhus University—Novo Nordisk Centre for Research in
Growth and Regeneration).

REFERENCES

1. Bos JD, Wierenga EA, Sillevis Smitt JH, van der Heijden FL,
Kapsenberg ML. Immune dysregulation in atopic eczema. Arch
Dermatol 1992; 128: 1509 -1512.

2. Leung DYM. The immunologic basis of atopic dermatitis. Clin
Rev Allergy 1993; 11: 447 -469.

3. Bos JD, Kapsenberg ML, Sillevis Smitt JH. Pathogenesis of
atopic eczema. Lancet 1994; 343: 1338-1341.

Acta Derm Venereol 80

20.

21.

22.

23.

. Cooper KD. Atopic dermatitis: recent trends in pathogenesis and

therapy. J Invest Dermatol 1994; 102: 128 —137.

. Zachary CB, Allen MH, MacDonald DM. In situ quantification

of T-lymphocyte subsets and Langerhans cells in the inflamma-
tory infiltrate of atopic eczema. Br J Dermatol 1985; 112:
149 —156.

. Dupuy PF, Poulter LW, Zachary CB, MacDonald DM. Cell

mediated immune mechanisms in atopic dermatitis. Br J Dermatol
1985; 113: 763.

. Sillevis Smitt JH, Bos JD, Hulsebosch HJ, Krieg SR. In situ

immunophenotyping of antigen presenting cells and T cell subsets
in atopic dermatitis. Clin Exp Dermatol 1986; 11: 159-168.

. Lever R, Turbitt M, Sanderson A, MacKie R. Immunopheno-

typing of the cutaneous infiltrate and of the mononuclear cells in
the peripheral blood in patients with atopic dermatitis. J Invest
Dermatol 1987; 89: 4-7.

. Bos JD, Hagenaars C, Das PK, Krieg SR, Voorn WIJ,

Kapsenberg ML. Predominance of “memory” T cells (CD4+ ,
CDw29+ ) over “naive” T cells (CD4+, CD45R+ ) in both
normal and diseased human skin. Arch Dermatol Res 1989; 281:
24 -30.

. Ramb-Lindhauer C, Feldmann A, Rotte M, Neumann C.

Characterization of grass pollen reactive T cell lines derived
from lesional atopic skin. Arch Dermatol Res 1991; 283: 71 —76.

. Van der Heijden FL, Wierenga EA, Bos JD, Kapsenberg ML.

High frequency of IL-4 producing CD4+ allergen specific T
lymphocytes in atopic dermatitis lesional skin. J Invest Dermatol
1991; 97: 389-394.

. Sager N, Feldmann A, Schilling G, Kreitsch P, Neumann C.

House dust mite-specific T cells in the skin of subjects with atopic
dermatitis: frequency and lymphokine profile in the allergen patch
test. J Allergy Clin Immunol 1992; 89: 801-810.

. Van Reijsen FC, Bruijnzeel-Koomen CAFM, Kalthoff FS, Maggi

E, Romagnani S, Westland JKT, et al. Skin-derived aeroallergen-
specific T cell clones of Th2 phenotype in patients with atopic
dermatitis. J Allergy Clin Immunol 1992; 90: 184-192.

. Bonifer R, Neumann C, Meuer S, Schulze G, Herrmann F.

Interleukin 5 expressing allergen-specific T lymphocytes in
patients with house dust mite sensitization: analysis at a clonal
level. J Mol Med 1995; 73: 79 —83.

. Halbert AR, Weston WL, Morelli JG. Atopic dermatitis: is it an

allergic disease? J Am Acad Dermatol 1995; 33: 1008 -1018.

. Thestrup-Pedersen K. Which factors are of relevance in the

pathogenesis of atopic dermatitis? Eur J Dermatol 1997; 7:
549 —553.

. Reinhold U, Kukel S, Goeden B, Neumann I, Wehrmann W,

Kreysel HW. Interleukin-4 promotes the expansion of skin-
infiltrating lymphocytes from atopic dermatitis in vitro. J Invest
Dermatol 1991; 96: 370 —375.

. Kaltoft K, Pedersen CB, Hansen BH, Lemonidis AS, Frydenberg

J, Thestrup-Pedersen K. In vitro genetically aberrant T-cell clones
with continuous growth are associated with atopic dermatitis.
Arch Dermatol Res 1994; 287: 42 -47.

. Bang K, Petersen KS, Mogensen SC, Thestrup-Pedersen K. In

vitro expansion of skin-homing lymphocytes from inflammatory
skin diseases. Acta Derm Venereol (submitted).

Glinski W, Stepien-Sopniewska B, Korczak-Kowalska G,
Glinska-Ferenz M, Gorski A. Modulation of CD3-dependent
lymphocyte proliferation by extracellular matrix proteins in
atopic patients. Acta Derm Venereol 1995; 75: 353 -356.
Thestrup-Pedersen K, Ellegaard J, Thulin H, Zachariae H. PPD
and mitogen responsiveness of lymphocytes from patients with
atopic dermatitis. Clin Exp Immunol 1977; 27: 118-126.

Beard LJ, Thong YH, Turner TW. The immunological status of
children with atopic dermatitis. Acta Paediatr Scand 1981; 70:
551-555.

Leyden JJ, Marples RR, Kligman AM. Staphylococcus aureus in
the lesions of atopic dermatitis. Br J Dermatol 1974; 90: 525 - 530.



24.

25.

26.

27.

28.

29.

30.

31.

32.

Hauser C, Wuethrich B, Matter L, Wilhelm JA, Sonnabend W,
Schopfer K. Staphylococcus aureus skin colonization in atopic
dermatitis patients. Dermatologica 1985; 170: 35-39.
McFadden JP, Noble WC, Camp RDR. Superantigenic exotoxin-
secreting potential of staphylococci isolated from atopic eczema-
tous skin. Br J Dermatol 1993; 128: 631 -632.

Strange P, Skov L, Lisby S, Nielsen PL, Baadsgaard O.
Staphylococcal enterotoxin B applied on intact normal and
intact atopic skin induces dermatitis. Arch Dermatol 1996; 132:
27-33.

Leung DYM, Harbeck R, Bina P, Reiser RF, Yang E, Norris
DA, et al. Presence of IgE antibodies to staphylococcal exotoxins
on the skin of patients with atopic dermatitis. J Clin Invest 1993;
92: 1374 -1380.

Konig B, Neuber K, Konig W. Responsiveness of peripheral blood
mononuclear cells from normal and atopic donors to microbial
superantigens. Int Arch Allergy Immunol 1995; 106: 124 —133.
Marrack P, Kappler J. The staphylococcal enterotoxins and their
relatives. Science 1990; 248: 705-711.

Rellahan BL, Jones LA, Kruisbeek AM, Fry AM, Matis LA. In
vivo induction of anergy in peripheral VB8+ T cells by
staphylococcal enterotoxin B. J Exp Med 1990; 172: 1091 -1100.
McCormack JE, Callahan JE, Kappler J, Marrack PC. Profound
deletion of mature T cells in vivo by chronic exposure to
exogenous superantigens. J Immunol 1993; 150: 3785-3792.
Yoshino T, Asada H, Sano S, Nakamura T, Itami S, Tamura M,
et al. Impaired responses of peripheral blood mononuclear cells to

33.

34.

35.

36.

37.

38.

39.

T cells from atopic dermatitis skin 411
staphylococcal superantigen in patients with severe atopic
dermatitis: a role of T cell apoptosis. J Invest Dermatol 2000;
114: 281 -288.

Riasinen L, Lehto M, Reunala T, Jansen C, Leinikki P.
Decreased monocyte production of interleukin-1 and impaired
lymphocyte proliferation in atopic dermatitis. Arch Dermatol Res
1987; 279: 215-218.

Elliott ST, Hanifin JM. Delayed cutaneous hypersensitivity and
lymphocyte transformation. Dissociation in atopic dermatitis.
Arch Dermatol 1979; 115: 36-39.

Uehara M. Atopic dermatitis and tuberculin reactivity. Arch
Dermatol 1977; 113: 1226 -1228.

Shirakawa T, Enomoto T, Shimazu S, Hopkin JM. The inverse
association between tuberculin responses and atopic disorder.
Science 1997; 275: 77-79.

Damle NK, Gupta S. Autologous mixed lymphocyte reaction in
man. V. Functionally and phenotypically distinct human T cell
subpopulations respond to non-T and activated T cells in AMLR.
Scand J Immunol 1982; 16: 59 -68.

Pawelec G, Schneider EM, Wernet P. Cloned human T
lymphocytes with lymphostimulatory capacity preferentially
activate suppressor cells. Eur J Immunol 1984; 14: 335-340.
Santoli D, Radka SF, Igarashi M, Kreider BL, Ferrone S.
Autologous B lymphoblastoid cell lines and long-term cultured
T cells as stimulators in the mixed lymphocyte reaction: analysis
of the role of HLA class II antigens as stimulatory molecules.
J Immunol 1986; 132: 400-407.

Acta Derm Venereol 80



