‘ Experimental dermatology e Original article

‘ doi: 10.1111/).1365-2230.2006.02172.x

Severe atopic dermatitis is associated with a reduced frequency of
IL-10 producing allergen-specific CD4+ T cells
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Summary

Background. Several studies have investigated levels of T-cell-derived interleukin
(IL)-10 in individuals with atopic dermatitis, with conflicting results.
Aims/Hypothesis. In order to address whether stratification of disease severity may
help resolve the different findings, the hypothesis was tested that individuals with severe
atopic dermatitis have a lower frequency of circulating IL-10-producing, allergen-
specific CD4+ T cells than do individuals with mild disease.

Methods. Using peripheral blood mononuclear cells derived from individuals with
severe (n = 12) and mild atopic dermatitis (n = 10) and from nonatopic controls
(n = 10), we investigated production by CD4+ T cells of tumour necrosis factor (TNF)-
a, IL-4, IL-5, IL-13 and IL-10 in response to phorbol myristate acetate/ionomycin and
Der p1 allergen.

Results. It was observed that there were significantly higher frequencies of allergen-
specific circulating CD4+ T cells producing TNF-o- I1-4-, IL-5- and IL-13, and lower
frequencies of these cells producing IL-10 in individuals with severe atopic dermatitis
compared with mildly affected individuals and nonatopic controls (P < 0.01 for all
comparisons). Furthermore, the Der p1-specific CD4+ T cells were enriched within the
subset of cells positive for cutaneous lymphocyte-associated antigen.

Conclusions. Analysis of levels of allergen-specific CD4+ T-cell production of IL-10
in relation to disease severity argues in favour of a role for IL-10 in the control of atopic
dermatitis.

Introduction

Evidence is accumulating that interleukin (IL)-10 may
play an important role in the control of immune
responses associated with atopic disease. For example,
IL-10 gene polymorphisms have been differentially
associated with asthma phenotypes,' including low
IL-10-producing promoter genotypes being linked to
severe asthma.! Mite-specific skin-prick test reactivity

Correspondence: Dr Graham Ogg, Cutaneous Immunology Group,
Weatherall Institute of Molecular Medicine, University of Oxford, Oxford,
OX3 9DS, UK.

E-mail: graham.ogg@clinical-medicine.ox.ac.uk

Conflict of interest: none declared.

Accepted for publication 23 March 2006

© 2006 Blackwell Publishing Ltd e Clinical and Experimental Dermatology

has been observed to inversely associate with schisto-
somal-specific IL-10 production in Gabon,®> and with
mite-specific IL-10 production in Australian children
with atopic disease.* Several other studies have docu-
mented increased IL-10 levels in individuals with
respiratory atopic disease compared with normal con-
trols, but disease-severity stratification reveals poten-
tially important differences.>” In severe asthmatics, the
level of IL-10 in bronchoalveolar lavage fluid has been
found to be significantly lower than levels in mildly
affected individuals;® and low IL-10 production has
been documented after polyclonal stimulation of per-
ipheral blood mononuclear cells (PBMC) derived from
severe asthmatics.” Plasma IL-10 levels increase in
sensitized but asymptomatic individuals during sea-
sonal pollen-allergen exposure, and increased IL-10
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production has been repeatedly documented during
allergen-specific immunotherapy.'®!? Furthermore,
glucocorticoids may act partly through induction of
IL-10, although the dominant target cell population
remains controversial.'> More recent data suggest that
healthy nonsensitized individuals have circulating
allergen-specific CD4+ CD25+ or IL-10-producing T
cells that are able to respond to antigen challenge.'**>

In contrast, while several studies have documented
levels of CD4+ T-cell-derived IL-10 in individuals with
atopic dermatitis (AD), the results have been conflict-
ing.!> ' Because disease severity stratification has
helped reconcile differential findings of IL-10 levels in
individuals with respiratory atopic disease, we tested the
hypothesis that individuals with severe AD have lower
frequencies of circulating IL-10-producing, allergen-
specific CD4+ T cells than individuals with mild disease.
Through detection of IL-4, IL-5 and IL-13, we firstly
confirmed that atopic individuals have higher frequen-
cies of circulating Th2 cytokine-producing mitogen-
reactive and allergen-specific T cells than nonatopic
people. We next showed that individuals with severe AD
had lower frequencies of IL-10-producing allergen-
specific CD4+ T cells than do those with mild disease.
Furthermore, the Der pl-specific CD4+ T cells were
enriched within the cutaneous lymphocyte-associated
antigen (CLA)-positive subset, consistent with a relevant
role for skin homing Der pl-specific CD4+ T cells in
disease pathogenesis. These data add atopic skin disease
to the growing evidence supporting a regulatory role for
CD4+ T-cell-derived IL-10 in the control of atopic
disease severity.

Materials and methods

Subjects

In total, 22 atopic subjects and 10 nonatopic healthy
controls were included in the study. The 22 atopic
subjects comprised 12 severely symptomatic and 10
mildly affected individuals with AD. The subjects were
recruited through the Department of Dermatology,
Churchill Hospital, Oxford, under ethics approval from
the Oxfordshire Clinical Research Committee. All atopic
subjects satisfied the UK AD diagnostic criteria, which
are highly specific and sensitive.? The criteria are an
itchy skin condition plus three of more of the following:
onset before 2 years of age, history of skin-crease
involvement, history of generally dry skin, visible
flexural dermatitis, and/or personal history of another
atopic disease (or history of atopic disease in a first-
degree relative). In addition, all severely symptomatic

atopic subjects had, by definition, a Six Area, Six Sign
Atopic Dermatitis (SASSAD) score of >54 (of a possible
total of 108).2! The mildly affected individuals had
SASSAD scores of <10. The SASSAD score is graded 03
(absent to severe) for each of the six clinical features
(erythema, exudate, excoriation, lichenification, dryness
and cracking) at six sites (head/neck, thorax/proximal
limbs, mid-upper limbs, mid-lower limbs, hands and
feet). All atopic subjects had positive skin-prick test and
IgE radioallergosorbent test (RAST) test to house dust
mite. The age and sex distribution of all three groups
was not statistically different. None of the patients or
controls had received systemic immunosuppressive
treatments in the preceding 6 months.

Monoclonal antibodies

The following monoclonal antibodies were used in this
study: fluorescein isocyanate (FITC)-conjugated rat
antihuman CLA, phycoerythrin (PE)-conjugated mouse
antihuman IL-4, PE-conjugated rat antihuman IL-13,
PE-conjugated rat antihuman IL-5, PE-conjugated
mouse antihuman TNF-o, PE-conjugated CD25, PE-
and FITC-conjugated mouse IgGl, mouse IgG2b, rat
IgG1 and rat IgM, PerCP (peridinin chlorophyll protein)-
conjugated CD3, allophycocyanin (APC)-conjugated
CD8 (all Becton Dickinson, Oxford, UK), FITC-conju-
gated rat antihuman IL-4, and PE-conjugated rat
antihuman IL-10 (both Caltag, South San Francisco,
CA, USA).

Flow-cytometric assays

PBMCs were stimulated using phorbol 12-myristate 13-
acetate/ionomycin (PMA/I), or recombinant Der pl
allergen (Indoor Biotechnologies Ltd, Cardiff, UK) used
at 10 pg/mL and 100 pg/mL concentrations. For the
PMA/I experiments, cells were stimulated for 4 h in
R-10 medium (RPMI + 10% autologous serum) con-
taining 25 ng/mL PMA and 1 mmol/L ionomycin.
Brefeldin A (10 mg/mL) was added for the entire 4 h.
In the Der pl experiments, we found 8 h to be the
optimal stimulation time, with brefeldin added for the
last 6 h. When cells were stimulated for 4 h (as with
PMA/I), numbers of cytokine-positive cells were lower
than when measured after 8 h. Incubation for longer
than 12 h caused significant cell death. Thus, Der pl
experiments were performed using 8 h of incubation,
which, as might be anticipated, is longer than the time
interval in peptide-stimulated assays. The cells were
then washed twice with phosphate-buffered saline
(PBS) containing 0.1% bovine serum albumin (BSA),
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incubated in 0.5 mL permeabilizing solution (Becton
Dickinson) at room temperature for 10 min, washed
with PBS/BSA, and then incubated for 25 min with the
relevant monoclonal antibody—fluorochrome conju-
gates. After staining, the cells were washed and
resuspended in 0.5 mL of 1% paraformaldehyde in
PBS before flow-cytometric analysis. Negative-control
reagents were used to verify staining specificity of
experimental monoclonal antibodies, and as guides for
setting markers to delineate positive and negative
populations. As stimulation with PMA /I causes down-
regulation of CD4 from the cell surface, the number of
CD3+ CD8- T cells producing cytokines was taken as
the number of CD4+ T cells staining positive for the
cytokines tested. However, as there was no significant
downregulation of CD4 following Der p1 stimulation,
we used anti-CD4 monoclonal antibodies to identify
CD4+ T cells.

In these experiments, cytokine staining was con-
firmed to be intracellular, as <0.2% of cells were positive
with surface staining (i.e. staining performed prior to
permeabilization). In addition, specificity of antibody
reactivity was supported by showing that preincubation
of the conjugated antibody with 1 pg of the appropriate
recombinant cytokine (Peprotech; http://www.pepro-
tech.com) for 30 min at 4 °C could abolish staining.

Statistical analysis

After PMA/I or Der pl stimulation, the mean + SD
percentage (or number) of cells producing different
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cytokines was calculated. Statistical analysis of differ-
ences between groups of subjects was performed using
Student’s t-test (P < 0.05 being accepted as significant).

Results

Cytokine production by CD4+ T cells following PMA/I
stimulation

Figure 1(a) shows the mean + SD percentage of CD4+ T
cells positive for IL-4, IL-13, IL-5, IL-10 and TNF-o
following PMA /T stimulation. Severely affected subjects
had a significantly higher percentage of IL-4-, IL-13-
and IL-5-positive CD4+ T cells compared with mildly
affected and nonatopic subjects (P < 0.01 for all com-
parisons). In contrast, percentages of TNF-a-positive
CD4+ T cells were significantly higher in nonatopic
subjects compared with either of the atopic groups
(P < 0.01 for all comparisons), with severely affected
subjects having the lowest percentage. Although mildly
affected subjects had a higher percentage of IL-10-
positive CD4+ T cells compared with severely affected
and nonatopic subjects (mean 2% vs. 1.6% and 1.6%,
respectively), this difference did not reach statistical
significance.

Cytokine production by CD4+ T cells following
recombinant Der p1 stimulation

Mean * SD percentage of CD4+ T cells positive for I1-4,
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Figure 1 Mean * SD percentage of CD4+ T cells positive for IL-4, IL-13, IL-5, IL-10 and TNF-a following stimulation of PBMCs with
(a) PMA/T or (b) Der pl. Solid bars, severe; hashed/grey bars, mild; clear bars, nonatopic.
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stimulation is shown in Fig. 1(b). Frequencies of T cells
staining positive for cytokines following Der pl stimu-
lation were lower than those following PMA/T stimu-
lation. As with PMA/I stimulation, severely affected
subjects had significantly higher numbers of CD4+ T
cells positive for IL-4, IL-13 and IL-5, compared with
mildly affected and nonatopic subjects (P < 0.01 for all
comparisons). In contrast to the PMA/I findings, the
frequency of TNF-a-positive CD4+ T cells was signifi-
cantly greater in the severely affected subjects compared
with the other two groups. Frequencies of IL-10-positive
CD4+ T cells were significantly higher among mildly
affected subjects compared with severely affected and
nonatopic subjects (P < 0.01). Furthermore, following
Der pl stimulation, the proportion of IL-10-positive
CD4+ T cells staining with the IL-2 receptor a-chain
(CD25) derived from severely affected, mildly affected
and nonatopic subjects was 18%, 50% and 44%,
respectively.

Cytokine production by CLA + CD4+ T cells

After stimulation with PMA/I, mean * SD percentages
of CLA+ CD4+ and CLA— CD4+ T cells staining positive
for IL-4, IL-13, IL-5, IL-10 and TNF-o are shown in
Fig. 2. Atopic subjects had higher percentages of CLA+
T cells positive for IL-4, IL-5 and IL-13 than CLA— CD4+
T cells positive for the same interleukins. Severely
affected subjects had the highest percentage of
CLA+ CD4+ T cells positive for IL-4, IL-5 and IL-13.
Although comparable percentages of CLA+ CD4+ and
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CLA— CD4+ T cells from nonatopic subjects stained for
TNF-o, a lower percentage of CLA+ CD4+ T cells
compared with CLA-CD4+ T cells were positive for
this cytokine in subjects with AD. Severely affected
subjects had the lowest percentage of IL-10-positive
CLA+ CD4+ T cells (P < 0.01, Fig. 2) in response to
PMA/I

Mean + SD percentages of CLA+ CD4+ and CLA-
CD4+ T cells positive for IL-4, IL-13, IL-5, IL-10 and
TNF-a following Der p1 stimulation are shown in Fig. 3.
Only a small percentage (< 2%) of total CLA+ CD4+ T
cells stained positive for cytokines, suggesting that the
remainder of the CLA+ CD4+ T cells are possibly
specific for other skin-associated antigens. In addition,
there was a higher percentage of cytokine-staining cells
in the CLA+ subset of T cells compared with the CLA-
subset. Der pl-specific CLA+ CD4+ T cells derived from
severely affected patients with AD produced significantly
less IL-10 than those derived from mildly affected
individuals (P < 0.01). Significant differences were also
observed between CLA— CD4+ cells from severely
affected individuals, but the overall levels of responses
were considerably lower.

Discussion

We sought to investigate whether stratification of
disease severity may help resolve whether levels of
T-cell-derived IL-10 are increased or decreased in indivi-
duals with cutaneous atopic disease. It was observed that
there were significantly higher frequencies of circulating
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Figure 2 Mean + SD percentage of CD4+ T cells positive for IL-4, IL-13, IL-5, IL-10 and TNF-o following stimulation of PBMCs with
PMA /I within (a) the CLA+ CD4+ and (b) the CLA— CD4+ subsets. Solid bars, severe; hashed/grey bar, mild; clear bar, nonatopic.
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Figure 3 Mean * SD percentage of CD4+ T cells positive for IL-4, IL-13, IL-5, IL-10 and TNF-o following stimulation of PBMCs with Der p1
within (a) the CLA+ CD4+ and (b) CLA— CD4+ subsets. Solid bars, severe; hashed/grey bars, mild; clear bars, nonatopic.

allergen-specific CD4+ T cells producing TNF-a, I1-4,
IL-5 and IL-13, and lower frequencies of these cells
producing IL-10 in individuals with severe AD com-
pared with mildly affected individuals and nonatopic
controls. Through analysis of frequencies of allergen-
specific CD4+ T-cell production of IL-10 in relation to
disease severity, these data argue in favour of a role for
IL-10 in the control of atopic disease pathogenesis.

The data confirm that AD is associated with a Th2
production bias in response to both mitogens and
allergen stimulation. Furthermore, the frequencies of
Th2 cytokines were found to increase with clinical
disease severity. TNF-o has been linked to both Th1 and
Th2 responses,?? and our data would fit with a role for
IL-4, IL-5, IL-13 and TNF-a in contributing to inflam-
mation in AD. However, recent clinical studies suggest
mixed benefit from TNF inhibition in individuals with
AD.23-25

Der pl is a ubiquitous environmental allergen, and
thus both nonatopic and atopic individuals are likely to
be exposed. Through its protease activity, the Der pl
allergen is also capable of disrupting tight junctions,
which may contribute to the ability of Der pl to enter
the professional antigen-presenting cell (APC) pathway
for processing and presentation to T cells. In atopic
individuals, such allergen uptake may be more efficient
through IgE-binding to FceRI receptors on the surface of
APCs.%® However, in nonatopic subjects, where allergen
is presumably taken up primarily by non-IgE-mediated
mechanisms, the quality and quantity of the allergen-
specific T-cell response is different.

© 2006 Blackwell Publishing Ltd e Clinical and Experimental Dermatology

IL-10 is known to regulate various effector immune
responses.?” Our finding that mildly affected subjects
have the highest frequency of CD4+ T cells staining
positive for IL-10 may suggest that a process of active
suppression could occur during the natural course of
the disease. In contrast to previous findings, we were
unable to document elevated IL-10 producing allergen-
specific CD4+ T-cell responses in nonatopic controls.'>
Thus, resolution of clinical disease may be associated
with higher numbers of IL-10-producing T cells.

In summary, among severely symptomatic patients
with AD, there is altered production of IL-10 by
allergen-specific CD4+ T cells, particularly within the
CLA+ subset. Through stratification of affected individ-
uals by disease severity, the data reconcile existing
studies of levels of IL-10 associated with AD, and
support a role for IL-10 in the control of atopic
inflammation.

Acknowledgements

We are most grateful to the Medical Research Council
and British Skin Foundation for support and to the
patients for their generous donation of samples.

References

1 Hobbs K, Negri J, Klinnert M, Rosenwasser L], Borish L.
Interleukin-10 and transforming growth factor-beta pro-
moter polymorphisms in allergies and asthma. Am | Respir
Crit Care Med 1998; 158: 1958-62.



Severe atopic dermatitis is associated with reduced IL-10 e S. L. Seneviratne et al.

10

11

12

13

14

Lyon H, Lange C, Lake S et al. IL10 gene polymorphisms
are associated with asthma phenotypes in children. Genet
Epidemiol 2004; 26: 155-65.

van den Biggelaar AH, van Ree R, Rodrigues LC et al.
Decreased atopy in children infected with Schistosoma
haematobium: a role for parasite-induced interleukin-10.
Lancet 2000; 356: 1723-7.

Heaton T, Rowe ], Turner S et al. An immunoepidemio-
logical approach to asthma: identification of in vitro T-cell
response patterns associated with different wheezing phe-
notypes in children. Lancet 2005; 365: 142-9.

Robinson DS, Tsicopoulos A, Meng Q, Durham S, Kay AB,
Hamid Q. Increased interleukin-10 messenger RNA
expression in atopic allergy and asthma. Am ] Respir Cell
Mol Biol 1996; 14: 113-17.

Hamzaoui A, Brahim MB, Zhioua A, Ayed K, Hamzaoui K.
Inflammatory response in induced sputum mononuclear
cells from patients with acute exacerbation of asthma. Med
Inflamm 2000; 9: 147-53.

Zeibecoglou K, Ying S, Meng Q, Poulter LW, Robinson DS,
Kay AB. Macrophage subpopulations and macrophage-
derived cytokines in sputum of atopic and nonatopic
asthmatic subjects and atopic and normal control subjects.
J Allergy Clin Immunol 2000; 106: 697-704.

Borish L, Aarons A, Rumbyrt J, Cvietusa P, Negri ], Wenzel
S. Interleukin-10 regulation in normal subjects and pa-
tients with asthma. | Allergy Clin Immunol 1996; 97:
1288-96.

Matsumoto K, Inoue H, Fukuyama S et al. Decrease of
interleukin-10-producing T cells in the peripheral blood of
severe unstable atopic asthmatics. Int Arch Allergy Immunol
2004; 134: 295-302.

Jutel M, Akdis M, Budak F et al. IL-10 and TGF-beta
cooperate in the regulatory T cell response to mucosal
allergens in normal immunity and specific immunothera-
py. Eur J Immunol 2003; 33: 1205-14.

Reefer AJ, Carneiro RM, Custis NJ et al. A role for IL-10-
mediated HLA-DR 7-restricted T cell-dependent events in
development of the modified Th2 response to cat allergen.
J Immunol 2004; 172: 2763-72.

Akdis CA, Blesken T, Akdis M, Wuthrich B, Blaser K. Role
of interleukin 10 in specific immunotherapy. J Clin Invest
1998; 102: 98-106.

Hawrylowicz C, Richards D, Loke TK, Corrigan C, Lee T.
A defect in corticosteroid-induced IL-10 production in

T lymphocytes from corticosteroid-resistant asthmatic
patients. | Allergy Clin Immunol 2002; 109: 369-70.
Akdis M, Verhagen J, Taylor A et al. Immune responses in
healthy and allergic individuals are characterized by a fine
balance between allergen-specific T regulatory 1 and T
helper 2 cells. ] Exp Med 2004; 199: 1567-75.

15

16

17

18

19

20

21

22

23

24

25

26

27

Carneiro R, Reefer A, Wilson B et al. T cell epitope-specific
defects in the immune response to cat allergen in patients
with atopic dermatitis. | Invest Dermatol 2004; 122: 927—
36.

Ohmen JD, Hanifin JM, Nickoloff BJ et al. Overexpression of
IL-10 in atopic dermatitis. Contrasting cytokine patterns
with delayed-type hypersensitivity reactions. | Immunol
1995; 154: 1956-63.

Lee HJ, Lee HP, Ha SJ, Byun DG, Kim JW. Spontaneous
expression of mRNA for IL-10, GM-CSF, TGF-beta, TGF-
alpha, and IL-6 in peripheral blood mononuclear cells from
atopic dermatitis. Ann Allergy Asthma Immunol 2000; 84:
553-8.

Aleksza M, Lukacs A, Antal-Szalmas P, Hunyadi J, Szegedi
A. Increased frequency of intracellular interleukin (IL)-13
and IL-10, but not IL-4, expressing CD4+ and CD8+
peripheral T cells of patients with atopic dermatitis. Br |
Dermatol 2002; 147: 1135-41.

Dunstan JA, Hale J, Breckler L et al. Atopic dermatitis in
young children is associated with impaired interleukin-10
and interferon-gamma responses to allergens, vaccines and
colonizing skin and gut bacteria. Clin Exp Allergy 2005;
35: 1309-17.

Williams HC, Burney PG, Pembroke AC, Hay R]J. Validation
of the U.K. diagnostic criteria for atopic dermatitis in a
population setting. UK Diagnostic Criteria for Atopic Der-
matitis Working Party. Br J Dermatol 1996; 135: 12-17.
Berth-Jones J. Six area, six sign atopic dermatitis (SASSAD)
severity score: a simple system for monitoring disease
activity in atopic dermatitis. Br ] Dermatol 1996; 135
(Suppl. 48): 25-30.

Artis D, Humphreys NE, Bancroft AJ, Rothwell NJ, Potten
CS, Grencis RK. Tumor necrosis factor alpha is a critical
component of interleukin 13-mediated protective T helper
cell type 2 responses during helminth infection. ] Exp Med
1999; 190: 953-62.

Wright RC. Atopic dermatitis-like eruption precipitated by
infliximab. ] Am Acad Dermatol 2003; 49: 160-1.

Jacobi A, Antoni C, Manger B, Schuler G, Hertl M. Inflix-
imab in the treatment of moderate to severe atopic der-
matitis. ] Am Acad Dermatol 2005; 52: 522-6.

Chan JL, Davis-Reed L, Kimball AB. Counter-regulatory
balance: atopic dermatitis in patients undergoing inflix-
imab infusion therapy. | Drugs Dermatol 2004; 3: 315-18.
Cooper D, Hales J, Camp R. IgE-dependent activation of T
cells by allergen in atopic dermatitis: pathophysiologic
relevance. | Invest Dermatol 2004; 123: 1086-91.

Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A.
Interleukin-10 and the interleukin-10 receptor. Annu Rev
Immunol 2001; 19: 683-765.

© 2006 Blackwell Publishing Ltd e Clinical and Experimental Dermatology



