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Abstract

Background The best defined costimulators for activation of T lymphocytes are B7-1 and B7-2 on antigen presenting
cells (APC) that bind to CD28 on T cells. Several studies showed that CD28 is critical for type 2 T helper cells (Th2)
inflammation and depends mainly on the interaction of CD28 with B7-2. Some authors suggested a role for B7-2 B cells
in immunoglobulin E (IgE) synthesis.

Objective We decided to study B7-2/CD28 interaction in atopic dermatitis (AD) and correlations with total and specific
IgE, intracellular interleukin 4-(IL-4) and interferon-gamma (IFN-v) production during a 1-month follow-up.

Methods We studied 24 AD children with allergy to cow’s milk. Lymphocyte subsets (B7-2 on B cells, CD28* on T cells,
IL-4 and IFN-y producing T helper cells), total and specific IgE, and IgG4 at days 1 and 30 were also studied. Scoring of
atopic dermatitis (SCORAD) significantly decreased.

Results CD28*/CD3*/CD57 correlated with B7-2 B cells at days 1 and 30, with IL-4 and IFN-y producing T helper cells
at day 1 and with SCORAD at day 30. B7-2 B cells negatively correlated with IgE at day 30. Percentage of B7-2 B cells
negatively correlated with total and specific IgE at day 30.

Conclusion Our results support the importance of CD28/B7 costimulation in AD children and the relation of CD28 with
Th1 and Th2 cytokines. However, our results do not confirm the hypothesis about the preferential role of B7-2 in Th2
activation and IgE synthesis. It could raise a question about B7-2 blockade efficacy in AD children. Further investigations
on B7 family members and their functions could help to distinguish target for more clinically efficient B7/CD28 blockage

in AD.
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Introduction

Activated T and Blymphocytes play a crucial role in the
pathogenesis of atopic dermatitis (AD)." Several costimulatory
pathways for T- and B-cell activation are currently identified. The
best defined costimulators for T lymphocytes are B7-1 (CD80)
and B7-2 (CD86) molecules on antigen-presenting cells that bind
to members of the CD28 family receptors on T cells. The first of
these receptors for B7-1 and B7-2 to be discovered was the CD28
molecule. Binding of B7 molecules on antigen-presenting cells to
CD28 delivers signals to the T cells that induce the expression of
anti-apoptotic proteins, stimulate production cytokines, and promote
T-cell proliferation and differentiation. CD28 is the principal
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receptor for delivering second signals for T-cell activation. The
biochemical mechanism by which CD28/B7 interaction promotes
T-cell activation is incompletely understood. A second receptor
for B7 molecules was discovered later and called CTLA-4 (CD152).
CTLA-4 is structurally homologous to CD28 and is a receptor for
both B7-1 and B7-2. Its function is to inhibit T-cell activation by
counteracting signals delivered by CD28. In B cells, engagement
of the antigen receptor stimulates B7 expression, so that B cells
that encounter antigen are able to activate and be helped by CD4
T cells. On the basis of many experimental studies antagonists
again B7 molecules are in clinical trials to prevent the rejection of
organ allografts and other pathologic immune responses.”

© 2009 The Author

Journal compilation © 2009 European Academy of Dermatology and Venereology



Chernyshov

It has been demonstrated in animal models that the Th2
response requires continuing costimulation via CD28, and treatment
with CD80 and CD86 antibodies inhibits immunoglobulin E
(IgE) production in mice.** CD28 activation is important in Th2-
mediated inflammation.” CD28 signalling regulates the threshold
of T-cell receptor (TCR) engagements needed for effective T-cell
activation.® The importance of CD28/B7 pathway in the in vivo
immune response to allergen was described in studies examining
the effects of B7 blockade with CTLA-4-Ig, a soluble fusion
protein inhibitor of B7-1 and B7-2.7-° Several studies showed that
CD28 stimulation is critical for Th2 differentiation, although
contradictory findings have been reported."’ Increasing CD28
ligation resulted in increased production of interleukin-4 (IL-4)
in transgenic mice expressing a TCR specific for ovalbumin."
Human naive cord blood CD4* T cells are not primed to produce
Th2 cytokines in the absence of CD28 costimulation and con-
sequently default to the Th1 subset independent of the presence of
exogenous cytokines.'? Stimulation via CD28 elicits Th2 differen-
tiation of naive CD4" T cells particularly efficiently in the context
of low TCR signalling.”* CD28-deficient mice have preserved Thl-
mediated cellular immunity accompanied by low basal serum
levels of the Th2-dependent IgG1 isotype and high levels of the
Th2-dependent IgG2a isotype.'* In another model of transgenic
mice expressing a TCR specific for ovalbumin, CD28-deficient
mice displayed reduced IL-4 and proliferative responses to
ovalbumin, while interferon-gamma (IFN-y) production was
normal.” CD28 cytotoxic T lymphocytes are good producers of
IFN-y while IL-4 prevents loss of CD28 expression on these
T cells.'*"” Studies in mice have suggested that the generation of
Th2 cells depends mainly on the interaction of CD28 with B7-2.
In the murine experimental allergic encephalomyelitis model,
treatment with anti-B7-1 monoclonal antibody leads to Th2
responses while anti-B7-2 monoclonal antibody has the opposite
effect.’® In vitro studies of human T cells reported that B7-2 trans-
fectants skewed responses towards the production of Thl-type
cytokines. It was shown that B7-2 provided an initial signal to
induce naive T cells to become IL-4 producers.”” Other studies
found that both B7-1 and B7-2 were able to costimulate IL-4
and IFN-y production from murine T cells.***' In the study by
Jirapongsananuruk et al.,” it was shown that expression of B7-2
on B cells of adult AD patients was significantly higher than non-
atopic controls and psoriatic patients. In contrast, the authors did
not find significant difference in B7-1 expression among three
mentioned subject groups. Total serum IgE from adult AD
patients and normal subjects in that study correlated significantly
with percentage levels of B7-2 expression on B cells, suggesting a
role for B7-2" B cells in IgE synthesis.

Zdolsek and Jenmalm in their study did not find any differences
in CD28 expression within CD4" T lymphocyte subsets between
atopic and non-atopic children.®

We decided to study B7-2/CD28 interaction in children with
AD and its connection with intracellular IL-4 (Th2) and IFN-y
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(Th1) production by T cells, total serum IgE levels and specific IgE
to the most spread food allergen in this age group - cow’s milk*
- during a 1-month follow-up period. Because of the reports that
CD57/CD28 T cells display a typical Thl-type cytokine secretion
profile upon anti-CD3 stimulation, with a markedly higher
secretion of the Th1-type cytokines IL-2, IFN-7y, and TNF-o than
their CD57-/CD28" counterparts,” we decided to study CD28
expression on CD57" T cells as more relevant to Th2 process.

Materials and methods

Subjects

We studied 24 AD children (4 years or younger) with allergy to
cow’s milk confirmed by specific IgE and/or specific IgG and
anamnestic data. The children’s mean age was 17.29 + 11.20 months.
The diagnosis of AD was made using the Hanifin and Rajka
criteria.” Disease severity was estimated by the same dermatologist
using SCORAD at days 1 and 30.” At day 30, significant decrease
of SCORAD from 30.88 + 15.59 (day 1) to 18.38 £ 9.79 (P < 0.01)
was reported. During the follow-up period, all children used Trixera
(Laboratories Dermatologiques Avene, Paris, France) emollient
cream and Trixera emollient preparation for bath as moisturizers.
On the basis of recent information that Lactobacillus could
suppress B7-2 gene expressions in mice*® and about the clinical
benefits of probiotics, especially Lactobacillus rhamnosus, in
children with AD,* we decided to add probiotic preparation to the
treatment. Probiotic preparation Lacidofil (Institut Rosell Inc.,
Montreal, Quebec, Canada) (containing 95% L. rhamnosus Rosell-
11 and 5% Lactobacillus acidophilus Rosell-52), one capsule per
day, was included to complex treatment. Ethical permission for
the study was granted by the local ethics research committee. The
parents of the children gave written informed consent.

Flow cytometry of lymphocyte subsets

Lymphocyte subsets were identified by three-color flow cytometry.
Erythrocyte-lysing whole blood method of lymphocyte staining
by FITC-, PE- or PE-Cy5-conjugated monoclonal antibodies to
the following human lymphocyte subsets: CD3/CD28/CD57- and
CD19/CD86 (Becton Dickinson, San Jose, CA, USA) was used.
Stained samples were analysed by FACScan flow cytometer using
FACScan Research & Lysis software (Becton Dickinson). For
defining lymphocyte gate, whole blood samples were incubated
with LeucoGATE (anti-CD45-FITC and anti-CD14-PE monoclonal
antibodies, Becton Dickinson) to permit discrimination of
lymphocytes from granulocytes, monocytes, debris, and unlysed
or nucleated red blood cells. As background control, whole blood
samples were incubated with SimulTEST control (IgGl-
FITC + IgG2-PE, Becton Dickinson).

Detection of intracellular cytokines in activated lymphocytes

For the flow cytometric analysis of peripheral blood mononuclear
cells, samples were incubated for 4 h with ionomycin, brefeldin A
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and phorbol 12-myristate 13-acetate (all from Sigma, St Louis,
MO, USA), then the following monoclonal antibodies were used
to detect the surface and intracellular antigens: IFN-y/IL-4 (Becton
Dickinson). Three-colour flow cytometric analysis was carried out
using FACScan (Becton Dickinson). A total of 1 x 10* cells were
estimated. Thl cells were defined as CD4* lymphocytes with
intracellular IFN-y but without IL-4. Th2 cells were detected as
CD4" lymphocytes with intracellular IL-4 but without intracellular
IFN-Y.

Total IgE, specific IgE and specific IgG4 to cow’s milk in serum
of AD patients were studied by ELISA using commercial kit by Dr
Fooke Laboratories GmbH (Mainstrafle, Germany). All studies
were done at days 1 and 30.

Statistical methods
Data were presented as mean percentage * standard deviation.
Wilcoxon matched pairs test and Spearman non-parametric
correlation (Spearman r) were used. The results were considered
significant if P < 0.05.

Results

Counts of all lymphocyte subsets that have been studied did not
achieved statistically significant difference (Table 1). Total and
specific IgE to cow’s milk levels in serum of children with AD also
did not differ significantly before and after the treatment (218.57
+629.65 and 198.65+619.06 IU/mL for total IgE; 8.48 £ 15.17
and 6.57 £ 26.17 IU/mL for specific IgE). Levels of specific IgG4 to
cow’s milk significantly increased from 129.97 + 127.44 ug/mL at
day 1 to 146.59 * 130.48 pg/mL at day 30 (P < 0.05).

Only significant correlations are reported below. High levels of
correlation between CD28*/CD3*/CD57" T cells and B7-2 on CD19*
B cellsatday 1 (r = 0.59, P < 0.01) and day 30 (r = 0.58, P < 0.01) were
noted. CD28'/CD3*/CD57" T cells correlated with IL-4 producing
T helper cells (r = 0.45, P < 0.05) as well as with IFN-y producing
T helper cells (r = 0.39, P < 0.05) at day 1 and with SCORAD
(r=0.78, P <0.01) at day 30. B7-2 B cells negatively correlated
with total IgE levels (r = -0.41, P < 0.05) at day 30. Percentage of
B7-2 B cells negatively correlated with both total IgE levels (r = -0.49,
P <0.05) and specific IgE (r=-0.68, P < 0.01) at day 30. IFN-y
producing T helper cells correlated with total IgE (r=0.50,
P < 0.05) and specific IgG4 (r = 0.48, P < 0.05) levels at day 1.

Discussion
Our results support the importance of CD28/B7 costimulatory
pathway in children with AD on different stages of inflammation.

Despite of the fact of strong correlation between B7-2 B cells and
CD28 T cells quite a small portion of B cells expressed B7-2
molecule meanwhile majority of T cells were CD28 positive. The
majority of CD28 on T cells should probably interact with B7
molecules on antigen presenting cells other than B cells (ie.
Langerhans cells). Correlation of B7-2 B cells with CD28 T cells
after significant decrease of clinical signs and strong correlation of
CD28 expression with SCORAD on day 30 could support the
hypothesis about the important role of CD28/B7 interaction in
mechanisms of chronic stimulation in AD patients. Despite the
contradictory findings about the role of CD28 in Thl and Th2
cytokine production,'®'>!* we reported correlation of CD28 with
both IFN-y (Th1) and IL-4 (Th2) production by T helper cells at
day 1 and absence of these correlations at day 30. We also found
extremely poor correlation between IgE and IL-4 production as
previously shown by van der Pouw Kraan et al.* and surprisingly
found correlation of IFN-yproducing T helper cells with total serum
IgE in children with AD.

Our results could not confirm the hypothesis about the
preferential role of B7-2 in Th2 activation and IgE synthesis."” We
also failed to find correlation of serum IgE with B7-2 expression
reported by Jirapongsananuruk et al.** at day 1 and, moreover,
reported negative correlation of B7-2 with total and specific serum
IgE of AD children at day 30. Suppressive effect of B7-2 antibodies
on IgE production in mice was previously reported by Chapoval
and David.* Our findings could raise a question about B7-2 blockade
efficacy in particular in children with IgE-dependent AD.

The role of IgG4 in food allergy is highly controversial.’'
According to the European Academy of Allergology and Clinical
Immunology (EAACI) Task Force Report, IgG4 should not be
considered as a factor that induces hypersensitivity, but rather as
an indicator for immunological tolerance, linked to the activity of
regulatory T cells.”” Food-sensitized infants with high levels of
IgG4 to food allergens are more likely to consume these foods at
the age of 4 years than infants with low IgG4 levels.” It was also
shown that maintenance of tolerance to cow’s milk in atopic
children and adults without cow’s milk allergy (CMA) is asso-
ciated with elevated levels of specific IgG4, in combination with
low specific IgE.* In this context, we can speculate that significant
increase of specific IgG4 levels associated with decreased SCO-
RAD in our study could be consider as a shift to tolerance.

Zdolsek and Jenmalm did not find any differences in CD28
expression within CD4" T lymphocyte subsets between atopic and
non-atopic children.” Choi et al. found significantly up-regulated
expression of another receptor for B7 (CTLA-4) in peripheral

Table 1 Levels of lymphocyte subsets in peripheral blood of children with atopic dermatitis at days 1 and 30 (n = 24)

Day 1
B7-2 on CD19* B cells

32.62 £ 21.82 x 10° cells/L

Day 30
42.23 +30.05 x 10° cells/L

CD28* on CD3/CD57- T cells

3543.44 +2111.60 x 10° cells/L

3156.92 + 1079.10 x 10° cells/L

IFN-y producing T helper cells

101.80 + 99.30 x 10° cells/L

77.90 £ 30.05 x 10° cells/L

IL-4 producing T helper cells

43.50 £ 24.74 x 10° cells/L

48.30 + 43.24 x 10° cells/L
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blood T cells of patients with AD, compared with normal controls.*
CTLA-4 is homologous to CD28 and inhibits T-cell activation by
counteracting signals delivered by CD28.2 CD28 expression in AD
children is not upregulated” but well correlated with clinical
severity of AD after significant decrease of clinical manifestation
according to our results. Expression of CTLA-4 reported to be
increased in peripheral T cells of AD patients®. CTLA-4 has
blocking function on T cell activation® that play crucial role in the
pathogenesis of AD. Mentioned above facts make it possible to
speculate that CD28 may be involved in mechanisms that support
chronic pathologic process in AD even when clinical signs are
diminished or almost absent and even increased level of CTLA-4
is not enough to suppress this process. In this case attempts to
block B7-1 and B7-2 with CTLA”"® could be unsuccessful. Further
investigations on B7 family members molecules and its functions
could help to distinguish target for more clinically efficient B7/
CD28 blockage in AD patients.

References
1 Leung DY. The immunologic basis of atopic dermatitis. Clin Rev Allergy

1993; 11: 447-469.

Abbas AK, Lichtman AH. Cellular and Molecular Immunology, 5th edn.

W. Saunders, Philadelphia, 2003.

Macphee IA, Turner DR, Yagita H, Oliveira DB. The Th2-response in

mercuric chloride-induced autoimmunity requires continuing

costimulation via CD28. Clin Exp Immunol 2002; 129: 405-410.

Chapoval SP, David CS. CD28 co-stimulation is critical for

experimental allergic asthma in HLA-DQ8 transgenic mice. Clin Immunol

2003; 106: 83-94.

Oberwalleney G, Henz BM, Worm M. Expression and functional

role of co-stimulatory molecules in CD40* IL-4-stimulated B cells

from atopic and non-atopic donors. Acta Derm Venereol 2000;

80: 287-291.

Viola A, Lanzavecchia AT. T cell activation determined by T cell receptor

number and tunable thresholds. Science 1996; 273: 104-106.

Padrid PA, Mathur M, Li X et al. CTLA4Ig inhibits airway eosinophilia

and hyperresponsiveness by regulating the development of Th1/Th2

subsets in a murine model of asthma. Am J Respir Cell Mol Biol 1998; 18:

453-462.

Gonzalo JA, Tian ], Delaney T et al. ICOS is critical for T helper cell-

mediated lung mucosal inflammatory responses. Nat Immunol 2001; 2:

597-604.

Keane-Myers A, Gause WC, Linsley PS, Chen SJ, Wills-Karp M.

B7-CD28/CTLA-4 costimulatory pathways are required for the

development of T helper cell 2-mediated allergic airway responses

to inhaled antigens. ] Immunol 1997; 158: 2042-2049.

10 Sayegh MH, Akalin E, Hancock WW et al. CD28-B7 blockade after
alloantigenic challenge in vivo inhibits Th1 cytokines but spares Th2. ] Exp
Med 1995; 181: 1869-1874.

11 Rulifsson IC, Sperling Al Fields PE, Fitch FW, Bluestone JA. CD28
costimulation promotes the production of Th2 cytokines. ] Immunol 1997;
158: 658-665.

12 Webb LM, Feldmann M. Critical role of CD28/B7 costimulation in the
development of human Th2 cytokine-producing cells. Blood 1995; 86:
3479-3486.

13 OKi S, Otsuki N, Kohsaka T, Azuma M. Stat6 activation and Th2
cell proliferation driven by CD28 signals. Eur ] Immunol 2000; 30: 1416-
1424.

14 Shanian A, Pfeffer K, Lee KP et al. Differential T cell costimulatory
requirements in CD28-deficient mice. Science 1993; 261: 609-612.

|38}

w

~

w

(=)}

~

<]

o

JEADV 2009

15 Howland KC, Ausubel L], London CA, Abbas AK. The roles of
CD28 and CD40 ligand in T cell activation and tolerance.

J Immunol 2000; 164: 4465-4470.

16 Nociari MM, Telford W, Russo C. Postthymic development of
CD28°CD8* T cell subset: age-associated expansion and shift from
memory to naive phenotype. ] Immunol 1999; 162: 3327-3335.

17 Labalette M, Leuteurtre E, Thumerelle C, Grutzmacher C, Tourvieille B,
Dessaint JP. Peripheral human CD8*CD28* T lymphocytes give rise to
CD28" progeny, but IL-4 prevents loss of CD28 expression. Int Immunol
1999; 11: 1327-1336.

18 Kuchroo VK, Das MP, Brown JA et al. B7-1 and B7-2 costimulatory
molecules activate differentially the Th1/Th2 developmental pathways:
application to autoimmune disease therapy. Cell 1995; 80: 707-718.

19 Freeman GJ, Boussiotis VA, Anumanthan A et al. B7-1 and B7-2 do not
deliver identical costimulatory signals, since B7-2 but not B7-1 preferentially
costimulates the initial production of IL-4. Immunity 1995; 2: 523-532.

20 Lanier LL, O’Fallon S, Somoza C et al. CD80 (B7) and CD86 (B70) provide

similar costimulatory signals for T cell proliferation, cytokine production,

and generation of CTL. J Immunol 1995; 154: 97-105.

Natesan M, Razi-Wolf Z, Reiser H. Costimulation of IL-4 production by

murine B7.1 and B7.2 molecules. ] Immunol 1996; 156: 2783-2791.

22 Jirapongsananuruk O, Hofer MF, Trumble AE, Norris DA, Leung DY.
Enhanced expression of B7.2 (CD86) in patients with atopic dermatitis: a
potential role in the modulation of IgE synthesis. ] Immunol 1998; 160:
4622-4627.

23 Zdolsek HA, Jenmalm MC. Expression of the T-cell markers CD2 and CD28
in healthy and atopic children during the first 18 months of life. Pediatr
Allergy Immunol 2003; 14: 169-177.

24 Darsow U, Liibbe J, Taieb A et al. Position paper on diagnosis and treatment
of atopic dermatitis. ] Eur Acad Dermatol Venereol 2005; 19: 286-295.

25 Van den Hove LE, Van Gool SW, Vandenberghe P, Boogaerts MA,
Ceuppens JL. CD57¢/CD28" T cells in untreated hemato-oncological
patients are expanded and display a Th1-type cytokine secretion profile, ex
vivo cytolytic activity and enhanced tendency to apoptosis. Leukemia 1998;
12: 1573-1582.

26 Hanifin GM, Rajka G. Diagnostic feature of atopic dermatitis. Acta Derm
Venereol (Stockh) 1980; 92 (Suppl.): 44-47.

27 Severity Scoring of Atopic Dermatitis: The SCORAD Index. Consensus
Report of the European Task Force on Atopic Dermatitis. Dermatology
1993; 186: 23-31.

28 Inoue R, Otsuka M, Nishio A, Ushida K. Primary administration of
Lactobacillus johnsonii NCC533 in weaning period suppresses the elevation
of proinflammatory cytokines and CD86 gene expressions in skin lesions in
NC/Nga mice. FEMS Immunol Med Microbiol 2007; 50: 67-76.

29 Mohrenschlager M, Darsow U, Schnopp C, Ring J. Atopic eczema: what’s
new? ] Eur Acad Dermatol Venereol 2006; 20: 503-513.

30 van der Pouw Kraan CT, Aalberse RC, Aarden LA. IgE production
in atopic patients is not related to IL-4 production. Clin Exp Immunol 1994;
97: 254-259.

31 Noh G, Ahn HS, Cho NY, Lee S, Oh JW. The clinical significance of food
specific IgE/IgG4 in food specific atopic dermatitis. Pediatr Allergy
Immunol 2007; 18: 63-70.

32 Stapel SO, Asero R, Ballmer-Weber BK et al. Testing for IgG4 against foods
is not reccommended as a diagnostic tool: EAACI Task Force Report. Allergy
2008; 63: 793-796.

33 Tomici¢ S, Norrman G, Félth-Magnusson K, Jenmaln MC, Devenney I,
Bottcher MF. High levels of IgG4 antibodies to foods during infancy are
associated with tolerance to corresponding foods later in life. Pediatr Allergy
Immunol 2008; 20: 35-41.

34 Ruiter B, Knol EF, van Neerven R], Bruijnzeel-Koomen CA, Knulst AC, van
Hoffen E. Maintenance of tolerance to cow’s milk in atopic individuals is
characterized by high levels of specific immunoglobulin G4. Clin Exp
Allergy 2007; 37: 1103-1110.

35 Choi SY, Sohn MH, Kwon BC, Kim KE. CTLA-4 expression in T cells of
patients with atopic dermatitis. Pediatr Allergy Immunol 2005; 16: 422-427.

2

—

© 2009 The Author

Journal compilation © 2009 European Academy of Dermatology and Venereology



