Enhancement of in vitro spontaneous IgE
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Background: Atopic dermatitis (AD) is an inflammatory skin disease. Although topical
steroids are widely used for AD, management of severe AD is not satisfactory because of
relapse or occasional aggravation of symptoms. Moreover, glucocorticoids induce in vitro IgE
production. On the other hand, topical sodium cromoglycate (SCG) solution is a safe and

effective treatment for AD.

Methods: We treated 43 patients with AD with SCG solution (n = 21) or with topical
steroids, beclomethasone dipropionate (BD) ointment (n = 22). After 2 weeks, clinical
evaluation and spontaneous immunoglobulin production by peripheral blood B cells or
surface IgE™ B cells from patients in the SCG and BD groups were assessed.

Results: Both SCG and BD treatment remarkably improved eczema. However, although SCG
treatment decreased spontaneous IgE production by B cells without affecting production of
IgG, IgM, or IgA, BD treatment selectively increased spontaneous IgE production. SCG
treatment also decreased IgE production by surface IgE™ B cells, whereas BD treatment

increased it.

Conclusion; Topical steroid treatment increases in vitro spontaneous IgE production by B
cells. This indicates that topical steroids may decrease inflammation; however, a large-scale
study on the effect of topical steroids on IgE production in vitro and in vivo may be necessary.

(J Allergy Clin Immunol 1996;98:107-13.)
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Atopic dermatitis (AD) is an inflammatory
skin disease of wide prevalence characterized by
eczema, chronic pruritus, and increased serum
IgE. Although topical steroids are widely used,
the disease is often associated with relapse after
therapy has been discontinued.’:? On the other
hand, we and others have reported that glu-
cocorticoids induce IgE production if they are
added to in vitro culture.>> We have also previ-
ously reported that topical sodium cromoglycate
(SCG) treatment is safe and effective for
AD.257 Such treatment also decreases in vitro
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Abbreviations used
AD: Atopic dermatitis
BD: Beclomethasone dipropionate
BSA: Bovine serum albumin
FACS: Fluorescence-activated cell sorter
IFN: Interferon
mAB: Monoclonal antibody
PBS: Phosphate-buffered saline
SCG: Sodium cromoglycate
slg*:  Surface immunoglobulin positive
TNF: Tumor necrosis factor

spontaneous IgE production by peripheral blood
mononuclear cells.% 7 Moreover, SCG also selec-
tively inhibits IgE production when added to in
vitro culture.® These results prompted us to
attempt to determine whether topical steroid
treatment in patients with AD affects in vitro
spontaneous IgE production by B cells.
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FIG. 1. Scores for skin, itching, and sleep disturbance. Patients were treated with SCG (n = 21)
or BD (n = 22) for 2 weeks, and scores for skin (A} and itching and sleep disturbance {B) were
determined. Results are expressed as means = SEM. Asterisk indicates significant improvement
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(p < 0.01) compared with baseline in each group.

METHODS
Patients

Forty-three patients, (22 boys and 21 girls, 5.2 to 14.6
years old) were enrolled in this study. Informed consent
was obtained from patients’ parents. All patients had
moderate to severe AD, according to the standard
grading system.>2 All had positive RAST scores for
house dust and mite. The grade of AD was assessed by
using our scoring system.? %7 Grading was done on a
scale of 0 to 2 in ascending order of severity with respect
to inflammation, lichenification, and cracking. These
signs were assessed on 15 areas of the body (face, scalp,
neck, right arm, left arm, right hand, left hand, trunk,
back, pelvis, buttocks, right leg, left leg, right foot, and
left foot). The maximum possible score was 30. Diary
card scores for itching and sleep disturbance were
graded on a scale of 0 to 3 in ascending order of severity,
as previously reported.> 57

All patients stopped taking medication, including oral
antiallergic medication and nonsteroid ointments, 2 days
before the study. None had taken oral antihistamines.
The study was designed as a double-blind, randomized-
group, comparative trial. By random selection, one
group of patients (n = 21; 11 boys and 10 girls, 5.2 to
14.2 years old) was treated with topical SCG solution
(Fisons plec, Loughborough, U.K.): SCG nebulizer solu-
tion was simply applied to the affected skin three times

daily. The other group {(n = 22; 12 boys and 10 girls, 5.4
to 14.6 years old) was treated with simple application of
beclomethasone dipropionate (BD) ointment three
times daily. No other medication, including oral or
topical antihistamines and antiallergic drugs, was pre-
scribed. There was no difference between the two groups
with regard to severity of AD (Fig. 1), age, and serum
IgE levels as determined by RAST (Table I). At baseline
(before treatment) and after 2 weeks, scores for skin,
itching, and sleep disturbance were assessed.® 7 Compli-
ance with application of SCG and BD was confirmed by
doctors during a follow-up visit to the hospital.

Cell culture

Peripheral blood was obtained from patients on day 0
(baseline) and after 2 weeks of SCG or BD treatment.
Mononuclear cells were obtained by means of buoyant
density centrifugation on a Ficoll-Hypaque gradient
(Pharmacia, Uppsala, Sweden). T cells were separated
from mononuclear cells by sheep red blood cell roset-
ting, and monocytes and natural killer cells in T cells
were depleted by using the L-leucine methyl ester pre-
incubation method.®1© The T-cell fractions contained
less than 1% CD20* B cells, less than 1% CD147
monocytes, less than 1% CD16™ natural killer cells, and
more than 98% CD3* T cells as determined by fluores-
cence-activated cell sorter (FACS). On the other hand,



J ALLERGY CLIN IMMUNOL
VOLUME 98, NUMBER 1

T cell-depleted B-cell fractions were further depleted of
monocytes and natural killer cells by using the L-leucine
methyl ester preincubation method.®® The purified B-
cell fractions contained less than 1% CD3* T cells, less
than 1% CD14* monocytes, less than 1% CD16™ natu-
ral killer cells, and more than 98% CD20* B cells as
determined by FACS. In some experiments the percent-
age of surface (s)IgE* B cells before and after SCG or
BD treatment was determined by FACS. On the other
hand, sIgE* B cells and other sIg* B cells were purified
by panning, as previously reported, by using mouse IgG,
anti-IgE monoclonal antibody (mAb) (7.12, kindly pro-
vided by Dr. Andrew Saxon, University of California Los
Angeles), mouse IgG, anti-IgG mAb, mouse IgG, anti-
IgM mAb, and mouse IgG, anti-IgA mAb (Cosmo Bio.
Co., Ltd., Tokyo, Japan).>1° Each purified sIg* B-cell
fraction contained more than 98% of corresponding
slg* B cells as determined by FACS. B cells (1 X 10*
cells/0.2 ml/well) or slg® B cells (1 X 10* cells/0.2
ml/well) were cultured in 96-well U-bottom microtiter
plates (Costar, Cambridge, Mass.) with RPMI-1640 me-
dium (M.A. Bioproduct, Walkersville, Md.} containing
10% fetal calf serum (Irvine Scientific, Santa Ana,
Calif.), 50 mg/ml transferrin,”* 2 mmol/L L-glutamine,
S0 U/ml penicillin, and 50 mg/ml streptomycin in a
humidified incubator containing 5% CO, in air at
37° C.> 1213 We previously found that spontaneous im-
munoglobulin production in atopic patients reached a
plateau after 10 days of culture under these conditions
and that purified B cells and sIgE* B cells spontaneously
produced IgE up to 25 ng/ml and 40 ng/ml, respectively.®
It has been reported that steroid-induced immunoglob-
ulin production in B cells from healthy donors is depen-
dent on contact of B cells with monocytes for 14 days of
culture.* In contrast, purified B cells or sIgE™ B cells
from atopic patients contained in vivo activated B cells,
which produced IgE spontaneously and survived for 8 to
10 days (10% to 20% viability), as we and others have
previously reported.” '* Therefore immunoglobulin pro-
duction was measured after 10 days of culture by ELISA
(see below).” 1216 In some experiments the binding of
tumor necrosis factor (TNF)-a and IL-6 to sIgE* B cells
was studied by using biotinylated TNF-o and IL-6
(R & D Systems, Minneapolis, Minn.) as previously
reported.'” Briefly, sIgE* B cells were cultured (1 X 10°
cells/0.2 ml/well) with medium for 2 days, washed with
acidic buffer, and incubated for 3 hours at 4° C in the
presence of 5 nmol/L biotinylated TNF-o or I1.-6; they
were then stained with streptavidin-phycoerythrin and
analyzed with a FACScan (Becton-Dickinson, Mountain
View, Calif.). The mean fluorescence intensity (MFI)
value of biotinylated cytokine-specific binding, deter-
mined after the subtraction of nonspecific binding in the
presence of a 100-fold excess of unlabeled cytokines, was
expressed as AMFL' Surface IgE* B cells were also
cultured (1 X 10* cells/0.2 ml/well) with medium for 2
days, and the production of TNF-a and IL-6 in sIgE* B
cells was determined by ELISA (R & D Systems).!” In
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TABLE |. Effect of SCG or BD treatment on
percentages of slgE™ B cells and serum IgE
levels

Percentage of Serum IgE

Treatment slgE* B cells* (IU/ml)t
SCG

Baseline 15324 3212 = 428

2 weeks 16.7 = 2.1 3101 =392
BD

Baseline 148 £28 3146 + 501

2 weeks 152 +3.0 3026 x 437

*Mean = SEM of percentage of sIgE™ B cells in B-cell fraction
on day 0 (baseline) and after 2 weeks of treatment (n = 21).

tMean * SEM of serum IgE levels on day 0 (baseline) and
after 2 weeks of treatment (n = 22).

some experiments T cells (1 X 10° cells/0.2 ml/well) were
cultured with medium or 1 ng/ml phorbol myristate
acetate (Sigma Chemical Co., St. Louis, Mo.) plus 0.1
mg/ml phytohemagglutinin (Wellcome Laboratories,
Beckenham, UK.} for 2 days, and IL-4 and interferon
(IFN)-y production were measured by ELISA (R & D
Systems)."” :

Immunoglobulin measurement by ELISA

Immunoglobulin from culture supernatants was mmea-
sured by isotype-specific ELISA. Flat-bottomed micro-
titer plates (Dynatech Laboratories, Inc., Alexander,
Va.) were coated with mixtures of mouse anti-IgE mAb
(2 mg/ml) (7.12 and 4.15, kindly provided by Dr. Andrew
Saxon), anti-IgG antibody (200 mg/ml; Tago Inc., Bur-
lingame, Calif.), anti-IgM antibody (200 mg/ml, Tago),
and anti-IgA antibody (200 mg/ml, Tago). The plates
were incubated for 1 hour at room temperature and
washed three times with phosphate-buffered saline
(PBS)-0.05% Tween-20 (Sigma Chemical Co.) plus
0.01% thimerosal (Sigma) (PBS-E), then blocked with
1% bovine serum albumin (BSA)-PBS for 30 minutes.
After draining the plates, 10 to 25 ml of supernatants
and standard curves of the appropriate purified immu-
noglobulin were added, and 1% BSA-PBS was added to
a final volume of 100 ml/well. After incubation for 2
hours at 23° C and washing four times with PBS-E,
affinity-purified isotype-specific peroxidase-conjugated
goat anti-human immunoglobulin diluted in 1% BSA-
PBS was added for 1 hour. The developing antibodies
for IgE, IgG, IgM, and IgA were diluted at 1:4000
(Kirkergaard & Perry Laboratories, Gaithersburg, Md.).
Thereafter, the plates were washed four times with
PBS-E and allowed to react with 100 ml of 2.2 mmol/L
O-phenylenediamine (Eastman Kodak co., Rochester,
N.Y.) in 0.1 mol/L citrate solution, pH 5.0, containing
0.012% H,0,. The reaction was terminated with 100 ml
of 1.8 mol/L. H,SO,. Color development was measured
by using an Autoreader (model ELK 310; Bio-Tek
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FIG. 2. Spontaneous immunoglobulin production by B cells and slg™ B cells. Purified B cells (A) and
slg™ (slgE™, slgG*, sigM™*, and slgA™*) B cells {B} from patients treated with SCG (n =21} or BD (n =
. 22) were cultured with medium. After 10 days of culture, immunoglobulin production was
determined. Results are expressed as medns = SEM. Asterisk indicates significant decrease (p <
0.01). Two asterisks indicate significant increase (p < 0.01) compared with baseline in each group.

Instruments, Inc., Winooski, Vt.). Samples were run in
triplicate. The sensitivity of the assays was 0.2 ng/ml for
IgE and 0.6 ng/ml for IgG, IgM, and IgA. The specificity
of the assay was confirmed as reported previously.™ 1%
Levels of IgE as low as 0.2 ng/ml and levels of IgG,
IgM, and IgA as low as 0.6 ng/ml could be detected in
the presence of other immunoglobulin at a concentra-
tion of 2 mg/ml. However, we found that some lots of
BSA cross-reacted with peroxidase-conjugated anti-
human immunoglobulin. Therefore BSA was screened
before assay, and non-cross-reactive BSA was used.
Intra- and interassay variability were less than 15%, as
reported previously.'® Statistical analysis was done by
Student’s ¢ test.

RESULTS
Effects of SCG and BD on AD

After 2 weeks of treatment, eczema improved
significantly as assessed by skin scores for inflam-
mation, lichenification, and cracking in both the
SCG and BD groups (Fig. 1, 4). Itching and sleep
disturbance also decreased significantly in the two
groups (Fig. 1, B). There was no difference in
efficacy of treatment between the two groups.

Effects of SCG and BD on immunoglobulin
production

As shown in Fig. 2, A, SCG treatment signifi-
cantly decreased in vitro IgE production without
affecting production of IgG, IgM, or IgA. In con-
trast, BD treatment selectively increased IgE
production (Fig. 2, A). We have previously re-
ported that sIgE™", but not sIgE~, B cells from
patients with AD produced IgE spontaneously in
vitro.® As shown in Fig. 2, B, IgE production in
sIgE* B cells was decreased in the SCG group,
but it was enhanced in the BD group. Although
not shown in either group, sIgE~ B cells failed to
produce IgE (<0.2 ng/ml). In contrast, IgG,
IgM, and IgA production in sIgG™*, sIgM™, and
slgA+ B cells, respectively, was not changed by
either SCG or BD treatment. However, the
percentage of SISE™ B cells in the B-cell fraction
at baseline and after 2 weeks of treatment was
not changed in either the SCG group or the BD
group (Table I). Moreover, serum IgE levels
were not changed by SCG or BD treatment
(Table I).
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TABLE II. Effects of SCG or BD treatment
on IL-4 and IFN-y production by T cells

Cytokine production (pg/ml)*

Spontaneous* PMA plus PHAtT

IFN-y

Treatment IL-4 IFN-y IL-4

SCG
Baseline 327 £23 47 =5 1546 + 168 1834 = 173
2weeks 293 +34 50 £ 7 1621 =243 1712 + 101
BD
Baseline 318 =26 42 * 6 1575 = 145 1792 + 205
2 weeks 289 *+24 38 £ 7 1492 = 191 1767 + 165

PMA, Phorbol myristate acetate; PHA, phytohemagglutinin.

*Mean = SEM of spontaneous IL-4 and IFN-y production by
T cells on day 0 (baseline) and after 2 weeks of treatment
(n = 21).

tMean * SEM of PMA plus PHA-induced IL-4 and IFN-y
production by T cells on day 0 (baseline) and after 2 weeks of
treatment (n = 22).

Effect of SCG and BD on production of
cytokines by T cells

IgE production was induced by I1-4, but it was
inhibited by TFN-v.8 Therefore production of these
cytokines by T cells was studied in the SCG and
BD groups. As shown in Table II, neither sponta-
neous production of IL-4 and IFN-y nor that
induced by phorbol myristate acetate plus phyto-
hemagglutinin was modulated by SCG or BD
treatment.

Mechanisms of modulation of IgE
production by SCG and BD

We have previously reported that spontaneous
IgE production in atopic patients’ B cells was
enhanced by TNF-a and IL-6, whereas it was not
modulated by IL-4 or IFN-y.17-20 It is thus possible
that modulation of spontaneous IgE production
is due to a decrease or increase in endogenous
production of TNF-a and/or IL-6 by sIgE* B cells,
or alternatively, it is due to change of expression of
receptors for IL-6 and/or TNF-a on sIgE* B cells.
To clarify this, sIgE* B cells were cultured with
medium, and production and binding of TNF-«
and IL-6 were determined. As shown in Table III,
production of TNF-a and IL-6 in sIgE* B cells was
decreased in the SCG group, whereas the produc-
tion of those cytokines was not changed in the BD
group. Moreover, binding of TNF-a and IL-6 on
sIgE* B cells was decreased; however, in contrast,
binding of these cytokines was increased in the BD
group (Table I1I).
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TABLE 1. Effect of SCG or BD treatment on
production and binding of TNF-a and IL-6 in
slgE™ B cells

Production (pg/ml)*  Binding (AMFI}t

Treatment TNF-a IL-6 TNF-o IL-6
SCG
Baseline 178 + 18 161+ 14 42+4 52+3
2 weeks 75 = 4% 62 =5% 19=x=2% 24+ 3%
BD
Baseline 158+ 17 149+x13 40x5 49=*6
2weeks 142+14 13510 64 +=7§ 69 = &%

MFI, Mean fluorescence intensity.

*Mean * SEM of spontaneous TNF-« and IL-6 production on
day 0 (baseline) and after 2 weeks of treatment (n = 21).
tMean = SEM of binding of TNF-¢ and IL-6 on day 0
(baseline) and after 2 weeks of treatment (n = 22).
iSignificant decrease compared with baseline (p < 0.01).
§Significant increase compared with baseline (p < 0.01).

DISCUSSION

We have demonstrated that although both SCG
and BD treatment improve AD, their effects on in
vitro IgE production are different. Although SCG
treatment decreased IgE production without af-
fecting production of IgG, IgM, and IgA, BD
treatment selectively increased IgE production.
Moreover, in the SCG group IgE production by
slgE* B cells was enhanced; but production of
1gG, IgM, and IgA by sIgG™, sigM™*, and sIgA* B
cells, respectively, was not affected. In contrast, in
the BD group IgE production by sIgE* B cells was
selectively decreased. These results indicate that
slgE* B cells were specifically activated by SCG
treatment, whereas they were inhibited by BD
treatment.

Glucocorticoids have been shown to induce IgE
production in purified B cells.>> On the other
hand, we and others have reported that IL-4
production by T cells or mononuclear cells is
enhanced, IFN-y production is decreased in pa-
tients with AD, and sIgE* B cells are activated by
IL-4 in vivo and produce IgE spontaneously. 7> %
Our subsequent study has revealed that 1L-4 or
IFN-y production by T cells was not changed by
treatment with SCG or BD. In addition, the per-
centage of sIgE* B cells was not changed in either
group after treatment. We have also reported that
endogenous TNF-a and IL-6, but not IL-4 or
IL-13, are necessary for spontaneous IgE produc-
tion.'”-20 Our results indicated that production of
TNF-a and IL-6 by IgE* B cells was decreased by
SCG treatment, whereas production was not
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changed by BD treatment. Moreover, expression
of receptors for TNF-a and IL-6 was downregu-
lated by SCG treatment, whereas expression of
those receptors was upregulated by BD treatment.
This is unexpected but not surprising, because
SCG downregulated expression of complement
receptor and Fcy receptor, whereas glucocorticoid
upregulated IL-6 receptor expression.?>2* Collec-
tively, these results indicate that mechanisms of
decreased IgE production caused by SCG treat-
ment may be due to decreased production of
TNF-« and IL-6 and downregulation of expression
of receptors for TNF-« and IL-6 in sIgE* B cells.
In contrast, increased IgE production may be due
to upregulation of expression of receptors for
TNF-« and IL-6 in sIgE* B cells.

There are two possible mechanisms for this.
First, it is possible that SCG or BD directly affects
sIgE™ B cells by absorption through skin. How-
ever, this is unlikely because SCG was not detect-
able in the plasma by radioimmunoassay after
treatment (n = 16). Moreover, plasma BD after
BD treatment was not detectable (n = 16). Sec-
ond, SCG or BD treatment induces factor(s),
which in turn affect sIgE* B cells. It has been
reported that skin keratinocytes, fibroblasts, T
cells, and B cells produce cytokines, including IL-6,
IL-8, and TNF-a, which modulate IgE produc-
tion.?*2¢ Moreover, plasma IL-8 and TNF-« levels
were elevated in patients with AD.”?7 It is thus
possible that production of these cytokines is mod-
ulated by SCG or BD, which in turn affects sIgE™"
B cells and modulates IgE production. Indeed, we
found that plasma TNF-a concentrations were
decreased after treatment in the SCG group, but
not in the BD group; plasma TNF-a concentra-
tions in the SCG group at baseline and after 2
weeks of treatment were 79 = 7 pg/ml and 21 *+ 3
pg/ml, respectively. In contrast, plasma TNF-a
concentrations in the BD group at baseline and
after 2 weeks were 73 + 6 pg/ml and 68 = 5 pg/ml,
respectively. The lack of effect of BD treatment on
TNF-a production is not surprising, because even
in vivo administration of hydrocortisone has no
effect on serum TNF-a levels.?® We are currently
studying the detailed mechanisms of this cytokine
and also measuring plasma concentrations of other
cytokines.

Despite the change of in vitro IgE production
by sIgE* B cells, serum IgE levels were not
changed by SCG or BD treatment. The mecha-
nism of this phenomenon is currently under
investigation. However, we previously reported
that topical SCG treatment in AD decreased in
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vitro IgE production by mononuclear cells with-
out decreasing serum IgE levels.® Treatment of
asthmatic patients with inhaled SCG decreased
IgE levels in the bronchoalveolar lavage fluid,
but not in the serum.? Treatment of patients
with AD by IFN-y decreased in vitro IgE pro-
duction by mononuclear cells, but serum IgE
levels were not decreased.?® It is possible that
long-term treatment may be required to reduce
ongoing in vivo IgE production, whereas short-
term treatment reduces in vitro IgE production.
Indeed, we found that longer treatment with
SCG decreased serum IgE levels: mean serum
IgE levels in the SCG group (n = 21) were 2513
1U/ml and 1954 1U/ml, after 6 and 8 weeks,
respectively. Whether other factors, such as re-
duction of plasma IL-6 levels, may be necessary
is currently under investigation. Taken together,
these results suggest that change of in vitro IgE
production may precede that of serum IgE levels,
and measurement of in vitro IgE production may be
useful for studying the clinical course of AD.

In conclusion, although steroid ointment treat-
ment may be effective in AD, it increases in vitro
IgE production. It may be necessary to study the
detailed analysis of longer treatment of steroid
ointment on IgE production in vitro and in vivo on
a large scale.
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