Antigen presenting cell-independent cytokine
and spontaneous in vitro IgE production in
patients with atopic dermatitis: Increased
interferon-y production and lack of effects of
in vivo low-dose interferon-y treatment
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Atopic dermatitis is characterized by elevated serum IgE concentrations and dysregulation of T-
ymphocyte function. To examine the pattern of cytokine production associated with elevated IgE
levels, phorbol ester plus ionomycin-stimulated production of interleukin (IL)-4, IL-5, and
interferon-vy (IFN-v) by blood mononuclear cells from 16 patients with atopic dermatitis was
compared with that of 18 healthy subjects. Spontaneous in vitro IgE production was also studied
longitudinally in patients receiving placebo or daily treatment with 0.05 mg/m’ IFN-v.
Spontaneous in vitro IgE production and mitogen-driven IL-4 and IFN-vy synthesis did not differ
when patients were receiving interferon treatment compared with no treatment. Furthermore,
ionomycin plus phorbol ester—stimulated mononuclear cells from patients with atopic dermatitis
produced less IL-4 and more IFN-y than did cells from healthy subjects. IL-5 production by cells
from patients with atopic dermatitis did not differ from that of cells from healthy subjects. The
ratio of IL-4 to IFN-v produced in vitro was significantly lower (p = 0.04) in the cells of patients
with atopic dermatitis (0.9) as compared with those of healthy subjects (2.7). The findings suggest
that when circulating T cells are stimulated under antigen presenting cell-independent conditions,
atopic dermatitis is not characterized by the shift in the reciprocal relationship between IL-4 and
IFN-v production, which has been postulated to explain the pathogenesis of IgE elevation and the
therapeutic action of IFN-vy in patients with atopic dermatitis. (] ALLERGY CLIN IMMUNOL 1995;
96:84-91.)
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Atopic dermatitis is characterized by cutaneous
T-lymphocyte activation, hyperfunctional Langer-
hans’ cells, and increased systemic production of
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Abbreviations used
IFN-y: Interferon-y
IL: Interleukin
PBMCs: Peripheral blood mononuclear cells

IgE."* A proportion of this IgE is specific for
antigens, which may act as exacerbating factors
in this disease.>!? These antigen-induced exac-
erbations may be IgE-mediated by either Lange-
rhans’ cell antigen presentation to T cells® or
cutaneous mast cell mediator release.'? T-lym-
phocyte regulatory factors such as interleukin-4
(IL-4) and interferon-y (IFN-v) reciprocally in-
duce®®1 and suppress’’?® human in vitro IgE
production. It has been postulated that dysregu-
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TABLE 1. Subject characteristics
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Pretreatment Pretreatment
Subject Age serum IgE spontaneous
No. (yr) Sex Systemic medications concentrations (1U/ml) in vitro IgE (pg/ml)
1 48 M ‘None 5,633 ND
2 19 F None 2,382 2,516
3 35 F None 3,651 2,337
4 48 F Terfenadine 1,783 457
5 20 F None 14 4,235
6 47 F None 1,496 1,842
7 23 F None 92 767
8 51 M None 6,045 ND
9 37 M None 3,351 ND
10 57 F Hydrochlorothiozide 3,124 443
11 32 M None 9,222 1,612
12 29 F Hydroxyzine 11,000 3,463
13 34 M None >11,000 35,646
14 32 M None 11,000 29,254
15 31 F Hydroxyzine 3,135 ND
16 53 M Terbutaline + H;-blocker* 714 2,306
ND, Not done.

*Unspecified H;-antihistamine.

lation in the production of these cytokines con-
tributes to the pathogenesis of atopic dermatitis.
Indeed, peripheral blood mononuclear cells
(PBMCs) from patients with atopic dermatitis
have been shown to manifest decreased produc-
tion of TFN-y2»22 and enhanced responsiveness
to IL-4.2% Lesional skin of patients with atopic
dermatitis also contains lymphocytes that pro-
duce relatively increased amounts of IL-4, IL-5,
and IL-10, but little IFN-v.24?7 These observa-
tions suggest a T,,-type cytokine response in
antigen-sensitized T cells.

To suppress a T,,-like response in a human
disease, IFN-y was administered to patients with
atopic dermatitis. Spontaneous in vitro IgE pro-
duction was inhibited by in vivo IFN-y treatments
in 10 of 14 patients with atopic dermatitis, al-
though total serum IgE concentrations were not
affected.?

Because no change in serum IgE, despite clinical
improvement and decreasing eosinophil counts,
has been noted in patients with atopic dermatitis
treated with IFN-y, the mechanism of action of
IFN-v in atopic dermatitis remains unknown. We
report the effects of in vivo administration of
IFN-v on spontancous in vitro IgE production, as
well as in vitro mitogen-induced production of
IL-4, IL-5, and IFN-y by mononuclear cells from
patients with atopic dermatitis.

METHODS
Patient population

Sixteen patients (7 men and 9 women) with a median
age of 34 years (range, 19 to 57 years) with atopic derma-
titis were studied. The diagnosis of atopic dermatitis was
made with the criteria of Hanifin and Rajka.?® Character-
istics of the subjects, whose clinical responses have been
published elsewhere,>® are presented in Table L.

Eighteen healthy control subjects were studied for
comparative purposes. Seven of the eighteen subjects
were laboratory workers. The remaining subjects were
blood bank donors.

This study was approved by the Institutional Review
Board of the University of Michigan Medical Center.
Informed consent was obtained from each subject.

Administration of IFN-y

Active treatment with recombinant IFN-y or placebo
was administered in a double-blind trial. TFN-y 0.05
mg/m?® or placebo was administered subcutaneously
daily for 12 weeks. All of the subjects initially random-
ized to receive placebo were subsequently treated with
open-label IFN-vy. Blood samples for in vitro studies
were obtained before treatment with IFN-y and at
various intervals after initiation of treatment.

In vitro IgE production

Spontaneous in vitro IgE production was studied in 12
of the 16 subjects. Eight subjects initially received pla-
cebo injections, and four initially received injections of
IFN-y. All of the patients receiving placebo also had in
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vitro IgE measurements after crossover to IFN-y treat-
ments during the unblinded phase of the study. The
duration of this unblinded phase of treatment was variable
and lasted up to 9 months in some subjects. PBMCs were
obtained from preservative-free heparinized blood by Fi-
coll-Hypaque (Pharmacia, Uppsala, Sweden) density gra-
dient sedimentation. Cultures for the measurement of
supernatant IgE production were performed in RPMI-
1640 medium (Gibco, Grand Island, N.Y.) with 10% fetal
calf serum, 80 pg/ml gentamicin, and 25 mmol/L N-2-
hydroxyethylpiperazine-N-2-ethanesulfonic acid. PBMCs
(10%ml) were placed in flat-bottomed microtiter wells (220
pliwell). Replicate cultures were done in up to 12 wells,
and the supernatants were pooled into quadruplicate sam-
ples before assays were performed. Cultures were incu-
bated at 37° C in 5% CO, atmosphere for 9 days with and
without cycloheximide (100 pg/ml). At the end of the
culture period, cells were centrifuged at 2500 rpm for 10
minutes, and the supernatants were removed and stored at
=70°C.

In vitro cytokine production

Production of IL-4 and IFN-y from stimulated cells of
untreated patients with atopic dermatitis was compared
with that from cells of healthy subjects and with that
from cells of patients treated with IFN-y. TL-5 produc-
tion from cells of patients with atopic dermatitis and
healthy subjects was also compared. Most but not all
patients were studied.

Mixed PBMCs were obtained and suspended in me-
dium as described above except at a concentration of 2
X 10° cells/ml. Cultures were performed in duplicate,
triplicate, or quadruplicate, depending on the number of
cells available, and cultured with and without ionomycin
1 wg/ml and phorbol myristate acetate 50 ng/ml for 48
hours. Supernatants were then removed and stored at
—70° C until assays were performed.

ELISAs for IgE, IL-4, IL-5, and IFN-y

IgE in culture supernatants was measured with an
avidin-biotin amplified micro ELISA exactly as previ-
ously described.3! Biotinylated anti-human IgE mono-
clonal antibody (4.15, from A. Saxon, University of
California, Los Angeles) was used in the IgE ELISA.
ELISAs for IL-4, IL-5, and IFN-y were performed with
antibodies and methods as previously described.?? Ni-
troiodophenyl-conjugated rabbit anti-human IL-4 anti-
body 25D2 and two rat anti-human monoclonal antibod-
ies that specifically recognize IL-5 were used in the I1-4
and IL-5 ELISAs, respectively (kindly provided by Dr.
Jon Abrams of DNAX Co., Palo Alto, Calif.).

Statistical analysis

Data were analyzed by two-tailed Student’s ¢ test for
unpaired samples, for paired samples, and for regression
analysis. Fisher’s exact test was used to analyze the
difference between proportions.
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RESULTS
Effect of IFN-y treatment on spontaneous
IgE production

The clinical responses of these patients to initial
treatment with IFN-y have been reported else-
where.? Serum IgE levels in these patients ranged
from 14 to greater than 11,000 TU/ml before
treatment (Table I). Spontaneous in vitro IgE
production was measured before initiation of
IFN-y or placebo treatments. PBMCs from 15 to
16 subjects demonstrated measurable IgE produc-
tion as compared with cycloheximide-treated neg-
ative control cultures. There was a trend toward a
positive correlation between serum IgE and spon-
taneous in vitro IgE production in those patients in
whom both measurements were made (r = 0.55,
p = 0.059, n = 12) (Table I).

During the double-blind phase of the protocol,
four subjects received IFN-y, and eight subjects
received placebo (Table II). All four of the sub-
jects who initially received active treatment (nos. 5,
6, 13, and 16) showed a decrease in spontaneous in
vitro IgE production (p < 0.01, Student’s ¢ test).
However, cells from three of eight subjects treated
with placebo (nos. 11, 12, and 14) also demon-
strated decreased spontaneous in vitro IgE pro-
duction. All of the subjects treated with placebo
were subsequently treated with open-label IFN-y.
Only two of these subjects (nos. 3 and 7) demon-
strated decreased in vitro IgE production while
receiving IFN-y when compared with baseline
values. Overall, 12 treated subjects were evaluated,
six of whom (nos. 3, 5, 6, 7, 13, and 16) showed a
significantly decreased spontaneous in vitro IgE
production compared with three of eight subjects
receiving placebo (nos. 11, 12, and 14). The pro-
portion of subjects treated with IFN-y who had a
decrease in spontaneous in vitro IgE (6 of 12) did
not differ from the proportion of subjects treated
with placebo (3 of 8) (p = 0.31, Fisher’s exact test).
However, among subjects with spontaneous IgE
production of greater than 900 pg/ml at baseline,
six of eight (nos. 3, 5, 6, 7, 13, and 16) demon-
strated reduction of in vitro IgE production after
treatment with IFN-y.

Mitogen-driven IL-4, IL-5, and IFN-y
production in vitro in subjects with and
without atopic dermatitis

IL-4 and IFN-v production with and without
IFN-vy treatment. Spontaneous IL-4 and IFN-y
production was very low or unmeasurable in all
subjects. The arithmetic mean (= SD) of mitogen-
stimulated IL-4 production by PBMCs from pa-
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TABLE Il. Spontaneous in vitro IgE production from PBMCs

Subject
No. Baseline (pg/ml) Follow-up placebo (pg/ml) Active treatment (pg/ml)
2 2,516 + 427 2,905 £ 375 (12 wk) 2,648 = 106 (6 wk)
3 2,337 = 149 2,592 * 405 (12 wk) 383 * 423 (25 wk)*
4 457 £ 426 375 = 319 (7 wk) 53 + 83 (30 wk)
5 4,235 = 1,368 ND 1,575 = 305 (7 wk)t
6 1,842 + 428 ND 613 + 123 (12 wk)%
7 767 = 271 967 £ 224 (12 wk) 213 = 160 (30 wk)§
10 443 = 308 0 (12 wk) 271 * 244 (39 wk)
11 1,612 * 546 237 £ 211 (12 wk)i 1,212 + 207 (12 wk)
12 3,463 + 768 596 = 236 (12 wk)* 4,368 + 2,122 (12 wk)
13 35,646 = 1,681 ND 4,707 * 892 (26 wk)*
14 29,254 + 2,095 1,483 *+ 550 (12 wk)* 2,116 * 220 (19 wk)
16 2,306 = 555 ND 638 = 413 (41 wk)¥
Values are expressed as means * SD.
ND, Not done.
*p < 0.001, Student’s ¢ test, placebo versus baseline; active treatment versus baseline or last placebo value.
ip < 0.005.
Tp < 0.01.
§p < 0.02.

tients not receiving IFN-y was 339 = 428 pg/ml
compared with 285 = 440 pg/ml when the subjects
were receiving IFN-y treatment (p = 0.775, paired
Student’s ¢ test). Mitogen-stimulated in vitro IFN-y
was equivalent in 11 subjects when receiving active
treatment (mean = 631 = 251 pg/ml) and when not
receiving treatment (496 =+ 361 pg/ml; p = 0.2603).
IL-4, IL-5, and IFN-vy production in patients with
atopic dermatitis and healthy subjects. Mitogen-
driven cytokine production by PBMCs from pa-
tients with atopic dermatitis was also compared
with that of 18 healthy control subjects. Mean IL-4
production by PBMCs from patients with atopic
dermatitis (341 =+ 407 pg/ml) tended to be reduced
relative to that of healthy control subjects (609 *
616 pg/ml). Analysis of log-transformed data re-
vealed that this change approached statistical sig-
nificance (p = 0.0501) (Fig. 1, A). Mean IL-5
production of stimulated cells from patients with
atopic dermatitis (300 = 377 pg/ml) was not dif-
ferent from that of cells from healthy subjects (259
= 241 pg/ml) (Fig. 1, B). There was a highly
significant correlation between in vitro production
of IL-4 and IL-5 (r = 0.94, p = 0.0002).
Mitogen-stimulated IFN-y production in 13 un-
treated patients with atopic dermatitis (618 = 234
pg/ml) was statistically equivalent to that of 11
healthy subjects (398 *+ 343 pg/ml; p = 0.0752). If
one outlier among the healthy subjects (1420 pg/
ml) is omitted, the mean value for the remaining
10 subjects is 295 = 56 pg/ml, which is significantly

lower than that of the patients with atopic derma-
titis (p = 0.0004) (Fig. 1, C).

Reduced IL-4-IFN-v ratio in atopic dermatitis.
The ratio of mitogen-stimulated in vitro IL-4 to
IFN-y was derived for 13 patients with atopic
dermatitis for whom data were available and com-
pared with those derived for 11 healthy control
subjects. The mean of the IL-4:IFN-v ratio of the
atopic patients (0.876 = 1.22 [n = 13]) was more
than three times lower than that of the healthy
subjects (2.689 + 2.67 [n = 11; p = 0.04]) (Fig. 2).

DISCUSSION

IgE-directed antigen reactivity is thought to be
involved in the pathogenesis of atopic dermatitis.!
Previously, it has been shown that 80% to 85% of
patients with atopic dermatitis have elevated levels
of serum IgE.3* Furthermore, fluctuations in these
levels are thought to reflect a parallel change in
clinical severity.®® Many investigations have fo-
cused on in vivo and in vitro modulation of IgE
release from B cells. The induction of IgE synthe-
sis requires B-cell activation by cognate or noncog-
nate interactions.3*35 After activation, early B cells,
in the presence of IL-4, undergo isotype switching to
produce IgE antibody.3®> IFN-y inhibits this re-
sponse.'? Recombinant IL-4—dependent IgE syn-
thesis can be modulated by other cytokines. IL-4—
induced IgE production by human mononuclear cells
can be inhibited by IL-8, IL-10, IL-12, and transform-
ing growth factor-p.36-3 IL-5 and TL-9 potentiate and
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FIG. 1. Comparison of mitogen-stimulated in vitro cyto-
kine production by PBMCs from patients with atopic
dermatitis (A.D.) and healthy subjects (H). Results are
expressed in picograms per milliliter. A, IL-4 production
from patients with atopic dermatitis was reduced com-
pared with that of healthy subjects {p = 0.0501). B, IL-5
production was equivalent in patients with atopic derma-
titis and healthy subjects. C, IFN-y production from pa-
tients with atopic dermatitis tended to be higher than that
of healthy subjects. (p = 0.075) {(p = 0.004 of outlier
control subject omitted).

IT-13 induces IgE synthesis.**42 IL-4 also inhibits the
synthesis of TFN-y.4244

Studies in mice and human beings have shown
that cytokines that promote IgE production are
produced by T-helper (T,) cell subpopulations
termed T,, cells.* T,, cells produce IL-4, IL-5,
and IL-6. The addition of IL-4 to T lymphocytes
results in the proliferation of T, cell clones, which
can subsequently enhance IgE synthesis.** In con-
trast, T; cells produce IL-2 and IFN-y, which
suppress IgE production and inhibit expansion of
T,, clones.* Thus the ratio of secreted IL-4 to
IFN-v is important in determining the net synthe-
sis of IgE. PBMCs from patients with atopic der-
matitis have been reported to have a decreased
activity of T, cells compared with T,, cells.#’
Lesional skin from patients with atopic dermatitis
contains Ty, cells,>» 2> many of which are specific
for airborne antigens, such as dust mite and grass
pollen.2* 4 Most such clones are T, cells, al-
though T,; clones can also be generated.?* Tt is
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FIG. 2. Comparison of ratios of mitogen-stimulated in
vitro production of IL-4 to that of IFN-y in patients with
atopic dermatitis and healthy subjects. PBMCs from pa-
tients with atopic dermatitis demonstrated a lower IL-4:
IFN-v ratio than cells from healthy subjects {(p = 0.04).

now appreciated that chronic atopic dermatitis
skin lesions contain T, cells, as compared with
acute lesions.*->°

In this study we found a trend toward a corre-
lation between serum IgE and spontaneous in vitro
IgE production in patients with atopic dermatitis
(r = 0.55, p = .059) (Table I). These results differ
from those of much earlier atopic dermatitis stud-
ies, which did not show such a correlation.”> 52 Qur
results, however, are similar to those found re-
cently in patients with filariasis and with hyperim-
munoglobulin E-recurrent infection syndrome who
have high serum IgE levels.>> >* An explanation for
the discrepancy between the early and current
findings may lie in the use of polyclonal anti-IgE
antibodies in the early in vitro assays.

This study demonstrated no difference in I1.-4
levels in patients receiving or not receiving IFN-y
treatment. This has not been previously reported.
There was also no difference in mitogen-driven
IL-4 or IL-5 production by PBMCs between
healthy control subjects and patients with atopic
dermatitis. Similar results were obtained in a study
by Del Prete et al.>> Another study by Jujo et al.,?*
however, reported markedly higher in vitro con-
canavalin A-stimulated IL-4 levels in patients with
atopic dermatitis (34.5 U/ml) than in healthy sub-
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jects (1.2 U/ml). Their 19 patients with atopic
dermatitis actually fall into two groups. Eight
subjects’ results were not different from those of
control subjects, whereas 11 subjects had elevated
mitogen-stimulated IL-4 production. Our subjects’
results were consistent with those of the former
group. These results point to the marked hetero-
geneity in the patterns of immune responsiveness
in patients with atopic dermatitis. Furthermore,
the correlation between IL-4 and IL-5 production
in our patients with atopic dermatitis provides an
internal control, confirming the validity of our
cytokine measurements. Such a correlation was
previously demonstrated by Parronchi et al.>

It is noteworthy that our patients with atopic
dermatitis had significantly higher in vitro IFN-y
levels than our healthy control subjects. Three
previous studies reported a significantly lower in
vitro IFN-y production in patients with atopic
dermatitis when compared with control sub-
jects.?1-35:57 Different mitogenic stimulants were
used in each of these studies to induce in vitro
JFN-vy production. We used ionomycin and phor-
bol myristate acetate, which act independently of
antigen-presenting cells, as the mitogens. Del
Prete et al.>> used phytohemagglutinin, which is
accessory cell-dependent. Jujo et al.?! performed
two sets of cultures with different classes of mito-
gens. The former, a concanavalin A-stimulated
culture (also accessory cell-dependent), showed
lower IFN-vy values for a majority of patients with
atopic dermatitis (mean = 259 = 225 U/ml) com-
pared with healthy control subjects (mean = 659 =
139 U/ml). However, the latter, a phorbol 23,
13-dibutyrate and ionophore-stimulated culture,
showed values for only three subjects to be more
than 2 standard deviations {our calculations from
their figure) below the mean of their normal
values. Chan et al. also performed two sets of
cultures with both accessory cell-dependent (anti-
CD3) and accessory cell-independent (phorbol
myristate acetate plus ionophore) stimulants. They
report lower IFN-y production by PBMCs from
patients with atopic dermatitis in both sets of
experiments. However, the variability in the latter
set of cultures suggests a major overlap between
the two groups. When antigen-presenting cells
were removed, T cells from patients with atopic
dermatitis clearly produced more IFN-y than did
those of control subjects.” The phorbol ester—
stimulated IFN-y production in the latter two
reports is not inconsistent with our own results and
suggests a role for an accessory cell factor in
explaining the previously observed differences be-
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tween healthy subjects and patients with atopic
dermatitis. Prostaglandin E is likely to be one such
mediator.>”- 38

Our data raise questions regarding the frequency
of T, versus T,,, lymphokine profile T cells in the
circulation of patients with atopic dermatitis. The
current paradigm is that atopic dermatitis is domi-
nated by T,,, CD4+ cells, on the basis of the clinical
findings of elevated circulating IgE and eosinophil
concentrations! and the well documented generation
of T,, clones from lesional skin.?*% However, the
cellular constitution of our patients’ circulating blood
may not reflect their lesional cutaneous cell distribu-
tion or the fact that their lesional skin also contained
T, cells, as found in patients with nonacute atopic
dermatitis.** 5

The processes driving IgE production in atopic
dermatitis are multifactorial. IgE production can
vary with the intensity of allergen exposure. There-
fore the level of spontaneous in vitro IgE produc-
tion may have too much temporal variation to
allow observation of a consistent effect of IFN-y
treatment. This study demonstrated a trend toward
a correlation between serum IgE and in vitro IgE
levels in patients with atopic dermatitis, as demon-
strated in other diseases.?! This study also demon-
strates that diminished IFN-y or excessive IL-4
production is not sufficient to explain the increase
in serum IgE levels in patients with atopic derma-
titis. Alterations in other cytokines or prosta-
glandin E synthesis,>” 5 which modulate IgE pro-
duction, rather than changes in IL-4 or IFN-y
production, may account for the dysregulation of
IgE synthesis in atopic dermatitis. More knowl-
edge of the interaction of these other cytokines in
conjunction with IL-4 and IFN-y in regulating the
IgE response in atopic dermatitis is necessary to
better understand the pathogenesis of this disease.

We thank Ms. Harriet Kaczmarek for the preparation
of the manuscript.
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