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Short communication

Differential modulation of T cell functions by
soluble IL-4R (slL-4R) in two cases of severe

atopic dermatitis

dermatitis.

Atopic dermatitis (AD) is a chronic inflammatory
skin disease associated with elevated levels of se-
rum IgE (1). The production of IgE is controlled by
CD4+ T—ells (2). The T<ell product interleukin
(IL)-4 has been shown to play an important role as a
potent inducer of IgE. In contrast, the T-cell product
IFN-y was shown to inhibit IL-4 induced IgE pro-
duction. Mechanisms resulting in increased IgE syn-
thesis in AD may be related to either decreased IFN-
and/or increased IL-4 production. In fact, several
studies have shown that lymphocytes from AD pa-
tients exhibited such a complex pattern of cytokine
dysregulation (3) that is associated by an increased
frequency of IL-4 producing T-cells in both periph-
eral blood and local inflammatory tissue of the skin
(4). Therefore, direct or indirect modulation of
T-cell functions may be the target of new therapeu-
tic approaches for allergic diseases. Recent studies
in human and mice demonstrated that many of the
IL-4 dependent T-cell functions, including the pro-
duction of total and allergen-specific IgE, could be
inhibited not only by IFN-vy (5), but alse by a recom-
binant soluble (s)IL-4R (6, 7). sIL-4R represents a
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naturally produced soluble receptor molecule that is
secreted by T-cells upon stimulation and activation
(8), and it binds IL-4 with a similar affinity as the
membrane bound IL-4R.

To obtain preliminary data about possible immu-
no-modulatory effects of sIL-4R we examined
whether such a drug may modulate allergen-specific
and allergen-induced lymphocyte functions. For this
purpose two patients with most severe AD (accord-
ing to the criteria by Hanifin et al [9]) were ana-
lyzed, one of them (P.H.) was resistant to conven-
tional and experimental therapeutic approaches in-
cluding systemic IFN-y and local cyclosporin A
treatment. Peripheral blood mononuclear cells (PB-
MC) from these patients were subjected to several
in-vitro assays to study the effects of sIL-4R under
cell culture conditions.

Case reports
Patient 1

ML, a 10-year-old boy, suffered from severe AD
(COSTA-score (10) = 82; ranging from O to 100
points with 100 points assigned for maximal affec-
tion) with general erythroderma and frequent bacte-
rial superinfections since early childhood and a
positive family history for atopy. Bronchial asthma
persisted since early infancy with exacerbations es-
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pecially during physical exercise. He suffered from
food allergies to fish, soy, egg, and others. Total se-
rum IgE was at 87,400 ng/ml and specific IgE anti-
bodies against all tested food and inhalant allergens
were detected. Anti-inflammatory therapy consisted
of topical steroids and antihistamines only.

Patient 2

PH was a 5-year-old girl with a negative family his-
tory for atopy. Since her 6th month of life she had
severe AD (COSTA-score = 68) with ubiquitous xe-
rosis, general erythema, multiple excorations. Her
serum IgE was 126,000 ng/ml. She suffered from
multiple food allergies against nearly all main pro-
tein sources including fish, egg, cow’s milk, wheat,
and others. Food allergy was diagnosed by double
blind placebo controlled food challenge (soy), open
food challenge (corn, rice, egg), and selective elimi-
nation diets. In addition, clinical signs of bronchial ob-
structions were noted (wheezing; shortness of breath).
Therapy consisted of a very strict diet (weight: between
25th-50th percentile; height: between 10-25. percen-
tile). She received sodium cromoglycate orally and
ointment containing 0.03% betamethasone 2-3
times per day. Bronchial asthma was managed with
sodium cromoglycate and beta-2-adrenergic ago-
nists.

Cell preparation —- PBMC were prepared from hep-
arinized blood by lymphoprep gradient centrifuga-
tion (Gibco/BRL, Gaithersburg, MD, USA) for 20
min at 2000 rpm at room temperature (RT). Cells
from the interface were washed three times (10 min,
3000 rpm, RT) in RPMI 1640 (Biochrom, Berlin,
FRG).

Cell proliferation assay ~ To assess the proliferative
response of lymphocytes to allergens and antigens 4
x 105 PBMC/well were incubated in round bottom
microtiter plates (Greiner, Nurtingen, FRG) in the
presence and absence of 5 pg/ml recombinant hu-
man sIL4R (Behringwerke, Marburg, FRG) that was
prepared as described (11). Cells were incubated for
5 days in culture medium alone or with either 500
SQU/ml Dermatophagoides pteronyssinus (Der p)
(Scherax, Hamburg, FRG), 50 mg/m! ovalbumin
(OVA) or caseine (Sigma, Taufkirchen, FRG), or §
pg/ml tetanus toxoid (Behringwerke). The cultures
were performed in triplicates and pulsed with 1 mCi
3H [TdR]/well (Amersham, Braunschweig, FRG) 24
hours prior to cell harvest. Due to limited availability
of lymphocytes from both children detailed dose re-
sponse experiment could not be performed for all re-
agents. The dose of 5 pg/ml sIL-4R was choosen
based on previously published results using murine
sIL-4R (13).
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Table 1: Differential effects of slL-4R on allergen and antigen stimulated
Ig-production

PH. ML

IgE {ng/mi) 196 {ng/mi} IgE {ng/mi} IgG {ng/ml}
Medium 40+12 612+ 48 12+4 846+ 90
Medium + sIL-4R 32+6 312+25 82 240+30
Derp 11517 3240 + 241 30+4 5050 + 240
Der p+siL-4R 827 1240 +140 1M+2 850+ 75
Tetanus 93+6 1630+ 80 2143 1550 £ 200
Tetanus + slL-4R 895 5280 + 410 272 4820 + 360

2 x 108 PBMC/well were incubated with Der p extract (500SQU/m) or tetanus

toxoid (5 ug/ml) and sIL-4R {5 ttg/mi) for 14 days. Cell free culture supernatants
were harvested and analyzed for total IgE and igG production by FEIA and ELISA,
respectively, as described in Material and Methods;shown are mean SD + from
one of two experiments.

Determination of total and allergen-specific 19 pro-
duction in culture supernatants — For immunoglob-
ulin production 2 x 106 PBMC/well were incubated
for 14 days in flat bottom 24-well-plates (Greiner)
and stimulated as described. Cell free culture super-
natants were harvested and assayed for total and
allergen-specific IgE by FEIA (Pharmacia CAP
System) (Pharmacia, Uppsala, Schweden). Analysis
was performed according to the instructions of the
manufacturer. Detection limit was 0.7 ng IgE/ml.
IgG was analyzed by ELISA as previously de-
scribed (11).

Resuits and discussion

Differential effects of sIL-4R on antigen and allergen induced 19
production

To evaluate the effects of sIL-4R on immunoglobu-
lin (Ig) production, PBMC were cultured for 14
days and the concentrations of 19 were measured by
ELISA or FEIA. PBMC from both patients showed
high spontaneous cell proliferation and Ig-produc-
tion in cell culture. This phenomenon may be ex-
plained by the presence of already preactivated
lymphocytes as reflected by enhanced expression of
T cell activation markers including HLA-DR,

Table 2: Inhibition of ailergen-specific IgE by human recombinant sIL-4R

anti-Der p IgE (ng/ml)

PH. ML
Medium <0.7 1.6+01
Medium + siL-4R <07 <07
Derp 25+02 4502
Der p +siL-4R <07 <07

2 x 108 PBMC were cultured with or without Der p extract (500 SQU/ml) and
sIL-4R (5 tlg/ml} for 14 days. Cell free culture supematants were analyzed for
anti-Der p specific IgE by FEIA as described in Material and methads. Shown are
mean + SD from one out of two similar experiments.



Table 3: Modulation of T-cell proliferation by sIL-4R and IFN-yin a patient with
therapy-resistant AD

Conditions cpm

Medium 3778290
Medium +IL-4 5,304 + 305
Medium +siL-4R 4340195
Medium + IFN-y 3,407 +250
Medium + sIL-4R + IFN-y 3120+ 165
Derp 7,885 £ 496
Derp+Il-4 10,122 + 628
Der p+siL-4R 5,182 £ 300
Der p+ IFN-y 6,555 + 4,90

Der p+siL-4R + IFN-y 4,084 + 287

0.4 x 108 PBMC were cultured in 96-well round-bottom tissue culiure plates un-
der described conditions for 5 days. 3H[TdR] was added 24 hour prior to cell har-
vest {1 elCi/well). Results respresent mean + SD from quadruplicates of one of
two similar experiments.

IL-2Ra (CD25), and transferrin receptor (CD71)
(data not shown). When sIL-4R was added to Der p
stimulated cell cultures, reduced production of total
IgE and IgG was detected in both patients (Table 1).
In contrast to only minimal inhibitory effects on to-
tal IgE production, sIL-4R suppressed total IgG pro-
duction by about 75%. Similar inhibtory effects
were also detected on spontaneous IgG production.
These results indicate that ongoing IgG production
was more sensitive to sIL-4R than total IgE produc-
tion. Since sIL-4R acts via binding of IL-4, these
data also suggest that IgG production is more sensi-
tive to IL-4 than IgE. A different sensitivity of IgE
and IgG class-switch to IL-4 has been described
(12). It was reported, that a switch to IgE may re-
quire higher amounts of IL-4 than the switch to
IgG1 (mouse) (13) and IgG4 (human). Such differ-
ences may provide an explanation why sIL-4R was
a potent inhibitor of IgG production, but not of on-
going IgE production.

In contrast to suppressive effects of sIL-4R on
allergen-dependent immune functions, a different
pattern was observed on tetanus toxoid induced Ig
production. It was a surprising finding that addition
of sIL-4R to tetanus-stimulated lymphocytes result-
ed in a marked increase of IgG production. It is
known that IL-4 inhibits many immune functions of
type-1 T cells that are responsible for a normal
antigen-specific immune response (14). Therefore,
sIL-4R was not only a potent inhibitor of allergen-
induced, IL-4 dependent, immune functions, but si-
multaneously favored the development of an
antigen-specific lymphocyte response. An explana-
tion for this shift in 19 production could be that inhi-
bition of IL-4 functions by sIL-4R favored the pro-
duction of the IL-4 independent IgG 1 and IgG 3
subclasses and suppressed IL-4 dependent IgE/1gG
4 production.

Suppression of T-cell functions by sIL-4R

SIL-4R suppressed allergen-specific IgE-production —
In both patients sIL-4R suppressed allergen-specific
IgE production below the detection limit (0.7 ng/ml)
of the assay system (Table 2). The inhibition of al-
lergen specific IgE production paralleled the suppres-
sion of allergen-induced lymphocyte proliferation
(Table 3). Differences in the inhibition of total and
allergen-specific IgE production by sIL-4R may be
explained by differences in the state of B-cell differ-
entiation. As shown previously, B-cells that had al-
ready differentiated into IgE secreting plasma cells
were relatively resistant to immuno-modulatory
agents aimed to suppress IgE production. Previously
performed kinetic experiments on murine lympho-
cytes indicated that sIL-4R (and IFN-v) had to be
present at early stages of B-cell activation and pro-
liferation in order to prevent IgE production (13).
Addition at later time points was less effective to
suppress ongoing IgE production. Therefore, ongo-
ing total IgE production was less sensitive to sIL-4R
as compared to newly induced allergen specific IgE
in the cell culture system.

Effect of sIL-4R on lymphocyte proliferation — One
of the patients (PH) exhibited a disease pattern that
was not only resistant to conventional therapy, but
also did not improve following experimental thera-
py with immuno-modulating drugs including
high-dose IVIG, topical application of cyclosporin
A and systemic treatment with recombinant human
(th) IFN-y. Based on these clinical observations it
was examined whether sIL-4R would have any ef-
fects on lymphocyte proliferation (Table 3). Addi-
tion of IL-4 enhanced spontanous and Der p
induced cell proliferation. This response was sensi-
tive to addition of sIL4R as indicated by a reduction
of cell proliferation. The strongest degree in inhibi-
tion of lymphocyte proliferation was found when
both sIL-4R andf IFN-y were added to the culture at
the same time.

These data indicate that sIL-4R represents a po-
tent agent that modulates many allergen-dependent
immune functions in-vitro, even in lymphocytes
from patients with most severe AD and resistant to
rhIFN-y therapy. Furthermore, the soluble receptor
favored development of antigen-specific T/B-cell
functions. These results point to a bidirectional ac-
tivity of sIL-4R that counteracts the dysregulation
of several immune functions in these patients. Clini-
cal studies are now required to assess whether
sIL-4R is able to alter IgE production and allergic
inflammation under in vivo conditions.

Acknowledgement

This work was supported by DFG-grants Re 737/4-1 and 4-3
(to HR) and Wa 409/5-3 (to UW).

93



Nasert et al.

References

1.

2.

Hanifin JM, Rajka G. Diagnostic features of atopic derma-
titis. Acta Derm Venereol Suppl (Stockh) 1980, 92: 44-7
Wierenga EA, Snoek M, De Groot C, et al. Evidence for
compartimentalization of functional subsets of CD4+ T
lymphocytes in atopic patients. J Immunol 1990; 144:
4651-56.

. Jujo K, Renz H, Abe J, Gelfand EW, Leung DYM. De-

creased interferone gamma and increased interleukin-4
production in atopic dermatitis promotes IgE synthesis. J
Allergy Clin Immunol 1992, 90: 323-31,

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

C. House dust mitespecific T cells in the skin of subjects
with Atopic Dermatitis. J Allergy Clin Immuno] 1992, 89:
801-10.

. Gajewski TF, Fitch FW. Anti-proliferative effect of [FN-y

in immune regulation. IFN-vy inhibits the proliferation of
Th2 but not Th1 murine helper T-lymphocyte clones. J Im-
munol 1988, 140: 4245-52.

. Garrone P, Djossou O, Galizzi J, Banchereau J. A recombi-

nant extracellular domaine of the human interleukin 4 re-
ceptor on T and B lymphocytes. Eur J Immunol 1991, 21:
1365-9.

. Sato T, Widmer M, Finkelmann F, Madani H, Jacobs CA,

Grabstein KH, Maliszewski CR., Recombinant soluble mu-
rine IL-4 receptor can inhibit or enhance IgE responses in
vivo. J Immunol 1993, 150: 2717-13.

10.

11.

12.

13.

14.

15.

. Chilton PM and Fernandez-Botran R. Production of solu-

ble IL-4 receptors by murine spleen cells is regulated by T
cells and IL-4. J Immunol 1993, 151: 5907-17.

. Hanifin JM, Rajka G. Diagnostic Features of Atopic Der-

matitis. Acta Dermatol Venerol 1980; 92: 44-7.

Costa C, Rilliet A, Nicolet M, Saurat J-H. Scoring atopic
dermatitis: the simpler the better? Acta Derm Venereol
(Stockh) 1989, 69: 41-5.

Idzerda R, March C, Mosley B, Lyman SD, Vanden Bos
TS, Gimpel SD, Din WS, Grabstein KH, Widmer MB,
Park LS. Human interleukin 4 receptor confers biological
responsiveness and defines a novel receptor super family. J
Exp Med 1990, 171: 861- 73.

Renz H, Mazer BD, Gelfand EW. Differential inhibition of
T and B cell function in IL-4-dependent IgE production by
cyclosporin A and methylprednisolone. J Immunol 1990,
145: 3641- 6.

Finkelmann FD, Katona IM, Urban JF Jr, Snapper CM.
Suppression of in vivo polyclonal IgE responses by mono-
clonal antibody to lymphokine BSF-1. Proc Natl Acad Sci
USA 1986, 83: 9675-8.

Renz H, Enssle KH, Lauffer L, Kurrle R, Gelfand EW. In-
hibition of allergeninduced IgE and IgG1 production by
soluble IL-4 receptor. Int Arch Allergy Immunol 1995,
106: 46-51.

Vercelli D, Jabara HH, Lauener RP, Geha RS. 1L-4 inhibits
the synthesis of IFN-y and induces the synthesis of IgE in
human mixed lymphocyte cultures. J Immunol 1990, 144:
570-5734.





