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Abstract

Hyper IgE syndrome is characterized by recurrent staphylococ-
cal abscess, sinopulmonary infection, severe eczema and extremely
high level of IgE. Recent work revealed a broader array of clinical
features with defects in immune regulations. Management of these
patients is very difficult because the pathophysiology of the immu-
nodeficiency has not been completely elucidated. We examined the
effect of a small dose of Cyclosporin-A (CSA) on the clinical course,
and the excessive production of IgE and other immunologic param-
eters and infection in patients with Hyper IgE (HIE) syndrome.

Three patients, two females and one male, two were brother and
sister; their ages were between 10 months and three years. All three
patients were suffering from severe eczema, recurrent sinopulmo-
nary infection, lung and skin abscesses, chronically draining ear and
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failure to thrive since the first few weeks of their lives. Their serum
IgE was more than 10 times upper normal for age. Measurement
of serum IgE, Cytokine IL-4, and IFN-y and serum immunoglobulins
measure before and after treatment, in addition, skin score of der-
matitis and the number of infection, were evaluated before and after
treatment with CSA.

Following treatment with CSA, 2-4 mg/kg per day in 2 divided dos-
es, after standard treatment failed. There was a dramatic and sus-
tained clinical improvement, especially dermatitis, associated with
marked drop in serum IgE (P<0.0001), IL-4 (P<0.0001), and IFN-y
(P<0.001). There was no significant change in serum levels of 1gG,
IgA and IgM. The results of our study indicate that immune imbalance
in HIE syndrome can be modulated by CSA that leads to marked
drop on IgE and IL-4 synthesis and clinical remission. This treatment
needs to be repeated in a larger number of patients.

Keywords: Cyclosporin-A; Cytokines; Dermatitis; Hyper IgE syn-
drome; Immunodeficiency; Interleukin-4

Introduction

The Hyper IgE (HIE) syndrome is a rare and complex disorder
characterized by high serum IgE, chronic eczematoid dermatitis, re-
current sinopulmonary infections and skin abscesses [1]. The precise
incidence is not known, with an estimated incidence ranging from 1
in 500,000 to 1 in 100,000 individuals. It is found equally in males
and females, Caucasian, Asian and African [2,3]. The clinical features
reported in 85 patients were as follows: skin abscesses 74%, ecze-
ma 58%, retained primary teeth 41%, fractures 39%, scoliosis 34%,
and cancer 7% [4]. Recent studies have demonstrated that Peripheral
Blood Mononuclear Cells (PBMCS) from HIE patients produce ex-
cessive IgE in vitro, spontaneously [5]. In addition, there is evidence
that recombinant interleukin-4 (IL-4) induces IgE production in an
unfractionated Peripheral Blood Mononuclear Cells (PBMC), which
is enhanced by IL-2, IL-5 and IL-6 and suppressed by IFN-o, IFN-y
and PGE, [6]. However, no immediate causal relationship could be
established between increased production of IgE and lymphokines
secretion and the clinical course in HIE syndrome [7]. This leaves
the etiology and pathogenesis of recurrent infections, increased se-
rum IgE levels and eczematoid dermatitis in this syndrome poorly
understood. However, recent studies showed that in the autosomal
dominant and related disorders are due to defect in the Janus activated
Kinase-signal transducer and activator of transcription (JAK-STAT)
signaling pathway that is activated by cytokines, such as IL-6 and
IL-2 [8].

Treatment of HIE patients is frustrating and remains largely unsuc-
cessful. Several treatment modalities have been tried with limited and
often temporary success [9-15]. Because HIE patients have excessive
production of IgE and IL-4, clinical improvement may be achieved
by down regulation of IgE and IL-4. Therefore, we conducted a pro-
spective clinical immunological study to assess the effect of small
doses of Cyclosporin-A (CSA) on the clinical course, especially der-
matitis and skin infection in HIE syndrome. Three patients with the
HIE syndrome showed remarkable clinical improvement following
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treatment with a small dose of CSA 2-4 mg/kg per day. There was
remarkable and significant drop in serum IgE, IL-4 and IFN-y with-
out affecting immunoglobulin levels after treatment compared to
pre-treatment. Our study suggests that the clinical manifestations, es-
pecially dermatitis, may be related partially to the high levels of IL-4
and IgE levels which can be modulated by CSA. But these patients
have many genetic defect in production of cytokines such as Th17 and
IFN-gamma which impairs neutrophils, chemotaxis and IFN-gamma
injections reduce the frequency of skin and lung infections [3,16].
Several immunological and pathological abnormalities have been
observed in these patients including immunodeficiency markers such
as elevated IgD levels, decreased IgG subclasses and poor response
to both protein and polysaccharides immunization [16,17]. Some of
these patients have symptoms of allergy to foods in 38% and ana-
phylaxis 8% [18]. These complex immunopathological abnormalities
make management of these patients difficult.

Materials and Methods
Patients

Three children randomly selected who were diagnosed to have
HIE syndrome according to the criteria defined by Buckley and Beck-
er, were studied. There were two females and one male; two were a
brother and sister [1]. Their ages ranged between 10 months and three
years at the time of enrollment in the study. All patients had history
of extensive dermatitis and recurrent staphylococcal abscesses of skin
and lungs, sinusitis, and chronically draining ears since the first few
weeks of life and they failed to thrive. They had serum IgE levels at
least ten times the upper normal for age.

Scoring of skin inflammation

To assess the severity of dermatitis and the degree of inflammation
prior to and during treatment with cyclosporin-A, a scoring system of
0-4 was used. 0 = no dermatitis or inflammation, 1 = mild dermati-
tis without infection on a small area of the skin, 2 = mild dermatitis
involving less than 50% of the skin but no infection, 3 = extensive
dermatitis involving most or all the skin but no infection or abscess
formation, and 4 = the same as 3 but with superimposed infection and/
or abscess formation.

Routine laboratory investigations

All patients had complete blood count and differential, hepatic and
renal profile, surface and lesion cultures, chest and sinus X-ray at the
time of admission and during the study period.

Treatment protocol

Patients were treated with appropriate antibiotics whenever in-
dicated, antihistamines to control pruritus and topical and, at times,
systemic steroids to controls skin inflammation. After the above mea-
sures failed, patients were started on oral cyclosporin-A, at a dose of
2-4 mg/kg per day in two divided doses. Serum CSA was monitored
to keep the trough level between 60 and 200 pg/ml.

Serum IgE, IgG and IgA quantitation

Serum IgE was measured by Phadezym IgE PRIST using ELISA
kit (Pharmacia, Uppsala, Sweden). IgG, IgM and IgA were measured
by ACA Discrete Clinical Analyzer (Dupont, Wilmington, DE, USA).

Immunological studies

The following immunological investigations were carried out be-
fore and after CSA treatment i.e.,

* Immunophenotyping using Flow Cytometric Cell Analysis
(FACS)

* Mitogenic response of PBMC to Phytohemagglutinin (PHA),
Pokeweed Mitogen (PWM) and cytokine IL-2

* Natural Killer (NK) cell function
» Cytokine level of IL-a, IL-2, TNF-a, [FN-y and IL-4

Isolation of PBMC from whole Blood

Whole peripheral blood from patients and normal healthy young
individuals were collected into heparinized tubes. PBMCs were iso-
lated by subjecting it to Ficoll-Hypaquegradient fractionation [19].
The isolated PBMC were washed twice with medium RPMI-1640 and
finally suspended into complete medium in RPMI-1640, supplement-
ed with Hepes 25 mM, L-glutamine 25 mM, 5% human AB serum,
penicillin (100 U/ml), streptomycin (100 pg/ml)and fungizone (20
pg/ml) (Flow Laboratories, McLean, VA, USA). Cell counts and cell
viability were judged by trypan blue dye (0.02%) exclusion method.
PBMC with at least > 98% viability were used in the experiments.

Mitogens PHA and PWM Induced stimulation of PBMC

10° PBMC either from normal subjects or patients with Hyper IgE
(HIE) syndrome, were cultured in quadruplicate in 96 well round bot-
tom microtiter plate in a final volume of 250 pl complete RPMI-1640
containing 5 pg/10%ml of PHA or PWM (Flow Lab, McLean, VA,
USA) for 72 hours. The proliferation response was measured from the
[*H] Thymidine [*HTdR] uptake after an 18 hour pulse.

(1 pCi/well Sp. activity 6.7 pCi/mM) as given by the § counts of cul-
tures harvested with a cell harvester (Titretek Flow Labs, Rockville,
MD) [20].

Interleukin-2 dependent proliferation of PBMC

As previously described, 10° PBMC either from normal individ-
uals or hyper IgE patients were cultured in the presence of 100 U of
recombinant IL-2 (Genzyme, Boston, MA, USA) for 72 hours. The
proliferative response, *HTdR uptake was then measured [21].

Natural Killer (NK) cell assay

This was performed using a standard 4 hour 51 Cr release assay as
previously described [22]. K562 erythroleukemia (NK sensitive) cells
were labeled with Sodium Chromate and used as target for normal or
patients PBMC (effector cells) at various 12:5:1 to 100:1, effector:tar-
get ratio.

The percent specific cytotoxicity was computed as follows:

Quantitations of cytokines

As earlier described Interleukin-1a (IL-1a), Interleukin-2 (IL-2),
Interferon-y (IFN-y), Tumour Necrosis Factor-a (TNF-a) and Inter-
leukin-4 (IL-4) were measured from the plasma samples of HIE pa-
tients and normal individuals using highly sensitive ELISA kits from
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Endogen MA, USA, (IL-a, TNF-a), Genzyme MA, USA, (IL-2),
Holland Biotechnology (IFN-y) and R&D System MN, USA, (IL-4).
Manufacturer’s guidelines were followed in carrying out the measure-
ments of these cytokines [23].

Flow Cytometric (FACS) analysis

Heparinized blood was used to quantify various populations and
subsets of lymphocytes using fluorescent-phycoerythrin conjugated
monoclonal antibodies (FITC/PE-MOAbs Becton-Dickinson CA,
USA). Cells were labeled with FITC or PE-MOAbs Leu?/12, Leu’/2,
Leu*/DR, Leu’/2, Leu’/8, Leu*/11+19 for 30 minutes at 4°C, RBC
were lysed and cells were fixed in PBS containing 1% paraformal-
dehyde. Percent positive cells for various surface markers were ana-
lyzed using FAC Scan (Becton-Dickinson CA, USA) [22].

Statistical evaluation

The results were expressed as mean + SE Statistically, significance
of difference between various experimental groups was tested using
one way analysis of variance and students t test. p value at <0.05 was
considered significance.

Results

All three patients met the criteria of HIE diagnosis. Their serum
IgE levels ranged between 5,400 and 38,400 (normal 3.84-72 pg/L)
at the time of diagnosis and before starting treatment with CSA. All
patients required repeated hospitalization for treatment of infections
and/or surgical drainage of skin abscesses. One patient had kerato-
conjunctivitis and lost one eye of pseudomonas infection. The other
two had mucocutaneous candidiasis. They also had chronic sinusitis
and bronchiectasis. Staphylococcus aureus was cultured from all le-
sions. Their peripheral blood count showed significant eosinophil-
ia (23-65%). Specific IgE antibody measurement in vitro by RAST
scores were 3-4 against milk, eggs and wheat. None of the patients
experienced respiratory allergies, although one patient had wheezing
episodes during lung infections.

Patients No 1 and 2 were sister and brother with negative family
history of a similar condition. Patient No 3 had 6-year-old maternal
cousin who died with identical history. The parents of all our patients
(six other patients not reported here) were of consanguine marriage,
usually first degree cousins (Figure 1).
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Figure 1: Hyper IgE levels in 3 patients with hyper IgE syndrome at the beginning
and during treatment with cyclosporine-A.

Response to Treatment

On admission the skin score was 4 in all patients. There was lit-
tle or insignificant response of antihistamines, skin emollients, ste-
roids and repeated courses of antibiotics. There was a dramatic and
a marked improvement within 72 hours of starting CSA treatment.
Inflammation cleared up form most of the skin; skin scores dropped
to 1-2 within 3 to 7 days after starting CSA. This improvement was
constant and continued throughout the treatment course. Twenty-four
months after starting CSA patients 1 & 2 and after 16 months, pa-
tient 3 continued to do well with minimal respiratory infections. This
improvement coincided with a sharp and a significant drop in serum
IgE levels. Serum IgG, IgA and IgM were not affected except patient
no 1 where the posttreatment IgG level increased from 3 grams to 28
gram/L. In patient no 1 serum IgE level dropped from 24,000 pg to
800 pg/L in 2 weeks, patient no 2 serum IgE dropped from 38,400 pg
to 864 pg/L in 7 weeks, while patient no 3 serum IgE level dropped
from 5,040 pg to 480 pg/L in 10 weeks. Although serum IgE levels
stayed above the normal range, none of the patients had levels near
the pre-treatment values (Table 1).

Proliferative response CHTdR uptake) to mitogens and
cytokine

PBMC from the hyper IgE patients showed impaired response to
PHA and PWM as compared to control individuals with (3-37%) sup-
pression for PHA, and 4-43% suppression for PWM. Similar suppres-
sion (8%-22%) was also noted when PBMC from hyper IgE patients
were co-cultured with interleukin-2 (Table 2).

Analysis of Natural Killer (NK) cell function

The results of NK assay performed with fresh PBMC of patients
even at higher effector: target ratio (100:1) failed to demonstrate any
appreciable level of cytotoxicity to K562 tumor target cells as com-
pared to normal PBMC controls (Figure 2).
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Figure 2: Functional Natural Killer (NK) cell assay of the HIE patients target cell
KG62.

Plasma level of cytokines

The quantitation of cytokines prior to cyclosporin-A treatment in-
dicated elevated level of IL-4 (112-147 units/ml), IFN-y (11-56 U/
ml). Plasma level of IL-2 (results not presented), IL-1o and TNF-a
were either very low or not detected in any of the hyper IgE patients.
A highly significant (P<0.0001) lower levels of IL-4 was observed in
all post treated patients (Figures 3a and 3b).
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Serum
(ng/ml)
. Igs Normal Range IgG IgA 1igM IgE
Patient Al S
atien ge X (gm/l) 4.4-12.9) 0.4-1.2) 0.2-1.7) (3.84-72)
Pre-tr. 0.6 04 24.000"
1 2 years F 3.0 .
Post-tr. 382 1.4 05 1.104
Pre-tr. 53 0.4 0.8 38.400°
2 10 months M Post-tr. 133 13 1.4 888"
s 3 . Pre-tr. 13.2 2.6 1.8 5.040°
years Post-tr. 133 ND 12 211

Table 1: Serum IgE levels in 3 patients with HIE syndrome.

A highly significant difference (P<0.0001) in IgE plasma level was observed in all the 3 HIE-patients after CSA treatment. No statistical significant difference was
observed in the level of IgM and IgA. Whereas significant difference (P<0.002 Pt.1) was observed in IgG level.

Patient PHAa PWMa IL-2b

Pre-treatment 4245342363 28112+1983 49008+3097

! Post-treatment 63017+2311 50307+4763 60946+1781
Pre-treatment 54583+1932 43895+1108 54034+3781

? Post-treatment 64961+1851 46388+3192 59689+1673
Pre-treatment 552572117 47348+3013 54034+1907

} Post-treatment 59387+3201 464072011 59921+2307
Normal Control (n=10) 67387+3217 49321+2703 62831+3781

Table 1: HIE Patients PBL proliferative response [3HTdR CPM uptake] to mitogen or cytokine.
“PHA and PWM were used at 5 pg/1x50° PBL/ml concentration.

*Interleukin-2 was used at 100 u/1x10%PBL/ml. 105PBL/well/250ug were cultured for 72 hours at 37°, 5% CO, and pulsed with 1 uci3HTdR for 18 hours before harvesting.

(P<0.05) less than normal Saudi controls. The T4:T8 ratio showed
"ﬁr—\ M— a significant increase after CSA treatment reflecting increase in T
[Pr3q IL-4| 1 1EN-Y! helper and decrease in T suppressor cell population. A higher degree
LY q\'\ w’")l l (Urmi) | of activated T cells (Leu4 /DR) were also found in all the patients
| \ | by | Tabl
fﬂuf‘ | | oy I (Table 3).
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Figure 3a: Plasma level of cytokine IL-4 and IFN-, before and after treatment with | '
CSA in 3 patients with HIE syndrome. | ‘ }
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The absolute numbers of T and B lymphocytes did not demon- IL-@and TNF-t Concentration pgJml
strate any significant changes other than that of normal controls.
. . . Figure 3b: Plasma level of cytokine IL-a and TNF-a before and after treatment with
Whereas the number of T helper cells in all patients was substantially . . )
o CSA in 3 patients with HIE syndrome.
less as compared to normal individuals at the start of the treatment.

The T4 (helper T cell): T8 (suppressors T cell) ratio was significantly
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Percent Positive cells for various sub-populations of lymphocytes
Patients

T B T4 T8 Ratio Act.T Nk

Pre-treatment 70 18 17 44 0.3a 56b Sc

! Post-treatment 73 26 23 39 0.5 43 7
Pre-treatment 68 18 10 57 0.2¢ 40° 5¢

g Post-treatment 63 27 42 38 1.1 33 8
Pre-treatment 50 17 24 31 0.8a 13 2c

} Post-treatment 66 27 36 24 1.5 11 7

Normal Control 78+7 16+7 3949.1 35+8.7 1.1(p<0.05)" 11£4(p<0.002)° | 16+3(p<0. 02)°

Discussion

Our current knowledge about the pathophysiology, pathogenesis,
and definite treatment of HIE Syndrome (JOB’s) is limited. A major
disbalance and altered immune responses are implicated in HIE pa-
tients. Some of the immune disorders are due to defects in the activa-
tor of transcription (JAK-STAT) signaling pathway in the autosomal
dominant Hyper-IgE, which is activated by interleukin IL-6 and IL-2.
This defect leads to impaired T cell helper type Th17 [3]. Though at
present the immunosuppressant drug CSA has been widely used to
prevent allograft rejection its successful use to treat variety of skin
diseases particularly psoriasis and severe atopic eczema has also been
reported [24-31]. CSA is a potent inhibitor of T cell activation and
subsequent production of various immune mediators namely IL-2,
IL-4 and IFN-y [32-35]. IL-4, IL-5 and IL-13 have been shown to me-
diate IgE synthesis in human involving a complex interaction among
B cells, T cells and monocytes [36-39]. The whole cascade of IgE pro-
duction can be modulated positively or negatively by cytokines. To
elucidate the underlying immunological mechanism in HIE patients,
we have presented the results of immunophenotyping, proliferative
response of PBMC to PHA, PWM and IL-2, cytotoxicity level of NK
cells, levels of various cytokines and immunoglobulins before and
after low dose if CSA treatment of three HIE patients.

In response to low dose (60 - 200 pg/ml Plasma level) CSA treat-
ment, the results of immunoglobulins quantitation showed a remark-
able drop in the IgE level in all three patients without any adverse
effects of IgM, IgG and IgA immunoglobulins. It is a well accepted
phenomenon in mice that subsets of helper T cells, Th1 and Th2, are
responsible for differential production of cytokines [40]. Thl clone
when stimulated with appropriate stimulus can produce IL-2, [FN-y
and TNF-a; whereas Th2 clone produces IL-4, IL-5, IL-6, and IL-10.
IFN-y has been shown to be a very important mediator in curtailing
the production of IgE, whereas IL-4 molecules support the prima-
ry induction and production of IgE [6,41-43]. A similar dichotomy
among human T lymphocyte function has been observed in vitro [44].
Our results of flow cytometric analysis are supportive of this notion
since absolute number of T and B lymphocytes in HIE patients were
not altered, but rather a low T4:T8 ratio was observed in the pre-treat-
ed patients. The results of proliferative response to PHA, PWM, and
IL-2 indicated inherent defect in either T cell or T cells bearing re-
ceptor for IL-2 in HIE patients. The NK cell dependent cytotoxicity
in all the three pre-treated patients was substantially low as compared
to normal control. An earlier study by Wehrmann et al., demonstrat-
ed the number and function of NK cells were altered in atopic pa-
tients with high level of circulating IgE [45]. The results of our in
vitro study have shown that IgE at higher concentration can decrease

regulative killer lineage cells function, implicating similar role of IgE
in HIE patients [46]. Our results of impaired PHA response are in dis-
agreement with earlier work. However the response of PWM in HIE
patients has been controversial, we found mild to severe suppression
of PWM proliferative response prior to CSA treatment with a tenden-
cy to improve with CSA treatment [13]. The results of cytokines mea-
surement in our study indicate that IL-1a, TNF-a and IL-2 do not play
any significant role in the pathophysiology of HIE Syndrome. Recent
reports by Mogensen and Ochs et al., found that susceptibility to in-
fection is related in part to defect in Th17 which results in decreased
neutrophil proliferation and chemotaxis decreased inflammation and
susceptibility to Candida and bacteria infection [3,47]. The earlier in
vitro findings using PMA to stimulate PBMC from HIE patients also
showed that inducible IL-2 production is least affected in HIE pa-
tients [7]. Our findings of high level of IL-4 and IgE in HIE patients
before treatment are confirmatory of previous studies [7]. The most
striking findings of this study, after CSA treatment, are that levels of
IgE and IL-4 dropped to normal control levels. Following CSA treat-
ment, a sharp decrease to an undetectable level of IFN-y was observed
(P>0.001).

Previous treatment of HIE patients with a variety of agents and
immune modulators, including levamisole, cimetidine, transfer factor
and ascorbic acid, isotretinoin , cromoglycate and repeated plasma
pheresis, failed to induce long term clinical remissions in these pa-
tients [9-15,48]. Although interferon-y was shown in vitro to regulate
the IgE production by PBMC form HIE patients, it had no significant
clinical effect in treating these patients [41].

Whether this clinical improvement and the normalization of the
immune imbalance in HIE patients following treatment with CSA is
long lasting and void of serious complication, needs to be evaluated
further. After two years of treatment, there is no evidence of any com-
plications except mild hypertrichosis in one patient. On one occasion,
the skin lesion flared up three days after CSA was stopped suggesting,
at least, that the skin improvement is directly related to CSA therapy.

Recently, low dose cyclosporin-A has been used to treat cases of
severe atopic dermatitis with no subsequent serious complications
[31,49,50]. Similarly safe and beneficial results after treatment with
CSA in a variety of dermatological disorders have been reported [S1].
The response of patients with HIE syndrome and severe atopic der-
matitis to low dose CSA suggests a common link between these disor-
ders. Both have immune dysregulation, with over production of IgE,
severe pruritus and recurrent skin infection with staph aureus. This
link needs further investigations in order to uncover possible common
mechanism for causing the syndrome.
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Though much work is to be done to elucidate the precise mecha-

nism of beneficial effect of CSA treatment in HIE patients, the results
discussed here are encouraging for the future use of CSA to treat HIE
patients. The effects of a newly and highly immunosuppressive agent
FK506 on the IL-4 induced IgE production is also being examined in
vitro to find out if it has similar effect as of CSA.
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