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■ Abstract

Objectives: The aim of this study was to clarify the role of interferon (IFN) γ in the diagnosis and follow-up of atopic patients. We genotyped 
the IFN-γ polymorphism at position +874 to examine the relationship between serum levels of IFN-γ and disease severity and the role of 
IFN-γ as a biochemical and immunologic marker. 
Methods: The study population comprised 75 patients suffering from atopic asthma, atopic dermatitis, and allergic rhinitis (25 each), and 
25 control participants. Total immunoglobulin (Ig) E and serum IFN-γ were measured by enzyme-linked immunosorbent assay, the IFN-γ 
polymorphism at position +874 was determined by amplifi cation refractory mutation system-polymerase chain reaction, and eosinophil 
counts were recorded.
Results: There was a signifi cant association between genotype and the frequency of the A allele of the +874T/A polymorphism in atopic 
patients when compared with controls (P<.001). In all 3 groups, there was a signifi cant increase in total IgE levels and eosinophil counts, 
and a decrease in serum IFN-γ levels towards the presence of homozygous AA compared with homozygous TT. 
Conclusions: The IFN-γ gene polymorphism at position +874 contributes to susceptibility to atopic diseases by decreasing the amount 
of IFN-γ. Identifi cation of variants of IFN-γ gene signalling and its role in the development of atopic diseases provides a focus for the 
development of novel diagnostic and therapeutic strategies for these diseases.
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■ Resumen

Objetivos: El objetivo de este estudio ha sido aclarar el papel del interferón (IFN) γ en el diagnóstico y seguimiento de los pacientes atópicos. 
Genotipamos el polimorfi smo de IFN-γ en la posición +874 para examinar la relación entre los niveles séricos de IFN-γ y la gravedad de 
la enfermedad y su papel como marcador bioquímico e inmunológico. 
Métodos: La poblacion de estudio comprendía 75 pacientes afectos de asma atópica, dermatitis atópica, y rinitis alérgica (25 en cada 
grupo), y 25 participantes control. Se midió la inmunoglobulina (Ig) E total e IFN-γ sérico mediante ensayo inmunoanálisis enzimático 
adsorbente, se determinó el polimorfi smo del IFN-γ en la posición +874 mediante reacción en cadena de la polimerasa-amplifi cación 
refractaria de sistema de mutaciones, y se recogieron el número de eosinófi los. 
Resultados: Había una asociación signifi cativa entre el genotipo y la frecuencia del alelo del polimorfi smo +874T/A en los pacientes atópicos 
cuando se compararon con los controles (P<0,001). En los 4 grupos, había un aumento signifi cativo de los niveles de IgE total y el recuento 
de eosinófi los, y un descenso en los niveles séricos de IFN-γ hacia la presencia de homocigosis AA comparado con la homocigosis TT. 
Conclusiones: El polimorfi smo del gen IFN-γ en la posición +874 contribuye a la susceptibilidad de las enfermedades atópicas mediante 
el descenso de la cantidad de IFN-γ. La identifi cación de la señalización de las variantes del gen de IFN-γ y su papel en el desarrollo de las 
enfermedades atópicas ofrece un enfoque para el desarrollo de nuevas estrategias diagnósticas y terapéuticas para estas patologías.

Palabras clave: Sensibilización a aeroalérgenos. Comorbilidad entre rinitis y asma. Pruebas cutáneas. 
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Introduction

An allergy is any clinical event caused by immune 
mechanisms in response to exposure to allergens. This event 
may or may not harm the host. These mechanisms are activated 
by immunoglobulin (Ig) E, which leads to the release of mast 
cells. The most common familial IgE-related diseases include 
allergic rhinitis, atopic dermatitis, allergic asthma, and allergic 
conjunctivitis. These are known as atopic diseases [1]. 

Beltrani et al [2] described atopy as the expression of 
polygenic and phenotypic immunologic aberrations, with a 
systemic expansion of the activity of helper T cells of the type 2 
subset (TH2) leading to the release of interleukin (IL) 5, IL-4, 
IL-13, and IL-3, which cause eosinophilia, increase IgE levels, 
and boost the growth and development of mast cells. 

Immune responses may result from immune suppression 
of T regulatory cells (Tregs) as well as T helper cells of the 
type 1 subset (TH1) [3]. 

TH1 cytokines such as interferon (IFN) γ, IL-12, and 
IL-2 are thought to have an inhibitory effect on TH2 cells 
and decrease the amount of IL-4, IL-5, IL-13 and IgE 
production [4]. IFN-γ–producing TH1 cells have been reported 
to protect against allergic responses by attenuating the activity 
of TH2 effector cells [5].

The development of atopy depends on several genes, and 
disease expression is infl uenced by exposure to environmental 
factors. Several genome-wide searches have linked the 
development of atopy to different autosomal chromosomal 
regions, many of which directly or indirectly regulate 
IgE production and affect the activation and proliferation 
of cells involved in infl ammatory processes associated with 
atopy. These regions include chromosome 5q31-q33, which 
contains a TH2 cytokine gene cluster (IL-5, IL-4, IL-13, and 
IL-9) [6], and 12q14, which contains an IFN-γ gene consisting 
of 4 exons and 3 introns [7]. 

More than 20% of the world’s population is thought to 
have IgE-mediated allergic diseases. This prevalence is rising 
dramatically, with its consequent effects on health care and 
costs [8,9]. 

Various explanations for the increase in the prevalence of 
allergic diseases have been put forward, the most attractive 
being the hygiene hypothesis, which states that reduced 
exposure to infection during early childhood can lead to 
subsequent susceptibility to allergic diseases through a 
TH2 bias [10].

We analyzed the allelic distribution of the +874T/A 
polymorphism of the IFN-γ gene in atopic diseases, its 
relationship with atopic markers, and the relationship between 
the allele and disease severity. 

Patients and Methods 

Study Groups

The study population comprised 100 participants: 75 atopic 
patients from the outpatient allergy unit of our institution 
(Zagazig University Hospital) and 25 age-matched healthy 
and unrelated volunteers as controls. None of the participants 

received antihistamines or systemic or topical corticosteroids 
during the 3 weeks before clinical evaluation, and they all 
underwent skin prick testing. Atopy was diagnosed on the 
basis of a positive skin prick test result and clinical signs 
and symptoms. Participants were further classifi ed into the 
following groups: 

Group 1: A control group comprising 25 healthy, nonatopic, 
age-matched, and unrelated volunteers with a negative skin test 
result and no history of allergic conditions or smoking.

Group 2 (atopic asthma):  This group included 
25 nonsmokers, diagnosed with extrinsic atopic asthma 
in accordance with the criteria of the American Thoracic 
Society [11]. A plain posteroanterior and lateral chest radiograph 
was taken to exclude any associated radiological abnormality. 
These patients were further classifi ed into subgroups according 
to previously published guidelines [12].

Group 3 (atopic dermatitis): This group comprised 
25 patients who met the diagnostic criteria for atopic 
dermatitis with no other atopic conditions. The severity of 
atopic dermatitis was measured using the Nottingham Eczema 
Severity Score [13].

Group 4 (allergic rhinitis): This group included 25 patients 
with allergic rhinitis. Signs and symptoms were identifi ed and 
scored [14].

All participants gave their written consent before blood 
sample extraction, and they all underwent a full clinical 
examination. A complete history was taken, and stool and 
urine were analyzed to rule out any factors that could affect 
study determinations.

Blood Sample Collection

A 6-mL blood sample was taken under aseptic conditions 
and divided into 2 portions: 1.5 mL of whole blood was 
collected in sterile EDTA-containing tubes for DNA extraction 
and eosinophil counts, and the remainder was left for 30 to 60 
minutes for spontaneous clotting at room temperature before 
being centrifuged at 3000 rpm for 10 minutes. Serum samples 
were kept frozen at –20°C for determination of total IgE and 
IFN-γ levels.

Serum IFN-γ was measured using a sandwich enzyme-
linked immunosorbent assay (ELISA) (RayBio Human IFN-γ 
kit, Norcross, Georgia, USA). Total IgE level was measured 
by ELISA using AccuBind IgE Quantitative Kits, (Lake 
Forest, California, USA). Eosinophil counts were determined 
according to Burrows et al [15].  

Genotyping

Genomic DNA was isolated using the Wizard Genomic 
DNA Purifi cation Kit purchased from Promega (Madison, 
Wisconsin, USA). 

Genotyping for the polymorphisms in IFN-γ  was 
performed according to Pravica et al [16], and genes were 
typed using the amplifi cation refractory mutation system-
polymerase chain reaction (ARMS-PCR). To assess the 
success of PCR amplifi cation in both reactions, an internal 
control was amplifi ed using a pair of primers designed 
from the nucleotide sequence of the human growth 
hormone (HGH). 
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The primer sequences used for amplif icat ion 
were as follows: allele-specific sense primer T 5’-
TTC TTA CAA CAC AAA ATC AAA TCT-3’; allele-specifi c 
sense primer A 5’-TTC TTA CAA CAC AAA ATC AAA TCA-
3 ’ ;  a n t i s e n s e  c o m m o n  p r i m e r  o f  I F N - γ  5 ’ -
TCA ACA AAG CTG ATA CTC CA-3’; control primer (HGH) 
(sense), 5’-CCTTCCAAC CAT TCC CTT A-3’; control primer 
(HGH) (antisense), 5’-TCA CGG ATTTCT GTT GTG TTTC-
3’. The reaction mix of the total volume of 15.1 µL included 
5 µL of genomic DNA, 5 µL Dd H2O, 1.5 µL 10X PCR 
buffer 0.3 µL 8 mM dNTPs (SIGMA Chemical Co, St. Louis, 
Missouri, USA), 0.3 µ L of 10 µM allele-specifi c and common 
primers (Biosynthesis), 0.3 µL of 2 µM control primers (HGH), 
1.5 µL Mg2+ and 0.6 µL 5U/µL Taq Gold Polymerase (Life 
Technologies Inc, Gaithersburg, Maryland, USA).

Amplifi cation was performed using a PTC-100 thermal 
cycler (MJ Research, Inc., Watertown, Massachusetts, USA) 
according to the following protocol; 95ºC for 1 minute followed 
by 10 cycles of 95ºC for 15 seconds, 62ºC for 50 seconds, and 
72ºC for 40 seconds, then 20 cycles of 95ºC for 20 seconds, 
56ºC for 50 seconds and 72ºC for 50 seconds. 

The amplifi ed products were separated by electrophoresis 
on a 1.5% agarose gel stained with ethidium bromide. The 
gel was visualized under a UV transilluminator with a 
100–base pair (bp) ladder (Bioron, Ludwigshafen am Rhein,
 Germany) and photographed.

 Two sample products were available for each participant 
(1 for each specifi c T or A allele of the IFN-γ alleles).

Statistical Analysis

Data were analyzed using SPSS software version 11 (SPSS 
Inc, Chicago, Illinois, USA) 

Results

Skin Prick Test

The allergens with the highest number of positive skin 

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

TT AA TT TA AA TA TA TT TA TA

100-bp

Control (HGH)

IFN-γ

Atopic Patients

500 bp

300 bp

1 2 3 4 5 6 7 8 9 10

Figure. Amplifi cation refractory mutation system-polymerase chain reaction 
Representative agarose gel electrophoresis, fi ndings of T874A polymorphism of IFN-γ gene. Marker (100 bp) containing every participant was presented 
by 2 lanes for T and A alleles, respectively.

prick test results in atopic patients were mixed pollens (48%), 
followed by hay dust (32%), smoke (24%), house dust mite 
and mixed fungi (17.3%), cotton and wool (8%), mixed feather 
(6.6%), and animal dander (5.3%). Most patients were sensitive 
to more than 1 type of allergen.

IFN-γ Gene Polymorphism at Position +874T/A

ARMS-PCR for the polymorphisms in IFN-γ (+874T/A) 
(Figure) revealed a 500-bp product for HGH as a control gene, 
and a 300-bp product for T874 (homozygous for allele T; TT), 
or A874 (homozygous for allele A; AA), or both alleles T and 
A (heterozygous; TA). 

Our results revealed a signifi cant association between 
genotype and the allele frequencies of the +874T/A gene 
polymorphism in patients with atopic asthma, atopic 
dermatitis, and allergic rhinitis, compared with controls (odds 
ratio for the A874 allele: 7.67, 5.92, and 7.67, respectively; 
P<.05 for each group). The χ2 statistic for the atopic asthma 
group was 10.5 (P<.005), for atopic dermatitis it was 9.4 
(P<.001), and in allergic rhinitis it was 11.5 (P<.001) 
(Table 1). 

We analyzed the relationship between allele and genotype 
frequency and disease severity and found that there was 
a nonsignifi cant association between genotype and allele 
frequency in atopic patients with mild disease and those with 
severe disease in each group studied (P>.05 for each group). 

We also studied the association between the parameters 
measured and the allelic variants of +874T/A (Table 2) 
and we concluded that the mean values for serum IFN-γ, 
eosinophil count, and total IgE were signifi cantly different 
according to the allelic variants in the atopic groups 
(Table 2). Furthermore, there was a highly significant 
decrease in IFN-γ levels in homozygous AA patients 
compared with homozygous TT patients (P<.001), whereas 
there was a signifi cant increase in both the eosinophil 
count and serum IgE levels in homozygous AA patients 
compared with homozygous TT patients in the atopic 
groups (P<.001).
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Table 1. Frequency of the Genotypes of the T874A Polymorphism of the 
IFN-γ Gene in All the Groups Studied

  Control Atopic Atopic Allergic
  Group, Asthma, Dermatitis, Rhinitis,
  Number  Number Number Number
  % % % %
 
 AA 0 (0%) 6 (24%) 3 (12%) 5 (20%)
 TA 4 (16%) 8 (32%) 11 (44%) 10 (40%)
 TT 21 (84%) 11 (44%) 11 (44%) 10 (40%)
 χ2  10.5 9.4 11.5
 Pa  .005 .001 .001 

a P < .05 when compared with controls

Table 2. Genotypes in Atopic Groupsa

 Parameters AA TA TT P Valueb

  (n=6) (n=8) (n=11)

Serum IFN-γ, 55.8 63.9 73.4
pg/mL  (3.3)  (2.5) (4.5) <.001

Eosinophils/ 756.7 618.7 470 <.001
mm3 (76.8) (26.9) 51.76)

Serum IgE, 266.8 218.9 149.6 <.001
IU/mL (49.5) (14.3) (28.8)

Parameters AA TA TT P Value
 (n=3) (n=11) (n=11)

Serum IFN-γ, 51.3 61 72.1 <.001
pg/mL (8) (3.2) (2)

Eosinophils/ 822 660.9 486.3 <.001
mm3 (52) (62) (61)

Serum IgE, 327.2 228.9 148.7 <.001
IU/mL (16.6) (24.1) (24.6)

Parameters AA TA TT P Value
 (n=5) (n=10) (n=10)

Serum IFN-γ, 50.3 60.7 71.6 <.001
pg/mL (5.7) (1.7) (4.2)

Eosinophils/ 782.6 577.2 430.2 <.001
mm3 (50.6) (42.7) (56.9)

Serum IgE, 285.4 214.9 137.5 <.001
IU/mL (45.8) (20.4) (22.9)   
      
Abbreviations: IFN, interferon; Ig, immunoglobulin
a Values are expressed as the mean (SD)
b Compared with the control group

Serum IFN-γ

The present study revealed a signifi cant decrease in serum 
IFN-γ levels in atopic groups compared with the control 
group (P<.001) (Table 3). There was signifi cant association 
between serum IFN-γ levels and disease severity in each 
group (Table 4).

Table 3. Serum IFN-γ, Eosinophil Count, and Serum IgE Levelsa

 Measure Control Atopic Atopic Allergic
 parameters Group Asthma Dermatitis Rhinitis
  (n=25) (n=25) (n=25) (n=25)

Serum IFN-γ, 128.8 66.1 64.75 62.9
pg/mL (13.6) (8.1) (8.1) (8.9)

Eosinophils/ 180 586.4 603.4 595.4 
mm3 (73.8) (127.9) (130.9) (140.7) 

IgE, 73.25 199.9 205 198.1
IU/mL (20.8) (57.5) (63.9) (62.7)

Pb – <.001 <.001 <.001 

Abbreviations: IFN, interferon; Ig, immunoglobulin
a Values expressed as mean (SD)
b Compared with the control group

Table 4. Relationship Between Parameters and Disease Severitya

  Mild Moderate Severe P Valueb
 Parameters n=9 n=7 n=9 
  
Serum IFN-γ, 77.5 68.4 58.22 <.001
pg/mL (3.1) (2.6) (4.1)

Eosinophils/ 424 544 710 <.001 
mm3 (33.3) (49.5) (84)

Serum IgE, 123.7 186.1 251.7 <.001
IU/mL (19.5) (22.5) (41.8)

 n=9 n=11 n=5

Serum IFN-γ, 72.5 66.3 57.9 <.001
pg/mL (1.6) (1.76) (5.7)

Eosinophils/ 479 576.7 713.8 <.001
mm3 (58.9) (20.8) (83.2)

Serum IgE, 144.1 195.9 258.1 <.001
IU/mL (20.3) (24.7) (45.8)

 n=8 n=7 n=10

Serum IFN-γ, 71.6 57.2 52.14 <.001
pg/mL (4.1) (3.8) (2.6)

Eosinophils 430 558 675 <.001
/mm3 (56.9) (90.56) 156.37)  

Serum IgE, 137.5 238.4 263.4 <.001
IU/mL (22.9) (45.3) (43.69)   

Abbreviations: IFN, interferon; Ig, immunoglobulin
a Values expressed as mean (SD)
b By analysis of variance

Serum Total IgE Levels and Eosinophil Count

There was a signifi cant increase in total IgE levels and 
eosinophil count in the atopic groups compared with the control 
group (P<.001) (Table 3), whereas there was no signifi cant 
change in the atopic subgroups (P>.05). We also detected a 
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signifi cant association between total IgE levels and eosinophil 
count and disease severity in the atopic groups (Table 4).

In the present study, there was a signifi cant negative 
correlation between serum IFN-γ levels and both eosinophil 
count and total IgE levels in the atopic groups (P<.001).             

Discussion

We found that, in atopic patients, mixed pollens had the 
highest number of positive skin prick test results (48%), 
and that most patients were sensitive to more than 1 type of 
allergen. These results are comparable with those of Bener et 
al [17] and Hussein et al [18]. 

The current fi ndings demonstrate that the frequency of allele 
A874 was greater in atopic patients than in control patients, and 
that this correlates with markers of atopy (increased IgE levels 
and eosinophil count and decreased IFN-γ titers). 

Pravica et al [16] reported that the single nucleotide 
polymorphism, T—A, at the 5’ end of the CA repeat of the 
human IFN-γ gene (+874T/A) directly affects the level of 
IFN-γ production and correlates with the presence of the A874 
allele and low production of IFN-γ. The authors proposed 
that this polymorphism coincided with a putative nuclear 
factor κB (NF-κB) binding site that could have functional 
consequences for transcription of the human IFN-γ gene, with 
the result that the polymorphism could directly infl uence the 
level of IFN-γ production. However, Ohly [19] revealed that 
there was no signifi cant association between the +874T/A 
polymorphism and IgE level in atopic German newborns. 
This discrepancy could be due to differences in population 
and age groups; in other words, each analysis may identify 
the allele or haplotype responsible for the phenotype in that 
specifi c population. 

In the present study, the serum INF-γ level was signifi cantly 
lower in the atopic asthma group than in the control group, 
and the signifi cant correlation between serum INF-γ levels 
and severity of asthma is consistent with the results of Nurse 
et al [20] in black South African patients. 

IFN-γ plays an important anti-infl ammatory role in asthma, 
as it suppresses tumor necrosis factor (TNF) α signalling 
in atopic patients [21], and expression of IL-6, IL-8, and 
eotaxin induced by exposure to TNF-α [22]. It also induces 
infl ammatory genes such as vascular endothelial growth factor, 
and expression of IL-17 receptors [23]. 

Increased acetylation of the NF-κB p65 subunit as a result 
of TNF-α signalling was considerably reduced by IFN-γ. These 
fi ndings suggest that IFN-γ suppresses the expression of some, 
but not all, proinfl ammatory genes induced by TNF-α by 
interfering with the transcriptional activity of NF-κB, possibly 
through changes in acetylation levels of the key regulatory 
proteins [24].

The present study revealed that the IFN-γ level was 
signifi cantly lower in patients with atopic dermatitis than in 
the control group, and that it correlated with the Nottingham 
Eczema Severity Score.

These results are consistent with those of Lafaille [25], 
who suggested that TH1 and TH2 cells can antagonize each 
other either by blocking the generation of the other cell type 

or by opposing effector functions. IFN-γ secreted by TH1 cells 
blocks the proliferation of TH2 cells. 

TH2 cytokines (IL-4) rather than TH1 cytokines (IL-2, IFN-γ) 
showed statistically signifi cant higher serum levels in patients 
with atopic dermatitis than in the control patients [26]. 

However, Grewe et al [27] stated that IFN-γ, but not IL-4, 
is correlated with the clinical severity of atopic dermatitis. This 
may be related to the capacity of IFN-γ to enhance eosinophil 
viability and activate vascular endothelial molecules, which 
in turn increases infi ltration by eosinophils and induces atopic 
dermatitis. We found that the peripheral blood eosinophil count 
was signifi cantly higher in patients with atopic asthma than 
in the control group, and that there was a highly signifi cant 
negative correlation between peripheral blood eosinophil count 
and forced expiratory volume in the fi rst second (FEV1).

The results of studies [18] on patients living in the same 
area (Sharquia, Egypt) and with almost the same criteria as 
the patients in the present study are consistent with the results 
for eosinophil count and atopic asthma of other etiologies (eg, 
parasitic infestation). Studies on asthmatic patients in different 
areas have revealed similar results [28].

There was a signifi cant increase in eosinophil count in the 
atopic dermatitis group compared with the control group, and 
there was a strong positive correlation between the peripheral 
blood eosinophil count and the Nottingham Eczema Severity 
Score. Other authors have found similar results [29].

In the allergic rhinitis group, there was a highly signifi cant 
increase in eosinophil count compared with the control group, 
and there was a strong positive correlation between peripheral 
blood eosinophil count and the Rhinitis Severity Scoring 
System [14]. These results confl ict with those of Winther 
et al [30], who found no statistically signifi cant differences 
between the atopic asthma, dermatitis, or rhinitis groups as 
regards peripheral blood eosinophil count. 

We also found that total IgE was higher in atopic 
asthmatic patients than in control patients, and that there was 
a signifi cantly negative correlation between increased serum 
total IgE levels and FEV1.

Johansson et al [31] found that mean total serum IgE in 
atopic asthmatic children was higher than that of the control 
patients. Staikuniene et al [32] showed that a more than 2-fold 
elevated serum IgE level in acute and symptom-free periods of 
pollinosis was considered a signifi cant risk factor for pollinosis 
with asthma. 

However, other studies question the role of total IgE as a 
useful indicator of atopic asthma. Kaliner [33] found that 40% 
of allergic asthmatics had normal total IgE levels. Akpinarli 
et al [34] found that both atopic and nonatopic asthmatics had 
high total IgE levels. 

Kawai et al [35] found a positive correlation between total 
IgE and severity of atopic dermatitis, and Hussein et al [36] 
reported a signifi cant correlation between the severity of 
dermatitis and total IgE levels. In allergic eczema non–IgE-
mediated infl ammatory mechanisms may play a signifi cant 
role, and even low IgE concentrations are capable of playing 
a key role in the pathogenesis of the disease. This overlap 
in IgE levels made it suggestive but not diagnostic of atopic 
diseases [37]. 

The present study revealed a signifi cant negative correlation 
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between serum IFN -γ and peripheral blood eosinophil count, 
and total IgE levels in all the groups studied. These may 
simply refl ect the fact that IFN-γ expression in this situation 
is a surrogate marker of TH1 cell activation and refl ects its 
downregulation in blood eosinophilia and serum IgE levels. 
These data support the hypothesis that a normal level of IFN-γ 
synthesis regulates disease severity in atopic diseases, as 
activated B-cell clones could remain active (perhaps for years) 
and produce IgE. Nevertheless, IgE-mediated local release of 
mast cells in atopic areas could lead to acute exacerbations of 
atopic manifestations after acute allergen exposure, although 
this does not imply an obligatory role for IFN-γ/IgE in the 
pathogenesis of chronic atopic diseases.

These results agreed with those of Tang et al [38], who 
observed IFN-γ to be a major inhibitor of IgE synthesis in 
vitro. They found less intense production of IFN-γ in children 
and adults with atopic dermatitis and elevated serum IgE levels 
than in nonatopic controls, thus suggesting a similar role for 
this cytokine in vivo. 

In conclusion, the IFN-γ gene polymorphism at position 
+874 increases susceptibility to atopic diseases by decreasing 
the amount of IFN-γ and elevation of total IgE levels in the 
sera of atopic patients. The negative correlation between these 
parameters supports the effect of IFN-γ on the inhibition of IgE,  
either directly or indirectly, and its role in the pathogenesis 
of atopic diseases. Finally, the identifi cation of variants of the 
IFN gene and their role in the development of atopic diseases 
provides a focus for the development of novel diagnostic and 
therapeutic strategies.
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