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ABSTRACT

Background: Atopy results from the interaction
between genetic and environmental factors. The aim
of our study was to clarify the association between
the FcRIint2 polymorphic variant, the Glu237Gly mu-
tation in exon 7 of FceRIB and (-590 C/T) II-4 gene
promoter polymorphism with atopy in a randomized
Polish sample.

Subjects and methods: Unrelated subjects aged
18-45 years who were residents of an urban area
(Lodz, Poland) were included in the study: 98 pa-
tients with asthma and/or allergic rhinitis, and 87 non-
atopic, non-asthmatic controls. We used common
criteria for atopy and asthma. Atopic status was de-
termined by positive skin prick tests (SPT) and IgE
levels. The severity of asthma was assessed in spi-
rometric measurements; SPTs to house dust mite
(HDM) and mixed grass pollen (MGP) were perfor-
med. Total and specific IgE were measured in each
subject. Genotypic analysis was performed by PCR
for FcRIlint2 and (<590 C/T) lI-4 gene promoter poly-
morphism and ARM S-PCR was performed for the
Glu237Gly mutation.

Correspondence:

B. Korzycka-Zaborow ska

ul. Kopciriskiego 22

99-153 £6dZ

Poland

Tel. and Fax: + 4842 678 2129
E-mail: barbara_korzycka@op.pl

21

Results: We found a statistically significant asso-
ciation between atopy and FcRlint2 variant poly-
morphism (OR = 2.96), a correlation betw een positi-
ve skin prick tests to MGP and raised M GP-specific
IgE concentrations in patients bearing this variant
(OR =4.0). We did not observe that the FcRlint2 va-
riant was associated with positive SPTs to HDM or
high levels of HDM -specific IgE (OR = 1.0). The in-
tronic variant of FceRIB was strongly correlated with
elevated total serum IgE (OR = 4.74). No statistically
significant association was found between atopy
and the Glu237Gly mutation of FceRIpB (OR = 1.36)
or (-590 C/T) II-4 gene promoter polymorphism
(OR=0.88).

Conclusions: The results suggest that FcRlint2
polymorphism is related to atopy and may influence
its development.
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RESUMEN

Informacion basica: Resultados de atopia de la in-
teraccién de factores genéticos y ambientales. El ob-
jetivo de nuestro estudio era esclarecer la asociacion
entre la FceRIB variante polimorfa de Fc int2, la mu-
tacion Glu237Gly en el exén 7 de FceRIB y el poli-
morfismo del promotor génico (590 C/T) ll-4 con ato-
pia en una muestra polaca aleatorizada.

Sujetos y métodos: Se incluy6 en el estudio a suje-
tos de 18-45 afios no emparentados, residentes en el
area urbana (Lodz, Polonia): 98 pacientes con asma, ri-
nitis alérgica o ambas y 87 controles no asmaticos y
no atopicos. Utilizamos los criterios habituales para la
atopia y el asma. El estado atépico se determiné por
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pruebas de puncién cutanea positivas (spts) y las con-
centraciones de IgE. La gravedad del asma se evalu6
con mediciones espirométricas; se realizaron spts
frente a &caros del polvo doméstico (hdm)y mezclade
polen de gramineas (mgp). Se cuantificaron en cada
sujeto los valores de IgE total y especifica. Se efec-
tué un analisis de genotipo mediante PCR para
FceRIBint2 y el polimorfismo del promotor génico
(-590 C/T) -4, y ARMS-PCR para la mutacion
Glu237Gly.

Resultados: Observamos una asociacion estadisti-
camente significativa entre la atopia y el polimorfismo
variante FcRIint2 (razon de posibilidades (RP = 2,96)
y una correlacion entre las pruebas de puncion cuta-
nea positivas frente amgp y el aumento de las con-
centraciones de IgE especifica para mgp en pacientes
que albergaban la variante (RP = 4,0). No observamos
que la variante FcRIint2 se asociase a spts positivas
frente a hdm ni a concentraciones elevadas de IgE
para hdm (RP = 1,0). La variante intrénica de FceRIB
guardo una estrecha relacién con la elevacién de la
IgE séricatotal (RP = 4,74). No hubo una asociacion
estadisticamente significativa entre la atopia y la mu-
tacion Glu237Gly de FceRIB (RP = 1,36) o el polimor-
fismo del promotor génico (590 C/T) II-4 (RP = 0,88).

Conclusiones: Los resultados indican que el poli-
morfismo de FceRIBint2 se relaciona con la atopia'y
puede influir en su desarrollo.

Palabras clave: Atopia. Asma. Genética. IL-4. RceRIB.

INTRODUCTION

Atopy results from the interaction between gene-
tic and environmental factors. It is associated with
rised serum IgE levels. IgE are released from B cells,
enhancing the degranulation of mast cells with FceRl
receptors blocked by IgE/allergen complexes.
Released histamine provokes the cytokines produc-
tion including IL-4, which activates pre Th helper
cells and their transformation to Th2 cells'.
Overexpression of the IL-4 gene may affect Th2 dif-
ferentiation and class switching to IgE. Several aut-
hors have linked the IL-4 gene located on chromo-
some 5q to atopy and bronchial
hyperresponsiveness® Marsh et al in USA, Meyers et
al and Postma et al in Dutch families described ge-
netic loci in chromosome 5q suspected to be linked
with total serum IgE levels®®. The (-590 C/T) ll-4 gene
promoter polymorphism was reported to be asso-
ciated with elevated levels of total serum IgE and
with asthma symptoms® The gene for B subunit of
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FceRIB receptor was also indicated as a candidate
gene for atopy”® It was shown that variants of
FceRIB gene, coding variant lle181Leu and non-co-
ding INT2, are associated with an increased risk of
atopy and asthma®'%. Some authors underlined
FceRIB gene linkage to atopy by its high prevalence
in atopics and maternal inheritance'"'2. In our study
we examined the genetical, immunological and clini-
cal features of atopy in a case-control studies in a
Polish population sample, investigating (-590 C/T)
Il-4 gene promoter polymorphism, polymorphism of
FceRIBint2 and mutation Glu237Gly in FceRIB gene.

SUBJECTS

All case and control subjects were the residents of
the urban area of Lodz in Poland and they were aged
18-45. Case group consisted of 98 unrelated atopic
patients with clinical manifestations of atopy like
asthma, allergic rhinitis or asthma and allergic rhinitis.
Patients enroled in the study came from the Medical
University Hospital outpatient clinic where they had
been treated at last for one year. Also 87 non-atopic,
non-asthmatic, unrelated control subjects, citizens
of Lodz, were included in the study.

MATERIALS AND METHODS

All of case and control subjects underwent the fo-
llowing procedures: Severity of airway dysfunction
w as established using spirometric measurements.
Spirometry (FEV1 > 20 % in asthmatics) was done in
all individuals enrolled in the study. Atopy status was
defined as described in other papers: at least one
skin prick test (spt) had to be positive to acommon
allergen, a positive RAST test to one or more aller-
gens, elevated circulating total IgE and confirmed cli-
nical symptoms of allergy'®'4. To determine atopic
status common spts to hdm (Dermatophagoides pte-
ronyssimus)and mgp (Artemisia, Timothy grass, Rye
grass) were done and a positive spt was defined as
3 mm greater than a negative control. Case subjects
were enrolled in the study only under all above res-
trictions. We excluded patients with negative spts
and elevation of the total IgE in that way.

10 ml of whole blood sample was taken with a
closed EDTA coated system. Total serum IgE was
measured by Pharmacia CAP system. Specific IgE
responses to hdm and mgp were determined by ra-
dioallergosorbent test (RAST). Total IgE levels greater
than 200 IU/mL and RAST classes greater than
2 were considered as positive tests. Blood samples
were transported to Lung Research Laboratory,
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Osler Chest Unit, Churchill Hospital, Oxford, UK.
Genomic DNA was isolated from peripheral w hite
blood cells, using a commercial kit (Iso Quick,
Microprobe Corporation, Garden Grove, USA).

PCR reaction for FceRIBint2 was performed in a
total volume sample of 30ul. PCR mixture consisted
of 20 uM of 3’ and 5" primers: gAATggCCAACAggAg
TgAAggAT and CAAgTACAgAgCAgACAACTg, 200ng
of template DNA, 25nM of each dNTPs, PCR buffer,
2U Taq polymerase (Gibco BRL) and 100! of mineral
oil. PCR reaction consisted of: preliminary cycle:
94 °C for 5 min, 60 °C for 1 min and 72 °C for 2 min
and 34 cycles: 94 °C for 30 sec, 60 °C for 30 sec,
72 °Cfor 1 min.

PCR reaction for the (590 C/T) II-4 gene promo-
ter polymorphism was performed in atotal volume of
15ul. PCR mixture consisted of 20uM of 3’ and 5°
primers: ACTAggCCTCACCTgATACg and gTTgTAATg
CAgTCCTCCTg, 100 ng of DNA template, 25 nM of
each of dNTPs, PCR buffer, 2.5 U Taq polymerase
and 100 pl of mineral oil. Amplification performed in
a thermal cycler was preliminary cycle: 94 °C for
5 min and next 32 cycles: 94 °C for 30 sec, 60 °C
for 30 sec, 72 °C for 5 min.

The mutation Glu237Gly was investigated using
an allele refractory mutation screening (ARMS) test.
The reaction mixture consisted of: 200ng of DNA
template, 0.5uM. of primers:

1a: TggCCAgCTAQTCTggTTTggTTTTCTggA

1b: ggAgCATATTAAggTggACAgAAgCAgCAg

2a: ATTCAgCTACTTACAQTgAgTTggAAgAC
CCAggCgg

2b: CACgTgATTCTTATAAATCAATgggAggAgA CA-
ATT

and 200uM. each of dNTPs, 2U of Taq polymerase
and PCR buffer up to total volume 50ul. ARMS reac-
tion consisted of: , hot start” PCR, pre-cycle at 95 °C
for 5 min and next 35 cycles:

94 °C for 1 min, 60 °C the (<590 C/T) Il-4 gene pro-
moter polymorphism for 2 min, 72 °C for 2 min, last
cycle ended with elongation at 72 °C for 10 min.

Amplification products (5ul each) were digested
with restriction enzymes: 1U of Rsa 1 for the
FceRIBint2 and 2U of BsmF1 for the (-590 C/T)
II-4 gene promoter polymorphism. Restrictions were
performed for 2 hrs at 37 °C and stopped by the aga-
rose gel loading buffer (5 pl). The digested products
and DNA molecular weight marker were loaded onto
agarose gel (a2% (w/v) agarose/1xTBE gel), contai-
ning of 50ng/ml ethidium bromide. In the case of
ARM S-PCR, amplified products were loaded onto a
4% agarose gel (3:1, Nu Sieve GTG: LMP agarose).
Electrophoresis was performed at 70V for 90 min.
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Table |

Clinical manifestations and elevated levels
of total/ specific IgE

IgE Rhinitis  Asthma  Rhinitis and asthma ~ p
Total n 13 29 19 0,4
(>2001UN) % 52 64 70
IgE hdm n 4 12 8 0,48
(24 RAST) % 36 35 53
IgE-mgp n 9 13 11 0,95
(2-4RAST) % 45 43 48

Table Il

Relative risks associated with studied genetic loci
and atopy in a Polish population and phenotype data

Variant Atopy [n] Controls [n]
FceRIB int 2
yes 15 5
no 83 82
OR=2,96 95% Cl (1,03-8,53)
IL4 (-590 C/T)
yes 3 3
no 95 84
OR=0,88 95% Cl (0,17-4,50)
E237G
yes 6 4
no 92 83
OR=1,36 95% Cl (0,48-3,86)
Total 98 87
Asthma 51 -
Rhinitis 38 -
Asthma + Rhinitis 11 -

DNA fragments were visualised in UV light and pho-
tographed.

RESULTS

Total serum levels were rised (> 200 IU/ml)in 62 %
of atopics and in 9% of controls. Atopy was strongly
linked to elevated total IgE concentrations in patients
(OR =16,28). A medium level of total IgE in atopy
group was 240 IU/ml, in non-atopics: 26,6 [IU/ml.
There was no linkage betw een the high total and spe-
cific IgE levels and clinical manifestations of atopy like
atopic asthma or allergic rhinitis (table I).

The (<590 C/T) Il-4 gene promoter polymorphism
were not associated with atopy in this Polish popu-
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Table Ill

Association between FceRIp int 2 variant and clinical
manifestation of atopy

_— Rhinitis +
Rhinitis Asthma Asthma )
n % n % n %
FceRIB int 2
yes 4 16 7 16 4 15 10
no 21 64 38 84 23 &
FceRIB int 2 + positive
hdm spts
yes 3 27 6 18 1 7 0,36
no 8§ 73 28 8 14 93
FceRIB int 2 + positive
mgp spts
yes 4 20 6 20 4 17 10
no 16 80 24 80 19 83

Table IV

Association between FceRIp int 2 variant and phenotypes
(IgE total/ specific and positive spts to house dust mite
[hdm] and mixed grass pollen [mgp])

FceRIB int 2
Phenotypes yes no OR 95% Cl

IgE-total (> 200 1U/) 13 48 474  1,00-22,36
IgE-hdm (> 2 RAST) 4 20 1,00 0,254,00
IgE-mgp (> 2 RAST) 10 23 4,00 1,13-14,33
Control 5 82
Spts positive

hdm 10 50 3,28 1,06-10,15

mgp 14 60 3,83 1,31-11,2

lation sample (OR = 0,88; table Il). Also there was no
correlation of mutation Glu237Gly in exon 7 of
FceRIB with atopy (OR = 1,36; table Il). Additionally
we found no homozygous individuals for that variant
in Polish population. We found statistically signifi-
cant correlation between FceRIBint2 and atopy
(OR = 2,96; table Il). That variant was not signifi-
cantly associated with symptoms of atopic asthma
or allergic rhinitis (table Il1).

There was a correlation between elevated total
IgE levels and the prevalence of FceRIBint2 variant
(OR =4,74; table IV). We found significant correlation
between positive spts to hdm (OR = 3,28; table 1V)
and mgp (OR = 3,83; table IV) and the FceRIBint2 va-
riant.
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Additionally we observed a high association bet-
ween the presence of polymorphic FceRIBint2 va-
riant in atopics and isolated positive spts to mgp
(OR =2,48) and positive spts to mgp and hdm
(OR =5,47). The elevated specific IgE for mgp and
positive spts to mgp were correlated with that va-
riant (OR = 4,0; table 1V).

We did not find association of FceRIBint2 with po-
sitive spts to hdm and rised IgE for hdm (OR = 1,0;
tab.). Also there was no correlation between studied
variant FceRIBint2, positive spts to hdm or mgp and
clinical manifestations of atopy (p = 1).

DISCUSSION

In early studies of the (590 C/T) Il-4 gene promo-
ter polymorphism, Rosenwasser at al postulated its
influence on overproduction of total IgE and overex-
pression of transcriptional factors in lymphocytes T
resulting in a higher IL-4 concentration®'s Blumenthal
et al indicated uncertain role of genetic loci in the
candidate region 5g 31-33 with IL-4 gene and genetic
regulation of atopy. They underlined the importance
of randomised control groups for genetic studies’®.
Data published by Walley and Cookson also did not
show statistically significant association of the
(=590 C/T) II-4 gene promoter polymorphism and
asthma or atopy in an Oxfordshire sample and a
weak correlation with hdm specific IgE and wheezing
in the Busselton population, Australia'”. There was
no association of that marker and total IgE concen-
tration. Noguchi et al suggested that the (590 C/T)
II-4 gene promoter polymorphism may be associa-
ted with the development of asthma in Japanese
children but it did not affect total IgE levels™ [In re-
cent studies, Australian investigators indicated the
haplotype (-590C/-34C) of IlI-4 gene promoter poly-
morphism is strongly linked with predisposition to
early-onset of atopic eczema'®. Wenner et al showed
that IL-4 gene activity may be controlled by additional
elements outside of IL-4 gene promoter and that
more precise identification of the allelic forms is ne-
cessary for further genetic investigation®. We did not
confirm linkage between that variant and atopy
(OR=10,88), also we did not find any correlation with
the level of total or specific IgE in a Polish sample.
Our results are confirmed by data presented by Hijazi
and Haider who did not find association between
asthma and the (<590 C/T) II-4 gene promoter poly-
morphism in Kuw aiti Arabs. They published interes-
ting study of coding variant of the FceRIB gene and
did find an association of the homozygous variant
Leu181/Leu183 with severity of asthmain the same
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population?'22 Therefore investigations of that coding
variant in a Polish population would be of worth.

Hill et al concluded that FceRIp Leu181/Leu183 va-
riant may be inherited maternally and a genetic risk
factor for atopy and bronchial hyperresponsiveness.
A strong correlation between positive spts to hdm
and mgp, elevated specific IgE levels and bronchial
hyperresponsiveness tests in children with asthma
or rhinitis was established?. Other authors also des-
cribed that variant as maternally inherited?*2°.

The coding variant Glu237Gly in the FceRIB gene
has also been studied in various populations with
asthma and atopy. The results were controversial for
association of that variant with atopy or its clinical
manifestations. Its association with atopy and bron-
chial hyperresponsiveness was found in an
Australian population and was published by Hill et
al?®. The variant Glu237Gly was associated with ato-
pic asthma, particularly with childhood asthma and
very high total serum levels in Japanese?’. Recently,
Laprise et al detected a strong correlation between
atopy and Glu237Gly in French-Canadian popula-
tion?. Weak evidence for linkage to that variant was
presented by Simon et al in British atopic asthma-
tics?®. Nagata et al showed that Glu237Gly is involved
in the development of nasal allergy. That mutation
was associated with rised total IgE levels and speci-
fic IgE for hdm and Japanese cedar pollen®. In our
study we did not find homozygous individuals as
Japanese did. There was no correlation with atopy
and its phenotypes in a Polish group.

We also investigated FceRIBint2 variant and we
found a strong association with atopy and this is the
first documentation of this in an Eastern European po-
pulation. Intron 2 polymorphism was closely correla-
ted with elevated total IgE levels and positive spts to
hdm and mgp. The study of patients with the present
polymorphic variant showed linkage with positive
spts to mgp and elevated specific IgE for mgp and
no linkage with positive spts to hdm and IgE for hdm.
Similar data were obtained by Shirakaw a et al. They
described correlation between locus INT2 and high
total IgE and specific IgE levels for mgp®'. They also
indicated the influence of investigated loci on the de-
velopment of atopic asthma, rhinitis and eczema but
used very high total IgE levels (> 400 kU/mL) for ran-
domisation. We did not find a correlation of variant
FceRIBint2 with clinical features of atopy. A recent
study of Spanish group showed that variant
FceRIBint2 was associated with rised specific IgE for
olive tree pollen (ole e 1)*2. The associations indicate
that the FceRIB gene is a significant locus for atopy.
Variants are likely to disturb its function but further
studies are needed to clarify the mechanism of en-
hanced IgE sensitisation to common allergens.
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