Original Paper

International Archives of

ergy...
Immunology

Int Arch Allergy Immunol 2010;153:193-200
DOI: 10.1159/000312637

Received: June 25, 2009
Accepted after revision: November 27, 2009
Published online: April 23,2010

Genetic Polymorphisms of ADRB2 and IL10 May
Be Associated with the Risk of IgE Sensitization to
Digestive Powders in Exposed Medical Personnel

Young-Min Ye? Hyun-Young Lee® Sang-Hoon Kim¢ Sang-Ha Kim¢

Seung-Hyun Kim? Hae-Sim Park?

aDepartment of Allergy and Rheumatology, Ajou University School of Medicine and PRegional Clinical Trials
Center, Ajou University Hospital, Suwon, “Department of Internal Medicine, Eulji Hospital, Eulji University School of
Medicine, Seoul, and Department of Internal Medicine, Yonsei University Wonju College of Medicine,

Wonju, Korea

Key Words
Genetic polymorphism - Specific IgE - Digestive *
Pancreatic extract - a-Amylase - ADRB2 - IL10 - IL4

Abstract

Background: It has been reported that pancreatic extracts
may induce IgE-mediated respiratory allergy in medical per-
sonnel. The aim of the study was to identify genetic factors
associated with IgE sensitization to digestive powders con-
taining pancreatic extract. Methods: This case-control study
was performed on 153 subjects routinely exposed to diges-
tive powder and on 123 nonexposed controls working in
Ajou University Hospital. Skin prick testing was performed
using 4 commonly used digestive powders and a-amylase.
Serum specific IgE levels were measured by ELISA. Three
single nucleotide polymorphisms, ADRB2 46A>G, IL10
-1082A>G and IL4 -589T>C, were genotyped using the sin-
gle base extension method. Results: The positive rate of
serum specific IgE to digestive powder was significantly
higher in the 41 (26.8%) exposed personnel with work-relat-
ed respiratory symptoms than in controls (24.4 vs. 5.4%, p =
0.012). Thirty-nine (25.5%) of the 153 exposed personnel

were found to have an allergy to digestive powder, as deter-
mined by a positive skin prick test and/or a high serum spe-
cific IgE level to digestive powder. The ADRB2 46A>G and
IL10-1082A>G polymorphisms were found to be significant-
ly associated with the development of an allergy to digestive
powder in exposed medical personnel by multiple logistic
regression analysis after controlling for age, atopy and job
type (pharmacist or nurse; p = 0.035 and p = 0.027, respec-
tively). Conclusion: These results suggest that the genetic
polymorphisms ADRB2 46A>G and IL10 -1082A>G are ge-
netic factors that increase IgE sensitization to pancreatic ex-
tracts in medical personnel occupationally exposed to di-

gestive powders. Copyright © 2010 S. Karger AG, Basel

Introduction

Enzymes in the pharmaceutical, detergent, baking
and agriculture industries have been sporadically report-
ed to be occupational allergens [1-5]. Pancreatic extracts,
which commonly contain digestive enzymes, have been
identified as occupational allergens that result in IgE-me-
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diated respiratory allergies such as asthma, rhinitis and
conjunctivitis [4-6]. Recently, we reported that digestive
powders may have induced IgE-mediated respiratory al-
lergic symptoms in 30% of exposed medical personnel at
a university hospital [5], and previous reports have de-
scribed pancreatic extract-induced allergy and asthma in
pharmaceutical workers [6].

The identification of individual risk factors of IgE sen-
sitization is a matter of common interest. Several studies
have been undertaken to identify genes that contribute to
the development of drug allergies. Vandbriel et al. [7] re-
viewed candidate genetic polymorphisms, including hu-
man leukocyte antigen and transporter associated with
antigen processing. In addition, several genetic polymor-
phisms associated with asthma and atopy share a range
of pathogenic mechanisms [7]. Recently, several studies
have suggested that genetic polymorphisms in chromo-
some 5q31-q33 may play roles in atopy and asthma [8, 9].
This region contains many genes, including 3,-adren-
ergic receptor gene (ADRB2), IL13 and IL4, which are
known to be involved in immune and inflammatory re-
sponse. IL4 is essentially required for IgE class switch and
cooperates with IL13 to increase IgE production [10].
Furthermore, evidence of linkages between the IL4
-589C>T or ADRB2 Argl6Gly polymorphisms and total
serum IgE and house dust mite-specific IgE antibody lev-
els has been reported in several different populations [11-
13]. However, other investigators found no such associa-
tion [14, 15].

ADRB?2 is another interesting gene and is located in
chromosome 5q31. The 3,-adrenergic receptor is a cell
surface receptor that is expressed by a variety of cell types,
including mast cells, B and T lymphocytes as well as air-
way smooth muscle cells. Recent data from mice show
that 32-adrenergic receptor stimulation on activated B
cells increases IgE levels [16].

IL10 is a powerful regulatory cytokine produced by
lymphoid cells that exerts its function by inhibiting mac-
rophage/monocyte and T cell lymphocyte replication and
the secretions of inflammatory cytokines [17]. Guglielmi
et al. [18] reported that a polymorphism in the IL10 pro-
moter region (-1082G/A) was associated with immediate
B-lactam allergy in atopic women.

Given this background, we aimed to investigate the
roles of 3 single nucleotide polymorphisms (SNPs), name-
ly IL4 —-589C>T, IL10 —-1082G>A and ADRB2 Argl6Gly,
which have been previously associated with total and/or
specific IgE levels, in subjects with digestive powder-in-
duced occupational respiratory allergies. We studied the
prevalence of IgE sensitization to digestive powder, which
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has been associated with work-related respiratory symp-
toms, and the prevalence of possible associations between
these 3 SNPs and allergy to digestive powders in medical
personnel.

Subjects and Methods

Subjects

We enrolled 153 exposed subjects and 123 nonexposed con-
trols working in Ajou University Hospital (South Korea). The ex-
posed subjects were all nonsmoking women; 135 nurses and 18
pharmacists. The 123 healthy controls were negative by allergy
skin prick testing to common inhaled allergens and digestive
powder, and had no allergic disease history.

All subjects were provided written questionnaires, modeled
on ISAAC questionnaires [19], which addressed histories of aller-
gic disease and work-related symptoms. Work-related respiratory
symptoms were defined as rhinitis symptoms with rhinorrhea,
sneeze and congestion, and asthma symptoms including a cough,
dyspnea and chest tightness during and after handling digestive
powders.

Skin Prick Test to Digestive Powders and ELISA for Digestive

Powder-Specific IgE Antibodies

We performed skin prick test (SPT) using 4 commonly used
digestive powders (Bearse®, Beszyme®, Festal®, Pancron®) and
using a-amylase which is the major active ingredient in these
powders. Total serum IgE levels were measured using Immuno-
CAP (Phadia, Uppsala, Sweden). ELISA were used to detect se-
rum-specific IgE antibodies to a-amylase and biodiastase, which
are ingredients common to all 4 powders, and to one powder
Bearse. All 4 digestive powders contain porcine pancreatic ex-
tracts, which include a-amylase and biodiastase from Aspergillus
oryzae. Furthermore, the proportions of ingredients vary only
slightly in these powders, and thus, we performed ELISA for spe-
cific IgE only on Bearse powder, which is the most commonly
used digestive powder at our institute. The positive cutoff value
used for specific IgE was set at the mean absorbance value of the
123 unexposed healthy controls plus 3 standard deviations. The
presence of an allergy to digestive powder was determined by a
positive SPT, defined as a wheal size of =3 mm, to any one of the
four digestive powders and a-amylase and/or a positive ELISA
result to either a-amylase, biodiastase or Bearse.

SNP Genotyping

Three genetic polymorphisms were genotyped using SNaP-
shot ddNTP primer extension kits (Applied Biosystems, Foster
City, Calif., USA), as recommended by the manufacturer.

Statistical Analysis

Differences of clinical characteristics between exposed and
nonexposed subjects were examined by independent t test for
continuous variables and x? test for categorical variables. Also, we
examined differences of clinical characteristics between pharma-
cists and nurses by independent t test and x? test (SPSS 12.0; SPSS
Inc., Chicago, Ill., USA). We analyzed clinical features stratified
by an allergy to digestive powders using independent t test for
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Table 1. Clinical characteristics of the study subjects

Exposed subjects Healthy controls
: (n=123)
total pharmacists nurses
(n=153) (n=18) (n=135)
Age, years® ** 27.3%32 25.8%3.6 27.5%3.1 37.3%X152
Working duration, months 41.9+27.8 37.3+357 425+26.6 NA
Atopy (%)* 51 (33.3) 8 (44.4) 43 (31.9) 12/85 (14.1)
Work-related respiratory symptoms (%) 41 (26.8) 5(27.8) 36 (26.7) NA
Total IgE, KU/1 124.4%+211.3 170.7 £ 258.8 118.1+204.4 39.0+58.1
SPT on digestives (%) 38 (24.8) 6(33.3) 32(23.7) NA
Specific IgE to digestives (%)* 16 (10.5) 3(16.7) 13 (9.6) 2(1.6)
Prevalence of an allergy to digestive powder (%)* 39 (25.5) 6(33.3) 33 (24.4) 2(1.6)

Figures in parentheses are percentage. SPT = Skin prick test; NA= not available.
* p value <0.05 for exposed subjects vs. healthy controls; ** p value <0.05 for pharmacists vs. nurses.

continuous variables and x? test for categorical variables, and p
values corrected using false discovery rates.

To evaluate the effects of genetic polymorphisms on an allergy
to digestive powders, we performed logistic regression controlling
for job title, age and atopy. The p values were corrected by false
discovery rates (R 2.7.1; R Foundation for Statistical Computing,
Vienna, Austria), which is a statistical means to correct for con-
founding effects of multiple genetic and clinical factors. Associa-
tions are expressed as adjusted logistic odds ratio (OR) and 95%
confidence intervals (95% CI). p < 0.05 were regarded as signifi-
cant.

Results

Clinical Characteristics of the Study Subjects

All exposed medical personnel were nonsmoking
women in their mid-twenties, whereas the mean age of
the 123 nonexposed healthy controls (66 males, 57 fe-
males) was 37.3 £ 15.2 years, which was higher than the
mean age of the exposed personnel by ANOVA with Bon-
ferroni’s correction (p < 0.05). The 153 exposed subjects
were classified into subgroups based on their likely expo-
sure levels, that is 135 nurses and 18 pharmacists. No sig-
nificant difference was present between the exposed
nurse and pharmacist subgroups in terms of mean age,
atopy rate, working duration or history of allergic disease
(table 1).

Forty-one (26.8%) of the 153 exposed subjects com-
plained of work-related respiratory symptoms. Working
durations at the institute and serum total IgE levels were
found to be significantly higher in those with work-relat-

Effects of Polymorphisms of ADRB2 and
IL10 on Allergy to Digestive Powders

ed respiratory symptoms (51.93 * 27.8 vs. 38.27 * 27.0
months in exposed subjects with vs. without work-related
respiratory symptoms and 169.71 * 260.0 vs. 107.59 *
188.5 KU/1 in exposed subjects with vs. without respira-
tory symptoms; p = 0.004 and p = 0.047, respectively). On
the other hand, no significant difference was found be-
tween exposed subjects with and without work-related
respiratory symptoms in terms of atopy rate (36.6 vs.
32.1%) or job title (27.8% of pharmacists vs. 26.7% of
nurses).

SPT and Specific IgE Antibodies to Digestive Powder

Of the 153 exposed subjects, 38 (24.8%) had a positive
SPT response to at least one of powders, and 16 (10.5%)
were found to have powder-specific IgE. The positive
rates of serum specific IgE were 9.8% (15/153) for a-am-
ylase, 9.2% (14/153) for Bearse and 2.0% (3/153) for bio-
diastase. SPT positivity among the exposed subjects was
15.7, 16.3, 18.3, 17.0 and 16.3%, for a-amylase, Bearse,
Beszyme, Festal and Pancron, respectively. Strong SPT-
positive rates (defined as the wheal ratio of allergen to
histamine =3) were 5.9% for a-amylase and 3.9% for
Bearse.

Thirty-nine (25.4%) of the 153 exposed subjects had an
allergy to digestive powder: 15 showed a positive SPT
finding and specific IgE, 23 a positive SPT finding with
no specific IgE and 1 a negative SPT finding associated
with specific IgE to digestive powder (fig. 1). The preva-
lence of serum specific IgE antibodies to digestive powder
was significantly higher in subjects with work-related re-
spiratory symptoms than in those without (24.4 vs. 5.4%,
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IgE to digestive powder. WRS = Work-re-
lated respiratory symptoms.

p = 0.002). Although SPT results tended to be higher in
exposed subjects with symptoms, no statistical signifi-
cance was found (34.1 vs. 21.4%). Furthermore, exposed
subjects with a digestive powder allergy had significantly
higher levels of serum total IgE (216.9 + 239.7 vs. 94.6 *
193.1 KU/L, p = 0.005; table 2), although mean working
duration at the institute (46.07 * 29.7 vs. 40.51 * 27.0
months) and atopy rate (43.6 vs. 29.8%) were higher for
exposed subjects with an allergy than in those without,
but this was not significant. When we compared preva-
lence of digestive powder allergy by exposed subject job
title, 33% of pharmacists and 24% of nurses were found
to have an allergy (p = 0.52).

Associations between Genetic Polymorphisms with

Allergy to Digestive Powder

In the present study, we investigated 3 genetic poly-
morphisms, namely ADRB2 46A>G, IL10 -1082A>G
and IL4 -589T>C, which have all been previously related
to allergy and asthma. These genetic polymorphisms
have minor allele frequencies of >5% in healthy control
group. All 3 genetic polymorphisms were found to com-
ply with the Hardy-Weinberg equilibrium. It was found
that the ADRB2 46A>G and IL10 -1082A>G polymor-
phisms were significantly associated with allergy to di-
gestive powder (p = 0.035 and p = 0.027, respectively; ta-
ble 3). Furthermore, the prevalence of a digestive powder
allergy was significantly higher in subjects’ AA genotype
of ADRB2 46A>G and AG or GG genotype of IL10
-1082A>G than in subjects with other genotypes [40 vs.
60%, OR = 1.694, 95% CI 1.077-2.666 and 35.3 vs. 64.7%,
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Table 2. Clinical characteristics of subjects allergic to digestive

powder

Allergy to digestive powder pct

positive negative

(n=39) (n=114)
Age, years 27.55%2.6 27.19%34 0.548
Job title, P/N 6/33 12/102 0.52
Work duration, months  46.07+29.7  40.51+27.0 0.468
Atopy (%) 17 (43.6) 34 (29.8) 0.288
Total IgE, TU/ml 216.93£239.7 94.56*x193.1 0.005

Subjects were dichotomized by job as pharmacists (P) and
nurses (N). The presence of an allergy to digestive powder was
determined by a positive skin prick test, defined as a wheal size of
>3 mm, to any one of the four digestive powders and a-amylase
and/or a positive ELISA result to either a-amylase, biodiastase or
Bearse.

False discovery rate from multiple testing (p.) was used for
adjusting multiple comparison.

! Independent t test for continuous variables and x? test for
categorical variables were applied and p values were corrected us-
ing false discovery rates.

OR =2.251, 95% CI 1.225-4.138, multiple logistic regres-
sion after adjusting for age, job type (nurse or pharma-
cist) and atopy; table 3]. On the contrary, no significant
difference was found in comparison with total IgE levels
(96.4 £ 115.6 vs. 116.5 = 186.3 KU/l for ADRB2 46 AA
vs. AG or GG genotype; 104.1 * 165.1 vs. 214.1 * 2774
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Table 3. Prevalences of allergies to digestive powder by genetic polymorphism

Genetic polymorphisms

Allergy to digestive powder p

Adjusted OR (95 % CI) Pe

positive (%)

negative (%)

ADRB2 46A>G AA 14 (40) 17 (20.7) 0.023 1.694 0.035
AG or GG 21 (60) 65 (79.3) (1.077-2.666)

IL10 -1082A>G AA 26 (76.5) 74 (90.2) 0.009 2.251 0.027
AG or GG 8 (23.5) 8(9.8) (1.225-4.138)

L4 -589T>C TT 19 (57.6) 50 (58.8) 0.868 0.964 0.868
CCor CT 14 (42.4) 35 (41.2) (0.628-1.48)

Figures in parentheses are 95% CI, unless indicated otherwise. The presence of an allergy to digestive powder was determined by
a positive skin prick test, defined as a wheal size of 23 mm, to any one of the four digestive powders and a-amylase and/or a positive
ELISA result to either a-amylase, biodiastase or Bearse. p values were determined by logistic regression and adjusted for age, job title
(nurse/pharmacist) and atopy. False discovery rate from multiple testing (p.) was used for adjusting multiple comparison.

KU/1 for IL10 -1082 AA vs. AG or GG genotype) and at-
opy rates (29 vs. 33% for ADRB2 46 AA vs. AG or GG
genotype; 35 vs. 13% KU/I for IL10 -1082 AA vs. AG or
GG genotype) by genetic polymorphisms of ADRB2
46A>G or IL10 -1082A>G.

Discussion

The purpose of this study was to investigate the as-
sociations between 3 genetic polymorphisms, namely
ADRB2 46A>G, 1110 -1082A>G and 114 -589T>C, and
specific IgE sensitization to digestive powders containing
pancreatic extract in medical personnel. It was found that
26.8% of exposed medical personnel had work-related re-
spiratory symptoms and 25.4% had an allergy to digestive
powder. Furthermore, 24.8% of exposed subjects had a
positive SPT result to any one of the four digestive pow-
ders, and digestive powder-specific IgE was demonstrat-
ed by 10.5% of the exposed subjects. Moreover, our
genetic association analysis showed that the ADRB2
46A>G and IL10 -1082A>G polymorphisms were sig-
nificantly associated with allergy to digestive powder in
exposed medical personnel by multiple logistic regres-
sion analysis after controlling for age, atopy and job title.

Sensitization to specific allergens is a complicated pro-
cess that is regulated by both environmental and genetic
factors. This study indicates that digestive powder allergy
(as defined by a single positive SPT and the presence of
specific IgE antibodies to digestive powder), working du-
ration and serum total IgE levels are strongly and posi-
tively associated with work-related respiratory symptoms

Effects of Polymorphisms of ADRB2 and
IL10 on Allergy to Digestive Powders

among exposed subjects. We could not evaluate the sen-
sitivity and specificity of SPT and specific IgE measure-
ment to diagnosis of an allergy to digestive powders be-
cause a provocative challenge test was not performed in
this study. Using standardized extracts, the percentage
agreement between in vitro allergen-specific IgE tests
and SPTs ranges between 85 and 95%, depending on the
allergens being evaluated [20]. However, skin tests appear
to be more sensitive but less specific than in vitro aller-
gen-specific IgE tests. In the present study, we found 23
subjects with positive SPT but normal IgE levels and only
1 subject with negative SPT and specific IgE to digestive
powder. We cannot exclude the possibility that some pa-
tients could respond to other minor digestive compo-
nents different from amylase, biodiastase and Bearse, al-
though the proportions of ingredients vary only slightly
in the 4 digestive powders used in the SPT.
Furthermore, our findings suggest that total serum
IgE level and the ADRB2 46A>G and IL10 -1082A>G
genetic polymorphisms are risk factors of specific sensi-
tization to digestive powders. Previous studies suggest
that sensitization to enzymes is associated with the inten-
sity and duration of exposure [1, 2, 21]. Thus, we exam-
ined relations between the prevalence of allergy to diges-
tive powder and work-related respiratory symptoms in
pharmacists and nurses. Pharmacists usually grind and
mix these powders in comparatively confined spaces, and
thus, were considered to be exposed to higher levels of
these powders. Nevertheless, no job title-associated effect
was found. Furthermore, although IgE-mediated re-
sponse is the major pathogenic mechanism of occupa-
tional allergies induced by high molecular weight drugs
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[22], epidemiological studies on occupational allergies to
enzymes among bakers and enzyme-detergent workers
have demonstrated exposure-response relationships for
IgE sensitization [1, 23, 24].

Some studies have reported that atopy is a risk factor
of sensitization to enzymes [1, 25], whereas others have
concluded that it is not a significant risk factor [21, 26]. In
the present study, serum total IgE levels were found to be
significantly associated with the presence of a powder al-
lergy among exposed subjects, but no significant associa-
tion was found between atopy and working duration in
exposed medical personnel with an allergic reaction.
However, the present study is limited by uneven numbers
of nurses and pharmacists as well as the lack of direct
measures of exposure to digestive powder.

Genetic factors have been suggested to be responsible
for drug-induced immune responses after repeated con-
tact with a drug [7]. Previous studies on genetic variants
and the modulation of IgE responses encouraged us to
focus on IL4 -589T>C, ADRB2 46A>G and IL10
-1082A>G. The role of the IL4 -589T>C polymorphism
in asthma and its associated phenotypes is controversial.
In asthmatic children and adults, the C to T exchange at
-589 in the IL4 promoter has been associated with sig-
nificant increases in total IgE levels and increased re-
porter gene expression in vitro [17, 27]. However, other
studies failed to find any significant association between
this SNP and serum total IgE levels [12, 14]. With regard
to specific IgE response, Qiao et al. [28] found that serum
IL4 levels were significantly elevated in patients positive
for specific IgE to penicillin, but they were unable to con-
firm the association between the IL4 -589C>T polymor-
phism and penicillin allergy. In the present study, no sig-
nificant association was found between this SNP and al-
lergy to digestive powder or total serum IgE. This may
be why no association has been found between specific
IgE to drugs and the IL4 -589C>T polymorphism. It
may be that this SNP is only a marker for polymorphisms
in the 5931 chromosome and that its genetic influence is
modulated by gene-gene or gene-environmental interac-
tions.

The association between the IL10 -1082A>G poly-
morphism and B-lactam allergy was confirmed in a pre-
vious study in two different populations [18, 29]. In Chi-
nese patients with penicillin allergy, IL10 levels were
markedly reduced in positive responders with specific
IgE or IgG, and the -1082 GG genotype was found to be
significantly associated with positive specific IgE [30].
Furthermore, this result is consistent with in vivo re-
sults that -1082 GG and GA show greater IL10 expres-
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sion than the AA genotype [29]. We also found that the
prevalence of allergy to digestive powder was signifi-
cantly higher in exposed subjects with the GG or GA
genotypes of the IL10 -1082A>G polymorphism than in
those with the AA genotype. However, we were not able
to measure IL10 levels and no exposed subject had the
GG genotype.

The ADRB2 gene, which is located on chromosome
5q31, is another gene of interest. Two SNPs in the ADRB2
gene, namely, Argl6Gly and GIn27Glu, are known to
modify receptor function in vitro and have been associ-
ated with asthma, asthma-related phenotypes and vari-
able therapeutic response [31]. 3,-Adrenergic receptor
agonists have anti-inflammatory actions and modulate
IgE production through [,-adrenergic receptors ex-
pressed on B and T lymphocytes in vitro and in vivo [16,
32]. In a previous study, increased adrenoceptor down-
regulation was found to be related to the ADRB2 46A>G
polymorphism [33]. However, previous studies failed to
find significant associations between the GIn27Glu or
Argl6Gly ADRB2 polymorphisms and total serum IgE
levels in the Korean population [15, 34, 35]. In terms of
specific IgE sensitization, Llanes et al. [36] demonstrated
no significant association between genetic variations of
ADRB2 46A>G polymorphisms and the risk of olive pol-
len sensitization and asthma. In the present study, we in-
vestigated whether the ADRB2 46A>G polymorphism
plays a role in specific IgE response to allergens, it was
found that the AA genotype of ADRB2 46A>G was sig-
nificantly associated with IgE sensitization to digestive
powder.

Variations in allele frequencies and environments in
different populations may be responsible for these incon-
sistent findings regarding the allergy-related phenotypes
of ADRB2 polymorphisms.

We analyzed the combined effects of the ADRB2
46A>G and IL4 -589C>T or IL10 -1082A>G polymor-
phisms on specific IgE sensitization to digestive powder,
but found no evidence of any additive effect. Therefore,
we suggest that further studies are required to determine
how candidate genetic polymorphisms influence sensiti-
zation to specific allergens and whether these genetic fac-
tors interact with other genes or environmental factors.

Summarizing, the present study suggests that allergy
to digestive powder, as determined by the SPT and the
presence of specific IgE to digestive powder or a-amylase,
may increase the risk of work-related respiratory symp-
toms among medical personnel repeatedly exposed to di-
gestive powder. Furthermore, we suggest that the ADRB2
46A>G and IL10 -1082 A>G polymorphisms may be
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viewed as potential markers of IgE sensitization to diges-

tive powder, and that duration of exposure and serum

total IgE levels are environmental factors that increase
the risk of developing respiratory symptoms in subjects
with an allergy to digestive powder. However, further
studies are needed to investigate how these polymor-

A030001).

phisms impact risk and to determine whether these are
risk factors of progression to occupational asthma or
rhinitis.
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