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Abstract

Background: Several studies in epidemiology indicate that risk of pancreatic cancer is reduced in individuals with allergies. Although
genes have been identified that are critical in allergic response, polymorphisms in these genes have not been studied in relation to risk of
pancreatic cancer. We hypothesized that variants in these genes are related to risk. Methods: We investigated the association of allergies and
pancreatic cancer in a hospital-based case—control study with 405 cases and 212 controls. In a subgroup of 149 cases and 135 controls, we
studied the association of variants in IL-4 (C-589T, G3017T) and IL-4Ra (GIn576Arg) with allergies and with risk of pancreatic cancer.
Results: We found reduced risk of pancreatic cancer associated with allergies, with adjusted odds ratios of 0.58 (95% CI 0.40-0.84) for any
allergies, 0.45 (95% CI 0.29-0.70) for hay fever, and 0.43 (95% CI 0.23-0.80) for animals. The minor allele at each locus studied was
associated with reduced risk of allergies in controls, leading us to hypothesize that they would be associated with increased risk of pancreatic
cancer. Overall, there was no association between the genotypes studied and risk of pancreatic cancer. In analyses within strata defined by
presence or absence of allergies, there were differences in risk associated with genotype for IL-4 G3017T: there was slightly increased risk
among those with allergies and reduced risk among those without allergies. Conclusions: The consistent association of allergies with risk of
pancreatic cancer and these results suggest that associations between variants in genes related to allergic response and pancreatic cancer
warrant further study.
© 2007 Published by Elsevier Ltd on behalf of International Society for Preventive Oncology.
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1. Introduction analysis [4]. While the mechanism for possible reduction in
risk is not clear, it is thought that the activated immune
surveillance in individuals with allergies may serve to

protect against pancreatic cancer.

Cancer of the pancreas is the fourth leading cause of
cancer mortality in the United States [1]. In addition to

known risk factors including cigarette smoking, family
history, and obesity, epidemiologic studies have consistently
found that the presence of allergies is a protective factor.
This was confirmed in recent reviews [2,3] and a meta-
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Individuals with atopy (allergies to environmental
allergens) are characterized by high levels of IgE, both
total serum IgE and IgE to specific allergens. IL-4 is an
important cytokine of adaptive immunity and, along with IL-
13, the only cytokine that leads to IgE synthesis [5].
Individuals with allergies have been found to have higher
circulating levels of IL-4 [6]. In individuals who develop
allergies, exposure to an allergen stimulates CD4 + T cells to
become TH2 effector cells; these cells produce IL-4. IL-4
binds to its receptor, IL-4Ra, on B cells and stimulates B
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cells to produce IgE, which in turn binds to receptors on
basophils and mast cells. When the allergen is reintroduced,
it binds to the IgE on the resting mast cells, and subsequent
cross-linking of allergens and IgE leads to the release of
mediators and cytokines that cause symptoms. Individuals
without allergies produce mainly IgM and IgG, and only
small amounts of IgE [7-11].

In a hospital-based case—control study at Memorial
Sloan-Kettering Cancer Center (MSKCC), we investigated
the association of allergies with pancreatic cancer. In
addition, we undertook a pilot study in a subgroup of these
cases and controls in order to evaluate whether polymorph-
isms in IL-4 and IL-4Ro are associated with risk of
pancreatic cancer. We studied two variants in IL-4
(chromosome 5q31-33), C-589T (rs2243250) in the
promoter region and G3017T (rs2227284) in intron 2,
and one variant in IL-4Ra (chromosome 16pl1-12),
GIn576Arg in exon 11 (rs1801275) (also called GIn551
Arg). We investigated the association of these polymorph-
isms with presence of allergies in the controls, hypothesiz-
ing that genotypes associated with reduced risk of allergies
would be associated with increased risk of pancreatic cancer
and vice versa.

2. Materials and methods
2.1. Study population

Cases (n=405) at MSKCC are eligible if they have
pathologically or cytologically confirmed pancreatic ade-
nocarcinoma and speak English. They are identified when
they are seen by clinicians for initial consultation and
diagnosis, follow-up after surgery, or chemotherapy.
Controls (n=212) are eligible if they speak English and
have no personal history of cancer other than non-melanoma
skin cancer. They are either spouses of patients with
pancreatic cancer (n=99) or individuals who are accom-
panying patients to our endoscopy clinics (n = 113). Cases
and controls who agree to take part and sign Informed
Consent are personally interviewed to determine environ-
mental and lifestyle risk factors for pancreatic cancer. We
ask if respondents ever had hay fever or allergies to foods,
animals, pollen, plants such as poison ivy, bee stings, molds,
medicine or vaccines. If they answer affirmatively, they are
further questioned as to what they are or have been allergic
to. Respondents also complete a detailed family history
questionnaire and provide a buccal or blood specimen for
DNA. For this pilot study of polymorphisms in IL-4 and IL-
4Ra, we randomly selected 150 cases from those enrolled;
one was eliminated because he was found not to have
adenocarcinoma. At the time we undertook the pilot study,
there were 136 controls; one was eliminated because of
inadequate DNA for genotyping. Cases and controls in this
analysis were interviewed between April 2003 and February
2007. Among cases approached, 13% were ineligible

(primarily because they did not speak English); of those
eligible, 79% took part. Among controls approached, 15%
were ineligible (primarily because of history of cancer); of
those eligible, 59% took part. The study was approved by the
Institutional Review Board at MSKCC.

2.2. Genotyping and quality control

DNA was obtained from buccal cells collected with
mouthwashes using the Puregene DNA isolation kit
(Gentra Systems Inc., Minneapolis, MN) in 286 indivi-
duals and from blood with the QIAamp DNA Blood kit
(QIAGEN Inc., Valencia, USA) in one individual. DNA
concentration was measured by spectrophotometry at
260 nm in a Spectramax Plus 384 (Molecular Devices,
Sunnyvale, USA). The DNA quality was determined by the
ratio A260/A280.

Genotyping was done with PCR-based methods and
included the melting temperature analysis [12] coupled to
the LightTyper instrument (Roche Applied Science,
Indianapolis, USA) and pyrosequencing [13] with the
PSQTM HS 96A instruments (Biotage AB, Uppsala,
Sweden). The PCR primers and PCR annealing tempera-
tures are available on request. PCR fragments were
amplified in a reaction containing 0.4 uM each of the
specific forward and reverse primers, 1.5-2.0 mM MgCl,,
200 pM dNTP, 0.025 U/pl Taq Polymerase (Applied
Biosystems, Foster City, CA) for IL-4 single nucleotide
polymorphisms (SNPs) and FastStart Taqg DNA polymer-
ase (Roche Diagnostics Corporation, Indianapolis, IN) for
the IL-4Ra SNP, 1 M betaine, and PCR buffer 1x. For the
analysis of SNPs using melting temperature profiles, the
cycling consisted of a denaturation at 95 °C for 5-10 min
followed by 40 cycles of 95 °C for 60 s, 55 °C for 60 s,
72 °C for 60 s, with a final extension at 72 °C for 7 min.
For the analysis by pyrosequencing, the cycling time at
each temperature was reduced to 30s. Products were
immobilized and denatured at 80 °C for 2 min. For the
pyrosequencing reaction, the corresponding sequencing
primer was added to the single stranded DNA and
nucleotides dispensed automatically by the PSQTM HS
96A instrument and software (Uppsala, Sweden). To
distinguish genotypes using melting temperature profiling,
DNA was amplified in presence of a fluorescent probe and
products were then heated and scanned between 40 and
80 °C in the LightTyper.

For quality control, all genotyping included known
internal controls (homozygous wild type, homozygous
variant, and heterozygous) and blanks (water) and pyro-
grams were read twice. Laboratory personnel were blinded
to case—control status. The control and water samples tested
showed the expected signal and there was 100% agreement
in the genotyping calls between two independent laboratory
members. We randomly selected 10% of the samples for
second assays and found 100% agreement between the two
independent assays.
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2.3. Statistical analysis

We used x? tests to evaluate whether genotypes were in
Hardy—Weinberg equilibrium (HWE). Logistic regression
was used to determine crude and adjusted odds ratios.
Potential confounding variables that we considered were
gender, age (continuous), race (Caucasian vs. other),
education (high school or less, college, graduate school),
smoking (never, former, current and >15 pack years vs. all
others), marital status (married, widowed/separated/divorced,
single) body mass index (<25, 25 to <30, >30, based on usual
adult weight), and area of residence (New York City, other
New York State, New Jersey, and other areas). We investigated
the association of genotype and pancreatic cancer in strata
defined by presence or absence of allergies.

3. Results
3.1. Characteristics of cases and controls

Table 1 shows the characteristics of cases and controls.
Cases were more likely to be male and were older than
controls. For other characteristics, odds ratios adjusted for
gender and age are shown. Cases were more likely to be
unmarried, reflecting the use of spouse controls. Current
smoking was associated with increased risk, as were higher
pack years of smoking. Cases were more likely to be
overweight or obese at their usual adult weight and were
more likely to have a first degree relative with pancreatic
cancer. History of pancreatitis was associated with increased
risk while history of diabetes was not. Cases and controls
were similar in area of residence.

3.2. Allergies and risk of pancreatic cancer

As shown in Table 2, allergies were more often reported by
controls (69%) than by cases (55%). Allergies were more
common in younger respondents, women, those with graduate
education, and those who had never smoked (data not shown).
Adjusting for these variables resulted in an OR of 0.58 (95%
CI 0.40-0.84). Hay fever was the most commonly reported
allergy and was associated with reduced risk (OR = 0.45,95%
C10.29-0.70), compared to those with no allergies. Allergies
to animals were also strongly associated with risk (OR = 0.43,
95% CI 0.23-0.80); this was attributable to allergies to cats
and other animals (e.g., horses, birds) but not to dogs.
Reduced risk was also noted for allergies to medications,
foods, dust, and mold, but these were not statistically
significant. There was no evidence of further decreased risk
among those reporting two or more allergies.

3.3. Genotypes and risk of allergies

Among controls, genotypes were in HWE for IL-4
G3017T and IL-4Ra GIn576Arg. For IL-4 C-589T, the

genotypes were not in HWE among all controls, but were in
HWE among Caucasians alone. The distribution of
genotypes varied widely by race (Supplementary table I)."
The minor alleles of the two SNPs in IL-4 were likely to be
inherited together (Supplementary table IT).”> We determined
the relationship between the presence of allergies and
genotypes in controls, with the expectation that genotypes
that were related to decreased risk of allergies would be
associated with increased risk of pancreatic cancer, and vice
versa. For IL-4, controls with the variant T allele at either
—589 or 3017 were at decreased risk of allergies (OR = 0.48,
95% CI 0.22-1.05, and 0.38, 95% CI 0.18-0.83, respec-
tively). For IL-4Ra, there was a tendency toward lower risk
for allergies in the controls with the variant Arg (OR = 0.69,
95% C10.32-1.49). Results were unchanged when restricted
to Caucasians only (Supplementary table 1.2

3.4. Genotypes and risk of pancreatic cancer

None of the genotypes studied were related to risk of
pancreatic cancer overall (Table 3). Adding potential
confounding variables to the models did not change these
results, nor did restricting the analysis to Caucasians
(Supplementary table IV).* The hypothesis that variants
related to decreased risk of allergies (i.e., the T allele in
either IL-4 locus and the Arg variant in IL-4Ra) would
increase risk of pancreatic cancer was not supported.

We further investigated the association of genotypes with
risk of pancreatic cancer within subgroups defined by
presence or absence of allergies (Table 4). For both variants
of IL-4, there was evidence of slightly increased risk among
those with any variant T allele who had allergies, while
among those with no allergies, the variant T alleles were
associated with reduced risk. For the G3017T change, the
interaction term in logistic regression was statistically
significant (p = 0.02). For IL-4Ra, results were similar in
the two subgroups.

4. Discussion

Results of this study are consistent with those from
other studies in showing reduced risk of pancreatic cancer
associated with allergies [14-26], particularly for hay
fever [14—19]. The proportion of controls with any allergy
in our study (69%) is higher than in earlier studies. There
has been an increase in this proportion from the 1970s and
1980s [14,18,21,23] to more recent studies [19], reflecting

! Supplementary tables I-IV are accessible from the online version of this
article: S-1: Distribution of genotypes in IL-4 and IL-4Ra according to race
(cases and controls combined).

2 §-2: Observed and expected distribution of genotypes in IL4.

3 $-3: Risk of allergies in controls according to genotypes, all controls
and Caucasians only.

4 S-4: Association of genotypes in IL-4 and IL-4Ra with pancreatic
cancer, all participants and Caucasians only.
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Table 1
Characteristics of cases and controls

Cases Controls Adjusted” OR (95% CI)
n =405 % n=212 %

Age

<50 55 14 57 27

50-59 94 23 63 30

60-69 139 34 63 30

>70 118 29 29 14
Gender

Male 205 51 88 42

Female 200 49 124 58
Education

High school 104 26 40 19 1

College 164 40 90 42 0.83 (0.52-1.33)

Graduate school 137 34 82 39 0.67 (0.42-1.09)
Race

Caucasian 367 91 189 89 1

Black/Asian/other 38 9 23 11 1.1 (0.65-2.06)
Marital status

Married 289 71 182 86 1

Widowed, separated, divorced 84 21 19 9 2.40 (1.38-4.17)

Never married 32 8 11 5 2.91 (1.36-6.20)
Smoking

Never 183 45 111 52 1

Past 195 48 88 42 1.01 (0.70-1.47)

Current 27 7 13 6 2.37 (1.23-4.55)

Pack years >15° 127 31 39 18 1.77 (1.17-2.69)
Usual adult body mass index (BMI)

Normal 151 37 117 55 1

Overweight 165 41 70 33 1.56 (1.06-2.28)

Obese 87 22 25 12 2.16 (1.21-3.85)
Family history of pancreatic cancer

None 337 84 190 90 1

1° relative 38 9 9 4 2.18 (1.01-4.73)

2° or other relative 27 7 13 6 1.32 (0.65-2.69)
Pancreatitis (>1 year before diagnosis in cases)®

No 386 95 210 929 1

Yes 19 5 2 1 5.51 (1.25-24)
Diabetes (>3 years before diagnosis in cases)

No 368 91 197 93 1

Yes 37 15 7 0.94 (0.64-1.40)
Residence

NYS outside NYC? 153 38 85 40 1

New York City 86 21 40 19 1.08 (0.67-1.74)

New Jersey 82 20 46 22 0.93 (0.58-1.47)

Other 84 21 41 19 1.15 (0.71-1.84)

? Adjusted for age (continuous) and gender.

b Reference category is non-smokers and those with <15 pack years.
¢ Eleven cases were not asked time of diagnosis of pancreatitis.

4 NYS: New York State and NYC: New York City.

a reported increase in allergies in general (reviewed in
Howarth 1998) [27]. Our odds ratios for the associations of
allergies and hay fever were similar to those for other
studies.

To our knowledge, this is the first study of the associa-
tions of genotypes in genes related to the allergic response

and pancreatic cancer. For the three genotypes that
we studied, IL-4 C-589T, IL-4 G3017T, and IL-4R«
GIn576Arg, there was evidence of association of genotypes
with allergies but no overall association with risk of
pancreatic cancer. For IL-4, we noted an interaction effect
for the IL-4 G3017T genotype, with slightly increased risk
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Table 2
Association of allergies with pancreatic cancer

Cases Controls Adjusted * OR (95% CI)
n =405 % n=212 %
Allergies
No allergies 183 45 65 31 1 (ref)
Any allergies 222 55 147 69 0.58 (0.40-0.84)
Specific allergies
Hay fever, pollen, grass, seasonal 90 22 77 36 0.45 (0.29-0.70)
Any medications 90 22 51 24 0.75 (0.46-1.19)
Antibiotics 53 13 32 15 0.70 (0.39-1.23)
Pain relievers 22 5 13 6 0.71 (0.32-1.58)
Other medications 24 6 12 6 0.91 (0.40-2.07)
Any animals 29 7 29 14 0.43 (0.23-0.80)
Cats 20 5 14 7 0.60 (0.27-1.32)
Dogs 12 3 5 2 0.97 (0.32-2.99)
Other animals 7 2 13 6 0.24 (0.09-0.66)
Any food 40 10 21 10 0.74 (0.39-1.40)
Dust 28 7 19 9 0.57 (0.29-1.12)
Mold 18 4 11 5 0.71 (0.31-1.65)
Number of allergies
One 134 33 84 40 0.57 (0.38-0.86)
Two 45 11 35 17 0.59 (0.34-1.03)
Three or more 43 11 28 13 0.64 (0.35-1.17)

% Adjusted for age (continuous), gender, smoking (never, past, current), education (high school graduate, college, graduate school). Reference category is

those with no allergies.

among those with allergies who carried the T allele, and
significantly decreased risk among those without allergies
who carried the T allele. Since the numbers of cases and
controls in the strata were small, these results should be
considered preliminary and require replication.

Although the cytokine IL-4 and its receptor are central to
antibody switching to IgE and allergic symptoms and there
is strong evidence of genomic linkage of the region
including IL-4 to serum total IgE [28] and to asthma and

Table 3
Association of genotypes in /L-4 and IL-4Ro with pancreatic cancer

Cases Controls OR (95% CI)
n=149 % n=135 %
IL-4 C-589T
CcC 101 68 96 71 1
CT 39 26 26 19 143 (0.81-2.52)
TT 9 6 13 10 0.66 (0.27-1.61)
Any T 48 32 39 29 1.17 (0.71-1.94)
IL-4 G3017T
GG 73 49 66 49 1
GT 55 37 53 39 0.94 (0.57-1.55)
TT 21 14 16 12 1.19 (0.57-2.46)
Any T 76 51 69 51  1.00 (0.63-1.59)
IL-4Ra A576G
AA GIn/Gln 104 70 89 66 1
AG Gln/Arg 38 26 41 30  0.79 (0.47-1.34)
GG Arg/Arg 7 5 5 4 1.20(0.37-3.91)
Any G any Arg 45 31 46 34 0.84 (0.51-1.38)

atopy [29], association of genotypes in IL-4 with either IgE
or allergies is not consistent. For the C-589T polymorphism,
some studies have shown higher levels of IgE or higher
prevalence of allergies among individuals with the TT
genotype [6,30-32] although sometimes only among certain
subgroups, such as those with positive skin prick tests [31] or
evidence of exposure to an allergen [30]. Other studies have
found no relation between the IL-4 C-589T genotype and
total serum IgE or allergen-specific IgE [33-37]. The
C3017T polymorphism has been less frequently studied,
with two studies showing associations with allergic
phenotypes [31,32]. In contrast to some of these results,
which showed the variants related to increased risk, our
results indicated that the T allele in each of these
polymorphisms was associated with lower risk of allergies
in controls.

For the GIn576Arg polymorphism in IL-4Ra, the minor
allele has been associated with lower IgE or lower
prevalence of allergies in a number of studies [34,38—40],
although others found no association [35,41-43]. Our results
were consistent with lower prevalence of allergies in
controls with the minor allele, but were not statistically
significant. There are several linked nonsynonymous
polymorphisms in IL-4Ra, and stronger associations with
allergic phenotypes have been found for pairs of variants,
including the GIn576Arg change, than for single variants
[39,42,44].

The literature on allergies and related genes is difficult
to evaluate for several reasons. Most of these studies have
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Table 4

Association of genotypes in /L-4 and IL-4Ra with pancreatic cancer according to presence of allergies

Cases® Controls® OR (95% CI)* Cases® Controls® OR (95% CI)°
n="178 n=95 n=71 n=40
1L-4 C-589T
CC 53 72 1 48 24 1
Any T 25 23 1.48 (0.76-2.88) 23 16 0.72 (0.32-1.61)
IL-4 G3017T
GG 36 53 1 37 13 1
Any T 42 42 1.47 (0.81-2.69) 34 27 0.44 (0.20-0.99)
IL-4Ro A576G
AA 57 65 1 47 24 1
Any G 21 30 0.80 (0.41-1.55) 24 16 0.77 (0.34-1.71)

? Have allergies.
Do not have allergies.

focused on asthma; while many individuals with asthma
have atopy, there are many with atopy who do not
have asthma [45]. Studies of pancreatic cancer have
found associations with hay fever or other respiratory
allergies or dermatologic allergies but less often with
asthma [4]. Phenotypes have been defined in various ways,
such as by use of skin prick tests, total serum IgE,
radioallergosorbent test (RAST) for specific allergens, and
self report.

As in other studies of pancreatic cancer, our case
population did not include those whose disease was most
rapidly fatal. The risks associated with other factors, such as
smoking, obesity, family history, and pancreatitis, are
similar to those found in other studies (reviewed in
[46,47]). Spouse controls share some exposures with cases
and not all patients have spouses and visitor controls come
from an undefined source population. However, an
advantage of this control group is that it consists of
individuals likely to come to MSKCC if they developed
cancer. In addition, conditions such as allergies and
genotypes are unlikely to be shared by spouses. Our
questions on allergies did not allow us to evaluate the length
of time individuals were affected or severity. In addition, our
questionnaire did not include questions about medications
for allergies, so are unable to evaluate any possible
associations of these medications with risk. Since the
genetic analysis was a pilot study, we were not able to
include a larger sample or other genotypes for these or other
genes.

In conclusion, we confirmed earlier studies showing
decreased risk of pancreatic cancer in individuals with
allergies and found no overall association of the genotypes
we studied in IL-4 and IL-4Ra with risk. However, in
stratified analyses, we did find evidence that risk of
pancreatic cancer differed for genotypes of IL-4 G3017T
according to presence of allergies. These results require
confirmation in other studies. Future work focusing on other
genetic variants related to allergic response should provide
better understanding of the association between allergies
and reduced risk of pancreatic cancer.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.cdp.2007.
10.002.

Conflict of interest

None disclosed.

References

[1] American Cancer Society. Cancer facts & figures 2007. Atlanta:
American Cancer Society, 2007.

[2] Wang H, Diepgen TL. Is atopy a protective or a risk factor for cancer?
A review of epidemiological studies. Allergy 2005; 60(9):1098-111.

[3] Turner MC, Chen Y, Krewski D, Ghadirian P. An overview of the

association between allergy and cancer. Int J Cancer 2006; 118(12):

3124-32.

Gandini S, Lowenfels AB, Jaffee EM, Armstrong TD, Maisonneuve P.

Allergies and the risk of pancreatic cancer: a meta-analysis with

review of epidemiology and biological mechanisms. Cancer Epide-

miol Biomarkers Prev 2005; 14(8):1908-16.

Vercelli D. Genetic regulation of IgE responses: achilles and the

tortoise. J Allergy Clin Immunol 2005; 116(1):60-4.

[6] Novak N, Kruse S, Kraft S, Geiger E, Kluken H, Fimmers R, et al.
Dichotomic nature of atopic dermatitis reflected by combined analysis
of monocyte immunophenotyping and single nucleotide polymorph-
isms of the interleukin-4/interleukin-13 receptor gene: the dichotomy
of extrinsic and intrinsic atopic dermatitis. J Invest Dermatol 2002;
119(4):870-5.

[7] Toda M, Ono SJ. Genomics and proteomics of allergic disease.
Immunology 2002; 106(1):1-10.

[8] Abbas A, Lichtman, AH, Pober, JS, editors. Cellular and molecular
immunology. 4th ed. Philadelphia: Saunders; c2000.

[9] Cotran R, Kumar V, Robbins S. Robbins pathologic basis of disease,
5th ed., W.B. Saunders; 1994.

[10] Rosenwasser LJ. Promoter polymorphism in the candidate genes, IL-
4, IL-9, TGF-betal, for atopy and asthma. Int Arch Allergy Immunol
1999; 118(2-4):268-70.

[11] Geha RS, Jabara HH, Brodeur SR. The regulation of immunoglo-
bulin E class-switch recombination. Nat Rev Immunol 2003; 3(9):
721-32.

[4

flnari

[5

=

Detect Prev (2007), doi:10.1016/j.cdp.2007.10.002

Please cite this article in press as: Olson SH, et al., Allergies, variants in /L-4 and IL-4Ro genes, and risk of pancreatic cancer, Cancer



http://dx.doi.org/10.1016/j.cdp.2007.10.002
http://dx.doi.org/10.1016/j.cdp.2007.10.002
http://dx.doi.org/10.1016/j.cdp.2007.10.002

CDP-395; No of Pages 7

S.H. Olson et al./Cancer Detection and Prevention xxx (2007) xxx—xxx 7

[12] Bennett CD, Campbell MN, Cook CJ, Eyre DJ, Nay LM, Nielsen DR,
et al. The LightTyper: high-throughput genotyping using fluorescent
melting curve analysis. Biotechniques 2003; 34(6):1288-92.

[13] Ronaghi M. Pyrosequencing for SNP genotyping. Methods Mol Biol
2003; 212:189-95.

[14] Mack TM, Yu MC, Hanisch R, Henderson BE. Pancreas cancer and
smoking, beverage consumption, and past medical history. J Natl
Cancer Inst 1986; 76(1):49-60.

[15] Mills PK, Beeson LW, Abbey DE, Fraser GE, Phillips R. Dietary
habits and past medical history as related to fatal pancreas cancer risk
among Adventists. Cancer 1988; 61:2578-85.

[16] Farrow DC, Davis S. Risk of pancreatic cancer in relation to medical
history and the use of tobacco, alcohol and coffee. Int J Cancer 1990;
45(5):816-20.

[17] Jain M, Howe GR, St Louis P, Miller AB. Coffee and alcohol as
determinants of risk of pancreas cancer: a case—control study from
Toronto. Int J Cancer 1991; 47(3):384-9.

[18] Silverman DT, Schiffman M, Everhart J, Goldstein A, Lillemoe KD,
Swanson GM, et al. Diabetes mellitus, other medical conditions and
familial history of cancer as risk factors for pancreatic cancer. Br J
Cancer 1999; 80(11):1830-7.

[19] Holly EA, Eberle CA, Bracci PM. Prior history of allergies and
pancreatic cancer in the San Francisco Bay area. Am J Epidemiol
2003; 158(5):432-41.

[20] McWhorter WP. Allergy and risk of cancer. A prospective study using
NHANES I followup data. Cancer 1988; 62(2):451-5.

[21] Bueno de Mesquita HB, Maisonneuve P, Moerman CJ, Walker AM.
Aspects of medical history and exocrine carcinoma of the pancreas: a
population-based case—control study in The Netherlands. Int J Cancer
1992; 52(1):17-23.

[22] Kalapothaki V, Tzonou A, Hsieh CC, Toupadaki N, Karakatsani A,
Trichopoulos D. Tobacco, ethanol, coffee, pancreatitis, diabetes mel-
litus, and cholelithiasis as risk factors for pancreatic carcinoma.
Cancer Causes Control 1993; 4(4):375-82.

[23] Dai Q, Zheng W, Ji BT, Shu XO, Jin F, Zhu JL, et al. Prior immunity-
related medical conditions and pancreatic-cancer risk in Shanghai. Int
J Cancer 1995; 63(3):337-40.

[24] La Vecchia C, Negri E, D’Avanzo B, Ferranroni M, Gramenzi A,
Savoldelli R, et al. Medical history, diet and pancreatic cancer.
Oncology 1990; 47:463-6.

[25] Eriksson NE, Holmén A, Hogstedt B, Mikoczy Z, Hagmar L. A
prospective study of cancer incidence in a cohort examined for allergy.
Allergy 1995; 50(9):718-22.

[26] Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, Virtamo J, Albanes
D. A prospective study of medical conditions, anthropometry, physical
activity, and pancreatic cancer in male smokers (Finland). Cancer
Causes Control 2002; 13(5):417-26.

[27] Howarth PH. Is allergy increasing?—early life influences. Clin Exp
Allergy 1998; 28(Suppl. 6):2-7.

[28] Marsh DG, Neely JD, Breazeale DR, Ghosh B, Freidhoff LR, Ehrlich-
Kautzky E, et al. Linkage analysis of IL4 and other chromosome
5q31.1 markers and total serum immunoglobulin E concentrations.
Science 1994; 264(5162):1152-6.

[29] Meyers DA, Postma DS, Panhuysen CI, Xu J, Amelung PJ, Levitt RC,
et al. Evidence for a locus regulating total serum IgE levels mapping to
chromosome 5. Genomics 1994; 23(2):464-70.

[30] Liu XBT, Deindl P, Huang SK, Lau S, Sommerfeld C, Fallin MD, et al.
Associations between specific serum IgE response and 6 variants
within the genes IL4, IL13, and IL4RA in German children: the
German Multicenter Atopy Study. J Allergy Clin Immunol 2004;
113(3):489-95.

[31] Kabesch M, Tzotcheva I, Carr D, Hofler C, Weiland SK, Fritzsch C,
et al. A complete screening of the IL4 gene: novel polymorphisms and
their association with asthma and IgE in childhood. J Allergy Clin
Immunol 2003; 112(5):893-8.

[32] Basehore MJ, Howard TD, Lange LA, Moore WC, Hawkins GA,
Marshik PL, et al. A comprehensive evaluation of IL4 variants in
ethnically diverse populations: association of total serum IgE levels
and asthma in white subjects. J Allergy Clin Immunol 2004;
114(1):80-7.

[33] Dizier MH, Sandford A, Walley A, Philippi A, Cookson W, Demenais
F. Indication of linkage of serum IgE levels to the interleukin-4 gene
and exclusion of the contribution of the (—590 C to T) interleukin-4
promoter polymorphism to IgE variation. Genet Epidemiol 1999;
16(1):84-94.

[34] Qiao HL, Yang J, Zhang YW. Relationships between specific serum
IgE, cytokines and polymorphisms in the IL-4, IL-4Ralpha in patients
with penicillins allergy. Allergy 2005; 60(8):1053-9.

[35] Nieters A, Linseisen J, Becker N. Association of polymorphisms in
Th1, Th2 cytokine genes with hayfever and atopy in a subsample of
EPIC-Heidelberg. Clin Exp Allergy 2004; 34(3):346-53.

[36] Walley AJ, Cookson WO. Investigation of an interleukin-4 promoter
polymorphism for associations with asthma and atopy. J] Med Genet
1996; 33(8):689-92.

[37] Hoffjan S, Nicolae D, Ober C. Association studies for asthma and
atopic diseases: a comprehensive review of the literature. Respir Res
2003; 4(14).

[38] Howard TD, Koppelman GH, Xu J, Zheng SL, Postma DS,

Meyers DA, et al. Gene-gene interaction in asthma: IL4RA and

IL13 in a Dutch population with asthma. Am J Hum Genet 2002;

70(1):230-6.

Kruse S, Japha T, Tedner M, Sparholt SH, Forster J, Kuehr J, et al. The

polymorphisms S503P and Q576R in the interleukin-4 receptor alpha

gene are associated with atopy and influence the signal transduction.

Immunology 1999; 96(3):365-71.

[40] Hackstein H, Hofmann H, Bohnert A, Bein G. Definition of human
interleukin-4 receptor alpha chain haplotypes and allelic association
with atopy markers. Hum Immunol 1999; 60(11):1119-27.

[41] Woitsch B, Carr D, Stachel D, Schmid I, Weiland SK, Fritzsch C, et al.
A comprehensive analysis of interleukin-4 receptor polymorphisms
and their association with atopy and IgE regulation in childhood. Int
Arch Allergy Immunol 2004; 135(4):319-24.

[42] Bottini N, Borgiani P, Otsu A, Saccucci P, Stefanini L, Greco E,
et al. IL-4 receptor alpha chain genetic polymorphism and total
IgE levels in the English population: two-locus haplotypes are more
informative than individual SNPs. Clinical Genet 2002; 61(4):
288-92.

[43] Franjkovic I, Gessner A, Konig I, Kissel K, Bohnert A, Hartung A,
et al. Effects of common atopy-associated amino acid substitutions in
the IL-4 receptor alpha chain on IL-4 induced phenotypes. Immuno-
genetics 2005; 56(11):808-17.

[44] Risma KA, Wang N, Andrews RP, Cunningham CM, Ericksen MB,
Bernstein JA, et al. V75R576 IL-4 receptor alpha is associated with
allergic asthma and enhanced IL-4 receptor function. J Immunol 2002;
169(3):1604-10.

[45] Thomas NS, Wilkinson J, Holgate ST. The candidate region approach
to the genetics of asthma and allergy. Am J Respir Crit Care Med 1997;
156(4 Pt 2):S114-51.

[46] Michaud DS. Epidemiology of pancreatic cancer. Minerva Chir April,
2004; 59(2):99-111.

[47] Ghadirian P, Lynch H, Krewski D. Epidemiology of pancreatic cancer:
an overview. Cancer Detect Prev 2003; 27(2):87-93.

[39

Detect Prev (2007), doi:10.1016/j.cdp.2007.10.002

Please cite this article in press as: Olson SH, et al., Allergies, variants in /L-4 and IL-4Ro genes, and risk of pancreatic cancer, Cancer



http://dx.doi.org/10.1016/j.cdp.2007.10.002

Supplementary data submitted June 6, 2007 to Cancer Detect Prev—MS#2543-1--Page 1 of 3

Supplementary Tables

Supplementary table I.
Distribution of genotypes in IL-4 and IL-4Ra according to race

(cases and controls combined)

B %) # (%) # (%)

Whites Blacks Others Whites vs  Whites vs
Blacks Others
n=255 n=14 n=15 p-value
IL-4 C-589T
cC 194 (76) 2 (14) 1 (7) <0.0001  <0.0001
CT 53 (21 5 36) 7 (47)
TT 8 3 7 50 7 (47)
Any T 61 (24) 12 (86) 14 (93)
1L-4 G3017T
GG 1382 (54) 0 o 1 (7) <0.0001  <0.0001
GT 101 (40) 4 29 3 (20)
TT 16 (6) 10 (71) 11 (73)
Any T 117 (46) 14 (100) 14 (93)

IL-4Ro. AST76G

AAGIn/GIn 183 (72) |1 (7) 9  (60) <0.0001  0.49
AGGIn/Arg 68 (27) 5 (36) 6  (40)
GG Arg/Arg 4 @2 8 (57 0  (0)

AnyGAnyArg 72 (28) 13 (93) 6  (40)

Overall y*=123.1 df= 4 p<0.001
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Supplementary table I1I.

Observed and expected distribution of genotypes in IL4

IL-4 G3017T genotypes

Homozygous wild- Heterozygous Homozygous variant
type
n n n n n n
Observed Expected Observed Expected Observed Expected
1L-4 C-589T genotypes
Homozygous wild-type 65 47 30 38 1 11
Heterozygous 1 13 22 10 3 3
Homozygous variant 0 6 1 5 12 2

Supplementary table I11.

Risk of allergies in controls according to genotypes, all controls and Caucasians only

All controls

Caucasians only

# # i #
Allergies No allergies OR (95% CI) Allergies No allergies OR (95% CI)
n=95 n=40 n=86 n=35

IL-4 C-589T

CcC 72 24 1 70 24 1

Any T 23 16 0.48 (0.22-1.05) 16 11 0.50 (0.20-1.22)
IL-4 G3017T

GG 53 13 1 53 13 1

Any T 42 27 0.38 (0.18-0.83) 33 22 0.37 (0.16-0.83)
IL-4Ro. A576G

AA 65 24 1 61 22 1

Any G 30 16 0.69 (0.32-1.49) 25 13 0.69 (0.30-1.59)
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Supplementary table IV.
Association of genotypes in IL-4 and IL-4Ra with pancreatic cancer,

all participants and Caucasians only

All participants Caucasians Only
(149 cases/ 135 controls) (134 cases/ 121 controls)
OR (95%) OR (95% CI)

IL-4 C-589T

CcC 1 1.

Any T 1.17 (0.71-1.94) 1.18 (0.66-2.11)
IL-4 G3017T

GG 1 1.

Any T 1.00 (0.63-1.59) 1.03 (0.63-1.69)
IL-4Ro. A576G

AA Gln/Gln 1 1.

Any G Any Arg 0.84 (0.51-1.38) 0.74 (0.43-1.28)
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