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Abstract

While epidemiological studies have suggested an association between atopy and glioma risk these 

observations have been based on self-reporting of allergic conditions raising the possibility that 

associations may be non-causal and arise as a consequence of bias, reverse causation or other 

artefacts. Genetic information provides an alternative approach to investigate the relationship 

avoiding such biases. We analysed 1,878 glioma cases and 3,670 controls for variants at 2q12, 

5q12.1, 11q13, and 17q21 that are associated with asthma or eczema risk at P < 5.0 × 10−7. The 

SNP rs7216389, which tags the 3′ flanking region of ORMDL3 at 17q21 and has been associated 

with childhood asthma, was correlated with increased glioma risk (OR = 1.10; 95% CI: 1.01-1.19). 

These data provide evidence for a correlation between asthma susceptibility and glioma risk and 

illustrate the value of using genetics as an investigative tool for developing etiological hypotheses.
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INTRODUCTION

Gliomas account for ~80% of malignant primary brain tumors (PBT)1. In the United States 

~21,000 individuals are diagnosed with glioma annually and for most the prognosis is 
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dismal1. To date few lifestyle exposures have consistently been linked to glioma risk except 

ionizing radiation1, which accounts for only a few cases.

An inverse association between self-reported allergic conditions and glioma has been 

reported in several cohort and case-control studies2. Such data have been interpreted as 

reflecting a relationship between heightened immune function, seen in atopy, and protection 

against tumour development. Alternatively the associations observed may be non-causal, 

arising as a consequence of methodological biases inherent in the study design2. These 

biases include possible selection bias in controls, recall bias from self-reported allergy 

assessment, and reverse causation or confounding from unmeasured effects. Furthermore, a 

high frequency of exposure ascertainment by proxy may lead to bias, especially if proxies 

systematically underreport allergic diseases.

Genetic information provides an alternative approach to assessing the relationship between 

susceptibility to atopy and tumour risk avoiding these biases. Twin studies have long shown 

considerable heritability for asthma and atopy phenotypes and furthermore they are strongly 

correlated with each other4. Recent genome-wide association (GWA) studies have identified 

polymorphisms influencing eosinophil counts5 and risk of both eczema6 and asthma5, 7, 8. 

The substantial evidence supporting these findings, including sizeable power and replication 

in large samples, indicates that the associations are highly robust.

To determine whether asthma and allergic condition polymorphisms are inversely related to 

glioma, we interrogated data from the two GWA studies of glioma that we have recently 

conducted. Since we have used germline polymorphisms as biomarkers of susceptibility to 

asthma and allergic conditions, our results mitigate against recall bias or effects of glioma on 

the immune system.

MATERIALS AND METHODS

We extracted data from two GWA studies of glioma9. The first was a UK GWA study of 636 

cases ascertained through the INTERPHONE Study10 with individuals from the 1958 Birth 

Cohort serving as controls11. The second was a US GWA study of 1,247 cases ascertained 

through M.D. Anderson Cancer Center, Texas with individuals from CGEMS serving as 

controls12, 13. Collection of blood samples and clinical information from subjects was 

undertaken with informed consent and relevant ethical review board approval in accordance 

with the tenets of the Declaration of Helsinki.

As previously described9, a genome-wide scan of tagging SNPs was conducted using 

Illumina Hap550K and Human610-Quad BeadChips according to the manufacturer’s 

protocols (Illumina, San Diego, USA). We subjected cases and controls to rigorous quality 

control in terms of excluding samples with cryptic relatedness and non-CEU ancestry9.

To identify polymorphisms robustly associated with atopic risk we searched PubMed for 

published articles (January 2000-August 2009) using “atopy, allergy, asthma, eczema, 

hayfever” in conjunction with “genome-wide association” as reference terms. To guard 

against analyzing variants that may be type 1 errors we took forward only (1) variants that 

had been replicated in more than one series or had been validated in multi-phase studies 
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involving independent case-control series and (2) that had shown evidence for an association 

at P < 5.0 × 10−7 in combined analyses, the significance level advocated for GWA studies. 

From the literature we identified four loci robustly associated with risk of developing atopy 

under these criterion. Specifically, rs7216389 mapping to 17q21 (ORMDL3)8, 14–17 and 

rs1588265 mapping to 5q12.1 (PDE4D)7, associated with childhood asthma; rs7927894 

mapping to 11q13 (C11orf30) associated with atopic dermatitis6, 18 and rs1420101 mapping 

to 2q12 (IL1RL1) associated with eosinophil count and risk of asthma5, 19.

All SNPs, except for rs7927894, had been genotyped in both GWA studies of glioma. To 

examine the association between variation at this locus and glioma risk we made use of 

rs7130588 which is in strong linkage disequilibrium with rs7927894 (r2=0.97).

The risk of glioma associated with SNPs was estimated by odds ratios (ORs) using 

unconditional logistic regression and associated 95% confidence intervals (CIs) were 

calculated. All analyses were undertaken using R software and STATA (Version 8.2, Stata 

Corporation, College Station, TX, USA). A P-value of < 0.05 was considered statistically 

significant in all analyses. While our study design precludes adjustment for age effects or 

putative behavioral and environmental risk factors, these adjustments are unlikely to 

materially change our conclusions as SNPs are unlikely to have profound age specific effects 

or strong interactions.

RESULTS AND DISCUSSION

No significant association with glioma risk was seen between rs7130588 or rs1588265 in 

either case-control series (Table 1). An increased risk of glioma was observed between the 

atopic risk allele of rs1420101 and glioma risk in the US series, but no support was provided 

by the UK series (combined P = 0.25). A significant association between rs7216389 and 

glioma risk was shown in the combined dataset (combined P = 0.022); whereby an increased 

glioma risk was associated with the risk allele for asthma. While rs7216389 was reported to 

provide the strongest evidence at 17q21 for an association with asthma, other SNPs mapping 

to the region were also supportive of a relationship. In view of this we interrogated the 

region more fully, annotating all SNPs showing significant LD with rs7216389 in order to 

examine whether a stronger association might emerge (Figure 1). Four SNPs mapping to the 

region (r2>0.8 with rs7216389) also provide evidence for a relationship between variation at 

17q21 and glioma risk (rs2290400, rs8067378, rs11557467, rs9303277) although none 

provided superior evidence for a relationship (respective P-values 0.024, 0.028, 0.021, 

0.030).

Although rs7216389 is located within intron 1 of GSDML/GSDMB, rs7216389 genotype 

strongly influences the expression of the nearby gene ORMDL3 (orm1 like protein 3; MIM 

610075)8 through chromatin remodelling21. ORMDL3 is a ubiquitously expressed 

transmembrane protein participating in signalling and facilitation of ER-mediated 

inflammatory responses22. Since a relationship between rs7216389 and childhood asthma 

was first reported8, the association has been replicated by several independent 

studies14–16, 23 and the variant underscores ~17% of asthma in European populations.
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While requiring replication our observation provides evidence of a positive association 

between asthma and glioma. This is counter to the consensus among epidemiological studies 

which in general report an inverse relationship between atopy and glioma risk. Although it is 

possible that other genetic risk factors for asthma may have opposite effects on glioma risk, 

methodological issues, such as recall bias from self reported allergy assessment, may well 

have systematically biased previous epidemiological studies. Indeed, the odds ratios among 

previous allergy/brain tumour studies have been found to be inversely related to the 

proportion of proxy respondents20.

This positive association between asthma and glioma is in keeping with the recent 

observation of higher serum IgE levels in recently diagnosed glioma cases compared with 

controls irrespective of Temozolomide treatment3. However, inference from such a complex 

phenotype is not necessarily straightforward and such observations could be a consequence 

of reverse causality. In view of this observation, we extracted data from our glioma case-

control series for two genetic variants (rs2251746, rs2040704) found in a GWA study to 

influence levels of IgE24. Neither were found to be significant (rs2251746 P=0.78; 

rs6871536, r2=1 with rs2040704, P=0.30).

A major strength of our study is that it has been based on a large series of patients and our 

analysis is unlikely to be confounded by population stratification as we have excluded non-

Western European ancestral cases from the analyses. Furthermore, we have only evaluated 

genetic variants that have previously been shown to be robustly associated with risk of 

allergy which have been identified by GWA studies of atopy and which were annotated by 

SNPs typed in our GWA studies of glioma. While this strategy avoids type 1 errors, it has 

precluded analysis of other potential disease-causing variants. It is also acknowledged that 

our level of statistical support for an association between ORMDL3 variation and glioma 

risk does not preclude type 1 error on correction for multiple testing and, as with all 

association studies, our findings require independent replication.

The overall evidence concerning the nature of the relationship between cancer and allergy is 

complex and often conflicting with respect to specific tumour types25, 26. The immune 

surveillance hypothesis, which proposes that allergic conditions may lead to decreased risk 

of malignancy by enhancing the ability of the immune system to detect and eliminate 

malignant cells27, has enjoyed popular support resulting from the multitude of studies 

showing an inverse relationship between cancer and allergy. However there is still no clear 

consensus, with many epidemiological studies providing varied evidence for an association 

in addition to the problems of potential methodological biases. The alternative hypothesis, 

whereby inflammation associated with allergy acts to promote cancer, has supporting 

evidence from studies of haematological malignancies26,28,29 and liver cancer30. A possible 

basis for this relationship between allergy and cancer is provided by the enhanced cell 

survival associated with pro-inflammatory states31.

This wealth of evidence suggests a complex relationship between cancer and allergy, and 

highlights the requirement for studies in this area to be clearly defined and free from 

potential bias. In this study we aim to eliminate bias by using genetic information only. This 
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approach has the advantage that these germ line polymorphisms cannot be influenced by the 

presence of the cancer, unlike self-reporting of allergy or measurement of IgE levels.

This study serves to illustrate the value of using genetics as a tool to develop aetiological 

hypotheses for cancer risk thus avoiding potential bias in case-control analyses and 

providing robust evidence in order to determine the true relationship between allergy and 

glioma.

Acknowledgments

The Wellcome Trust provided principal funding for the study. In the UK additional funding was provided by Cancer 
Research UK (C1298/A8362 supported by the Bobby Moore Fund) and the European Union (CPRB LSHC-
CT-2004-503465). The UK INTERPHONE studies were supported by the European Union Fifth Framework 
Program “Quality of life and Management of Living Resources” (contract number QLK4-CT-1999-01563), and the 
International Union against Cancer (UICC). The UICC received funds for this purpose from the Mobile 
Manufacturers’ Forum and GSM Association. Provision of funds via the UICC was governed by agreements that 
guaranteed INTERPHONE’s complete scientific independence. These agreements are publicly available at http://
www.iarc.fr/ENG/Units/RCAd.html. The views expressed in the publication are those of the authors and not 
necessarily those of the funding bodies. In the US funding was provided by NIH grants 5R01 CA119215 and 5R01 
CA070917. Additional support was obtained from the American Brain Tumor Association and the National Brain 
Tumor Society. MD Anderson acknowledges the work of Phyllis Adatto, Fabian Morice, Hui Zhang, Victor Levin, 
Alfred Yung, Mark Gilbert, Raymond Sawaya, Vinay Puduvalli, Charles Conrad, Fredrick Lang, and Jeffrey 
Weinberg from the Brain and Spine Center. The UK-GWA study made use of genotyping data on the 1958 Birth 
Cohort. Genotyping data on controls was generated and generously supplied to us by Panagiotis Deloukas of the 
Wellcome Trust Sanger Institute. A full list of the investigators who contributed to the generation of the data is 
available from www.wtccc.org.uk. The US-GWA study made use of control genotypes from the CGEMS prostate 
and breast cancer studies. A full list of the investigators who contributed to the generation of the data is available 
from http://cgems.cancer.gov/. Finally, we are grateful to all the patients and individuals for their participation. We 
would also like to thank the clinicians and other hospital staff, cancer registries and study staff who contributed to 
the blood sample and data collection for this study.

References

1. Bondy ML, Scheurer ME, Malmer B, Barnholtz-Sloan JS, Davis FG, Il’yasova D, Kruchko C, 
McCarthy BJ, Rajaraman P, Schwartzbaum JA, Sadetzki S, Schlehofer B, et al. Brain tumor 
epidemiology: consensus from the Brain Tumor Epidemiology Consortium. Cancer. 2008; 
113:1953–68. [PubMed: 18798534] 

2. Linos E, Raine T, Alonso A, Michaud D. Atopy and risk of brain tumors: a meta-analysis. J Natl 
Cancer Inst. 2007; 99:1544–50. [PubMed: 17925535] 

3. Wiemels JL, Wilson D, Patil C, Patoka J, McCoy L, Rice T, Schwartzbaum J, Heimberger A, 
Sampson JH, Chang S, Prados M, Wiencke JK, et al. IgE, allergy, and risk of glioma: update from 
the San Francisco Bay Area Adult Glioma Study in the temozolomide era. Int J Cancer. 2009; 
125:680–7. [PubMed: 19408307] 

4. Contopoulos-Ioannidis DG, Kouri IN, Ioannidis JP. Genetic predisposition to asthma and atopy. 
Respiration. 2007; 74:8–12. [PubMed: 17190999] 

5. Gudbjartsson DF, Bjornsdottir US, Halapi E, Helgadottir A, Sulem P, Jonsdottir GM, Thorleifsson 
G, Helgadottir H, Steinthorsdottir V, Stefansson H, Williams C, Hui J, et al. Sequence variants 
affecting eosinophil numbers associate with asthma and myocardial infarction. Nat Genet. 2009; 
41:342–7. [PubMed: 19198610] 

6. Esparza-Gordillo J, Weidinger S, Folster-Holst R, Bauerfeind A, Ruschendorf F, Patone G, Rohde 
K, Marenholz I, Schulz F, Kerscher T, Hubner N, Wahn U, et al. A common variant on chromosome 
11q13 is associated with atopic dermatitis. Nat Genet. 2009; 41:596–601. [PubMed: 19349984] 

7. Himes BE, Hunninghake GM, Baurley JW, Rafaels NM, Sleiman P, Strachan DP, Wilk JB, Willis-
Owen SA, Klanderman B, Lasky-Su J, Lazarus R, Murphy AJ, et al. Genome-wide association 
analysis identifies PDE4D as an asthma-susceptibility gene. Am J Hum Genet. 2009; 84:581–93. 
[PubMed: 19426955] 

Dobbins et al. Page 5

Int J Cancer. Author manuscript; available in PMC 2019 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.iarc.fr/ENG/Units/RCAd.html
http://www.iarc.fr/ENG/Units/RCAd.html
http://www.wtccc.org.uk
http://cgems.cancer.gov/


8. Moffatt MF, Kabesch M, Liang L, Dixon AL, Strachan D, Heath S, Depner M, von Berg A, Bufe A, 
Rietschel E, Heinzmann A, Simma B, et al. Genetic variants regulating ORMDL3 expression 
contribute to the risk of childhood asthma. Nature. 2007; 448:470–3. [PubMed: 17611496] 

9. Shete S, Hosking FJ, Robertson LB, Dobbins SE, Sanson M, Malmer B, Simon M, Marie Y, 
Boisselier B, Delattre JY, Hoang-Xuan K, El Hallani S, et al. Genome-wide association study 
identifies five susceptibility loci for glioma. Nat Genet. 2009; 41:899–904. [PubMed: 19578367] 

10. Cardis E, Richardson L, Deltour I, Armstrong B, Feychting M, Johansen C, Kilkenny M, 
McKinney P, Modan B, Sadetzki S, Schuz J, Swerdlow A, et al. The INTERPHONE study: design, 
epidemiological methods, and description of the study population. Eur J Epidemiol. 2007; 22:647–
64. [PubMed: 17636416] 

11. Power C, Elliott J. Cohort profile: 1958 British birth cohort (National Child Development Study). 
Int J Epidemiol. 2006; 35:34–41. [PubMed: 16155052] 

12. Hunter DJ, Kraft P, Jacobs KB, Cox DG, Yeager M, Hankinson SE, Wacholder S, Wang Z, Welch 
R, Hutchinson A, Wang J, Yu K, et al. A genome-wide association study identifies alleles in 
FGFR2 associated with risk of sporadic postmenopausal breast cancer. Nat Genet. 2007; 39:870–4. 
[PubMed: 17529973] 

13. Yeager M, Orr N, Hayes RB, Jacobs KB, Kraft P, Wacholder S, Minichiello MJ, Fearnhead P, Yu 
K, Chatterjee N, Wang Z, Welch R, et al. Genome-wide association study of prostate cancer 
identifies a second risk locus at 8q24. Nat Genet. 2007; 39:645–9. [PubMed: 17401363] 

14. Sleiman PM, Annaiah K, Imielinski M, Bradfield JP, Kim CE, Frackelton EC, Glessner JT, Eckert 
AW, Otieno FG, Santa E, Thomas K, Smith RM, et al. ORMDL3 variants associated with asthma 
susceptibility in North Americans of European ancestry. J Allergy Clin Immunol. 2008; 122:1225–
7. [PubMed: 18760456] 

15. Galanter J, Choudhry S, Eng C, Nazario S, Rodriguez-Santana JR, Casal J, Torres-Palacios A, 
Salas J, Chapela R, Watson HG, Meade K, LeNoir M, et al. ORMDL3 gene is associated with 
asthma in three ethnically diverse populations. Am J Respir Crit Care Med. 2008; 177:1194–200. 
[PubMed: 18310477] 

16. Leung TF, Sy HY, Ng MC, Chan IH, Wong GW, Tang NL, Waye MM, Lam CW. Asthma and 
atopy are associated with chromosome 17q21 markers in Chinese children. Allergy. 2009; 64:621–
8. [PubMed: 19175592] 

17. Wu H, Romieu I, Sienra-Monge JJ, Li H, del Rio-Navarro BE, London SJ. Genetic variation in 
ORM1-like 3 (ORMDL3) and gasdermin-like (GSDML) and childhood asthma. Allergy. 2009; 
64:629–35. [PubMed: 19133921] 

18. O’Regan GM, Campbell LE, Cordell HJ, Irvine AD, McLean WH, Brown SJ. Chromosome 
11q13.5 variant associated with childhood eczema: an effect supplementary to filaggrin mutations. 
J Allergy Clin Immunol. 125:170–4. e1–2.

19. Wu H, Romieu I, Shi M, Hancock DB, Li H, Sienra-Monge JJ, Chiu GY, Xu H, del Rio-Navarro 
BE, London SJ. Evaluation of candidate genes in a genome-wide association study of childhood 
asthma in Mexicans. J Allergy Clin Immunol. 125:321–7. e13.

20. Schwartzbaum J, Jonsson F, Ahlbom A, Preston-Martin S, Lonn S, Soderberg KC, Feychting M. 
Cohort studies of association between self-reported allergic conditions, immune-related diagnoses 
and glioma and meningioma risk. Int J Cancer. 2003; 106:423–8. [PubMed: 12845684] 

21. Verlaan DJ, Berlivet S, Hunninghake GM, Madore AM, Lariviere M, Moussette S, Grundberg E, 
Kwan T, Ouimet M, Ge B, Hoberman R, Swiatek M, et al. Allele-specific chromatin remodeling in 
the ZPBP2/GSDMB/ORMDL3 locus associated with the risk of asthma and autoimmune disease. 
Am J Hum Genet. 2009; 85:377–93. [PubMed: 19732864] 

22. Cantero-Recasens G, Fandos C, Rubio-Moscardo F, Valverde MA, Vicente R. The asthma-
associated ORMDL3 gene product regulates endoplasmic reticulum-mediated calcium signaling 
and cellular stress. Hum Mol Genet. 2009

23. Tavendale R, Macgregor DF, Mukhopadhyay S, Palmer CN. A polymorphism controlling 
ORMDL3 expression is associated with asthma that is poorly controlled by current medications. J 
Allergy Clin Immunol. 2008; 121:860–3. [PubMed: 18395550] 

24. Weidinger S, Gieger C, Rodriguez E, Baurecht H, Mempel M, Klopp N, Gohlke H, Wagenpfeil S, 
Ollert M, Ring J, Behrendt H, Heinrich J, et al. Genome-wide scan on total serum IgE levels 

Dobbins et al. Page 6

Int J Cancer. Author manuscript; available in PMC 2019 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



identifies FCER1A as novel susceptibility locus. PLoS Genet. 2008; 4:e1000166. [PubMed: 
18846228] 

25. Vojtechova P, Martin RM. The association of atopic diseases with breast, prostate, and colorectal 
cancers: a meta-analysis. Cancer Causes Control. 2009; 20:1091–105. [PubMed: 19340595] 

26. Soderberg KC, Hagmar L, Schwartzbaum J, Feychting M. Allergic conditions and risk of 
hematological malignancies in adults: a cohort study. BMC Public Health. 2004; 4:51. [PubMed: 
15527506] 

27. Burnet M. Cancer: a biological approach. III. Viruses associated with neoplastic conditions. IV. 
Practical applications. Br Med J. 1957; 1:841–7. [PubMed: 13413231] 

28. McWhorter WP. Allergy and risk of cancer. A prospective study using NHANESI followup data. 
Cancer. 1988; 62:451–5. [PubMed: 3383143] 

29. Gallagher RP, Spinelli JJ, Elwood JM, Skippen DH. Allergies and agricultural exposure as risk 
factors for multiple myeloma. Br J Cancer. 1983; 48:853–7. [PubMed: 6652026] 

30. Hoffmann A, Xia Y, Verma IM. Inflammatory tales of liver cancer. Cancer Cell. 2007; 11:99–101. 
[PubMed: 17292819] 

31. Simon HU. Cell death in allergic diseases. Apoptosis. 2009; 14:439–46. [PubMed: 19130232] 

Dobbins et al. Page 7

Int J Cancer. Author manuscript; available in PMC 2019 March 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. Regional plot of the 17q21 association with glioma risk
Armitage trend test P values (as –log10 values; left y axis) are shown for SNPs from the 

combined analysis of the glioma GWA studies. Each square represents a SNP found in this 

locus with the asthma-risk SNP, rs7216389, marked by a red diamond. The color intensity of 

each square reflects the extent of LD with rs7216389 – red (r2=1) through to white (r2=0). 

Recombination rates in HapMap CEU across the region are shown in blue (right y axis). 

Also shown are the relative positions of genes mapping to the region. Chromosomal 

positions and genes are based on NCBI build 36 coordinates.
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