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The ILI1A genotype 1s associated with nasal polyposis

in asthmatic adults

Background: Nasal polyposis (NP) is a chronic inflammatory disease often found
coexisting with asthma. As this disorder tends to cluster in families, a genetic
predisposition has been suggested. Interleukin-1 (IL-1) has been proposed to
play a role in the pathogenesis of NP.

Methods: We analysed the single G-to-T base exchange polymorphism in exon 5
at +4845 of the gene encoding IL-1a (/L1A4) and the C-to-T base exchange
polymorphism at —511 of the gene encoding IL-1p (/L/B) in a population-based
sample of adult asthma patients (n = 245). The data were assessed for correla-
tion with data on history of NP and other phenotype-related characteristics.
Results: The prevalence of NP in our study group was 14.3%. The distribution of
the IL1A genotype differed significantly between asthmatics with and without
NP (P = 0.005). The risk of NP was markedly increased in allele G homozygous
subjects (OR = 2.73; 95%CI = 1.40-5.32). In the case of /LI/B we found no
significant associations. Asthmatics with NP had more symptoms than others,
but lung function and blood eosinophil counts were similar.

Conclusions: Our study demonstrates an association of IL1/A with NP in
asthmatic patients and addresses the role of IL-1o as an inflammatory
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Nasal polyposis (NP) is a chronic inflammatory disease of
the nasal mucosa. It is clinically characterized by oede-
matous masses in the nasal and paranasal cavities,
causing symptoms such as nasal obstruction, anosmia,
sneezing, rhinorrhoea and itching. It often coexists with
asthma (1, 2). Nasal polyposis impairs the quality of life
more seriously than perennial allergic rhinitis and the
impairment is even greater in asthmatics (3). As this
disorder is seen to cluster in families, a genetic predispo-
sition has been suggested (4). However, the current
understanding of genetic factors underlying NP is min-
imal.

Concentrations of many cytokines and other inflam-
mation-related mediators are found to be increased in
nasal polyps when compared with nasal tissue in subjects
without NP, indicating the inflammatory nature of this
disease (2, 5). Inflammatory cells found in nasal polyps
are mainly composed of eosinophils capable of releasing
an abundance of inflammatory proteins. However, the
presence of eosinophilia does not appear to depend on the
presence of allergy (6). Rather it would seem to be related
to the appropriate cytokines and chemokines, which

attract eosinophilic precursors and contribute to cell
apoptosis, leading to increased survival of eosinophils (2).

Interleukin-1 (IL-1) is a highly inflammatory cytokine
found in two forms, IL-1a and IL-1pB, sharing a similar
profile of functions by binding to the same receptors with
different affinity (7). Interleukin-1 activates T cells and
monocytes, upregulates expression of adhesion molecules,
and induces expression of a number of other cytokines
and inflammation-associated proteins, which form an
amplifying cascade of inflammatory response. Interleu-
kin-1 is regularly expressed in the polyps (2, 8, 9) and
activity of IL-1P has been proposed to play a role in the
development of NP (10). Moreover, in vitro findings have
implied that a genetic influence on the strength of
inflammation is exerted by polymorphisms of the cyto-
kine genes, and several of these polymorphisms have been
shown to be associated either with the severity of or
susceptibility to many inflammatory diseases (11).

Here we studied the polymorphism of the /L/A and
IL1B genes in asthmatics with or without NP in order to
establish whether IL-1, one of the major regulators of
inflammation, has an effect on susceptibility to NP.
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Material and methods

Study subjects were participants in a Finnish population-based
case—control study aimed at identifying risk factors and predictors
of outcome in adult asthma. In all there were 245 asthma patients.
Inclusion criteria for asthmatics have been described in detail else-
where (12). The participants were classified as having NP according
to their answer to the question: ‘Have polyps been found in your
nose? This question has previously been used in an epidemiological
study (13). Subjects giving an affirmative answer were classified as
NP and their medical history was further examined to find out if
they had undergone a surgical removal of nasal polyps. The ethnic
origin of the cohort was uniform (Finnish Caucasian). Demogra-
phic and clinical characteristics of subjects with and without NP at
study entry are summarized in Table 1. Approval for this study was
obtained from the ethical committee at Tampere University Hos-
pital. All subjects gave informed consent to participate.

Allergy testing was carried out by the skin prick method and
measurement of total serum immunoglobulin E (IgE) concentra-
tion. Skin prick tests were performed by specially trained nurses
with a panel of 22 common allergen extracts (ALK A/S, Copen-
hagen, Denmark). The patient was considered prick test-positive if
at least one allergen elicited a wheal with a diameter at least 3 mm
larger than that of the negative control. Total serum IgE levels were
analyzed by the immunoluminometry method in an accredited
laboratory according to the manufacturer’s instructions (Ciba
Corning Diagnostics, Halstead, UK).

Lung function was measured with the Vitalograph® (Vitalograph
Ltd., Buckingham, UK) spirometer, and the results were corrected
for BTPS (body temperature and pressure, saturated with water
vapour). Results of two technically faultless measurements were
recorded, and the highest readings for forced expiratory volume in
1 s (FEV)) and forced vital capacity (FVC) were taken as the final
results, whether obtained at the same measurement or not. The only
reason for rejecting a measurement was a technically incomplete or
otherwise unsuccessful blow. Calibration was performed according
to manufacturer’s instructions. Finnish reference values (14) were
used when converting results to per cent predicted form.

Analysis of /LTA and /L1B polymarphism

The DNA was isolated from blood samples by the salting out
method (15). ILIA (+4845G>T). G-to-T base exchange at
position +4845 of the IL-lo gene was analysed by the modified
method of van den Velden (16). Polymerase chain reaction (PCR)
primers 5-ATG GTT TTA GAA ATC ATC AAG CCT AGG
GCA- 3’ and 5-AAT GAA AGG AGG GGA GGA TGA CAG
AAA TGT- 3’ amplified exon 5 but introduced a mutation (T-G) in
the flanking primer which facilitates analysis of this polymorphism
by Sat I (MBI Fermentas, Vilna, Lithuania) digestion. ILIB
(=511C>T). The region containing the Aval polymorphic site at
position —511 (C-to-T base exchange) of the IL-1p gene was
amplified by PCR (17). The oligonucleotides 5-TGGCATTG-
ATCTGGTTCATC-3" and 5-GTTTAGGAATCTTCCCACTT-3’
were used as primers. Fragments were analysed by electrophoresis
on 9% polyacrylamide gel electrophoresis (PAGE) and stained with
ethidium bromide. Genotyping was successful in all subjects with
NP — 243 of 245 subjects overall. The allele distribution of the
cytokine genes studied followed Hardy—Weinberg equilibrium.
Participants with and without NP were compared. The statistical
method selected is indicated in ‘Results’ as used. Findings were
considered statistically significant at P < 0.05. Statistical calcula-
tions were carried out with SPSS (ver. 10.1, SPSS Inc., Chicago, IL).
Odds ratios (OR) with 95% confidence interval (CI) were calculated
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by CIA software (ver. 1.1, copyrighted by MJ Gardner and the
British Medical Journal, 1989).

Results

The prevalence of NP in our study group was 14.3%.
From the 35 subjects with NP, 27 (77%) had undergone
surgical removal of nasal polyps. Asthmatics with NP
had a history of allergic rhinitis more often than those
without, but otherwise the basic characteristics of the
groups were similar (Table 1). As expected, NP was
associated with symptom severity in asthma. Patients
with NP had more nightly symptoms and used inhaled
steroids more often than those without NP. In addition,
there was greater need for short peroral steroid courses
within the last 12 months in the NP group. However,
whether this was the result of nasal or asthmatic
symptoms was not recorded. No clear association was
found with lung function, atopy or blood eosinophil
count (Table 2).

Table 1. Basic characteristics of the study group

Nasal polyposis

Yes No

(n=35) (n = 210) P-value

Gender, male (%) 40.0 376 0.788*

Age, years (mean) 57.7 59.2 0.317%

Duration of asthma, years (media)  12.9 7.0 0.087%

Smoking (non/ex/current) (%) 486/28.6/22.8  50.5/33.3/16.2  0.604+
Allergic symptoms

Rhinitis (%) 7.4 519 0.032*

Eye symptoms (%) 48.6 4.4 0.429*

Skin symptoms (%) 34.3 343 1.000*

P-values calculated by chi-square test in * 2 x 2 table, 1+ 3 x 2 table or £ Mann—
Whitney U-test.

Table 2. Characteristics of asthmatics with and without nasal polyposis

Nasal polyposis

Yes No
(n=235) (n=210) P-value

FEV, (% pred) 88.2 86.1 0.861%
IgE (IU/L) (median) 71.0 420 0.872*
Eosinophil count (10%L) (median) 0.20 0.16 0.079*
Atopy (%) 471 57.9 0.237
History of ASA-related asthma symptoms (%) 20.0 9.0 0.051
History of night symptoms at least 34.3 18.6 0.034

once a week (%)
Inhaled steroid treatment (%) 82.9 65.6 0.042
Continuous peroral (p.os) steroid treatment (%) - 38 0.240
More than two rescue p.os steroid courses 14.3 5.2 0.045

in last 12 months (%)
Self-assessed symptom severity moderate 771 67.8 0.270

or severe (%)

P-values calculated by chi-square test in 2 x 2 table except by Mann-Whitney
U-test.



Table 3. Genotype and allele frequencies of /L7A (+4845G > T) and IL7B
(=511C > T) polymorphism in asthmatics with and without nasal polyposis

Nasal polyposis

Yes (n = 35) No (n = 208) P-value
IL-1A (+4548)
Genotype
GG 68.6 404 0.005
GT 229 514
T 8.6 8.2
Allele frequency
Allele G 80.0 66.1 0.021*
Allele T 20.0 339
Carriers of allele T
Carrier 314 59.6 0.002*
IL-1B (-5117)
Genotype
CC 371 42.3 0.848
CT 457 418
T 17.1 15.9
Allele frequency
Allele C 60.0 63.2 0.606™
Allele T 40.0 36.8
Carriers of allele T
Carrier 62.9 57.7 0.566*

P-values were calculated using the chi-square test in 3 x 2 and *2 x 2 tables.

The distribution of the ILIA genotype differed sig-
nificantly between asthmatics with and without NP
(Table 3). This was mainly because of the increased
number of allele G homozygotes among subjects with
NP. The risk of NP was markedly increased in subjects
with common G/G genotype (OR = 2.73; 95%CI =
1.40-5.32). Moreover, when surgical removal of nasal
polyps was used as additional criterion for NP, the
association with IL1A genotype stayed highly significant
(P = 0.010 for genotype frequencies, P = 0.023 for allele
frequencies and P = 0.003 for allele two carrier status)
and the OR for subjects with G/G genotype was further
increased to 3.51 (1.47-8.38). In the case of ILIB the
genotype distribution was similar in subjects with and
without NP (Table 3).

Discussion

Our study was conducted in a population-based sample
of adult asthmatics to establish whether the /L/A4 and
ILIB genotypes are associated with NP. Recently, we
demonstrated an association between asthma and /L/B
genotype in men (18) and between atopy and ILIA
genotype in nonasthmatics (12). Moreover, ILIA
(—889C>T) gene polymorphism was associated with
recurrent acute otitis media in nonallergic children (19).
Interestingly, we found no association between ILIB
(=511C>T) polymorphism and NP, whereas in the case
of IL1A (+4845G >T) polymorphism a clear association
was seen. These findings suggest that the IL-1 gene family

The IL1A genotype and nasal polyposis

plays an important role in individual liability to diseases
affecting mucosal surfaces, but the genes involved in
different phenotypes are not the same.

Interleukin-1 seems to play an important role in the
pathogenesis of NP. The development of NP has been
held to be the result of stimulation of the epithelium by
aerodynamic changes, allowing irritants to metabolically
or physically alter or injure the surface epithelium (10).
The second phase would thereafter be related to activity
of tumour necrosis factor-o. and IL-1p. The message and
the product of these two cytokines are found in the
epithelium and endothelium of the nasal polyps (10). The
most important function of these two cytokines consists
in enhancing the expression of adhesion molecules on
endothelial cells. This results in an increased transendot-
helial migration of eosinophils into the tissues (2), which
has been regarded as the third phase in the development
of NP (10).

The IL-1a and IL-1p molecules are structurally related
and share a similar profile of functions by binding to the
same receptors with different affinity. Interleukin-lo
remains primarily cell-associated and is found largely in
the cytosol and on the plasma membrane of cells, whereas
IL-1B is the main secreted form of IL-1 (7). The biological
significance of ILIA exon 5 polymorphism has not been
conclusively established. The single G-to-T base exchange
polymorphism in exon 5 at +4845 of the /L/A gene
causes an amino acid substitution of alanine to serine
(16). The change in the amino acid sequence of IL-1oe may
alter protein conformation, thus resulting in a difference
in biological functions, receptor affinity or half-life of this
protein. It is also possible that the + 4845 allele associ-
ations described here are mediated by the other adjacent
genes linked to the +4845 site, or by a combined effect of
the +4845 alleles and the other alleles embedded in the
IL-1 gene complex.

Nasal polyposis and asthma appear to have a cumu-
lative negative effect on the quality of life (3). In our study
population, NP was associated with increased asthma
symptoms and usage of anti-inflammatory medication. It
is thus justifiable to consider asthma with NP as a
clinically important subgroup of asthmatics. However, it
should be kept in mind that aspirin hypersensitivity and
chronic rhinosinusitis are also common disorders, which
overlap significantly with NP (20, 21). Particularly, the
triad of NP, aspirin intolerance and asthma has long been
recognized as a distinct phenotype of asthma (22). In our
study population there were 26 subjects with a history of
aspirin-related asthma symptoms, but only seven of them
also had NP. When we compared these asthmatics with
those without aspirin-related symptoms we found no
differences in IL1A/IL1B genotypes (data not shown). We
therefore consider it unlikely that our findings could be
related to aspirin hypersensitivity.

In a recent population-based study by Hedman and
coworkers, the overall prevalence of NP in Finland was
4.3% (13). The prevalence was 16.5% in subjects with
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doctor-diagnosed asthma and 3.7% in subjects without.
This is in concordance with the occurrence of NP found
in this study (14.3%). Moreover, from the results of the
aforementioned study it can be calculated that approxi-
mately 20% of Finnish adults with NP also have doctor-
diagnosed asthma. Another disease comorbid with NP is
cystic fibrosis (CF) and it has been estimated that 6-48%
of CF patients suffer from nasal polyps (2, 23). In
contrast to tissue eosinophilia found in 80-90% of all
cases with NP, in CF patients the inflammation in the
nasal mucosa is neutrophil-dominated (2). The eosino-
philic inflammation type should be even more common in
our study cohort because one special feature of the
Finnish population is a very low prevalence of CF. Only
one in 80 Finns carries the CF gene (24), while in the

USA, e.g. one in 25 Caucasians is a carrier of a gene
mutation (25).

In summary, this is to our knowledge the first study to
produce evidence of a specific gene locus associated with
NP in asthmatic patients. Moreover, the findings indicate
the potential role of IL-1a as an inflammatory modulator
in the pathogenesis of this disease.

Acknowledgments

The study was financially supported by the Rehabilitation Funds of
the Finnish Social Insurance Institution, the Medical Research
Fund of Tampere University Hospital, and the Tampere Tubercu-
losis Foundation.

References

1. MyGIND N. Nasal polyposis. J Allergy 9. HamiLos DL, LEunGg DY, Woobp R, 17. b1 GiovINE FS, TAKHSH E, BLAKEMORE
Clin Immunol 1990;86:827-829. BeaN DK, SoNG YL, ScHoT™MAN E, et al. Al, Durr GW. Single base polymorph-

2. KrRAMER MF, Rasp G. Nasal polyposis: Eosinophil infiltration in nonallergic ism at =511 in the human interleukin-1
eosinophils and interleukin-5. Allergy chronic hyperplastic sinusitis with nasal beta gene (IL-1 beta). Hum Mol Genet
1999;54:669—-680. polyposis (CHS/NP) is associated with 1992;1:450.

3. RADENNE F, LAMBLIN C, VANDEZANDE endothelial VCAM-1 upregulation and 18. KARJALAINEN J, NIEMINEN MM,

LM, TiLLIE-LEBLOND I, DARRAS J, expression of TNF-alpha. Am J Respir AROMAA A, KLAUKKA T, HURME M.
ToNNEL AB, et al. Quality of life in nasal Cell Mol Biol 1996;15:443-450. The IL-1beta genotype carries asthma
polyposis. J Allergy Clin Immunol 10. BERNSTEIN JM. The molecular biology susceptibility only in men. J Allergy Clin
1999;104:79-84. of nasal polyposis. Curr Allergy Asthma Immunol 2002;109:514-516.

4. GREISNER III WA, SETTIPANE GA. Rep 2001;1:262-267. 19. Joki-ErRkKILA VP, PUHAKKA H,
Hereditary factor for nasal polyps. 11. BipweLL J, KEEN L, GALLAGHER G, HurME M. Cytokine gene polymorph-
Allergy Asthma Proc 1996;17:283-286. KiMBERLY R, HuizINGA T, MCDERMOTT ism in recurrent acute otitis media.

5. BACHERT C, GEVAERT P, HOLTAPPELS G, MF, et al. Cytokine gene polymorphism Arch Otolaryngol Head Neck Surg
JOHANSSON SG, VAN CAUWENBERGE P. in human disease: on-line databases, 2002;128:17-20.

Total and specific IgE in nasal polyps is supplement 1. Genes Immun 2001;2: 20. MYGIND N, DAHL R, BAcHERT C. Nasal
related to local eosinophilic inflamma- 61-70. polyposis, eosinophil dominated

tion. J Allergy Clin Immunol 12. KARJALAINEN J, HULKKONEN J, PEssi T, inflammation, and allergy. Thorax
2001;107:607-614. HuntaLA H, NIEMINEN MM, AROMAA 2000;55(Suppl 2):S79-S83.

6. Runno J, Howie K, ANDERSON M, A, et al. The IL1A genotype associates 21. ten BRINKE A, GROOTENDORST DC,
ANDERSSON B, VANZIELEGHEM M, HiTCcH with atopy in nonasthmatic adults. ScumipT JT, DE BRUINE FT, VAN
D, et al. The increased number of epi- J Allergy Clin Immunol 2002;110: BucHEM MA, StERK PJ, et al. Chronic
thelial mast cells in nasal polyps and 429-434. sinusitis in severe asthma is related to
adjacent turbinates is not allergy- 13. HEDMAN J, KAPRrIO J, Poussa T, sputum eosinophilia. J Allergy Clin
dependent. Allergy 1990;45:370-374. NIEMINEN MM. Prevalence of asthma, Immunol 2002;109:621-626.

7. DINaRELLO CA. Biologic basis for aspirin intolerance, nasal polyposis and ~ 22. WipaL MF, ABramI B, LERMOYEZ J.
interleukin-1 in disease. Blood chronic obstructive pulmonary disease Anaphylaxie et idiosyndraise. Presse
1996;87:2095-2147. in a population-based study. Int J Med 1922;22:191.

8. HamaGgucHI Y, SuzuMURA H, ARIMA S, Epidemiol 1999; 28:717-722. 23. SETTIPANE GA. Epidemiology of nasal
SAKAKURA Y. Quantitation and immu- 14. ViLJANEN AA, HALTTUNEN PK, KREUS polyps. Allergy Asthma Proc
nocytological identification of interleu- KE, VILJANEN BC. Spirometric studies 1996;17:231-236.
kin-1 in nasal polyps from patients with in non-smoking, healthy adults. Scand J  24. KERE J, NorIio R, SAviLAHTI E,
chronic sinusitis. Int Arch Allergy Clin Lab Invest Suppl 1982;159:5-20. EstiviLL X, DE LA CA. Cystic fibrosis in
Immunol 1994;104:155-159. 15. MILLER SA, DyYKEs DD, PoLesky HF. Finland: a molecular and genealogical

A simple salting out procedure for study. Hum Genet 1989;83:20-25.
extracting DNA from human nucleated  25. ArtkeN ML, FieL SB. Cystic fibrosis.
cells. Nucleic Acids Res 1988;16:1215. Dis Mon 1993;39:1-52.

16. vaN DEN VELDEN PA, REITsMA PH.

396

Amino acid dimorphism in IL1A is
detectable by PCR amplification. Hum
Mol Genet 1993;2:1753.



