A conserved linkage group on chromosome 6, the 8.1 ancestral haplotype, is a
predisposing factor of chronic rhinosinusitis associated with nasal polyposis in aspirinsensitive Hungarians
Kornélia Szabó1, Hilda Polyánka1, Ágnes Kiricsi2, Mónika Révész3, Ida Vóna4,
†Zsolt Szabó5, Zsolt Bella2, Edit Kadocsa2, Lajos Kemény1,6, Márta Széll1,7,* and
Andor Hirschberg8,*

1. MTA-SZTE Dermatological Research Group, Szeged, Hungary
2. Department of Otorhinolaryngology, Head and Neck Surgery, University of Szeged,
Szeged, Hungary
3. Department of Otorhinolaryngology, Head and Neck Surgery, Semmelweis University
Faculty of Medicine, Budapest, Hungary
4. Department of Otorhinolaryngology, Head and Neck Surgery, University of Pécs, Faculty
of Medicine, Pécs, Hungary
5. Borsod-Abaúj-Zemplén Country Hospital and University Teaching Hospital, Miskolc,
Hungary
6. Department of Dermatology and Allergology, University of Szeged, Szeged, Hungary
7. Department of Medical Genetics, University of Szeged, Szeged, Hungary
8. Department of Otorhinolaryngology, St. John’s and North-Buda Hospitals, Budapest,
Hungary

Corresponding author: Kornélia Szabó
Tel: +36-62-545 799
Fax: +36-62-545 799
E-mail address: szabo.kornelia@med.u-szeged.hu

Keywords: chronic rhinosinusitis (CRS), nasal polyp (NP), single nucleotide polymorphism
(SNP), 8.1 ancestral haplotype (8.1AH)

* The two authors contributed equally to this work.

1

ABSTRACT

Inflammation plays a central role in the pathogenesis of chronic rhinosinusitis (CRS), and
TNFα is a key pro-inflammatory cytokine in the pathogenesis of this disease. In our previous
studies, we showed that the TNFA -308A allele is a genetic predisposition factor in a
subgroup of aspirin-sensitive (ASA+) CRS patients suffering from nasal polyps (NP) in the
Hungarian population.
To determine whether the TNF -308A allele or the presence of a complex, extended
ancestral haplotype (8.1AH) located on chromosome 6 is responsible for the previously
observed genetic effect, we performed a case-control study for examining the frequency of
8.1AH carriers in controls and in subgroups of CRS patients.
Our novel observations demonstrate that the presence of the 8.1AH may be responsible for
the development of severe forms of CRS (CRSwNP, ASA+) and strengthen the clinical
observation that CRS patients can be classified into clinically and genetically different
subgroups.
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1. INTRODUCTION

Chronic rhinosinusitis (CRS) is caused by the persistent inflammation of the nasal and
paranasal mucosa, usually lasting for an extended period of time (over 12 weeks) despite
various treatment attempts [1,2]. It is a clinically heterogeneous disease, and its major
symptoms include nasal congestion or blockage, loss of smell, rhinorrhea, post-nasal drip and
facial pain or pressure. CRS patients may or may not develop nasal polyps NPs (CRSwNP
and CRSsNP, respectively), which are nongranulomatous inflammatory tissue extensions of
the mucosal surface lining the sinonasal cavities [1,3]. Some patients within the CRSwNP
group also exhibit a marked sensitivity to aspirin (acetylsalicylic acid) or nonsteroidal antiinflammatory drugs (ASA+). These patients may experience the following when they
consume aspirin: bronchiolar constriction, rhinorrhea and shock symptoms related to a nonIgE-mediated pharmacological hypersensitivity reaction [4,5,6].
The pathogenesis of CRS is complex, and several inherent and environmental factors have
been implicated. Recent studies indicate that this disease is also polygenic [1,7,6].
Abnormal immune regulation and the resulting chronic inflammation are important factors
in the etiology of the disease [8,9]. The pro-inflammatory cytokine tumor necrosis factor α
(TNFα) has been shown to play a role in CRS pathogenesis. The presence of elevated levels
of this protein was detected in various cellular components of polypoid tissues, including the
epithelium, endothelium, fibroblasts, macrophages, lymphocytes and, most importantly,
eosinophils [10,11]. These observations suggest that genetic polymorphisms affecting the
regulation and/or function of this cytokine may play an important role in the genetic
predisposition to CRS. One particular single nucleotide polymorphism (SNP), the TNFA -308
G/A, which is located in the regulatory region of the gene, has been studied in various ethnic
groups affected with CRS; however, the results obtained to date are contradictory
[12,13,14,7,15]

. To clarify the role of this SNP in the genetic predisposition to CRS in the

Hungarian population, we previously conducted a case-control study to systematically analyze
the distribution of various genotypes in controls and in clinically well-defined groups within
the CRS cohort. We found an association only between the rare TNFA -308A allele and the
ASA+ group of CRSwNP patients, suggesting that this allele is associated with the
development of the most severe forms (CRSwNP, ASA+) of this disease [15].
It has been suggested that the TNFA -308 G/A SNP may affect the regulation of the TNFA
gene [16,17]. Other results indicate that the rare A allele might also be part of an extended
linkage group on the short arm of chromosome 6, called the 8.1 ancestral haplogroup
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(8.1AH). This multigene haplotype is ~4.7 million nucleotides in length and includes a
majority of the human major histocompatibility complex (MHC) genes, as well as non-MHC
genes, altogether over 250 loci. The exact function of the 8.1AH is currently unknown, but
this particular combination of alleles has been suggested to predispose the development of a
number of chronic inflammatory and autoimmune diseases [18].
In the current work, we examined whether the previously observed association between the
TNFA -308A allele and the ASA+ group of CRSwNP patients is due to the presence of this
particular allele or due the presence of the complete 8.1AH. In a case-control study the
distribution of three additional marker SNPs (advanced glycosylation end product-specific
receptor, AGER -429T/C; heat shock protein 1B, HSP70-2 -1267A/G; lymphotoxin alpha
LTA +252A/G) was analyzed using our genetic collection. These data were combined with
the previously published TNFA -308G/A SNP results for the same study group [15]. Based on
previous analysis of this chromosomal region in the Hungarian population, the 8.1AH was
confirmed when at least one rare allele is present for all four SNPs [19].
Our results indicate that it is most likely the presence of the 8.1AH, and thus the
combination of multiple alleles, that is responsible for the development of severe forms of
CRS.
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2. MATERIALS AND METHODS

2.1 Study population and ethics
A total of 544 Caucasian individuals (375 patients and 169 controls) were enrolled to the
study from various otorhinolaryngology centers in Hungary (the University of Szeged;
Semmelweis University, Budapest; University of Pécs; Borsod-Abaúj-Zemplén County
Hospital and University Teaching Hospital, Miskolc; and St. John’s and North-Buda
Hospitals, Budapest). The age range of recruited individuals was 18–72 years. Patients were
selected after trained medical professionals had established the diagnosis of CRS based on the
recent European guidelines [1]: besides in addition to the available clinical history and
symptomatology, nasal endoscopy and paranasal sinus CT scans were performed all patients
to identify the presence of nasal polyps. Aspirin intolerance was diagnosed determined based
on the available medical history. Exclusion criteria included the presence or signs of acute
upper airway infection, known malignancy or any other general disease, infectious disease,
primary or acquired immune deficiency, dialysis, any chronic autoimmune diseases, rhinitis
medicamentosa or odontogenic sinusitis. The control group was comprised of individuals who
had no medical history of CRS and who did not exhibit any of the exclusion criteria.
Demographical data of the study group are summarized in Supplementary Table 1.
The study was approved by the Hungarian Research Ethics Committee. All participating
subjects gave their written consent before sample collection. The study was performed in
accordance with the principles stated in the Declaration of Helsinki and its later revisions.

2.2 Polymorphism analyses

Genomic DNA was obtained from buccal swab samples using the QIAGEN EZ1 DNA
Investigator Kit (QIAGEN, Hilden, Germany).
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Patient and control samples were genotyped for the chosen SNP markers using restriction
fragment length polymorphism analysis (PCR-RFLP) of PCR-amplified fragments. The
selected marker SNPs (AGER -429T/C, HSP70-2 -1267A/G, LTA +252A/G) together with
the previously reported TNFA -308 G/A [15] were successfully analyzed for 157 control and
353 patient samples. The applied primers and the reaction conditions are summarized in
Supplementary Table 2. After digestion with the relevant enzyme (Fermentas, Vilnius,
Lithuania), electrophoresis of the digested PCR products was performed on a 2% agarose gel
(Lonza, Switzerland). To visualize the DNA fragments, gels were stained with GelRed
(Biotium, Inc., Hayward, USA). TNFA -308 G/A genotypes of the same study group have
been published previously [15].

2.3 Statistical analysis

Statistical analysis was carried out on the data from various groups of patients and
controls according to the rules of case–control allelic association study design. First, genotype
and allele frequencies for the AGER -429T/C (rs1800625), HSP70-2 -1267A/G (rs1061581)
and LTA +252A/G (rs909253) SNPs were calculated by determining the percentage of
individuals carrying the different genotypes and the percentage of carried alleles in each
group. For the statistical analyses, the three most common genetic models (dominant, codominant, recessive) were evaluated for all the studied SNPs. Based on the obtained results,
we decided that the dominant genotype model was the best (smallest p values) for the mode of
inheritance in these cases, where the group of rare-allele-carriers (homozygotes and
heterozygotes together) was compared to the group of non-carrier homozygotes using a χ2 test
(2x2 table). To avoid systematic false positive (type I) statistical errors caused by the large
number of comparisons we performed in the dataset, the conservative Bonferroni correction
was also applied.
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The control group was in Hardy-Weinberg equilibrium for all studied SNPs.
8.1AH carriers, a total of 510 samples, were identified individually when genotypes were
successfully identified for all four SNPs by counting the simultaneous presence of the rare
TNFA -308A, AGER -429C, HSP70-2 -1267G, LTA +252G (A/C/G/G) alleles in
heterozygotic or homozygotic form at each position. The number of 8.1AH carriers and noncarriers in both the control and the patient groups was analyzed using the χ2test (2x2 table).
Statistical calculations were performed using the SPSS software (Version 17, SPSS,
Chicago, USA), whereas power calculations were performed using the ‘R’ software package
(http://www.R-project.org).

3. RESULTS

3.1 Demographic and clinical analysis

The demographic and clinical characteristics of the study participants are presented in
Supplementary Table 1.

3.2 Genetic analysis of the AGER -429T/C (rs1800625), HSP70-2 -1267A/G (rs1061581)
and LTA +252A/G (rs909253) SNPs in the unstratified and stratified groups of CRS
patients

Initially, we compared the distribution of various genotypes for the studied AGER 429T/C, HSP70-2 -1267A/G and LTA +252A/G SNPs between the controls and the
unstratified group of CRS patients, but no statistically significant differences were detected
(Supplementary table 3).
Subsequently, we stratified the CRS group according to the presence or absence of NPs
(CRSwNP and CRSsNP groups). We did not detect a statistically significant difference with
respect to the observed genotype and allele frequencies for the analyzed SNPs when
comparing these two groups to the control cohort (Supplementary table 4).
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Finally, we stratified the CRSwNP group to cohorts of patients based on their ASA
sensitivity (CRSwNP, ASA– and CRSwNP, ASA+). The statistical analysis revealed
differences in the distributions of various genotype and allele frequencies between the
CRSwNP, ASA+ and control groups in case of the AGER -429T/C and the LTA +252A/G
SNPs, but only the latter remained significant after the Bonferroni correction. No significant
differences were detected for the Hsp-2 -1267A/G polymorphism (Table 1).

3.3 Haplotype analysis

We generated haplotypes using the presented data and combined them with the previously
published TNFA -308 G/A SNP analysis results [15]. Carriers of the 8.1AH were identified as
individuals simultaneously carrying rare alleles for all four studied SNPs either in
heterozygotic or homozygotic form. Next, we established three categories within the control
and patient cohorts: carriers of the TNFA -308 A allele (either in heterozygotic or in a
homozygotic form) that was not in the context of the 8.1AH; carriers of the rare TNFA -308
A allele that was in the context of the 8.1AH; and individuals who did not carry either the
TNFA -308 A allele or the 8.1AH. We performed a statistical analysis and compared the
distribution of individuals within these categories. Our results indicated statistically
significant associations comparing the control vs. the CRS and the control vs. the CRSwNP,
ASA+ groups. Borderline significances were noted between the control vs. the CRSsNP and
the control vs. the CRSwNP, ASA– groups, but these did not remain significant after
Bonferroni correction (Table 2). Power calculations determined that the study population was
sufficiently large, and the applied test was suitable to accurately and reliably detect the
reported associations between the control and the CRSwNP, ASA+ patient group (power of
detection: 0.99).
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3.4 Genetic analysis of the AGER -429T/C, HSP70-2 -1267A/G, LTA +252A/G and TNF
-308G/A SNPs in the non-8.1AH carrier cohort of controls and patients

To determine whether any alleles of the four SNPs have an effect on the genetic
predisposition to CRS by themselves, we repeated all the previously described polymorphism
analyses including only the 8.1AH non-carriers in each group, to disregard the combined
effect of this large linked chromosomal segment. None of the comparisons in this analysis
revealed any statistically significant differences (Supplementary Tables 5, 6 and 7).
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4. DISCUSSION

CRS is a multifactorial chronic inflammatory disease of the sinonasal cavities. Both
genetic and environmental factors contribute to the pathogenesis of the disease. It is clear that
incorrectly regulated innate and adaptive immune events play a major role in the development
of CRS and that, during these events, the expression of various pro-inflammatory cytokines
(TNFα and IL-1α) become elevated [10,20]. Overactivation of these factors can cause massive
local inflammation and, while these processes are known to clear various microbial pathogens
[21,22]

, they can be deleterious and ultimately lead to the development of NPs.

These conclusions suggest that genetic factors affecting the regulation and/or function of
these pro-inflammatory cytokines may increase the risk of developing various forms of CRS.
The results from genetic studies investigating a well-known SNP (-308G/A) located in the
promoter region of the TNFA locus in Turkish [12,14], Canadian [7], US Caucasian [13] and
Hungarian individuals [15] are conflicting. However, our earlier analysis and comparison of
the available data seem to provide at least two explanations. On one hand, differences in study
design and the selection criteria for recruiting patients and controls may account for the
observed differences. On the other hand, differences in the linkage groups associated with
different TNFA alleles in various populations may also lead to the noted discrepancies [15].
We aimed to find an explanation for these observed population-related differences and to
discriminate whether the rare TNFA -308A allele itself or a well-known linkage group
containing this allele, the 8.1 AH, was responsible for the previously observed genetic
associations in the CRSwNP, ASA+ group of Hungarians.
Initially, three additional SNP markers in the vicinity of the TNFA -308G/A SNP (AGER 429T/C, HSP70-2 -1267A/G and LTA +252A/G) were analyzed in a case-control study. We
examined the genetic associations between the different alleles of these SNPs and the various
CRS subgroups. The results of this analysis suggested statistically significant differences in
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the distributions of various genotype and allele frequencies between the CRSwNP, ASA+ and
control groups for the AGER -429T/C and LTA +252A/G SNPs, although only the latter
remained statistically significant after Bonferroni correction.
Next, we combined these data with the previously published TNFA -308 G>A SNP
analysis results obtained with the same individuals. The analysis of the 8.1AH was chosen
after a careful preliminary literature search. In addition to containing the TNFA -308A allele,
the 8.1 AH is the most frequent ancestral haplotype among Caucasians [18]. It is also
relatively frequent in the Hungarian population (8–10%, [23]), but its frequency differs among
various Caucasian ethnic groups

[23]

. Based on this information, the 8.1AH appeared to be a

good candidate for the explanation of the previously observed genetic differences. Thus, we
determined three genotype groups: i. carriers of the TNFA -308 A allele (at least in a
heterozygote form) that was not in the context of the 8.1AH; ii. carriers of the rare A allele
that was in the context of the 8.1AH; iii. individuals who did not carry either the TNFA -308
A allele or the 8.1AH. The frequency of these alleles was compared in controls and in the
various CRS groups. Statistically significant differences were detected when comparing the
total CRS, as well as the CRSwNP, ASA+ patients groups to controls. Further analysis of
various subgroups within the CRS cohort that are clinically more homogenous suggested that
the severity of the disease represented by the various CRS subgroups (CRSsNP > CRSwNP >
CRSwNP, ASA+) corresponds to 8.1AH frequency (Table 2).
Finally, we wanted to determine whether any of the studied SNPs act as genetic
predisposing or protective factors in the development of CRS. The effect of the 8.1AH was
eliminated by repeating all comparisons using only controls and patients not exhibiting 8.1AH
(non-8.1AH). No statistically significant results were obtained. Overall, these results strongly
imply that the 8.1AH, consisting of a specific combination of alleles located in both MHC and
non-MHC genes, is a predisposing factor for the development of the most severe forms of
CRS (CRSwNP, ASA–).
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The effect of the TNFA -308G>A SNP has been thoroughly investigated in the
pathogenesis of a large variety of diseases. The results, however, are often contradictory when
different populations are studied. Our results combined with published data clearly suggest
that care must be taken when polymorphisms located in the short arm of chromosome 6 are
being analyzed. Because large, extended ancestral haplogroups occur frequently, their effect
on the pathogenesis of immune-related disorders should be taken into account.
It is not clear what evolutionary benefits resulted in the high frequency of the 8.1AH in
various Caucasian populations. In the modern era, however, it seems that the 8.1AH may
predispose carriers to more severe reaction to environmental factors, some of which are not
yet defined, but causing the development of chronic inflammatory diseases.
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