Acta Otolaryngol 2004; 124: 813-819

¢ Taylor &Francis
®® healthsciences

DNA Microarray Analysis of Chromosomal Susceptibility Regions to Identify
Candidate Genes for Allergic Disease: A Pilot Study

MIKAEL BENSON!?, PER-ARNE SVENSSON®, MIKAEL ADNER', HELENA CAREN®,
BJORN CARLSSON?®, LENA M. S. CARLSSON?®, TOMMY MARTINSSON*, MATS RUDEMO?® and

LARS OLAF CARDELL'

From the ! Laboratory for Clinical and Experimental Allergy Research, Department of Oto-rhino-laryngology, Malm University Hospital, Lund
University, Malmd, Sweden, ° Pediatric Allergy Research Group, Queen Silvia Children’s Hospital, Gothenburg, Sweden, > Research Center for
Endocrinology and Metabolism and, *Department of Clinical Genetics, Sahlgrenska University Hospital, Gothenburg, Sweden, and > Department

of Mathematical Statistics, Chalmers University of Technology, Gothenburg, Sweden

Benson M, Svensson P-A, Adner M, Carén H, Carlsson B, Carlsson LMS, Martinsson T, Rudemo M, Cardell LO. DNA
microarray analysis of chromosomal susceptibility regions to identify candidate genes for allergic disease: a pilot study. Acta
Otolaryngol 2004; 124: 813-819.

Objective— To examine whether DNA microarray analysis of chromosomal susceptibility regions for allergy can help to
identify candidate genes.

Material and Methods— Nasal biopsies were obtained from 23 patients with allergic rhinitis and 12 healthy controls. RNA
was extracted from the biopsies and pooled into three patient and three control pools. These were then analysed in duplicate
with DNA microarrays containing 12626 genes. Candidate genes were further examined in nasal biopsies (real-time
polymerase chain reaction) and blood samples (single nucleotide polymorphisms) from other patients with allergic rhinitis
and from controls.

Results—A total of 37 differentially expressed genes were identified according to criteria involving both the size and
consistency of the gene expression levels. The chromosomal location of these genes was compared with the chromosomal
susceptibility regions for allergic disease. Using a statistical method, five genes were identified in these regions, including
serine protease inhibitor, Kazal type, 5 (SPINKS) and HLA-DRB2. The relevance of these genes was examined in other
patients with allergic rhinitis and in controls; none of the genes were differentially expressed in nasal biopsies. Moreover, no
association between allergic rhinitis and SPINKS polymorphisms was found, at either the genotype or haplotype level.
Conclusions—DNA microarray analysis of chromosomal susceptibility regions did not lead to identification of candidate
genes that could be validated in a new material. However, because gene polymorphisms may cause differential gene
expression, further studies, including validation data, are needed to examine this approach. Key words: allergic rhinitis,

expression profiling, linkage analysis, microarray.

INTRODUCTION

Complex diseases such as allergy depend on multiple
interacting genes. Linkage scans have identified > 20
chromosomal susceptibility regions for allergic disease
(1-3). Finding actual susceptibility genes is compli-
cated both by the number of regions and by the fact
that they may contain hundreds of genes (4). Recent
studies (5, 6) indicate that polymorphisms in regula-
tory elements of the genome are common and an
important cause of pathological changes in gene
expression. Because linkage scans identify chromoso-
mal regions with disease-related polymorphisms, dif-
ferentially expressed genes that map to such regions
may be candidate genes. DNA microarrays can be
used to identify changes in gene expression on a
genome-wide scale (7, 8). Thus, DNA microarray
analysis of chromosomal susceptibility regions may
help to find candidate genes. This approach was tried
in a DNA microarray study of skin biopsies from
patients with psoriasis and healthy controls (9) and led
to the identification of new candidate genes. However,
the relevance of these genes was not examined in a new
material.
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The objective of this study was to combine linkage
and DNA microarray analysis to study human allergic
disease (Fig. 1A). The chromosomal location of
differentially expressed genes was compared with the
most consistently described chromosomal susceptibil-
ity regions, i.e. 5q31-33, 6p21, 11q13-21, 12q21-24
and 13q12-14 (2, 3), and a statistical method was
developed to identify susceptibility genes among
differentially expressed genes. Moreover, in a second
validation step, a new material was examined for both
differential expression and polymorphisms of the
candidate genes.

MATERIAL AND METHODS

Study design

A total of 23 patients with symptomatic birch pollen-
induced allergic rhinitis and 12 healthy controls were
enrolled prospectively. All the subjects were Swedish.
The patients were seen after they developed symptoms
during the birch pollen season in 2000. The controls
were also seen during the birch pollen season. The
median ages of the patients and controls were 42
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Fig 1. (A) Combined linkage and DNA microarray analysis
to identify susceptibility genes. Linkage studies have identi-
fied chromosomal susceptibility regions for allergic disease,
e.g. 5q31-33. This region contains 106/6224 genes in the
reduced dataset. Sequence variation in one or more of these
genes may cause pathological changes in expression. As a
result, differentially expressed genes that map to chromoso-
mal susceptibility regions may be susceptibility genes. In this
study, DNA microarray analysis revealed that the expression
of SPINKS5 was 2.6-fold lower in patients with allergic
rhinitis than in healthy controls. SPINKS5 is located within
5931-33, and may therefore be a susceptibility gene. (B)
Location of the SPINKS5 gene in 5q32 relative to the
suggested asthma/allergy loci in chromosome region
5q31-33. The genome map for chromosome 5 on the
National Center for Biotechnology Information database
(http://www.ncbi.nlm.nih.gov) comprises 186 Mb. SPINKS
is located in position 151.7 Mb from Spter. Several published
genome scans for asthma/allergy have suggested linkage to
chromosome 5q regions, e.g. close to markers D5S436 (A;
148.0 Mb from pter), D5S1480 (B; 150.9 Mb), D5S820 (C;
165.2 Mb) and D5S1471 (D; 174.4 Mb). The span of the
suggested regions is & 25 cM in size in several of these scans,
and the SPINKS5 gene thus maps well within the suggested
asthma/allergy region on 5q31-33.

(range 18—69) years and 31 (24—66) years, respectively.
Nasal biopsies from these patients were analysed using
DNA microarrays. To validate the results from the
DNA microarray analysis, nasal biopsies from a new
group of six patients and six healthy controls were
obtained during the pollen season in the following
year. Moreover, blood samples were collected from 16
patients and 28 controls. All the patients were
symptomatic and had a positive history of seasonal

allergic rhinitis for at least 2 years. Patients were
excluded if they had a history of perennial rhinitis, had
positive skin prick tests against perennial allergens,
had been given local or systemic glucocorticoids or
antihistamines before the study or were pregnant. The
controls were all symptom-free, and had no history of
allergic rhinitis or any other atopic disease. Patients
and controls were examined using skin prick tests
against a panel of allergens, including birch, timothy,
mugwort, house dust mite (Dermatophagoides pter-
onysinus and D. farinae), horses, dogs, cats and
moulds (Cladosporium and Alternaria). All the pa-
tients had positive skin prick tests against birch,
whereas the controls had negative skin prick tests
against the entire panel of allergens. The study was
approved by the Ethics Committee at the Medical
Faculty, Lund University.

Preparation of cRNA, hybridization to DNA
microarrays and data analysis

RNA was isolated using the RNeasy kit (Qiagen,
Valencia, CA). The RNA was pooled into three
patient and three control pools. Each pool was divided
and analysed in duplicate as described previously (8).
Brieflyy, RNA was transcribed into cDNA (Life
Technologies, Rockville, MD) and biotin-labelled
cRNA (Enzo, Farmingdale, NY) was resynthesized.
Hybridization to DNA microarrays (Human Genome
U95A array version 2; Affymetrix, Santa Clara, CA)
and detection of hybridized target cRNA was per-
formed according to the Affymetrix Gene Chip
Expression Analysis manual. The quality of the
cDNA synthesis and in vitro transcription was
assessed by hybridization to Test2 arrays (Affymetrix).
Scanned output files were visually inspected for
hybridization artefacts and then analysed using Mi-
croarray Suite 5.0 software (Affymetrix). The overall
performance of the DNA microarrays was assessed
using different control experiments: the hybridization
quality was supported by the four control bacterial
and phage gene cRNAs being present on all DNA
microarrays; the quality of in vitro transcription and
cDNA synthesis was indicated by the 5" expression
levels of actin and glyceraldehyde-3-phosphate dehy-
drogenase being > 70% of the 3’ intensities. To permit
the comparison of gene expression between patients
and controls, the arrays were scaled to an average
intensity of 500. RNA expression was quantitatively
estimated by computing the average difference be-
tween a set of oligonucleotides that perfectly matched
the gene and a set of mismatch control oligonucleo-
tides. The average difference value will subsequently be
referred to as the gene expression level and given in
arbitrary units. In addition, a qualitative estimate of
gene expression was given by “the absolute call”. This
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was obtained using an algorithm based on the signal
intensity and quality of the average difference (Affy-
metrix). Using the absolute call, gene expression is
classified as absent, marginal or present. Transcripts
that were scored absent for all arrays and were without
a known chromosomal location were excluded.

Quantitative reverse transcriptase polymerase chain
reaction

Two-tube quantitative real-time reverse transcriptase
polymerase chain reaction (RT-PCR) was utilized
throughout the study, i.e. the RT and PCR steps
were performed in different tubes. Reverse transcrip-
tion of total RNA to cDNA was carried out using the
Omniscript™ RT kit (Qiagen GmbH, Germany) in a
20-ul reaction volume using a Mastercycler personal
PCR machine (Eppendorf AG, Germany) at 37°C for
1 h. Quantitative real-time PCR assays were per-
formed using the ABI PRISM® 7700 Sequence
Detection System (Applied Biosystems, Foster City,
CA). Oligonucleotide primers for PCR assays were
designed using Prime Express® 2.0 software (Applied
Biosystems). Primer sequences are listed in Table I
(online supplement) and were synthesized by DNA
Technology A/S (Aarhus, Denmark). PCR was per-
formed using the QuantiTect SYBR® Green RT-PCR
kit (Qiagen) in a final volume of 50 ul. PCR
conditions were as follows: incubation at 95°C for 15
min, followed by 40 cycles at 94°C for 30 s and at 55°C
for 60 s. Samples were assayed in triplicate. The data
were analysed using the comparative cycle threshold
(Ct) method and the real-time PCR products were
visualized using agarose electrophoresis. A blank (no
template) was included in all the experiments as a
negative control.

Gene expression changes were assessed using the
comparative Ct method. The relative amounts of
mRNA for uteroglobin and mammoglobin B were
determined by subtracting the Ct values for these
genes from the Ct value for B-actin (housekeeping
gene). ACt values were generated in this way for each
sample and, subsequently, the mean ACt value for the
control group was subtracted from the mean ACt
value for the treated group (AACt). Squaring these
data gives the relative gene expression in fold changes
between the control and treatment groups (http://
docs.appliedbiosystems.com/pebiodocs/04303859.pdf).

Molecular studies of the single nucleotide
polymorphisms in the SPINKS gene

Association to allergic rhinitis and three polymorph-
isms in SPINKS was analysed in DNA from 16
patients with allergic rhinitis and from 28 healthy
controls. The polymorphisms were chosen based on
the work of Walley et al. (10). Primers for DNA

sequencing were designed using Oligo® Primer Ana-
lysis Software version 6.0 (Molecular Biology Insights,
Inc., Cascade, CO). For the single nucleotide poly-
morphisms (SNPs) 1103A/G (Genbank accession
number AJ228139) and 1156 G/A in exon 13, the
following primers were used: forward, 5'-TCCCTGA-
CACCTTCCC-3"; reverse, 5-TCCCTCCATGTT-
CCCA-3". For the SNP 1258 G/A in exon 14 the
following primers were used: forward, 5'-CACAGG-
GTTAGGCACA-3; reverse, 5'-AGGAATGCACGT-
GTTC-3'. Following initial denaturation at 95°C for
30 s, amplifications were conducted for 30 cycles at
95°C for 30 s, 57-62°C for 30 s and 72°C for 1 min,
with a final extension step at 72°C for 7 min. DNA
sequencing was carried out with the forward primer as
the sequencing primer using the ABI PRISM Big Dye
Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems). Sequences were analyzed using
an ABI PRISM 3100 DNA Sequencer (Applied
Biosystems).

Selection of chromosomal susceptibility regions

Several gene regions with a linkage to allergy have
been presented in a number of genome scan studies
and some of these regions have also been replicated by
other groups. They include regions 5q31-33 (IL-4
cytokine cluster) (11, 12), 6p21 [the major histocom-
patibility complex (MHC)/human leukocyte antigen
(HLA) region] (11-17), 11q13-21 (close to the high-
affinity receptor for IgE) (12—-14, 17), 12q21-24 (14,
15) and 13q12-14 (11, 13). Differentially expressed
genes from the DNA microarrays mapping to these
specific regions, as determined by the information
given by the chip supplier (Affymetrix), were studied.
These locations were also checked by Basic Local
Alignment Search Tool searches of the respective
cDNAs using the University of California at Santa
Cruz Genome Bioinformatics website, June 2002
version (http://genome.ucsc.edu).

Statistical analysis

To test the hypothesis of independence between genes
that are differentially expressed and genes that are
located in susceptibility regions a score test is sug-
gested. This method consists of both a criterion for
identifying genes that are differentially expressed and
a score test to see whether a significant number of the
differentially expressed genes are located within link-
age susceptibility regions. The criterion for differential
expression involved both the size of the fold change
and the consistency of the gene expression levels
within the patient and control groups. Specifically,
we required the fold change to be larger than two and
that a 7-test on logarithms of the signal values should
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reveal a significant difference between the patient and
control groups at the 5% level.

The chromosomal location of the differentially
expressed genes was compared with the most consis-
tently described chromosomal susceptibility regions,
i.e. 5q31-33, 6p21, 11q13-21, 12q21-24 and 13q12-
14. The score test was performed as follows. Let G2
denote the number of genes in the susceptibility
regions. For each differentially expressed gene the
score equals the absolute value of the logarithm of the
fold change and for other genes the score is zero. The
test variable S is the sum of the score values for genes
in the linkage susceptibility regions. The correspond-
ing p-value is the probability of obtaining an S-value
that is at least as large in random samples of G2 genes
from the set of all the genes in the reduced dataset
adding up the scores for the genes that are sampled. A
detailed description of the score test is given at the
online supplement.

RESULTS

General characteristics of the gene expression data
Nasal biopsies from patients with symptomatic aller-
gic rhinitis and healthy controls were analysed using
duplicate DNA microarrays that measured the expres-
sion of 12626 genes. The reproducibility of the gene
expression data was supported by good agreement
between the duplicate microarrays. The correlation
coefficients, r, of the log expression levels for the
control microarrays ranged from 0.92 to 0.94. The
corresponding r-values for the patient microarrays
were 0.93-0.96. Of the original 12626 genes in the
DNA microarray analysis, 6224 remained after ex-
cluding genes that were absent according to the
absolute call criterion or had no known chromosomal
location. These genes will be referred to as G1.

DNA microarray analysis of chromosomal susceptibility
regions

A total of 37 differentially expressed genes were
identified according to a criterion involving both the
size and consistency of the gene expression levels
(Table II, online supplement). The chromosomal
location of these genes was compared with the
chromosomal susceptibility regions for allergic dis-
ease, i.e. 5q31-33, 6p21, 11q13-21, 12q21-24 and
13q12-14. Five of the 37 genes were located within
these regions (Table III, online supplement). Of the
6224 G1 genes in the reduced dataset, 536 G2 genes
were located in the susceptibility regions. A score test
was applied to test the hypothesis of independence
between genes that were differentially expressed and
genes that were located in susceptibility regions. For
the S-value corresponding to the observations in Table

All genes in the analysis (n=6224)

All regulated genes (n=37).
Score values > 0

All genes inthe 5 chromosomal
susceptibility regions (n=536)

Genes being both regulated and
located in the & chromosomal
susceptibility regions (n=5}

One ot the 100.000 random
groups of genes (n=536}

Fig 2. Graphical description of the statistical model used to
test the hypothesis of independence between genes that are
differentially expressed and that are located in susceptibility
regions. Random samples are drawn and score values are
added for the genes in the sample. The p-value is the relative
frequency of samples for which the score sum is at least as
large as the score sum for genes in the linkage susceptibility
regions.

II this gave a p-value of 3.7% (computed by simulation
with 1200000 runs) and the independence hypothesis
was rejected (Fig. 2). The test thus suggests that at
least one of the five genes found in linkage regions is
associated with the disease. The functions of the five
genes were examined using searches of the ExPASy
Molecular Biology Server (http://www.expasy.ch) and
the Online Mendelian Inheritance in Man (OMIM;
http://www.ncbi.nlm.nih.gov) databases. Two of the
five identified genes—HLA-DRB2 and serine pro-
tease inhibitor, Kazal type, 5 (SPINKS5)—have known
functions relevant to allergy and both had lower
expression in patients than controls. HLA-DRB?2 is
involved in antigen presentation to CD4 surface
protein on T cells. SPINKS encodes lymphoepithelial
Kazal-type-related inhibitor (LEKTTI), a serine protei-
nase inhibitor that protects the airways against
inflammatory damage.

Quantitative RT-PCR analysis of SPINKS5 and HLA-
DRB?

To compare the expression in nasal biopsies from a
new set of patients and healthy controls (n =6 in each
group), the levels of SPINKS and HLA-DRB2 were
related to the expression of the reference 18S. AACt
analysis of the data demonstrated no difference in
expression of the SPINKS gene in patients ( — 0.24 +
1.32-fold change; p =0.75). Similarly, for the expres-
sion of the HLA-DRB2 gene, no difference was
obtained in patients with rhinitis ( — 0.13 +1.45-fold
change; p =0.80).
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Test for association between SPINKS5 SNPs and allergic
rhinitis

To test for association between allergic rhinitis and
genetic polymorphisms in the SPINKS gene, DNA
from 16 patients with allergic rhinitis and 28 healthy
controls was analysed using 3 SNPs in the SPINKS5
gene. Using DNA sequencing, genotypes could be
determined and haplotypes deduced. We could show
that no association was present between allergic
rhinitis and the three polymorphisms studied in
SPINKS, using either the genotype data (Table 1V)
or using haplotypes (Table V).

DISCUSSION

Allergic diseases depend on interactions between
multiple susceptibility genes. It is not known how
many of the 30000 human genes are involved.
Genome-wide linkage scans have led to the identifica-
tion of chromosomal regions that may contain sus-
ceptibility genes (1-3). Finding these genes is
complicated by the number and width of the regions,
each of which may contain hundreds of genes (4).
Recent data suggest that a complementary approach
may help to identify candidate genes. Polymorphisms
involved in the development of complex disorders are
often located in regulatory regions of the genome and
therefore affect the transcription of the candidate
gene. It has been estimated that a large fraction of
all genes (5—40%) have variations in regulatory regions
that affect gene expression 1.5-fold or greater (5, 6).
This suggests that DNA microarray analysis of
chromosomal susceptibility regions could help to
identify candidate genes.

This approach was tried in this study of nasal
biopsies from patients with allergic rhinitis and
healthy controls. A statistical model was developed
to find differentially expressed genes within chromo-
somal susceptibility regions. The relevance of the
identified genes was examined by analysing their
expression in a new material. Moreover, SNP analysis
of one of the genes was performed. Two of the five
identified genes have known functions relevant to
allergy; one of these is SPINKS, encoding LEKTI, a
serine proteinase inhibitor that is expressed in mucosal
epithelium and in the thymus (18). To our knowledge,
local expression of SPINKS5 has not been described in
the mucosa of patients with allergic disease. In this
material, SPINKS5 expression was lower in patients
than controls. The relevance of SPINKS to allergic
disease is supported by many observations. A reduc-
tion in the expression of SPINKS may contribute to
allergic inflammation by reducing airway protection
and changing the maturation of lymphocytes (18).
Mutations in SPINKS cause Netherton’s syndrome, a

recessive disorder involving dermatitis, asthma and
allergic rhinitis (19). SPINKS polymorphisms are
associated with allergic disease (10), and the SPINKS5
gene is located within the asthma region on chromo-
some 5q31-33, as proposed by several genome scans
(Fig. 1B).

The expression of HLA-DRB2 was also reduced in
the patients. The class II regions of the MHC present
antigens to the CD4 surface protein on T cells.
Reduced HLA-DR expression has been reported in
patients with asthma (20). Interestingly, solubilized
complexes of HLA-DR?2 and antigen have been tried
therapeutically in autoimmune diseases (21). Taken
together, these findings support the fact that SPINKS
and HLA-DRB?2 could be candidate genes for allergic
disease.

Although a new statistical method was developed to
identify the candidate genes, the small size of the
material indicates that the results should be inter-
preted with caution. While a larger material would
have been better, it should be noted that there are
considerable practical and ethical concerns with ob-
taining nasal biopsies, mainly the risk of significant
bleeding. This risk is proportional to the size of the
biopsy. To obtain sufficient RNA for the DNA
microarray examination, the samples had to be
pooled. This may result in the gene expression levels
being skewed by individuals with extreme values. To
reduce this problem we now believe that it would have
been better to analyse twice as many pools using single
DNA microarrays, rather than having used duplicate
DNA microarrays. This is supported by good correla-
tions between the duplicate analyses as well as
independent studies confirming the validity of the
DNA microarrays (22). However, the small size of the
material led us to undertake a second (validation) step,
in which the relevance of the candidate genes was
examined in a new material. In this second step,
neither SPINKS nor HLA-DRB2 were found to be
differentially expressed. Moreover, three SPINKS
SNPs previously described in patients with allergic
disease were examined. No association between aller-
gic rhinitis and the SPINKS polymorphisms was seen,
at either the genotype or haplotype level. This,
however, does not rule out a role for SPINKS5
polymorphisms in allergic rhinitis, as only three
polymorphisms were studied.

There could be other methodological and biological
explanations for the difficulties in validating the
candidate genes in new materials. The most obvious
is that the two genes were differentially expressed
secondary to environmental influence. Indeed, the
materials were collected during different pollen sea-
sons. Moreover, changes in gene expression could be
secondary to influx of inflammatory cells during the
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pollen season, rather than representing primary differ-
ences between patients and controls. Further studies of
patients out of season are therefore needed. Another
concern is the relevance of the chromosomal suscept-
ibility regions to allergic disease. Although the most
consistently described regions were examined in this
study, > 20 different regions have been described. This
could depend on both ethnic and individual hetero-
geneity but suggests that many different combinations
of genes could lead to the same phenotype. Thus,
candidate genes in one study may not be relevant in a
new material. Most linkage studies have been per-
formed on asthmatic patients, and this study focused
on allergic rhinitis. While asthma and allergic rhinitis
are pathophysiologically and epidemiologically linked
(22, 23) it is possible that combined DNA microarray
and linkage analysis of samples from asthmatic
patients would be more likely to reproducibly identify
new candidate genes.

The problems discussed above reflect the scale and
complexity of identifying candidate genes in allergic
disease. It is not known how many of the 30000
human genes are involved. Moreover, different genes
could contribute to the same disease in different
individuals. Thus, identification of candidate genes
using either linkage or DNA microarray analysis is a
formidable task.

In summary, DNA microarray analysis of chromo-
somal susceptibility regions may help to identify
candidate genes for allergic diseases. However,
confirmation of the results in a new material is
required.
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