J Med Gener 1995;32:363-369

First Department of
Medicine, School of
Medicine, Hokkaido
University, Kita-Ku,
Kita-14 Nishi-7,
Sapporo 060, Japan
N Hizawa

E Yamaguchi

K Furuya

N Ohnuma

N Kodama

J Kojima

M Ohe

Y Kawakami

Correspondence to:
Dr Hizawa.

Received 16 April 1994
Revised version accepted
for publication

19 December 1994

363

Association between high serum total IgE levels
and D11S97 on chromosome 11ql13 in

Japanese subjects

N Hizawa, E Yamaguchi, K Furuya, N Ohnuma, N Kodama, J Kojima, M Ohe,

Y Kawakami

Abstract

The genetic linkage of atopy to chro-
mosome 11q13 through maternally derived
alleles has been previously reported. Link-
age analysis in Japanese families did not
confirm the existence of a major gene for
atopy at this locus under the model of
autosomal dominant inheritance. How-
ever, we observed a significant association
between serum total IgE levels and genetic
markers at this locus both in 14 Japanese
atopic families and in 120 unrelated Jap-
anese subjects. We detected eight alleles
at the D11S97 locus and eight alleles in the
CAJ/GT repeat region in the fifth intron of
the FceRIP gene. A significantly increased
frequency of the D11S97/PstI 0-96 kb allele
was observed in the chromosomes of the
subjects with high serum total IgE levels
both in the family study (p<0-001) and in
the population study (p<0-05). However,
multipoint linkage analysis again did not
show any evidence for the existence of a
major gene regulating atopy on chro-
mosome 11q13 with location scores to —35
under the model of maternal inheritance.
Evidence against linkage was confirmed
by the non-parametric linkage analysis,
using the affected pedigree member
method. Also, there was no substitution of
isoleucine for leucine in the fourth trans-
membrane domain of FceRIf (Leul8l),
which was reported to be responsible for
a subset of atopy in the British population.
Therefore, the association of serum total
IgE levels with chromosome 11ql13 in-
dicates that a gene or genes at this locus
may contribute to the expression of high
IgE levels in the Japanese population as
well as in the British population, but the
heterogeneity of the genetic regulation of
serum total IgE levels is evident between
the two populations.

(F Med Genet 1995;32:363-369)

The genetic components of atopy are complex.
Although genes within the human major hi-
stocompatibility complex (MHC) on chro-
mosome 6 are known to contribute to
susceptibility, they alone are not sufficient to
account for the complete genetic contribution
to atopy.' In 1989, a linkage study performed
by Cookson er al* showed the presence of a
single major autosomal dominant atopy gene

linked to a marker on chromosome 11ql3 by
using a broad definition of atopy, namely any
or all of a positive skin test, or a high antigen
specific IgE value, or a high total IgE level.
Although we tried to confirm this finding, link-
age between chromosome 11q13 and atopy was
not found in four atopic Japanese families with
a lod score of less than —2:0 with a re-
combination fraction of 0-15.> The attempts of
several other groups to replicate the linkage
have also not met with success.*® Moreover,
Marsh et al’ reported evidence for linkage of
genetic markers on chromosome 5q31, in-
cluding the interleukin-4 gene (IL-4), with a
gene controlling total serum IgE concentration.

However, the Oxford group reported that
the atopy gene was active only when it was
inherited from the maternal side, and that the
gene encoding the B subunit of the high affinity
receptor for IgE (FceRIP) was the candidate
gene on chromosome 11q13.%° They also re-
ported a variant sequence in which a leucine
was substituted for an isoleucine at position
181 (Leul81) in the fourth transmembrane
domain of this receptor protein, and a sig-
nificant association between the substitution
and atopy.'°

In order to clarify the differences in genetic
regulation of atopic responses between the Jap-
anese and British populations, we examined 10
new atopic families, in addition to the previous
four families, and 120 unrelated subjects.
Firstly, we analysed the linkage between atopy
and markers on chromosome 11ql3, taking
into account the maternal inheritance of atopy
in 14 families. Although we failed to confirm
linkage of atopy to this locus,’ the maximum
likelihood method we used detected significant
linkage only if a gene or genes of major effect
were segregating in the study families,!’ and
this method may be limited by both theoretical
and practical problems in complex diseases.'?
Non-parametric linkage studies such as the
affected sib pair method or affected pedigree
member method''* may identify the presence
of a candidate gene for atopy without any
precise specification of the genetic models.
Therefore, in this study, we also applied the
affected pedigree member method of Weeks
and Lange to our family data.

The association study offered an easy way
of studying a genetic contribution to some
complex diseases and proved to be useful for
detecting the susceptibility gene, even if the
contribution of this gene is not major.'* There-
fore, we analysed the association of atopy with
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the D11S97 locus and the FceRIB locus on
chromosome 11q13 in 14 Japanese families.
As we could detect a significant association
between serum total IgE levels and the D11S97
locus, this association was further evaluated in
120 unrelated Japanese subjects, because the
association found in the family study was not
conclusive as relatives may share alleles by
virtue of their family relationship.

Finally, we evaluated the prevalence of the
Leul81 substitution in Japanese subjects.

Materials and methods

SUBJECTS

We recruited seven three generation families
and seven nuclear families (107 family mem-
bers in total) through atopic asthmatic prob-
ands, who were referred to our outpatient
department. There was no connection between
these 14 asthmatic families. The pedigrees
studied are illustrated in fig 1. The average age
of the 107 family members was 37-6 years and
ranged from 6 to 80 years. We also recruited
69 unrelated Japanese subjects referred to our
outpatient department including 63 cases of
bronchial asthma, three cases of chronic ec-
zema, and three cases of pollinosis. No subjects
were receiving systemic glucocorticoids for the
treatment of asthma or any other diseases. We
also studied 51 unrelated volunteers without
symptoms of bronchial asthma, pollinosis, or
eczema. In a population study, the subjects
were selected on the basis of serum total IgE
levels for comparison of this phenotype be-
tween subjects with and without the D11S97/
PstI 0:96kb allele. The average age of the
subjects in the population study was 41-5 years
and ranged from 10 to 81 years. All subjects
examined in both the family and the population
study resided in Sapporo, Japan.

ANALYSIS OF PHENOTYPE
All subjects were assessed for skin prick test
reactivity using 24 aqueous allergen extracts,
such as house dust mite, grass and tree pollens,
common moulds, animal danders, and negative
controls (Torii Pharmaceutical Co, Tokyo,
Japan). The response was read after 15 min-
utes. When the diameter of the erythema was
larger than or equal to 15 mm, or was larger
than or equal to twice the diameter of the
negative control, the response was considered
to be positive. Total serum IgE levels were
estimated by a radioimmunosorbent test (IgE
RIST), and antigen specific IgE values which
consisted of 16 inhalant antigens included in
the array of the skin prick tests were measured
by multiple antigen simultaneous tests (IgE
MAST).'¢

The atopic phenotype was determined as the
presence of a positive skin test or a high total
IgE level (above 300 IU/ml, that is more than
2 SD above the geometric mean for the normal
Japanese population) or a high antigen specific
IgE value (MAST>=0-67VOLT). In addition,
atopy was alternatively defined only in terms
of a serum total IgE level above 100 IU/ml, in
order to see the effect of a different definition

on the results of a linkage and an association
analysis.

ANALYSIS OF GENOTYPE

Total genomic DNA was extracted from peri-
pheral blood by phenol/chloroform extraction
followed by ethanol precipitation.!” To de-
termine genotypes at D11S97, a variable num-
ber of tandem repeat (VNTR) regions on
chromosome 11913, 5 ug DNA were digested
with Pstl, separated by electrophoresis on a
1:0% agarose gel, and transferred to a nylon
membrane (Hybond N*, Amersham, UK) by
Southern blotting. The radiolabelled cDNA
probe D11S97 produced eight alleles with the
sizes ranging from 0-96 kb to 2-9kb. To de-
termine genotypes at the FceRIP locus, 100 ng
DNA was used as template for the polymerase
chain reaction (PCR). Primers for sequences
flanking the CA/GT repeat region in the fifth
intron of the FceRIP gene were used at a
concentration of 0-5 umol/l each, one primer
being end labelled with **P.!” Conditions for
PCR were: initial denaturation for five minutes
at 95°C followed by 25 cycles at 95°C for 60
seconds, 60°C for 60 seconds, and 72°C for
90 seconds with a final extension of 72°C for
five minutes. An equal volume of sequencing
gel loading buffer (98% formamide, 0-05%
bromophenol blue, 0:05% xylene cyanol, and
20 mmol/l EDTA) was added to the PCR prod-
uct. A total of 2 pl of this mixture was loaded
on 5% polyacrylamide gel, and the auto-
radiographs were read after being exposed over-
night. Eight alleles were detected in the CA/
GT microsatellite region of the FceRIf gene
in the 107 family members.

ASSOCIATION ANALYSIS

Differences between frequencies of the VNTR
alleles of D11S97 and the CA/GT micro-
satellite alleles of the FceRIf gene within nor-
mal chromosomes and those within atopic
chromosomes were examined in the 107 sub-
jects from the 14 unrelated families. As-
sociation of serum total IgE levels with the
D11S97/PstI 0-96 kb allele was also examined
in the 120 unrelated Japanese subjects. These
were examined by a y* test, using the SPSS
statistical program. An odds ratio and its 95%
confidence interval (95% CI) were calculated
as a measure of the strength of association.

PARAMETRIC LINKAGE ANALYSIS

The segregation pattern of atopy and high total
IgE level was examined using the Davie’s
singles method.’® Multipoint linkage analysis
of atopy on chromosome 11q13 was computed
for a maternal inheritance model using the
LINKMAP subroutine of the computer pro-
gram LINKAGE (version 5.1).

We divided seven three generation families
into 26 nuclear families, and analysed a total
of 33 nuclear families using a three liability
class model following the Oxford group’s
method.’ In order to assume maternal in-
heritance, all fathers were considered pheno-
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Table 1 Association between atopy and D11S97 locus

(A) Atopy (high total IgE levels/positive skin test/raised
MAST score)

Aropy Normal
D11897/Pstl allele chromosomes chromosomes
1 (2-9 kb) 1 (0'5) 0 (0-0)
2 (2:6 kb) 7 (44) 2 (37
3 (2-4kb) 21 (13-1) 8 (14'8)
4 (2-1kb) 66 (41-3) 26 (48-1)
5 (1-9kb) 18 (11-3) 11 (20-4)
6 (1-2kb) 10 (6-3) 3 (5'6)
7 (1-06 kb) 10 (6-3) 2 (37
8 (0-96 kb) 27 (16-8) 2 (37

(B) High serum total IgE levels

High IgE Low IgE
D11897/PstI allele chromosomes chromosomes
1 (2:9 kb) 1 (1-0) 0 (0-0)
2 (2:6 kb) 5 (5:1) 4 (35)
3 (2-4kb) 8 (82) 21 (181)
4 (2-1kb) 36 (36:7) 56 (48-3)
5 (1-9 kb) 13 (13-3) 16 (13-8)
6 (1-2kb) 6 (61) 7 (6:0)
7 (1-06 kb) 7 (71) 5 (43)
8 (0-96 kb) 22 (22-5) 7 (6:0)

¥2=184, p=0-01.

Figures in parentheses are percentages.

There was statistically significant evidence of an association
between the D11S97 locus and the high total IgE levels (>=
100 IU/ml).

In particular, a higher frequency of the D11S97/PsiI 0-96 kb
allele was noted in the subjects with high total IgE levels.

typically normal within the first class. Mothers
and their offspring were placed in the second
and third classes, respectively. Penetrance for
homozygotes was set at 1-0 in all classes and
that for heterozygotes was set at 1-0, 0-6, and
0-98 in the first, second, and third classes,
respectively.

The gene frequency for the disease allele was
assumed to be 0-25. The genetic distance was
calculated from the recombination fraction
using the Kosambi mapping function.'

NON-PARAMETRIC LINKAGE ANALYSIS

Linkage of atopy or high serum IgE levels to
chromosome 11q13 was also tested by the
affected pedigree member method.”*'* This
analysis made no explicit assumptions about
the mode of inheritance, genotype penetrance,
or the presence of phenocopies. The program
Apm (version 2-0), Sim, and Apmult were used
and the allele frequencies for D11S97 and
FceRIB were calculated from the allele fre-
quencies in the 120 unrelated Japanese sub-
jects.

SCREENING FOR THE LEU181 SUBSTITUTION

To detect the point mutation in the sixth exon,
which is responsible for the Leul81 sub-
stitution in the fourth transmembrane domain
of FceRIP, the amplification refractory muta-

Table 2 Association of high serum IgE levels with the D11S97/Pstl 0-96 kb allele

Low IgE
h Odds ratio  95% CI p value
Family study 7/116 (6-0) 4-25 1-72-10-5 0-0008
Population
study 5/106 (4'7) 4-4 1-62-11'9  0-019

The frequency of the D11S97/Pstl 0-96 kb allele was significantly increased in the high IgE
chromosomes in both family and population studies.
Figures in parentheses are percentages.

tion system (ARMS) was applied under the
same conditions as established by the Oxford
group.'” Normal and mutant specific oli-
gonucleotide primers for Leul81 of FceRIP
and a control pair of primers for HLA-DP were
prepared with a model 380A DNA synthesiser
(Applied Biosystems Inc). The amplified prod-
ucts of the ARMS reaction were stained with
ethidium bromide after electrophoresis on a
4% agarose gel.

In a subject who had no Leul81 substitution
on the ARMS test, the DNA sequence of the
sixth exon of FceRIP was also analysed by the
fluorescence based dideoxy sequence method
with a model 373A automated DNA sequencer
(Applied Biosystems Inc) to confirm the ac-
curacy of this test.

Results

FAMILY STUDY

Eighty subjects were atopic out of the 107
subjects from the 14 Japanese families. Seventy-
eight subjects had high antigen specific IgE
responses detected by the skin prick test or
MAST. Forty-nine subjects had a total IgE
level higher than or equal to 100 IU/ml. Two
subjects were assigned as atopic only by a high
serum total IgE level. Although an association
between atopy (a positive skin test/a high total
IgE level/a high antigen specific IgE value)
and D11S97 was not found (table 1A), the
distribution of the D11S97 allele differed sig-
nificantly between the chromosomes of the
subjects with and without high serum IgE levels
(x*=18-4, p=0-01) (table 1B). In particular,
a higher frequency of the D11S97/PstI 0-96 kb
allele was noted in the subjects with high total
IgE levels (table 2). None of the subjects with
a D11S97/PstI 0-96 kb allele had a total IgE
level lower than or equal to 10 IU/ml (fig 2A).
The mean level of the serum total IgE was 782
(SE 259) IU/ml for the subjects with this allele
and 381 (SE 119) IU/ml for the subjects with-
out this allele. However, we could not find any
association between atopy or high total IgE
levels and the FceRIp.

Segregation of both atopy and high total
serum IgE levels occurred vertically (fig 1) and
the ratio of atopic children to all children from
marriages with a single atopic parent were 0-79
(SE 0-1) and 0-54 (SE 0-1) respectively, cal-
culated by Davie’s singles method. As the pu-
tative atopy gene is not necessarily lethal to
homozygotes, these segregation patterns were
not discordant with the assumption of dom-
inant inheritance.’

The maximum lod score between the
D11S97 locus and the FceRIB locus was 3-0
at a recombination fraction of 0-15 in the 14
unrelated Japanese families. Multipoint linkage
analyses were done with these two informative
markers on chromosome 11ql3. Using the
same genetic model of maternal inheritance
that the Oxford group presented,” evidence
for linkage was not observed between atopy
underlying asthma and the chromosome 11q13
region with location scores to —35 (fig 3).
Even when atopic status was assigned only
by serum total IgE levels, the location score
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increased to —14 and we could not support
the linkage of atopy to chromosome 11ql3
under these conditions (fig 3). Varying the gene
frequency between 15% and 35% had little
effect on these results. Also, varying class 2
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Figure 3 Multipoint linkage analysis berween atopy and
markers on chromosome 11q13. Linkage analysis was
computed for the maternal inheritance model. Solid line:
atopic status was assigned according to a total IgE level,
an antigen specific IgE value, and the response to a skin
prick test. Dotted line: atopic status was assigned only by
a toral IgE level (>1001U/ml).

Table 3 Analysis of linkage by affected pedigree member method

(A) Atopy (high total IgE levels/positive skin test/raised MAST score)

Locus D11597 FceRIB

Weight t statistic ? value t statistic ? value
f(p)=1 —0-95 0-83 0-82 0-2
f(p) =1/p'? —0-23 0-59 0-54 0-29
f(p)=1/p 0-78 0-21 —-0-29 0-62
(B) High serum total IgE levels

Locus D11897 FeeRIB

Weight t statistic P value t statistic ?p value
f(p)=1 -1-6 0-95 0-45 0-33
f(p)=1/p'? —-1-02 0-85 015 0-44
f(p)=1/p 0-22 0-41 —0-26 06

p denotes the frequency of shared marker alleles.

penetrance for heterozygotes between 50% and
70% with class 3 penetrance fixed at 98% had
no effect on the results at all, and reducing
class 3 penetrance for heterozygotes from 98%
to 80% with class 2 penetrance fixed at 60%
increased the maximum location score only to
—20.

The affected pedigree member method also
showed no evidence that either D11S97 or
FceRIP was linked to atopy or high total serum
IgE levels (table 3A,B). The multilocus affected
pedigree member method using the Apmult
program also showed a ¢ statistic of 0:24 and
a p value of 0-4 for f(p) = 1/p'>.

POPULATION STUDY

The mean level of serum total IgE of the sub-
jects with the D11S97/Ps:I 0-96 kb allele was
1314 (SE 438) IU/ml and that of the subjects
without this allele was 390 (SE 99) IU/ml. The
frequency of this allele significantly increased
in the chromosomes of the subjects with high
total serum IgE levels (3*=9-7, p=0-019)
(table 2). The total IgE level showed unimodal
distribution both in the subjects with and with-
out the 0-96 kb allele (fig 2B).

Although age, sex, smoking habits, and a
personal history of asthma are said to affect
the level of serum total IgE,* there were no
significant differences in these characteristics
between the subjects with the 0-96 kb allele
and the subjects without this allele both in the
family and in the population study (table 4).

THE ARMS TEST FOR LEU181 SUBSTITUTION

All DNA samples from the 107 subjects from
14 atopic families and 120 unrelated Japanese
subjects failed to amplify when incubated with
a pair of oligonucleotide primers specific for the
Leul81 substitution. DNA sequence analysis
showed a homozygote of wild type sequence at
the junction of the fifth intron and sixth exon
of FceRIP (data not shown) in a subject without
the Leul81 substitution on the ARMS test,
which verified the results of the ARMS method.
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Table 4 Characteristics of the subjects in the studies

(A) Family study

D118S97/PstI 0-96 kb(+) D11897/PstI 0-96 kb(—) p
No 26 81
Mean age (SE) 362 (3:7) 36-8 (2-0) NS
Current smokers (%) 36 34 NS
Sex (female/male) -15/10 47/32 NS
Asthmatic subjects (%) 46 32 NS
(B) Population study

D11S97/PstI 0-96 kb(+) D11897/Pstl 0-96 kb(—) ?
No 25 95
Mean age (SE) 44 (3) 42 (1) NS
Current smokers (%) 48 30 NS
Sex (female/male) -14/11 42/53 NS
Asthmatic subjects (%) 60 51 NS

Statistical significance (p value) was calculated by a Mann-Whitney test for comparison of age
and by a ¥’ test for comparisons of the frequency of current smokers, sex, and the proportion
of asthmatic subjects.

Discussion
Atopy clearly shows familial clustering and is
believed to be regulated by a single or multiple
genetic components and multiple en-
vironmental factors.?! # Many investigators be-
lieve that serum total IgE levels are inherited
separately from antigen specific IgE
responsiveness.' 2! Recently, linkage analysis in
11 Amish families showed evidence that IL-4
or a nearby gene in 5q31.1 regulates IgE
production in a non-antigen specific fashion.”
However, Cookson et al?® made no distinction
between the capacity to produce total IgE and
the factors determining its specificity and re-
ported significant linkage between atopy and
chromosome 11q13 with a maternal effect.
They also showed evidence that the gene en-
coding FceRIB was a candidate for the atopy
gene at this locus® and found the point mut-
ations of this gene resulting in Leul81 sub-
stitution, which was significantly associated
with atopy, in the fourth transmembrane do-
main of the type Il integral membrane protein.'°
The parametric linkage analysis was per-
formed under the assumption that a genetic
model of atopy in the Japanese population
would be similar to that in the British popu-
lation, including the definition of atopy, the
mode of inheritance, the gene frequency, and
the penetrance. However, the results of our
multipoint linkage analyses again failed to con-
firm linkage between atopy and chromosome
11q13. The results of a linkage analysis are only
valid when the applied genetic assumptions
are correct.'??® In this study, although it was
impossible to ascertain a well defined genetic
model of atopy in the Japanese population
because of a limited number of families studied,
we treated this problem by analysing the se-
gregation of atopy using Davie’s singles method
and varying the gene frequency, the penetrance,
or the definition of atopy. Moreover, we also
showed evidence against linkage by non-para-
metric linkage analysis, using the affected pedi-
gree member method of Weeks and Lange, and
we believe that our failure to confirm linkage
of atopy to chromosome 11q13 was not only
the result of an incorrect genetic model of
atopy, but also that the results of the affected
pedigree member method further strengthened

the absence of linkage between atopy/high
serum IgE levels and chromosome 11q13.

In most complex diseases such as atopic
diseases, it might be more straightforward to
look for an association between DNA poly-
morphisms and disease.'' '* Association studies
have proved to be particularly useful in atopic
diseases in which certain MHC alleles are dir-
ectly involved in highly purified allergen specific
immune responsiveness.' Also, if a major gene
is only responsible for a minority of atopy,
association study will offer a promising tool to
identify the susceptibility gene. In our study of
14 Japanese families we observed an association
between high serum total IgE levels and the
D11S97/PstI 0-96 kb allele. To confirm this
relationship, we further examined 120 un-
related Japanese subjects and again detected a
significant association between them in the
population study.

As it is unlikely that the polymorphic VNTR
DNA markers themselves contribute to the
pathogenesis of atopy, the finding of a sig-
nificant association between high serum total
IgE levels and D11S97 in Japanese subjects
can be interpreted in terms of linkage dis-
equilibrium.

The distribution of the IgE level broadly
overlapped between the subjects with and with-
out the D11S97/PstI 0-96 kb allele, both in the
family study and in the population study (fig
2). Accordingly, we suspect that a gene close
to the D11S97 locus could modify clinical
expression but is neither a necessary nor a
sufficient cause of atopy, and that its effect is
not as major as the linkage analysis could detect.
In fact, although several studies have indicated
that the total IgE level is regulated by a major
gene irrespective of whether high levels are the
result of dominant or recessive alleles, there
also appeared to be significant polygenic
influences.' % 2224

A computer simulation study indicated that
if the probability of having the disease with the
associated allele is less than 10 times greater
than the probability of having the disease with-
out the allele, then it may be difficult to detect
linkage.?® Our failure to find linkage when an
association exists, or even finding significant
evidence against linkage, may indicate that a
gene or genes on chromosome 11q13, in the
Japanese population, is not necessary for ex-
pression of atopy and is merely a susceptibility
gene; this point is different from the Oxford
group’s hypothesis of a major necessary gene
for atopy at 11ql3.

The linkage analysis of atopy underlying
atopic eczema to the chromosome 11q13 region
excluded a major gene for atopy in the British
population study.?® Affected sib pairs analysis
found neither a significantly increased pro-
portion of shared alleles at the FceRIB locus
nor a significant difference in the proportion of
maternal alleles shared at the D11S97 locus.”’
These reports, including our own study, suggest
that there is genetic heterogeneity in atopy, and
that the atopy gene proposed by the Oxford
group, which has a major effect on atopic
phenotype and is located close to FceRIP locus,
may not be a prevalent one. Absence of a
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mutation responsible for the Leul81 sub-
stitution in the Japanese atopic subjects further
suggested the heterogeneity of the genetic re-
gulation of serum total IgE levels between the
Japanese and British populations.

In conclusion, in spite of our failure to con-
firm genetic linkage between atopy and chro-
mosome 11ql3, even under the model of
maternal inheritance, the association detected
both in the 107 subjects belonging to the 14
families and in the 120 unrelated Japanese
subjects indicated the presence of a sus-
ceptibility gene for the high IgE responsiveness
at chromosome 11q13, as in the British popu-
lation, interacting with several major or minor
genes responsible for the expression of atopy.
In order to define the exact nature of the
association in the Japanese population, the
chromosome 11q13 region needs further evalu-
ation for the presence of a gene or genes reg-
ulating atopy or high IgE responsiveness.
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