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Background: Activation-induced cytidine deaminase (AICDA)
is a recently identified RNA-editing deaminase that plays an
important role in class-switching. Defects in AICDA result in a
hyper-IgM phenotype and lack of IgG, IgA, and IgE in both
human beings and mice.

Objective: The aim of this study was to determine whether the
AICDA gene is related to regulation of total serum IgE and
development of atopic asthma.

Methods: We screened for polymorphisms in the 5'-flanking
and coding regions of the AICDA gene in subjects with atopic
asthma and analyzed the effect of these polymorphisms on the
development of atopic asthma and on total serum IgE levels in
Japanese asthmatic families.

Results: We identified 3 novel polymorphisms (5923A/G,
7888C/T, and 8578A/C) and 1 rare variant (Arg25Cys) in the
AICDA gene. Transmission disequilibrium testing showed that
the 7888C allele was transmitted preferentially to asthma-
affected children (P = .007). Mean log [total serum IgE] levels
of parents with the 7888C/7888C, 7888C/7888T, and
7888T/7888T genotypes were 2.12, 1.99, and 1.77, respectively,
and a significant association was observed between the geno-
types (P = .02). In RT-PCR experiments, we found 2 novel
splice variants of AICDA, one lacking all of exon 4 (variant 1;
367 base pairs) and the other lacking the first 30 base pairs of
exon 4 (variant 2; 453 base pairs). These variants were not
associated with the 7888C/T polymorphism.

Conclusion: The 7888C/T polymorphism might be associated
with the pathogenesis of atopic asthma and the regulation of
total serum IgE levels. (J Allergy Clin Immunol 2001;108:382-6.)
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Atopic diseases such as asthma and atopic eczema are a
major cause of morbidity in developed countries and have
been increasing in frequency.!-2 Atopy, which is character-
ized by increased levels of IgE against common environ-
mental allergens, is considered the strongest predisposing
factor for asthma. More than 90% of children with asthma
develop specific IgE against house dust mite, and dust mite
allergy is associated strongly with asthma.3:4

Total serum IgE levels are regulated by both genetic
and environmental factors. Associations between total
serum IgE levels and polymorphisms in candidate genes,
such as IL-4 (C-590T), CD14 (C-159T), B2-adrenergic
receptor (Argl6Gly and Glu27GlIn), and FCER1B have
been reported, but the results have not been conclusive.5:0

Class-switching to IgE requires 2 signals. The first sig-
nal is delivered by cytokines IL-4 and IL-13, which tar-
get the Cepsilon gene for switch recombination. The sec-
ond signal is due to the interaction of the B cell surface
antigen CD40 with its ligand (CD40L), which is
expressed on activated T cells; this activates deletional
switch recombination.” Several other genes are also
involved in this process.8

Activation-induced cytidine deaminase (AICDA) is a
member of the cytidine deaminase family that encodes a
198-amino acid protein and is mapped to human chro-
mosome 12p13.9 AICDA is an RNA-editing deaminase
that creates new functional products from mRNAs by
base substitution. A recent knockout mouse study
showed that AICDA deficiency leads to a complete
defect in class-switching, resulting in a hyper-IgM phe-
notype and lack of IgG, IgA, and IgE.!0 Mutations of
AICDA have been found in patients with an autosomal
recessive form of hyper-IgM syndrome (HIGM2).11
Some of these mutations yield truncated AICDA protein
by generation of stop codons or deletions. Other mis-
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sense mutations have been localized within the putative
cytidine deaminase catalytic region of the protein.%!1

Although the mechanism of class-switching to IgE is
not fully understood, AICDA appears to be a good can-
didate gene for the regulation of IgE and asthma. In this
study, we screened for polymorphisms in the 5’-flanking
and coding regions of the AICDA gene in subjects with
atopic asthma and controls. We found 4 novel nuclear
variants in the AICDA gene and conducted an associa-
tion study in Japanese families identified through asth-
matic children.

MATERIALS AND METHODS
Subjects

Probands were children with asthma who visited the Pediatric
Allergy Clinic of the University Hospital of Tsukuba. A full verbal
and written explanation of the study was given to all family mem-
bers interviewed, and 144 families (476 members) gave informed
consent and participated in this study. The mean age of the probands
and their siblings was 10.6 years (range, 3 to 29 years); the mean
age of the parents was 40 years (range, 26 to 72 years). Each fami-
ly member was questioned regarding allergic symptoms and under-
went a physical examination performed by a participating pediatri-
cian. Asthma was diagnosed in subjects according to the criteria of
the US National Institutes of Health, with minor modifications.!2
Patients had to satisfy the following pair of criteria: (1) 2 or more
episodes of wheezing and shortness of breath during the past year
and (2) reversibility of the wheezing and dyspnea, either sponta-
neously or by bronchodilator treatment. Because of the low age of
the asthmatic members of the families, methacholine challenge was
not done; however, the diagnoses of asthma in this population were
confirmed clinically by participating physicians or pediatricians
who had treated the children for more than 2 years. Because wheez-
ing is often associated with viral respiratory infection in young chil-
dren, we excluded those younger than 3 years old.!3 The young
adult patients included in this study had had chronic asthma since
childhood. Total serum IgE levels and IgE levels specific for Der-
matophagoides farinae were determined by means of the Pharma-
cia CAP System (Uppsala, Sweden). To achieve homogeneity of the
asthmatic patients, we selected families having more than 2 asth-
matic children with D farinae RAST scores greater than 3. The fam-
ilies examined in this study are in part the same ones that partici-
pated in our genome-wide study.!4

We selected controls who met all of the following criteria: (1) no
symptoms or history of allergic diseases, (2) no detectable dust
mite—specific IgE antibody, and (3) total serum IgE levels below the
general population mean for their ages.

This study was approved by the Committee of Ethics of the Uni-
versity of Tsukuba.

Molecular method

DNA was extracted from peripheral blood leukocytes collected
in EDTA. The 5 exons and the 5'-flanking region of the AICDA
gene were amplified from the genomic DNAs of 16 asthmatic sub-
jects and 16 controls. Asthmatics for the mutation study were select-
ed randomly from the asthmatic probands described above.

The regions of all exons and exon-intron junctions and the 5'-flank-
ing region of 748 base pairs (bp) from the translation initiation site
were amplified by PCR. Primers for exons were designed according to
the published sequence for the AICDA gene (GenBank accession
numbers AB040430, AC013443). Sequencing was performed with the
Big Dye Terminator kit (Applied Biosystems, Foster City, Calif) on an
ABI PRISM 3100 DNA Sequencer (Applied Biosystems).
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We identified one rare missense mutation (Arg25Cys) in exon 2,
one silent mutation in exon 4 (7888C>T), one 3’-UTR mutation
(8578A>C), and one intron mutation (5923A>G). To genotype
5923A/G, 7888C/T, and 8578A/C polymorphisms, the region of
interest was amplified by PCR with primer pairs 5’-TTAGGGTGC-
CCAGCATTAC-3" and 5’- AGCATCTTCTTTGGTTTAGC-3’ for
5923A/G, with 5-CTTCCCAGGCTTTGAAAGTT-3" and 5'-
TGAATGGCTCAGAGACAAGG-3’ for 7888C/T, and with 5’-
TTTAGGATGCTCCCAGGTC-3" and 5-ACAAAGCCATC-
CACTCAGT-3" for 8578A/C. The PCR product sizes for the
5923A/G, 7888C/T, and 8578 A/C polymorphisms were 485 bp, 196
bp, and 433 bp, respectively. The 5923A/G and 7888C/T mutations
were identified by the loss of Alul and the gain of Nialll restriction
sites, respectively. Digested PCR fragments were subjected to
agarose gel electrophoresis and visualized by means of ethidium bro-
mide staining and ultraviolet transillumination. The 8578A/C poly-
morphism was determined by direct sequencing, as described above.

Expression of AICDA

RT-PCR was performed to determine whether any polymor-
phisms within the AICDA gene cause splice variants. Peripheral
blood lymphocytes from 3 asthmatic families were purified with
Ficoll-Paque TM gradient (Amersham Pharmacia Biotech AB,
Uppsala, Sweden). RNA from lymphocytes was extracted with TRI-
zol (Life Technologies, Rockville, Md) according to the manufac-
turer’s instructions. Complimentary DNA was generated from RNA
by the addition of random primers (Life Technologies) and Super-
Script reverse transcriptase (RT) in vendor-supplied RT buffer (Life
Technologies) at 42°C for 1 hour. Complementary DNA derived
from the reactions was subjected to PCR with primers 5-CGTAGT-
GAAGAGGCGTGACA-3" and 5-GCGTCTCGTAAGTCAT-
CAACC-3’ to amplify the region between exon 2 and exon 5 of
AICDA. The expected product size was 483 bp.

Statistics

Deviation from Hardy-Weinberg expectations was examined by
%2 testing. Linkage disequilibrium and an allelic transmission dis-
equilibrium test (TDT) were assessed with the SIB-PAIR pro-
gram.!5 Quantitative TDTs for total serum IgE levels were per-
formed with the QTDT program.!® A proband was selected from
each family for TDT analysis, and 144 trios were analyzed for TDT.
An association between total serum IgE levels and genotypes was
analyzed by ANOVA and the Wilcoxon test. A P value less than .05
was considered statistically significant.

RESULTS

We identified one missense mutation (Arg25Cys) in
exon 2, one silent mutation in exon 4 (7888C>T), one
3’UTR mutation (8578A>C), and one intron mutation
(5923A>QG). Of these 4 mutations, the Arg25Cys muta-
tion was rare, appearing in only 1 of 100 subjects (Fig 1).

Significant linkage disequilibrium was observed nei-
ther between the 5923A/G and 7888C/T polymorphisms
(n=476,D =0.0142, D’ =0.2075, P = .07) nor between
the 7888C/T and 8578 A/C polymorphisms (n =476, D =
0.0044, D’ = 0.1020, P = .49).

The frequencies of the parental genotypes for the
5923A/G, 7888C/T, and 8578A/C polymorphisms did
not deviate from expected values on the basis of Hardy-
Weinberg equilibrium (P > .1). TDT analyses revealed
that the 7888C allele was transmitted preferentially to
asthmatic children (P = .007; Table I).
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FIG 1. Panels show sequences of wild-type and mutant alleles for polymorphisms. A and B, 5923A/G; C and
D, 7888C/T; E and F, 8578A/C; G, a rare mutation, Arg25Cys. Arrows indicate the polymorphic sites.

TABLE I. TDTs for the 5923A/G, 7888C/T, and 8578A/C
polymorphisms (n = 432; 144 trios)

No. No. not
Polymorphism  Allelle transmitted transmitted P value
5923A/G A 22 16 42
788C/T C 56 30 .007
8578A/C A 21 15 41

Mean log [total serum IgE] levels of parents with
7888C/7888C, 7888C/7888T, and 7888T/7888T geno-
types were 2.12, 1.99, and 1.77, respectively, and a sig-
nificant association was observed between the groups (P
=.025 for ANOVA and P = .020 for the Wilcoxon test).
The mean log [total serum IgE] levels of the probands
with these genotypes were 2.85, 2.83, and 2.63, respec-
tively, and no significant association was observed (P >
.1). In quantitative TDT analysis, no associations were
observed between the log [total IgE] level and either
allele of the 7888C/T polymorphism (P > 0.1).

In RT-PCR experiments, we found 2 novel splice vari-
ants of the AICDA gene (Fig 2). One lacked all of exon
4 (variant 1; 367 bp), and the other lacked the first 30 bp
of exon 4 (variant 2; 453 bp). Among 10 subjects, 7 had
variant 1 and 6 had variant 2. These variants were not
associated with the 7888C/T polymorphism. In family 3,
variant 1 and variant 2 appeared in the child but neither
parent had either variant, suggesting that these variants
are probably not caused by genetic polymorphisms.

DISCUSSION

We have identified 3 polymorphisms and 1 rare vari-
ant in the AICDA gene. AICDA is a novel member of the
RNA-editing deaminase family. Some genes, such as
apolipoprotein B, are edited by the RNA-editing deami-
nases, resulting in the production of novel proteins with
different functions.!7-18 Recent studies have shown that
AICDA deficiency prevents immunoglobulin class-
switch recombination, prevents immunoglobulin somatic
hypermutations, and causes lymph node hyperplasia
because of the presence of a giant germinal center. Rare
variants in human AICDA gene have been identified and
shown to cause HIGM2. Most of the variants identified
in patients with HIGM2 are deletions or stop codons,
which result in truncated AICDA proteins or missense
mutations localized within the putative cytidine deami-
nase catalytic region of the protein.®11 The mechanism
of IgE class-switching is not fully understood; however,
it is suggested that AICDA is important in the processing
of pre-RNAC(s) encoding proteins involved in the mecha-
nisms of switch recombination or that AICDA mediates
the construction of ribozymes with nuclease activity.!9

We identified a novel missense mutation, Arg25Cys, in
the coding region of exon 2; however, this mutation is
located outside of the putative cytidine deaminase catalytic
region. The total serum IgG, IgA, IgM, and IgE levels of
the subject with the Arg/Cys genotype were 516 mg/dL, 74
mg/dL, 17 mg/dL, and <0.34 IU/mL, respectively, indicat-
ing that this missense variant does not profoundly influence
AICDA protein function, at least not in heterozygotes.
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FIG 2. Top, RT-PCR results between exons 2 and 5 of AICDA. F, father; M, mother; C, child. Bottom, Sequence
of wild-type and splice variants of AICDA. Arrows indicate exon 3 and exon 4 boundaries. Exon 5 starts after

the end of exon 3 in variant 1; the first 30 bp of exon 4 are missing in variant 2.

We have shown that the 7888C allele is associated
with development of atopic asthma and with total serum
IgE levels. In our genome-wide search for atopic asthma
in 47 families with affected sibling pairs (sib-pairs),!4 we
genotyped the microsatellite maker D12S336, which is
located at 13265 kb, according to the National Center for
Biotechnology Information map viewer. This marker is
approximately 4 Mb from the AICDA gene. The non-
parametric linkage (NPL) score for this maker is 0.67 (P
> .05). With our genome-scan families, the expected
NPL score for the 7888C/T polymorphism is 0.4 if it is
assumed that the 7888C allele is transmitted 1.9 times
more frequently to asthma-affected children.

Asthma is considered a complex disease in which many
genes with small effects are involved. To detect genes in a
complex trait, disequilibrium mapping is more powerful
than linkage analysis by affected sib-pair methods.20
Therefore, it is likely that failure to find linkage in this
region is due to the low power of affected sib-pair methods
and to the small sample size of our genome-wide families.

The association between the log [total IgE] level and
7888C/T was significant in adults but not in children.
This might be due to an age effect,2! because the vari-
ability of total serum IgE is most marked in children and
teenagers and is less obvious in adults. Moreover, all of
the children in this study were mite-sensitive asthmatics,
who might be prone to show changes in total serum IgE
levels as a result of the exposure to allergens.22

Because the 7888C/T polymorphism is synonymous,
we tried to evaluate the relation between AICDA mRNA

and the polymorphism. The RT-PCR experiment with
sample families detected novel AICDA splice variants
lacking all or part of exon 4. These variants, however,
were not associated with the 7888C/T polymorphism.
Exon 4 is not in the putative cytidine deaminase catalyt-
ic region. Revy et alll showed that subjects with
homozygous missense mutation or a stop codon in exon
4 developed HIGM2. Therefore, it is unlikely that this
splice variant has enzymatic activity.

Although the possible functional consequence is
unknown, our data suggest that the 7888C/T polymor-
phism or its associated polymorphisms of AICDA con-
tribute to the development of asthma and the regulation
of total IgE levels.

We thank Drs Satoko Nakahara and Tetsuo Nogami for collect-
ing samples.
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