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Allergic mechanism has long been attributed to IgE-mediated reaction.
The relationship between gene polymorphism and cord blood IgE (CB
IgE) is unclear. We investigated whether elevation of CB IgE levels was
associated with polymorphisms of cytotoxic T-lymphocyte antigen 4
(CTLA-4) at (-318) CT and (+49) AG positions in a gender-limited
fashion. CB IgE levels were determined by Pharmacia CAP system and
the CTLA-4 polymorphisms at (—318) and (+49) were determined by
restriction fragment length polymorphism (RFLP). A total of 644
consecutive umbilical cord bloods were collected for this study. 32.9%
of newborn infants had detectable IgE levels (=0.35 kU/1). 25.6% of the
male newborns had elevated CB IgE levels (=0.5 kU/1) similar to those
of the female newborns (22.7%). The CTLA-4 polymorphism at (+49)
but not (—318) was significantly associated with elevated CB IgE levels
(p = 0.004). The association of CTLA-4 (+49) A allele with elevated
CB IgE levels was found only in females. Both male and female infants
with different CTLA-4 (—318) genotypes had no difference in the rates
of elevated CB IgE levels. A linkage disequilibrium between CTLA-4
(+49) G and (-318) C allele was found in this Chinese population.
Subjects with the (+49, GG and —-318, CC) genotype had a significantly
lower rate of elevated CB IgE levels. Association of the CTLA-4 (+49)
polymorphism with elevated CB IgE levels was found only in female
infants. Newborn infants with the (+49, GG and -318, CC) genotype
tended to have a low rate of elevated CB IgE.
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The rationale for the

significantly in the past two decades (1-3).
Results from epidemiological studies suggest that
allergic diseases are hereditary as monozygotic
twins are more frequently affected than hetero-
zygotic twins (4), and offspring of affected
parents also have a higher risk for developing
the disease (5). Many studies worldwide and in
different ethnic populations demonstrated that
there are many loci in different chromosomes
that are implicated in allergic disorders (6-9).
Allergic mechanism has long been attributed to
IgE-mediated reaction and elevation of serum
IgE levels has been implicated in allergic diseases
(10, 11). Whether certain genetic polymorphisms
are related to elevated serum total IgE levels
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controversy may be because IgE production
could be influenced by environmental exposure
of specific antigens or non-specific stimulants.
The estimated heritability for cord blood (CB)
IgE levels is much higher than that in childhood
serum IgE levels (0.92; 95% CI, 0.84-0.95 vs.
0.78; 95% CI, 0.60-0.87) (12). This suggests that
IgE production in a fetus may be modulated
mostly by inherited but less by environmental
factors. To study the correlation of CB IgE levels
with certain gene polymorphisms may be a better
model to explore the relationship between genes
and IgE production. Thus, we proposed in this
study that certain genetic polymorphisms might
have impacts on fetal IgE production reflecting



on elevated CB IgE levels and certain genetic
allele(s) may have a gender-limited influence on
the early IgE production.

A genetic study has provided evidence for
the linkage of a candidate atopy gene to
chromosome 2q33, where CTLA-4 and CD28
genes are colocalized (13). Lack of association
between CD28/CTLA-4 gene polymorphisms
and atopic asthma has been reported in the
Japanese population (14). However, Hizawa
et al. (15) showed that elevation of total serum
IgE levels in patients with asthma was corre-
lated to the polymorphisms of CTLA-4. In a
functional study, subjects with CTLA-4 (+49)
G allele were found to have higher autoanti-
body levels (16). A treatment with CTLA-4-Ig
significantly reduced the generation of IL-4,
IL-5, and IgE, and reduced eosinophilic inflam-
mation of the lungs in an animal asthma model
(17). There is no functional discrepancy of the
CTLA-4 gene polymorphisms between males
and females described yet. We investigated
male/female discrepancies in the relationship
between polymorphisms of the CTLA-4 at
(+49) and (-318) positions and umbilical CB
IgE levels.

Methods
Subjects and IgE detection

A total of 644 consecutive cord bloods from
304 female and 340 male newborns were
collected for this study after informed consent
was obtained from parents. Samples were
collected between September 2001 and Septem-
ber 2002 at Chang Gung Memorial Hospital,
Kaoshiung, Taiwan. A research nurse was
trained to explain the purpose of the study to
eligible pregnant parents as they visited our
obstetric clinic. A questionnaire was applied to
collect family allergy history, parental smoking
and gestational age after cord blood was
collected. Serum samples from the cord blood
were separated by a centrifuge at 800 g for
15 min and stored at —70°C until analysis. The
blood cells after serum collection were subject
to DNA extraction for determination of
CTLA-4 (+49) and (-318) polymorphisms as
described below.

Cord blood total IgE levels were determined
by a low range IgE detection system (Pharmacia
& Upjohn Diagnostics AB, Uppsala, Sweden)
(18). The sensitive low range IgE detection
system is used to detect cord blood total IgE
levels. Elevation of CB IgE levels was defined by
>0.5 kU/I as previously described (19).

CTLA-4 polymorphism and cord blood IgE levels

DNA extraction and RFLP protocol

Blood cells were subjected to DNA extraction
with 0.5% SDS lysing buffer followed by prote-
inase K (1 mg/ml) digestion of nuclear protein
for 4 h at 60°C (20). Total DNA was harvested
by standard phenol—chloroform extraction fol-
lowed by 70% alcohol precipitation. As modified
from our previous report (20), we amplified the
PCR reactions of the CTLA-4 (+49) AG poly-
morphism, using forward primer GCT CTA
CTT CCT GAA GAC CT and reverse primer
CAA GCC AGA TTG AGT TTT AC for
40 cycles. The PCR products were incubated
with the Bbvl restriction enzyme (New England
Biolabs, Boston, MA, USA) at 37°C for 6 h
before being subjected to a 2% agarose gel electro-
phoresis with ethidium bromide staining (Sigma,
Inc., St Louis, MO, USA). The bands of AG geno-
types showed 1/3 possible results. There may
have been a non-digested higher molecular
weight single band, or two heterozygous bands
representing digestion of target sequence of
enzyme in one allele only, or a complete digestion
with a low molecular weight single band. These
represent the genotypes AA, AG and GG,
respectively.

Similarly, the CTLA-4 promoter (—318) CT
polymorphism was also studied by restriction
fragment length polymorphism (RFLP). We
amplified the PCR reactions with forward primer
ATT TAG GAG GAC CCT TGT AC and
reverse primer TTA CGA GAA AGG AAG
CCG TG in a total 40 cycles of amplification.
The PCR products were incubated with the Msel
restriction enzyme (New England Biolabs,
Boston, MA, USA) at 37°C for 6 h before being
subjected to a 2% agarose gel electrophoresis
with ethidium bromide staining. Again, there
were three possible band results. CC genotype
samples showed up as a higher non-digested
single band, CT genotype samples revealed
digestion of target sequence of enzyme in one
allele only and showed as two heterozygous
bands, and TT samples were completely digested,
appearing as a low molecular weight single band.

Statistics

Elevation of cord blood total IgE levels was cut
off at >0.5 kU/l as previously described (19).
Differences of the rates of elevated CB IgE in
subjects with different genotypes or alleles were
analyzed by Chi-square or Fisher’s exact test
depending on the expected sample sizes of each
subcategories. The power estimation was origin-
ally set at 0.9, based on a two group y” test with a
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one-side significance level at o = 0.05 and the
effective size at 10% difference of the elevated CB
IgE levels (=0.5 kU/l) between two groups. The
estimated sample size was 600 and we finally
included 644 samples. p-value <0.05 was
regarded as statistical significance. SPSS (version
10.0, Chicago, IL, USA) was our statistical
analysis software.

Results

Gestational age and maternal smoking are two
important factors other than genetic inheritance
that can significantly influence the CB IgE levels.
We first sought to make sure the gestational
age, family allergy history and rate of parental
smoking among subjects with different genotypes
were not different. As shown in Table 1, gesta-
tional age and family allergy history were not
significant difference among subjects with differ-
ent CTLA-4 (+49) AG genotypes or (—318) CT
genotypes. The proportion of smoking mothers
and fathers was also not significantly different
among subjects with different CTLA-4 (+49)
AG genotypes or (—318) CT genotypes (Table 1).
There were very few mothers having smoking
habit in this Chinese population although pre-
valence of paternal smoking was similar to the
studies with Caucasians (21-23).

There were 32.9% newborns revealing detec-
table CB IgE (=0.35 kU/l). 24.2% of the new-
borns had elevated CB IgE at >0.5 kU/l. Male
newborns had higher rate of the elevated CB
IgE >0.5 kU/l than female newborns (25.6 vs.
22.7%), but there was no significant difference
between males and females (p = 0.393).

Analysis of the association of elevated CB IgE
with different CTLA-4 (+49) and (-318) poly-
morphisms showed that the (+49) AG but not

Table 1. Demographic data in participants with different cytotoxic T-lympho-
cyte antigen-4 (CTLA-4) polymorphisms

Polymorphisms Family Hx + Parental smoking Preterm
+49 genotypes
AA 50/69 (72.5%) 15/70 (21.4%) 1/70 (1.4%)
AG 214/301 (71.1%) 69/302 (22.8%) 12/301 (4.0%)
GG 194/270 (71.9%) 58/272 (21.3%) 13/271 (4.8%)
p-values 0.965* 0.900* 0.443+
—318 genotypes
cc 359/500 (71.8%) 106/504 (21.0%) 20/502 (4.0%)
CT 96/135 (71.1%) 35/135 (25.9%) 6/135 (4.4%)
T 3/5 (60%) 1/5 (20.0%) 0/5 (0.0%)
p-values 0.837+ 0.473+ 0.873+

(=318) CT polymorphism was significantly asso-
ciated with elevation of CB IgE levels (Table 2).
Further analysis showed that the genotypes with
(+49) AG or AA had higher rate of elevated CB
IgE levels indicating the association of CTLA-4
(+49) A allele with elevation of CB IgE levels.
As different genetic polymorphisms may have
different impacts on the IgE production in males
and females. We have further analyzed the
associations of CTLA-4 polymorphisms with
CB IgE levels in males and females. Interestingly,
we found that the association of CTLA-4 (+49)
A allele with elevated CB IgE was only signifi-
cantly found in female but not male newborns
(Table 3). The CTLA-4 (+49) GG genotype in
females appeared to have a protective effect on
limiting the elevation of CB IgE levels. The
CTLA-4 (-318) polymorphism had no significant
effect on elevation of CB IgE levels in males or
females.

Studies were also pursued to study effects of the
linkage disequilibrium between (+49) AG and
(=318) CT on CB IgE levels. According to
Mendelian law, inheritance of two alleles in one
chromosome should follow the frequency of 1/2 x
1/2 = 0.25. In our series, the frequency of CTLA-
4 (+49) G allele and (—=318) C allele was 574/
644 = 0.89. Apparently, a linkage disequilibrium
between (+49) G and (-318) C alleles (expected
0.25 vs. observed 0.89; p < 0.001) was found in
the Chinese population. Certain combined geno-
types such as (+49) GG and (-318) CT as well as
(+49) GG and (-318) TT never appeared in the

Table 2. Association of cytotoxic T-lymphocyte antigen-4 (CTAL-4) (+49), but
not (—318), polymorphism with elevated cord blood IgE levels (kU/I)

Polymorphisms IgE < 0.5 Igf > 0.5

+49 genotypes
AA 56 (80.0%) 14 (20.0%)
AG 211 (69.9%) 91 (30.1%)
GG 221 (81.3%) 51 (18.8%)
p-values 0.004*

+49 A allele
AA or AG 267 (71.8%) 105 (28.2%)
GG 221 (81.3%) 51 (18.8%)
p-values 0.006*

—318 genotypes
cC 378 (75.0%) 126 (25.0%)
CT 106 (78.5%) 29 (21.5%)
T 4 (80.0%) 1(20.0%)
p-values 0.681+

—318 T allele
CTor 1T 110 (78.6%) 30 (21.4%)
cC 378 (75.0%) 126 (25.0%)
p-values 0.383*

p-values were analyzed by Chi-square test (*) or Fisher's exact test (+)
depending on whether the expected sample sizes of each subcategories were
greater than 5 or not.
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Table 3. Gender discrepancy of the association of cytotoxic T-lymphocyte
antigen-4 (CTAL-4) (+49) polymorphisms with elevated cord blood IgE level
(ku/1)

Female subjects Male subjects

Polymorphisms IgE < 0.5 g > 05 IgE < 0.5 IgE > 05

+49 genotypes
AA 27 (81.8%) 6 (18.2%) 29 (78.4%) 8 (21.6%)
AG 97 (70.3%) 41 (29.7%) 114 (69.5%) 50 (30.5%)
GG 114 (85.7%) 19 (14.3%) 107 (77.0%) 32 (23.0%)
p-values 0.008* 0.265*

+49 A allele
AA or AG 124 (725%) 47 (27.5%) 143 (71.1%) 58 (28.9%)
GG 114 (85.7%) 19 (14.3%) 107 (77.0%) 32 (23.0%)
p-values 0.006* 0.231*

—318 genotypes
cC 192 (78.4%) 53 (21.6%) 186 (71.8%) 73 (28.2%)
CT 43 (782%) 12 (21.8%) 63 (78.8%) 17 (21.3%)
T 3 (75%) 1 (25%) 1 (100%) 0 (0%)
p-values 0.987+ 0.392+

—318 T allele
TTor CT 46 (78.0%) 13 (22.0%) 64 (79.0%) 17 (21.0%)
cC 192 (78.4%) 53 (21.6%) 186 (71.8%) 73 (28.2%)
p-values 0.946* 0.200*

p-values were analyzed by Chi-square test (*) or Fisher's exact test (+) depend-
ing on whether the expected sample sizes of each subcategories were greater
than 5 or not.

40,

30+

20+

10+

Percentage of elevated CB IgE

_

AACC AGCC GGCC GGCT GGTT
Case no. 33 199 272 0 0

Fig. 1. Association of different combined cytotoxic T-lym-
phocyte antigen-4 (+49) and (—318) genotypes with the rate
of elevated cord blood IgE (CB IgE) level. There is a signi-
ficant difference (p = 0.002) of the elevation of CB IgE
among different genotypes. The genotypes: (+49) GG/
(=318) CT and (+49) GG/(-318) TT never appeared in the
studied population, whereas subjects with (+49) GG/(-318)
CC genotypes tended to have a lower rate of elevated CB IgE.

Chinese population studied. More interestingly, it
was found that the combined (+49) GG and
(—318) CC genotypes appeared to be protective
from elevation of CB IgE (Fig. 1). The rates
of elevated CB IgE were not different among

CTLA-4 polymorphism and cord blood IgE levels

Table 4. The relationship of the parental cytotoxic T-lymphocyte antigen-4
(CTLA-4) (+49) genotypes to elevated cord blood IgE levels (kU/I)

CB IgE (kU/1)

CTLA4 +49 genotypes IlgE < 0.5 Igf > 0.5

Genotypes of fathers
GG 187 (76.3%) 58 (23.7%)
AA or AG 284 (75.9%) 90 (24.1%)
p-values 0.911*

Genotypes of mothers
GG 199 (76.5%) 61 (23.5%)
AA or AG 269 (75.6%) 87 (24.4%)
p-values 0.779*

Genotypes of both parents
GG 81 (81.8%) 18 (18.2%)
AA or AG 188 (70.9%) 77 (29.1%)
p-values 0.036*

p-values were analyzed by Chi-square test (*) or Fisher's exact test (+) depend-
ing on whether the expected sample sizes of each subcategories were greater
than 5 or not.

Table 5. The relationship of the elevation of cord blood IgE levels (kU/I) to the
cytotoxic T-lymphocyte antigen-4 (CTLA-4) (+49) polymorphism of newborns
from parents with and without smoking

Non-smoking parents
(Ige > 0.5)

Smoking parents

+49 genotypes (IgE > 0.5) p-values

AA (n = 70) 9/55 (16.4%) 5/15 (33.3%) 0.1617
AG (n = 302) 70/233 (30.0%) 21/69 (30.4%) 0.950*
GG (n = 272) 41/214 (19.2%) 10/58 (17.2%) 0.740*

One hundred and forty-two of the 644 infants studied had smoking parents.
They were almost all paternal smoking (139), but few cases with maternal

smoking (3). p-values were analyzed by Chi-square test (*) or Fisher's exact
test () depending on whether the expected sample sizes of each subcate-

gories were greater than 5 or not.

newborns from mothers or fathers with different
CTLA-4 (+49) genotypes (Table 4). We did,
however, found that babies from both parents
with CTLA-4 (+49) GG genotype did have a
lower frequency of elevated CB IgE than infants
from parents with CTLA-4 (+49) A allele (AA or
AG genotypes) (Table 4). This has further sup-
ported that CTLA-4 (+49) GG can limit the fetal
IgE production. Further analysis showed that the
frequency of elevated CB IgE was not different in
newborns with different CTLA-4 genotypes from
parents with and without smoking although
newborns with (+49) AA genotype from non-
smoking parents tended to have a lower rate of
elevated CB IgE (Table 5).

Discussion

Serum total IgE levels have been associated with
asthma, and related to airway hyperresponsive-
ness (10, 11). Recently, many genes have been
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linked to regulation of IgE production (24, 25).
There are at least 23 loci reported to be respon-
sible for IgE production or allergic disorders.
These genetic association studies however have
raised controversial results (6-9). For instance,
some studies showed that the CTLA-4 locus was
not associated with asthma in Japanese and
Germans (14, 26). However, Howard et al. (27)
have shown that the (+49) AG polymorphism
was linked to elevated IgE levels in Dutch,
White, Africa-American and Hispanic popula-
tions. The reasons for these discrepant results are
not well known. Different ethnic populations in
different studies may partly explain the variabil-
ity. Another reason is that IgE production is
regulated by not only genes but also environ-
mental factors. In a previous study, we demon-
strated that maternal but not paternal atopy
history was correlated to frequency of elevated
CB IgE level (p = 0.001) (28). Using the CB IgE
model that reveals a heritability more than 90%
(12), we found that an association of the (+49) A
allele with elevated CB IgE levels was signifi-
cantly found in females. The higher rate of
elevated CB IgE was also found in the males with
(+49) A allele although it did not reach a
significant level. The mechanism for the gender-
linked genetic relationship with CB IgE levels
deserves further studies.

There were few reports describing functional
implications of CTLA-4 (+49) A/G polymor-
phisms. It was shown that CTLA-4 (+49) GG
genotype had a lower inhibitory function of
CTLA-4 (29). Maurer et al. (30) demonstrated
that subjects with G allele had a lower CTLA-4
expression in T-cell activation. We found that
CTLA-4 (+49) GG genotype in females
appeared to have a protective effect on limiting
the elevation of CB IgE levels. The underlying
reason for the association of CTLA-4 genotypes
with elevated CB IgE is not known. A linkage
disequilibrium between (+49) G and (-318) C
allele was found in the study, and this linkage
disequilibrium appeared to limit the elevation
of CB IgE. This suggests that an actual
susceptibility or regulation locus for IgE pro-
duction may be located in the nearby of the
CTLA-4 gene. A previous study showed that
patients with CTLA-4 G allele tended to have
higher autoantibody levels (16). Autoantibodies
usually belong to IgM or IgG isotype antibody
(31). In this study, we found that babies with
CTLA-4 (+49) GG genotype had low IgE
levels. Taken together, this suggests that differ-
ent genotypes of CTLA-4 may be involved in
the T-dependent B cell switch of isotype anti-
body production.
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Although a gender-association has long been
recognized in certain autoimmune diseases such
as Graves’ disease and systemic lupus erythema-
tosus (SLE), no genetic basis for this gender
discrepancy has been demonstrated. Similarly, it
has not been described whether any genetic
polymorphism is involved in the gender discre-
pancy of total IgE levels and atopic diseases.
Certain autoimmune diseases had previously
been linked with the CTLA-4 polymorphism at
position 49 (codon 17) of exon 1 (32-36). The
GG genotype at this position has been associated
with higher frequency of insulin-dependent dia-
betes mellitus (IDDM), Graves’ disease, thyroid
associated orbitopathy (TAO) and primary
biliary cirrhosis (32-35). In contrast, the AA
genotype at this position has been associated
with susceptibility to celiac disease (36). It is
interesting that Asians, who have higher fre-
quency of GG genotype (14, 37, 38), have higher
incidence of SLE and type 1 diabetes (37, 38). In
contrast, Caucasians, who possess higher fre-
quency of the AA genotype at this position
(32-35), have lower incidence of SLE (39) but
higher incidence of celiac disease (36). Thus, the
CTLA-4 gene polymorphism apparently acts an
important role on regulating certain inflamma-
tory disorders in different populations.

We are the first time in the literature to
demonstrate that the association of CTLA-4
(+49) A allele with elevation of CB IgE levels
was found significantly in females but not in
males. This suggests that the GG genotype in the
CTLA-4 position 49 may play an immune
braking effect to suppress certain allergic reac-
tions whereas the A allele may augment allergic
reaction in a gender limited fashion. Certain
polymorphic alleles in the CTLA-4 gene had
different linkage disequilibrium in different ethnic
populations (32, 40). Masterman et al. (41) have
shown that CTLA-4 exon 1, (+49) G allele
almost always occurs together on the same
chromosome with the promoter (—318) C allele.
They found that the presence of homozygosity
for a haplotype (+49) G and (-318) C allele
conferred to a more than twofold risk for primary
progressive multiple sclerosis. We also found a
linkage disequilibrium between (+49) G and
(=318) C allele, which may provide an inhibition
of the CB IgE production. The genotypes: (+49)
GG/(-318) CT and (+49) GG/(-318) TT never
appeared in the studied population, whereas
subjects with (+49) GG/(-318) CC genotypes
tended to have a lower rate of elevated CB IgE.

In conclusion, there is no doubt that CTLA-4
is an important gene to regulate CB IgE levels,
especially in females. Further studies are however



needed to explore which gene can regulate the
CB IgE production in males and which genes
directly affect fetal IgE production in both
females and males.
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