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Abstract

Childhood leukemia, particularly acute lymphoblastic
leukemia (ALL), has long been hypothesized to be
affected by abnormal immune responses to microbial
challenges stemming from a lack of immune modula-
tion in early childhood. Studies of allergies suggest that
a child's immune development may be modulated by
maternal immune status. We conducted a study to ex-
plore the relationship between maternal immunoglobu-
lin E (IgE) and childhood leukemia and to investigate
whether maternal immune status can influence child-
hood leukemia risk. Serum total and specific IgE (respi-
ratory and food) were measured in biological mothers
of 352 children (193 healthy controls and 159 leukemia
cases, including 139 ALL cases) ages <8 years who were
enrolled in the Northern California Childhood Leuke-

mia Study. Odds ratios associated with maternal IgE
were calculated using unconditional logistic regression
adjusted for child's age, sex, race/ethnicity, and annual
household income. A positive association between
childhood leukemia or ALL and elevated levels of
maternal serum total IgE was observed, especially
among Hispanics. In addition, a positive association
was observed between childhood leukemia or ALL
and maternal respiratory or food IgE status. These re-
sults suggest that maternal immune function may play
a crucial role in the etiology of childhood leukemia,
although additional studies need to be conducted to
confirm the results of this study and provide a perspec-
tive on mechanisms. (Cancer Epidemiol Biomarkers Prev
2009;18(8):2221–7)

Introduction

Childhood leukemia, particularly acute lymphoblastic
leukemia (ALL), has long been hypothesized to have an
infectious etiology. Both Kinlen's “population mixing”
(1) and Greaves' “delayed infection” (2) hypotheses pro-
pose that childhood leukemia may result from abnormal
responses to microbial challenges due to lack of immune
priming during early childhood, similar to the “hygiene
hypothesis” proposed by Strachan to explain the increas-
ing prevalence of allergies in the western population (3).
Allergy, mostly associated with an elevated level of serum
immunoglobulin E (IgE; atopic allergy), is caused by hy-
peractive immune responses to environmental antigenic
challenges. IgE is a key initiator of atopic allergy. When
the IgE antibodies bound to the high-affinity Fc receptors
on mast cells or basophils are cross-linked by antigens, a
cascade of events occurs resulting in the release of im-
mune mediators causing allergic symptoms (4).

Both allergy and childhood leukemia have been in-
versely associated with higher birth order (5-11) and early
daycare attendance (12-17), which is consistent with the
“hygiene hypothesis.” Most studies to date on childhood
leukemia have focused on postnatal immune challenges
using measures such as daycare attendance, birth order,
infectious events, and vaccination. However, recent stud-

ies of children with allergies showed that a child's
immune development begins in utero and may be modu-
lated by the mother's immune status (18-20). We con-
ducted a study on the association between maternal IgE
and childhood leukemia to investigate the influence of
maternal immune status on childhood leukemia risk.

Materials and Methods

Study Subjects. Subjects of this analysis were recruited
by the Northern California Childhood Leukemia Study
(NCCLS). The NCCLS is an ongoing case-control study
that started in 1995 and recruits subjects from 35 counties
in northern and central California. Case subjects newly di-
agnosed with leukemia are recruited from nine hospitals
usually within 72 h of diagnosis. Birth certificate informa-
tion obtained from California Office of Vital Records is
used to select one or two controls for each case, matching
on age, sex, Hispanic ethnicity, and maternal race. The
eligibility criteria for all subjects are (a) being a resident
of the study area, (b) being ages <15 years at case diagno-
sis (reference date for the matched controls), (c) having at
least one English- or Spanish-speaking parent or guard-
ian, and (d) having not been previously diagnosed with
cancer. For this study, biological mothers of 352 children
(193 healthy controls and 159 leukemia cases, including
139 ALL cases) ages <8 years who were enrolled in the
NCCLS between August 2000 and December 2007 were
asked to provide blood samples. The interval between
child's birth and maternal blood collection ranged from
8 months to 10.8 years with median of 5.1 years.

IgE Measurements. Serum total and specific IgE
(respiratory and food) were measured using Phadia
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ImmunoCAP assay (Phadia) in several steps: (a) incuba-
tion of 40 μL maternal serum on the mix of allergens or
anti-IgE antibodies bound to solid-phase ImmunoCAP;
(b) incubation with enzyme-labeled antibodies, where
antibodies against the heavy chains (constant regions) of
IgE were used for the total IgE test and antibodies against
the light chains (variable regions) of IgE were used for the
specific allergen tests; and (c) incubation with developer
and stop solutions. The respiratory IgE panel (Phadiotop)
included 15 allergens that identify 97% of atopic allergy to
respiratory allergens. The food panel tested six allergens
that included most food allergies (peanut, tree nut, shell-
fish, milk, egg, and codfish). For analysis purposes, those
with undetectable IgE levels were assigned values half-
way between zero and the detection limit (1 kU/L for
total IgE and 0.17 kU/L for respiratory or food IgE).
Total IgE was categorized into three groups: <25 kU/L =
normal, 25 to 100 kU/L = borderline, and >100 kU/L =
elevated (21). Respiratory and food IgE were categorized
into two groups: ≤0.35 kU/L = negative and >0.35 kU/L
= positive (22). These are the established cut points used
for clinical decision-making. For quality control, 21 sam-
ples were selected at random for duplicate measurements
and the results were 100% concordant with regards to the
clinical classifications. Spearman correlations for the dupli-
cate measurements were 0.999, 1.0, and 0.997 for total IgE,
respiratory IgE, and food IgE, respectively. In addition,
laboratory personnel were blinded to case-control status
of maternal specimens.

Statistical Analysis. Univariate analyses were done to
compare the distribution of child's sex, child's race/eth-
nicity, child's age at diagnosis/reference date, mother's
age at child's birth, annual household income, parental
smoking, and maternal serum IgE between cases and con-
trols using χ2 tests (for categorical variables) and t tests
(for continuous variables). Multivariable logistic regres-
sion adjusted for child's age, sex, race/ethnicity, and an-
nual household income was done to assess the association
between maternal IgE and childhood leukemia. Although
a positive association between cigarette smoking and se-
rum IgE has been documented (23), adjusting for smoking
variables had minimal effect (P values for coefficients of
these variables ranged from 0.30 to 0.61) on our results;
therefore, we excluded the smoking variables from statis-
tical models in the final analyses. The total IgE, respirato-
ry IgE, and food IgE variables were included in the
multivariable regression model as categorical variables
as described in the previous section. A test for trend
was done for total IgE by coding it as an ordinal variable:
0 = normal, 1 = borderline, and 2 = elevated. In addition,
total IgE was log10 transformed and analyzed in the mul-
tivariable regression models as a continuous variable.
Analyses were first done with all leukemia cases and all
controls and then again with only the ALL cases and all
controls. Sensitivity analyses were done to assess the ef-
fect of timing of maternal serum collection, comparing
the association between maternal IgE and childhood leu-
kemia among maternal serum samples collected closer to
the time of birth versus those collected farther from the
time of birth. This was done by first calculating the time
(in years) between maternal blood collection and child's
birth. A product term between maternal blood collection
time and maternal IgE variable was then included in the
statistical model to evaluate the influence of maternal

blood collection time on maternal IgE-childhood leuke-
mia association. The significance of the product term
was assessed using the log-likelihood ratio test comparing
the full model with the product term to the submodel
without the product term.

Additional analyses for ALL were done stratified on
race/ethnicity (Hispanic versus non-Hispanic White)
and sex. Differences in the association between maternal
serum IgE and childhood ALL by strata were assessed by
including a product term (maternal IgE × Hispanic status
or maternal IgE × sex) in the regression model, and the
test for interaction was done using the log-likelihood ratio
test comparing the full model with the product term to
the submodel without the product term.

Results

The distributions of child's sex, race/ethnicity, age,
mother's age, and parental smoking were similar between
cases and controls (Table 1). Controls had higher levels of
annual household income compared with cases. Serum
total IgE, respiratory IgE, and food IgE were all higher
among case mothers than among control mothers in the
univariate analyses.

In the multivariable analyses, the risk of childhood leu-
kemia increases with the level of maternal IgE (Table 2).
Children of mothers classified as having borderline and
elevated total IgE had a 1.3- and 1.8-fold increased risk
of leukemia, respectively (Ptrend = 0.04). Similarly, a posi-
tive dose-relationship was seen between childhood leuke-
mia and the log10-transformed maternal total IgE,
although this was not statistically significant. Children
whose mothers were positive for respiratory IgE or food
IgE had an elevated risk for childhood leukemia, al-
though the association was only statistically significant
(P = 0.03) for food IgE. When the multivariable analyses
were restricted to ALL cases and all controls, all of the
positive associations with maternal total, respiratory, or
food IgE became stronger and statistically significant
(P < 0.05).

Analyses stratified on race/ethnicity status (Hispanic
versus non-Hispanic White) showed that the positive as-
sociation between maternal total IgE and childhood ALL
is present only among Hispanics (Table 3). In contrast, the
positive association between maternal respiratory IgE or
food IgE and childhood ALL did not differ significantly
between Hispanics and non-Hispanic Whites.

Analyses stratified on sex did not show any statistically
significant difference in the positive association between
maternal total IgE, respiratory IgE, or food IgE and child-
hood ALL between males and females (Table 4).

Sensitivity analyses comparing the association between
maternal IgE and childhood leukemia among maternal
serum samples collected closer to the time of birth versus
those collected farther from time of birth did not indicate
any significant difference (P values = 0.66-0.92). In addi-
tion, there was no correlation between maternal blood
collection time and maternal total IgE (Pearson correla-
tion coefficient = -0.03; P = 0.62).

Discussion

The current analysis indicates that mothers of children
with childhood leukemia, particularly childhood ALL,
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had elevated levels of serum total IgE. This effect was
largely limited to Hispanics in our study. In addition, a
positive association was observed between childhood
leukemia or ALL with maternal respiratory or food IgE
status.

Maternal IgE has been strongly linked to cord blood,
infant, and child IgE levels and the development of child-
hood allergies (24-26). Given the preponderance of stud-
ies and prevailing wisdom that allergies are protective
against childhood leukemias, it is somewhat incongruous
that case mothers exhibited higher IgE levels than control
mothers in our study, as higher IgE levels in case mothers
should impart a higher risk for allergies in cases. The sig-
nificant results in our study are counter to what would be

hypothesized and should stimulate further studies of this
association to explore possible mechanistic explanations.
It is not known what maternal IgE levels represent be-
sides simply being markers of allergy in children.

First of all, IgE is only a predictor of atopic allergy and
an inadequate one at that (27, 28); in addition, IgE is not
involved with nonatopic allergies. It is possible that ma-
ternal IgE here is serving as a marker of maternal immune
status and in utero immune modulation affecting different
immune pathways irrespective of allergy. Support of ma-
ternal modulation of a child's immune development has
been observed in several biological studies. A study by
Amoudruz et al. suggests a decreased response to micro-
bial challenges in children whose mothers have allergies;

Table 1. Comparisons of demographic characteristics, parental smoking, and maternal IgE between cases (159
cases of all leukemia types and 139 cases of ALL) and 193 controls; the NCCLS, 2000-2007

Control (n = 193) All leukemia types (n = 159) ALL (n = 139)

n (%) n (%) P* n (%) P*

Child's sex
Male 117 (60.6) 95 (59.7) 0.87 82 (59.0) 0.77
Female 76 (39.4) 64 (40.3) 57 (41.0)

Child's race/ethnicity
Hispanic 90 (46.6) 76 (47.8) 0.60 65 (46.8) 0.46
Non-Hispanic White 68 (35.3) 49 (30.8) 42 (30.2)
Other 35 (18.1) 34 (21.4) 32 (23.0)

Child's age
Mean (SE) 3.87 (0.13) 3.82 (0.15) 0.83 3.93 (0.15) 0.77

Mother's age
Mean (SE) 30.46 (0.42) 29.38 (0.54) 0.11 29.25 (0.55) 0.07

Annual household income
<15,000 17 (8.8) 30 (18.9) 0.02 26 (18.7) 0.02
15,000-29,999 18 (9.3) 16 (10.1) 15 (10.8)
30,000-44,999 22 (11.4) 23 (14.5) 20 (14.4)
45,000-59,999 24 (12.4) 26 (16.3) 23 (16.6)
60,000-74,999 15 (7.8) 7 (4.4) 6 (4.3)
≥75,000 97 (50.3) 57 (35.8) 49 (35.2)

Parental smoking
Maternal, ever
No 140 (72.5) 125 (78.6) 0.19 109 (78.4) 0.22
Yes 53 (27.5) 34 (21.4) 30 (21.6)

Maternal, now
No 182 (94.3) 152 (95.6) 0.58 133 (95.7) 0.57
Yes 11 (5.7) 7 (4.4) 6 (4.3)

Maternal, postnatal
No 180 (93.3) 147 (92.5) 0.77 127 (91.4) 0.52
Yes 13 (6.7) 12 (7.5) 12 (8.6)

Paternal, ever
No 128 (66.3) 95 (60.1) 0.23 85 (61.6) 0.38
Yes 65 (33.7) 63 (39.9) 53 (38.4)

Paternal, now
No 168 (88.0) 133 (85.3) 0.46 120 (87.6) 0.92
Yes 23 (12.0) 23 (14.7) 17 (12.4)

Others, postnatal†
No 190 (98.4) 153 (96.8) 0.31 137 (98.6) 0.93
Yes 3 (1.6) 5 (3.2) 2 (1.4)

Maternal IgE
Total IgE‡

Normal 89 (46.1) 55 (34.6) 0.05 45 (32.3) 0.02
Borderline 69 (35.8) 62 (39.0) 54 (38.9)
Elevated 35 (18.1) 42 (26.4) 40 (28.8)

Log10 total IgE, mean (SE) 1.48 (0.05) 1.62 (0.05) 0.04 1.66 (0.06) 0.01
Respiratory IgE§

Negative 121 (62.7) 86 (54.1) 0.10 70 (50.4) 0.02
Positive 72 (37.3) 73 (45.9) 69 (49.6)

Food IgE§

Negative 188 (97.4) 146 (91.8) 0.02 126 (90.7) 0.007
Positive 5 (2.6) 13 (8.2) 13 (9.3)

*P values were calculated using χ2 tests (for categorical variables) and t tests (for continuous variables).
†The presence of smokers other than the mother in the household from child's birth until child's third birthday or the date of diagnosis (reference date for the
control).
‡<25 kU/L = normal; 25-100 kU/L = borderline; and >100 kU/L = elevated.
§≤0.35 kU/L = negative and >0.35 kU/L = positive.
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a lower expression of toll-like receptor-2 and -4 of the cord
blood mononuclear cells and a lower peptidoglycan-
stimulated response of interleukin-6 were observed in
children of mothers with allergy compared with those
of children whose mothers had no allergies (18). Schaub
et al. reported lower expression of Foxp3 and lower levels
of interleukin-10 and IFN-γ among children with atopic
mothers, suggesting impairment of T-regulatory cell
function among neonates with atopic mothers (19, 20).
T-regulatory cells keep immune function in check and
prevent damages due to hyperactive immune responses.
The reduced activity of T-regulatory cells may result in
overactive Th1 and Th2 function and may explain the
concurrent increase in the prevalence of both allergic
and autoimmune diseases in the developed countries
(29). Similarly, the influence of maternal immune status
on a child's immune development early in life may deter-
mine a child's immune response to microbial challenges,
which if abnormal, may lead to the development of child-
hood leukemia.

Because the heritability of total IgE levels was estimat-
ed by a twin study to be ∼65% (30), high maternal IgE
level may predict a child's tendency to have high serum

IgE. The positive association observed in our study be-
tween maternal IgE and childhood leukemia implies that
the same positive association may exist between child's
IgE and childhood leukemia. However, this is inconsistent
with the majority of the studies that have examined the
risk of childhood leukemia associated with childhood al-
lergies (7 of 7 interview-based studies and 1 of 2 medical
record–based studies, all case-control in design), which
showed an inverse association (31-39).

There may be several explanations for this discrepancy:
(a) Although maternal and children's IgE levels are relat-
ed, they are not 100% concordant because a mother and
her child share only 50% of the genetic material, and en-
vironmental factors can also strongly influence allergic
sensitization (40). (b) A substantial proportion of people
with allergies do not have elevated IgE levels (nonatopic
allergy; ref. 41); therefore, serum IgE and allergic symp-
toms, although related, are not the same. (c) Seven of
the 8 studies that reported a inverse association between
children's allergies and childhood leukemia were based
on self-reported histories of allergies lacking a rigorous
definition or diagnosis, and reporting errors/biases could
have been an issue. The only study that reported a

Table 2. Maternal IgE among 193 controls versus childhood leukemia (n = 159) or ALL (n = 139); the NCCLS,
2000-2007

Controls (n = 193) All leukemia types (n = 159) ALL (n = 139)

n (%) n (%) OR (95% CI)* P n (%) OR (95% CI)* P

Total IgE†

Normal 89 (46.1) 55 (34.6) Reference 45 (32.3) Reference
Borderline 69 (35.8) 62 (39.0) 1.33 (0.81-2.19) 0.27 54 (38.9) 1.42 (0.84-2.39) 0.19
Elevated 35 (18.1) 42 (26.4) 1.83 (1.02-3.28) 0.04 40 (28.8) 2.14 (1.17-3.94) 0.01
Trend 1.35 (1.01-1.80) 0.04 1.46 (1.08-1.97) 0.01

Log10 total IgE 1.37 (0.96-1.94) 0.08 1.50 (1.04-2.16) 0.03
Respiratory IgE‡

Negative 121 (62.7) 86 (54.1) Reference 70 (50.4) Reference
Positive 72 (37.3) 73 (45.9) 1.43 (0.92-2.21) 0.11 69 (49.6) 1.64 (1.04-2.58) 0.03

Food IgE‡

Negative 188 (97.4) 146 (91.8) Reference 126 (90.7) Reference
Positive 5 (2.6) 13 (8.2) 3.34 (1.15-9.76) 0.03 13 (9.3) 3.98 (1.35-11.71) 0.01

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.
*ORs were adjusted for child's age, sex, race/ethnicity, and annual household income using unconditional logistic regression.
†<25 kU/L = normal; 25-100 kU/L = borderline; and >100 kU/L = elevated.
‡≤0.35 kU/L = negative and >0.35 kU/L = positive.

Table 3. Maternal IgE and childhood ALL, Hispanic (65 cases and 90 controls) versus non-Hispanic White (42 cases
and 68 controls); the NCCLS, 2000-2007

Hispanic Non-Hispanic White Pinteraction

Cases/controls OR (95% CI)* P Cases/controls OR (95% CI)* P

Total IgE†

Normal 15/40 Reference 24/36 Reference 0.09
Borderline 25/33 1.67 (0.74-3.79) 0.22 14/22 0.91 (0.38-2.14) 0.82
Elevated 25/17 3.51 (1.44-8.54) 0.006 4/10 0.66 (0.18-2.39) 0.53
Trend 1.87 (1.20-2.92) 0.006 0.84 (0.48-1.48) 0.55 0.03

Log10 total IgE 1.87 (1.06-3.31) 0.03 0.92 (0.50-1.70) 0.79 0.09
Respiratory IgE‡

Negative 33/60 Reference 21/42 Reference 0.86
Positive 32/30 1.87 (0.95-3.69) 0.07 21/26 1.69 (0.76-3.74) 0.20

Food IgE‡

Negative 61/89 Reference 37/64 Reference 0.37
Positive 4/1 6.07 (0.65-56.67) 0.11 5/4 2.17 (0.53-8.87) 0.28

*ORs were adjusted for child's age, sex, and annual household income using unconditional logistic regression.
†<25 kU/L = normal; 25-100 kU/L = borderline; and >100 kU/L = elevated.
‡≤0.35 kU/L = negative and >0.35 kU/L = positive.
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positive association between childhood leukemia and al-
lergic conditions used medical record data (37), although
the opposite was reported by another medical record-
based study (39). (d) The inverse association between
allergy and childhood leukemia may be due to reverse
causality. There is evidence indicating that patients with
hematologic malignancies may have lower immunocom-
petence (42, 43), and it is possible that children in the pro-
cess of developing leukemia may have lower prevalence
of atopy due to immunedysfunction. (e) A final speculative
explanation to reconcile the historical leukemia epidemiol-
ogy andmaternal IgE data here is that children with leuke-
mia are nonatopic children of atopic mothers, and the
mismatch in allergic phenotype is diagnostic of an “at-risk”
aberrantly modulated immune system. A child who is
genetically and environmentally programmed to develop
allergy but does not develop allergy might also be unable
to react properly to nascent tumor cells, leading to in-
creased risk of leukemia. Testing of this hypothesis would
require detailed information and biological specimens col-
lected from parents and children before diagnosis, includ-
ing maternal blood samples collected during pregnancy.

We observed a difference in the association between
maternal serum total IgE and childhood ALL between
Hispanics and non-Hispanic Whites, with the association
being significant only among Hispanics. Whether this dif-
ference is due to genetic or environmental factors is not
clear and further investigation is required. A difference
in the association between immune factors and childhood
ALL by Hispanic ethnicity was previously reported by
our study (17). In that study, we observed an inverse as-
sociation between daycare attendance (used as a surro-
gate for potential of infection) and childhood ALL and
between ear infection during infancy and childhood com-
mon ALL among non-Hispanic White children but not
among Hispanic children (17). A study by Litonjua et al.
showed that, compared to White women, Hispanic wom-
en had higher serum total IgE and were more likely to be
sensitized to alloallergens, and the differences were ex-
plained more by race/ethnicity than socioeconomic status
measures (44). Similarly, in our study, Hispanic control
mothers had higher level of total IgE compared to Cauca-
sian control mothers (mean log10 total IgE for Hispanic
control mothers versus non-Hispanic White control
mothers = 1.6 versus 1.3; P = 0.002). It is possible that a

threshold effect may exist, which could explain at least
partially the lack of association between maternal total
IgE (as a proxy for maternal immune status) and child-
hood ALL among non-Hispanic Whites. Another study
reported that neonatal cord blood IgE, a predictor of ato-
py, is higher among Hispanics compared to non-Hispanic
Whites, independent of two other predictors of cord
blood IgE, maternal total IgE level and socioeconomic sta-
tus (24). This suggests that genetic differences may also
contribute to the disparate results observed between His-
panics and non-Hispanic Whites. In addition, there may
be differences in environmental exposures between His-
panics and non-Hispanic Whites that contribute to the
complex immune development process, which involves
an interplay between genetic traits and environmental
exposures.

The results of this study must be interpreted in the con-
text of several limitations. First, the number of mothers
tested positive for food IgE was small, which yielded less
stable results with wide confidence intervals, and not sta-
tistically significant (although positive associations were
still observed) in the stratified analyses by ethnicity and
gender. However, the positive association between mater-
nal food IgE and childhood leukemia was consistent with
the results for total and respiratory IgE.

Second, maternal blood was collected after child's leu-
kemia diagnosis (reference date for the controls) and not
during pregnancy such that the maternal IgE status mea-
sured may not represent the maternal IgE status during
pregnancy. It is assumed, however, that the relative IgE
level will remain the same during and after pregnancy,
that is, those mothers with higher levels of IgE are also
the ones with higher levels of IgE during pregnancy
(45). This assumption is supported by our sensitivity anal-
ysis, which showed that the association between maternal
IgE and childhood leukemia did not differ by the timing
of maternal serum collection after a child's birth.

Third, we did not collect self-reported allergy informa-
tion from mothers and were thus not able to identify
mothers with nonatopic allergies. It is possible that mater-
nal nonatopic allergies may have a similar influence on
childhood leukemia risk as maternal atopic allergies; how-
ever, if such were the case, not accounting for nonatopic al-
lergies as risk factorswould have biased our results toward
the null. Also, although we did not measure paternal IgE,

Table 4. Maternal IgE and childhood ALL, male (82 cases and 117 controls) versus female (57 cases and 76 controls);
the NCCLS, 2000-2007

Male Female Pinteraction

Cases/controls OR (95% CI)* P Cases/controls OR (95% CI)* P

Total IgE†

Normal 25/51 Reference 20/38 Reference 0.98
Borderline 35/45 1.45 (0.74-2.85) 0.28 19/24 1.32 (0.56-3.08) 0.52
Elevated 22/21 2.05 (0.92-4.56) 0.08 18/14 2.21 (0.85-5.75) 0.10
Trend 1.43 (0.97-2.13) 0.07 1.47 (0.92-2.36) 0.11 0.96

Log10 total IgE 1.53 (0.94-2.48) 0.09 1.46 (0.83-2.56) 0.19 0.78
Respiratory IgE‡

Negative 41/73 Reference 29/48 Reference
Positive 41/44 1.75 (0.97-3.14) 0.06 28/28 1.45 (0.70-3.03) 0.32 0.72

Food IgE‡

Negative 74/113 Reference 52/75 Reference
Positive 8/4 3.49 (0.99-12.35) 0.05 5/1 6.24 (0.65-59.64) 0.11 0.63

*ORs were adjusted for child's age, race/ethnicity, and annual household income using unconditional logistic regression.
†<25 kU/L = normal; 25-100 kU/L = borderline; and >100 kU/L = elevated.
‡≤0.35 kU/L = negative and >0.35 kU/L = positive.
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studies show that the atopic status of the children appeared
to correlate more with maternal atopy than with paternal
atopy (25, 46-48), suggesting thatmaternal factors aremore
important in modulating children's immune development.
Finally, we did not have sufficient data on allergy or atopy
of the case and control children. Despite these limitations,
this is the first study to assess the effect of maternal im-
mune factors on the development of childhood leukemia,
and the results are valuable in generating hypotheses as
well as emphasize the importance of the prenatal period
in studying the role of infection and immunity in the etiol-
ogy of childhood leukemia.

In summary, the current study showed that high mater-
nal IgE levels were positively associated with childhood
leukemia. These results suggest that maternal immune
function may play a crucial role in the etiology of child-
hood leukemia. To further test this hypothesis, we plan to
conduct several studies in the future. (a) We plan to study
germ-line polymorphisms in the immune function genes
of the mothers and their association to the childhood leu-
kemia risk. The maternal germ-line genetic variations are
not subject to recall error/bias and are present before the
child's diagnosis of leukemia and thus more interpretable
for the causal relationship. (b) We will perform maternal-
fetal analysis (49) using data of the immune function ge-
netic polymorphisms of both the mother and the child to
assess the independent contributions by the maternal im-
mune status and the child's own immune development to
childhood leukemia risk. (c) Cytokine profiles in the neo-
natal dried blood spots will be measured using a validat-
ed technique (50-52) and comparisons will be made
between childhood leukemia cases and healthy controls.
The cytokine profile at birth is influenced by multiple fac-
tors including a child's genetic makeup, maternal genetic
influences, and in utero exposures to various environmen-
tal factors, thus serving as a powerful indicator of a child's
baseline immune function at birth, which encompasses
in utero gene-environment interaction.

All of the above-mentioned studies may also offer ad-
ditional clues to explain the difference by Hispanic status
in the association between maternal total IgE and child-
hood ALL. In the future in California, it will be possible
to access maternal blood specimens for cases and controls
collected during pregnancy for α-fetoprotein screening.
This would represent an excellent source of prediagnostic
maternal specimens to explore some of the above ques-
tions. By extending the assessment of children's immune
development to include the pregnancy period, the role of
immune function in the development of childhood
leukemia can be more comprehensively assessed.
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