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SUMMARY

The effect of prenatal exposure to bisphenol A (BPA) on the immune system in mice was

investigated. Virgin female mice were fed varying doses of BPA, on a daily basis, over a period

of 18 days commencing on the day of pairing with stud males (day 0). On day 77, their male

offspring of 8 weeks were immunized with hen egg lysozyme (HEL). Three weeks later, anti-

HEL immunoglobulin G (IgG) in sera, and proliferative responses of spleen cells to the antigen,

were measured. Anti-HEL IgG2a and interferon-c (IFN-c), secreted from splenic lymphocytes,

were measured as indicators of T helper 1 (Th1) immune responses, while anti-HEL IgG1 and

interleukin-4 (IL-4) were measured as indicators of Th2 responses. The results showed that fetal

exposure to BPA was followed by significant increases in anti-HEL IgG as well as antigen-

specific cell proliferation. Both Th1 responses (including anti-HEL IgG2a and IFN-c produc-

tion) and Th2 responses (including anti-HEL IgG1 and IL-4 production) were augmented by

prenatal exposure to BPA, although the augmentation of Th1 responses appeared to be greater

than that of Th2 responses. Two-colour flow cytometric analysis showed that mice exposed

prenatally to BPA had 29% and 100% more splenic CD3+ CD4+ and CD3+ CD8+ cells,

respectively, than control animals. Similar results were obtained from females whose mothers

had consumed BPA during pregnancy. These results suggest that prenatal exposure to BPA

may result in the up-regulation of immune responses, especially Th1 responses, in adulthood.
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INTRODUCTION

Bisphenol A (BPA) is used in the manufacture of adhesives,
building materials, optical lenses and plastic dental seal-
ants. BPA is moderately soluble (120–300 mg ⁄ l at pH 7Æ0)

and has been detected in food and water consumed by
humans as well as animals.1 Gould et al.2 demonstrated

that BPA was potent in activating the oestrogen receptor
alpha, but 26-fold less so compared to oestrogen, suggest-
ing that BPA is not only an oestrogen mimic but also may
exhibit a mechanism of action similar to that of the sex

hormone at the receptor. Therefore, considerable attention
has focused on this environmental oestrogen-like chemical,
which may affect reproductive organs. In fact, it was
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recently demonstrated that prenatal exposure of male mice
to BPA significantly increased the size of the prostate3 and
decreased sperm production.4

Oestrogen also plays a role in the immune system. For

instance, previous studies have shown that oestrogen has
stimulatory effects on humoral immune responses, but
suppressive effects on cellular responses.5–8 More recent

studies demonstrate that oestrogen increases the secretion of
interferon-c (IFN-c) from splenic lymphocytes, which play a
major role in regulating the function of all key immune

cells.9,10 Therefore, it is of interest to determine whether
BPA influences the immune system in a manner similar to
oestrogen, although there is a report demonstrating that,

in vitro, BPA decreases the substrate adherence capacity of
antigen-presenting cells, including macrophages.11 BPA also
increases the non-specific proliferation of spleen cells to the
mitogen, concanavalin A, in vitro.12 However, few studies

have shown a role for BPA in immune homeostasis in vivo.
Therefore, we investigated the effect of exposure to BPA on
antigen-specific antibody production and proliferative

responses of lymphoid cells in mice. We also examined
whether exposure to BPA modulated T helper 1 (Th1)
immune responses, which play a role in cellular res-

ponses,13,14 as well as T helper 2 (Th2) immune responses,
which are involved in humoral responses.15,16

In the present study we show that mice exposed to BPA
during fetal life had greater antigen-specific IgG antibody

production and proliferation of splenic lymphocytes in
adulthood. Fetal exposure to BPA was also followed by
augmentation of Th1 and, to a lesser extent, Th2 immune

responses.

MATERIALS AND METHODS

Animals
Male and female DBA ⁄1 J mice, 8 weeks of age, were used
in all experiments. The animals were bred in the animal-

breeding unit of Saga Medical School (Saga, Japan). They
were maintained in a temperature- and light-controlled
environment with free access to standard rodent chow and
water.

Treatment with BPA

Varying doses, of 3, 30, 300 or 3000 lg ⁄kg BPA (Sigma
Chemical Co., St Louis, MO), were dissolved in ethanol
and then in corn oil (Sigma). The final concentration of
ethanol in corn oil was 0Æ5%. A 0Æ5-ml sample of BPA-

containing corn oil was fed to virgin female mice, daily, for
17 days commencing on the day of pairing with stud males
(day 0). As a control, 0Æ5 ml of corn oil containing 0Æ5%

ethanol alone was given. Mating was permitted over a
period of 24 hr and then females were separated from the
males. Females usually delivered their litters on day 19 or

day 20. Experiments were performed in accordance with
the ethical guideline of Kobe Pharmaceutical University.

Immunization with hen egg lysozyme (HEL)
On day 77, at 8 weeks of age, randomly selected five male
or female offspring were immunized intraperitoneally (i.p.)

with 100 lg of HEL (Sigma) dissolved in 100 ll of 0Æ9%
NaCl.

Measurement of HEL-specific antibodies
Blood was collected on day 98, and sera were heat-inacti-
vated at 56� for 30 min. Serum levels of immunoglobulin G

(IgG), IgG1 and IgG2a, specific for HEL, were determined
using an enzyme-linked immunosorbent assay (ELISA).17 In
brief, 96-well flat-bottomed microtitre plates were incubated
with 100 ll ⁄well of HEL (100 lg ⁄ml) at 37� for 1 hr and

washed three times with phosphate-buffered saline (PBS).
The wells were then blocked by incubation with 100 ll of PBS
containing 1% ovalbumin (OVA; Sigma) at 37� for 1 hr.

After washing, the plates were incubated with 100 ll of
serially diluted serum samples. After 30 min at 37�, the plates
were washed, and 100 ll ⁄well of a 1 : 1000 dilution of rat

anti-mouse IgG, IgG1 or IgG2a labelled with alkaline
phosphatase (PharMingen, San Diego, CA) was added and
incubated at 37� for 1 hr. After washing, 100 ll of 3 mm

p-nitrophenylphosphate (Bio-Rad Laboratories, Hercules,
CA) was added to each well, and the plates were incubated in
the dark at room temperature for 15 min. Absorbance was
then measured at 405 nm in a Titertec Multiscan spectro-

photometer (EFLAB, Helsinki, Finland). A standard curve
was run using hyperimmune anti-HEL, which was diluted
from 1 : 50 down to extinction and was assigned an arbitrary

value of 100 units. Test sera were then assayed at a 1 : 400
dilution and the number of arbitrary units of antibody they
contained, relative to the standard, was calculated. The

results were expressed as ELISA units at an absorbance (A) of
405 nm ± standard error of the mean (SEM).

Proliferation assay
Spleens were removed on day 98 and cell suspensions pre-
pared.18 Erythrocytes in the cells were lysed with Tris–

NH4Cl. A total of 5 · 106 cells ⁄ml in 100 ll of RPMI-1640
(Flow Laboratories, Inc., McLean, VA), containing 1 mm

glutamine, 100 U ⁄ml penicillin, 100 lg ⁄ml streptomycin,

5 · 10)5
m 2-mercaptoethanol and 1% heat-inactivated

autologous mouse serum, were added to each microwell
followed by the addition of 100 lg ⁄ml HEL. The cells were
cultured for 72 hr. Each well was pulsed with 0Æ5 lCi

[3H]thymidine, and the cells were cultured for a further
16 hr. The cultures were harvested onto fibreglass filters
using a multiharvester and counted using standard liquid

scintillation techniques.

Cytokine measurement

Spleen cell suspensions were prepared as described above.
One millilitre of the above medium, containing a total of
5 · 106 cells, was cultured in 24-well tissue culture plates

with 100 lg ⁄ml HEL. Forty-eight hours later, supernatants
were harvested and stored at )70� until assayed. Secretion
of IFN-c and interleukin-4 (IL-4) was quantified using

sandwich ELISA techniques.19 In some experiments, spleen
cells were cultured with 100 lg ⁄ml OVA in order to
examine the antigenic specificity of the effect of BPA on

production of the cytokines. The ELISA kits for these cyto-
kines were obtained from Funakoshi Co. (Tokyo, Japan).
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Flow cytometric analysis
Six male or female mice were killed on day 77 and their
spleens were removed. Splenic lymphocytes were incubated
for 30 min at 4� with biotinylated rat anti-mouse CD4

monoclonal antibody (mAb) (GK1.5),20 anti-mouse CD8a-
RED613� (clone no. 53–6.7; Life Technologies, Gaithers-
burg, MD) and hamster anti-mouse CD3 mAb (145–

2C11).21 Cells were washed three times with staining buffer
(1% fetal calf serum and 0Æ1% NaN3 in PBS). Then,
phycoerythrin (PE)-conjugated streptavidin (Vector

Laboratories, Burlingame, CA) and fluorescein isothiocy-
anate (FITC)-conjugated goat F(ab¢)2 anti-hamster IgG
(H+L) (Caltag Laboratories, Burlingame, CA) were added

and incubated for 30 min at 4�. A total of 1· 105

lymphocytes were analysed on a FACScan flow cytometer
(Becton Dickinson, Mountain View, CA) using cellquest

software (Becton Dickinson). Dead cells were gated out

from the analysis using forward- and side scatter.

Histology
The thymus and spleen were removed on day 77 (as des-
cribed above) and fixed in 4% formalin, followed by
embedding in paraffin. The organs were then sectioned at

4 lm and stained with haematoxylin and eosin.

Statistics
To analyse data statistically, the Mann–Whitney U-test was
used as a non-parametric statistical method because sample
sizes in our experiments were small; therefore, the nor-

mality obtained was poor.

RESULTS

Effects of exposure to BPA on pregnancy, gender ratios

and body weights

Female mice were administered, per os (p.o.), 3, 30, 300 or
3000 lg ⁄kg BPA, daily, for 18 days, commencing on the

day of pairing with males (day 0). The number of pregnant
mice was counted on day 18, and the gender ratio of litters
was examined on day 49. At the end of the experiments
(day 98), body weights were measured. The results are

shown in Table 1. There were no significant differences in
pregnancy rates, gender ratios, or body weights between
controls or BPA-treated mice.

Production of anti-HEL IgG in mice exposed to

BPA during fetal life

To investigate the effect of fetal exposure to BPA on
antigen-specific IgG production, on day 77 male litters
(at the age of 8 weeks) were immunized with HEL and,

3 weeks later, anti-HEL IgG were measured in sera. The
results showed that production of anti-HEL IgG was
increased, in a dose-related manner, in mice fetally ex-
posed to BPA (Fig. 1). The level of antigen-specific

antibodies in the group exposed to 3000 lg ⁄kg BPA was
up to 72% higher than found in controls. Similarly to
that observed in males, female offspring also had a higher

production of anti-HEL IgG at higher levels of BPA
(data not shown).

Proliferative responses of spleen cells to HEL in mice

exposed to BPA during fetal life

Proliferative responses of spleen cells to HEL were deter-
mined in male mice exposed to BPA during fetal life. As

shown in Fig. 2, significantly enhanced proliferation (65%)
of splenic lymphocytes was observed in the animals exposed
to 3000 lg ⁄kg BPA compared to controls. Female offspring

also showed a similar pattern of cell proliferation (data not
shown).

Production of anti-HEL IgG2a and IgG1 in mice

exposed to BPA during fetal life

Figure 3 shows the results of the effect of prenatal exposure
to BPA on anti-HEL IgG2a and IgG1 production in males

that are T helper 1 (Th1) and T helper 2 (Th2) cell-
dependent, respectively.22,23 Treatment with 30 lg ⁄kg BPA

Table 1. Effects of bisphenol A (BPA) on pregnancy, gender ratios

and body weights in mice

BPA (lg ⁄kg)

No. of

pregnant

mice*

No. of

newborn

mice�
Body weight

(g)�

0 8 ⁄12 23 ⁄22 23Æ2 ± 0Æ37

3 9 ⁄12 25 ⁄20 22Æ8 ± 0Æ29

30 7 ⁄12 18 ⁄15 23Æ0 ± 0Æ31

300 7 ⁄12 20 ⁄18 22Æ9 ± 0Æ33

3000 8 ⁄12 19 ⁄21 23Æ5 ± 0Æ40

Female mice were administered the indicated doses of BPA, orally, on a

daily basis over a period of 18 days, commencing on the day of pairing with

males (day 0). The number of pregnant mice and gender ratios of newborn

mice were examined on days 18 and 49, respectively. Body weights were

measured on day 98, at the end of the experiment.

*No. of pregnant mice ⁄no. of total female mice mated.

�Male ⁄ female.

�Results are expressed as mean ± standard error of the mean (SEM) of

five male littermates selected randomly.
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Figure 1. Effect of fetal exposure to bisphenol A (BPA) on pro-

duction of anti-hen egg lysozyme (HEL) immunoglobulin G (IgG).

Female mice were administered per os (p.o.) the indicated doses of

BPA, daily over a period of 18 days, commencing on the day of

pairing with males (day 0). On day 77, male littermates of 8 weeks

were immunized with HEL and, 3 weeks later, anti-HEL IgG in

sera was measured as described in Materials and methods. Values

represent the mean ± standard error of the mean (SEM) of five

mice. ELISA, enzyme-linked immunosorbent assay. *P< 0Æ05

versus control (0 lg ⁄kg BPA).
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was followed by a significant increase in anti-HEL IgG2a.
The increase in this antibody isotype was further acceler-
ated, up to 134%, by higher doses of BPA. The production
of anti-HEL IgG1 was also significantly augmented by

BPA, but only by the highest dose (3000 lg ⁄kg) (51%
increment). Similar increases in anti-HEL IgG2a and IgG1
were observed in female offspring (data not shown).

Secretion of IFN-c and IL-4 in mice exposed

to BPA during fetal life

To investigate the effect of prenatal treatment with BPA on
the secretion of Th1 and Th2 cytokines,24,25 the levels of

IFN-c (Th1 cytokine) and IL-4 (Th2 cytokine), secreted
from spleen cells, were measured in male offspring (Fig. 4).
Exposure to BPA was followed by a dose-related increase in
IFN-c. Compared with control mice, IFN-c secretion in

mice exposed to 3000 lg ⁄kg BPA was increased by » 200%.
Significant augmentation (up to 62%) of IL-4 was also
seen in mice prenatally treated with 300 or 3000 lg ⁄kg of

BPA. Augmented secretion of IFN-c and IL-4 was
observed when spleen cells were cultured with HEL, but not
with the irrelevant antigen, OVA (Table 2), suggesting

that the augmenting effect of BPA on Th1 and Th2 cyto-
kine secretion was antigen-specific. Similarly to males,
females also showed a higher secretion of the Th1 and Th2

cytokines following exposure to BPA (data not shown).
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Figure 2. Effect of fetal exposure to bisphenol A (BPA) on prolif-

erative responses of spleen cells to hen egg lysozyme (HEL).

Female mice were administered per os (p.o.) the indicated doses of

BPA, daily over a period of 18 days, commencing on the day of

pairing with males (day 0). On day 77, male littermates of 8 weeks

were immunized with HEL and, 3 weeks later, proliferative

responses of spleen cells to HEL were measured as described in the

Materials and methods. Values represent the mean ± standard

error of the mean (SEM) of five mice. *P< 0Æ05 versus control

(0 lg ⁄kg BPA). c.p.m., counts per minute.
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Figure 3. Effect of fetal exposure to bisphenol A (BPA) on the

production of anti-hen egg lysozyme (HEL) immunoglobulin G 2a

(IgG2a) and immunoglobulin G1 (IgG1). Female mice were

administered per os (p.o.) the indicated doses of BPA, daily over a

period of 18 days, commencing on the day of pairing with males

(day 0). On day 77, male littermates of 8 weeks were immunized

with HEL and, 3 weeks later, anti-HEL IgG2a and IgG1 in sera

were measured as described in the Materials and methods. Values

represent the mean ± standard error of the mean (SEM) of five

mice. ELISA, enzyme-linked immunosorbent assay. *P< 0Æ05

versus control (0 lg ⁄kg BPA).
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Figure 4. Effect of fetal exposure to bisphenol A (BPA) on the

secretion of T helper 1 (Th1) and T helper 2 (Th2) cytokines.

Female mice were administered per os (p.o.) the indicated doses of

BPA, daily over a period of 18 days, commencing on the day of

pairing with males (day 0). On day 77, male littermates of 8 weeks

were immunized with HEL and, 3 weeks later, secretion of inter-

feron-c (IFN-c) and interleukin-4 (IL-4) by spleen cells was meas-

ured as described in the Materials and methods. Values represent

the mean ± standard error of the mean (SEM) of five mice.

*P< 0Æ05 versus control (0 lg ⁄kg BPA).

Table 2. Antigen-specific augmentation of interferon-c (IFN-c) and

interleukin-4 (IL-4) secretion by bisphenol A (BPA)

Antigen BPA (lg ⁄kg) IFN-c (pg ⁄ml) IL-4 (pg ⁄ml)

HEL 0 637 ± 46 262 ± 18

HEL 3000 2294 ± 182* 485 ± 32*

OVA 0 820 ± 57 326 ± 37

OVA 3000 762 ± 85 288 ± 32

Female mice were administered the indicated doses of BPA, orally, on a

daily basis over a period of 18 days, commencing on the day of pairing with

males (day 0). On day 77, male littermates of 8 weeks were immunized with

hen egg lysozyme (HEL) and, 3 weeks later, spleen cells were cultured with

either HEL or ovalbumin (OVA), as described in the Materials and methods.

Values represent the mean ± standard error of the mean (SEM) of five mice.

*P< 0Æ05 versus control (0 lg ⁄kg BPA).

� 2004 Blackwell Publishing Ltd, Immunology, 112, 489–495

492 S. Yoshino et al.



Expression of CD3, CD4 and CD8 molecules on splenic

lymphocytes from mice exposed to BPA during fetal life

The expression of CD3, CD4 and CD8, on the splenic

lymphocytes of male and female mice exposed prenatally to
BPA, was examined. As shown in Fig. 5, both genders had
increased numbers of CD3+ CD4+ and CD3+ CD8+ cells.

Males had 29 and 100% more CD3+ CD4+ and CD3+

CD8+ cells, respectively, while females had 19 and 94% more
CD3+ CD4+ and CD3+ CD8+ cells, respectively.

Histology

There were no significant differences, regarding histological
changes in the spleen and thymus, between the control

group and the group treated prenatally with BPA (data not
shown).

DISCUSSION

The present study demonstrates that exposure to the
endocrine disrupter, BPA, during fetal life may result in

augmentation of antigen-specific immune responses in
adulthood, as 8-week-old offspring of female mice fed BPA
during pregnancy, when subsequently immunized with
HEL showed an increased production of anti-HEL IgG as

well as proliferation of splenic cells to the antigen. There are
a number of studies showing that BPA is biologically act-
ive, for instance: treatment of adult rats with BPA sup-

presses P450-dependent monooxygenase activity in the liver
microsomes;26 BPA lowers serum levels of cholesterol and
stimulates proliferation of human breast cancer cells;27 and

exposure of male mouse fetuses to BPA increases the size of
the prostate3 and decreases sperm production.4 With
respect to the effect of BPA on the immune system, in vitro

studies demonstrate that BPA modulates the substrate

adherence capacity of antigen-presenting cells, including
macrophages,14 and increases the non-specific proliferation
of spleen cells to the mitogen, concanavalin A.12 However,
few studies show the in vivo effect of fetal exposure to BPA

on antigen-specific immune responses.
The exposure of pregnant mice to BPA was also related

to increases in both anti-HEL IgG2a and IgG1 in their

offspring, although the increase in anti-HEL IgG2a
appeared to be greater than that of anti-HEL IgG1 specific
for the antigen. As IgG2a and IgG1 production are

dependent on Th1 and Th2 cells,22,23 respectively, these
results suggest that exposure to BPA during fetal life faci-
litates Th1 and, to a lesser extent, Th2 responses in adult-

hood. This appears to be supported by the increased
secretion of both the Th1 cytokine, IFN-c,24 and the Th2
cytokine, IL-4,25 in mice exposed prenatally to BPA;
however, the increase in IFN-c was greater than that of

IL-4. To our knowledge, this is the first demonstration
showing that treatment of pregnant mice with BPA resulted
in increases in Th1 and, to a lesser extent, Th2 immune

responses in their offspring.
BPA is potent in activating the oestrogen receptor alpha

(ERalpha)2 through which oestrogen has immunomodula-

tory effects.5–8 It has also been shown that ERalpha is
expressed on splenic T cells in mice.28 Therefore, one may
conclude that BPA plays a direct role in the systemic
immune system in adult mice. However, this is unlikely

because, in our studies, BPA was fed to pregnant mice but
not to their adult offspring. The immune system in fetuses
exposed to BPA would not have been established when

BPA was fed to their mother during pregnancy. Therefore,
it appears to be reasonable to speculate that the augmen-
tation of immune responses by fetal exposure to BPA might

be a result of the effect of BPA on the development of the
immune system.

Our two-colour flow cytometric analysis showed that

fetal exposure to BPA was followed by an increase in
CD4+ T cells in the adult mouse spleen. This indicates that
at least one of the developing organs responsible for
immune responses in adulthood, and influenced perma-

nently by prenatal exposure to BPA, was the spleen. Holl-
aday et al.28 has demonstrated that fetal liver cells, enriched
for prelymphoid cells, contain potentially significant levels

of receptors for the synthetic oestrogen, diethylstilbesterol.
This suggests that BPA could also show oestrogenic activ-
ity, through the oestrogen receptor, in fetuses if they were

exposed to this oestrogen-like chemical. The increase in
number of CD4+ T cells also suggests that this subset of T
cells might have played, at least in part, a role in the aug-
mentation, by exposure to BPA, of antigen-specific immune

responses, including anti-HEL IgG, IgG2a and IgG1 pro-
duction associated with the enhanced secretion of IFN-c
and IL-4. Production of antibodies to soluble proteins, such

as HEL, is, in general, CD4+ T-cell dependent. Unex-
pectedly, our studies also showed that the offspring of mice
who were fed BPA during pregnancy had a greater number

of CD8+ T cells than control mice, and that the increase in
number of CD8+ T cells was greater than that observed for
CD4+ T cells. This suggests that CD8+ T cells in the
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Figure 5. Two-colour flow cytometric analysis of the expression of

CD3, CD4 and CD8 on splenic lymphocytes from mice exposed to

bisphenol A (BPA) during fetal life. Female mice were administered

per os (p.o.) the indicated doses of BPA, daily over a period of

18 days, commencing on the day of pairing with males (day 0). On

day 77, splenic lymphocytes from male (a, b, e, f) or female (c, d,

g, h) littermates of 8 weeks exposed to control (a, c, e, g) and BPA

(b, d, f, h) were stained with anti-mouse CD4, CD8, and CD3

monoclonal antibodies, as described in the Materials and methods.
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offspring play a role, in the augmentation by BPA, of
production of HEL-specific antibodies and the two cyto-
kines measured. In addition to CD4+ and CD8+ T cells,
other cell types, including monocytes, B cells and natural

killer (NK) cells, might also have played a role, in BPA-
exposed mice, in augmenting the immune responses, as
relative proportions (but not absolute numbers) of T-cell

subsets were determined in the present study.
Holladay et al.29 also previously demonstrated that

prenatal exposure to diethylstilbesterol resulted in the loss

of cortical thymic lymphocytes. In contrast, there were no
histological changes in the thymus or spleen of mice ex-
posed to BPA during fetal life. The difference in the his-

tology results reported by Holladay et al. and those of the
present study may occur because BPA is 26-fold less po-
tent in activating the oestrogen receptor compared to
oestrogen.2 BPA should exert its activity as an oestrogenic

agonist when little oestrogen is present. In contrast, BPA
may function as an antagonist of oestrogen in the presence
of considerable amounts of the sex hormone. In our

studies, BPA might have played a role as an antagonist,
but not as an agonist, at the oestrogen receptor, as
pregnant females fed BPA normally have high levels of

oestrogen in serum, although other unknown mechanisms
might exist in terms of its effect on the developing immune
system.

BPA is an essential component of epoxy resins used in

the lacquer lining of metal food cans and in dental sealants,
and has been detected in food and water.1 It was previously
shown that adult humans (of 50 kg in weight) ingest

» 0Æ15 mg (3 lg ⁄kg body weight) of BPA, each day, from
food and water. It has also been shown that nearly 1 mg
(20 lg ⁄kg body weight) of BPA is swallowed during the first

hour after application of a plastic dental sealant.30,31 In our
studies, 3–3000 lg ⁄kg BPA were fed to pregnant mice. It
was found that proliferation of spleen cells to HEL, and

anti-HEL IgG1 production in their offspring, were signifi-
cantly augmented by 3000 lg ⁄kg BPA, which is 150–1000-
fold higher than the doses to which humans are exposed.
Production of anti-HEL IgG and IgG2a, IFN-c, and IL-4

were increased by 300 lg ⁄kg BPA, which is still 15–100-fold
higher than the doses ingested by humans. However, the
production of anti-HEL IgG2a was enhanced by the relat-

ively low dose of 30 lg ⁄kg BPA, which is only 10-fold
higher than the dose ingested daily by humans and close to
that of the amount of BPA swallowed following application

of a plastic dental sealant. Furthermore, mice used in our
studies were exposed to BPA (up to » 1 mg per mouse) for
only 18 days during their fetal life, while humans ingest
BPA over a much longer time-period. We recently found

that exposure of adult mice to BPA also augmented anti-
gen-specific immune responses, including Th1 and Th2 re-
sponses.32 Similarly, it was also recently reported that

feeding adult mice BPA was followed by an enhanced
secretion of IFN-c33 as well as IL-4.34 Thus, it appears to be
undeniable that at least part of the immune system, espe-

cially Th1 responses, may be modulated by either prenatal
or postnatal exposure to the environmental oestrogen-like
chemical, BPA.
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