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There is a critical developmental period during which brain sexual differen-
tiation proceeds irreversibly under the influence of gonadal hormone.
Recently, kinesin superfamily-associated protein 3 (KAP3) gene expressed
during the ‘critical period’ of rat brain differentiation was identified by us
(Choi and Lee, 1999). KAP3 functions as a microtubule-based motor that
transports membranous organelles anterogradely in cells, including neurons
(Yamazaki et al.,, 1996). mRNA level of KAP3 gene markedly increased
before the initiation of puberty. Neonatal treatment of estrogen clearly
inhibited the prepubertal increase in KAP3 mRNA level (Choi and Lee,
1999). In the present study, we aimed to investigate the effects of poly-
chlorinated biphenyls (PCBs), as endocrine disruptors (EDs) on the expres-
sion of KAP3 gene during the ‘critical period’ of rat brain development. In
our data, PCBs significantly decreased the expression of KAP3 gene in the
fetal (day 17) and the neonatal (day 6 after birth in) male and female rat
brains. The body weight and the breeding ability were significantly decreased
in the PCBs-exposed rats compared with the control. These results showed
that PCBs affect the transcriptional level of brain sexual differentiation
related gene, KAP3, in the fetal and the neonatal rat brains. The maternal
exposure to the PCBs may lead to toxic response in embryonic brain sexual
differentiation and breeding ability after sexual maturation. This study
indicates that KAP3 gene may be useful as a gene marker to analyze the
molecular mechanism of toxic response in the animal brain development
and sexual maturation exposed to PCBs.

A large number of man-made chemicals released into
the environment have the potential to disrupt the
endocrine system of animals and humans. They mimic
the effect of natural hormones or neurotransmitters by
recognizing their binding sites, or they antagonize the
effects of endocrinous hormones or neurotransmitters
by blocking their interaction with their physiological
binding sites. Interaction of the environmental endocrine
disruptors with animals or humans during ontogeny
may have deleterious effects on differentiation of repro-
ductive structures and functions (Dohler., 1998). Poly-
chlorinated biphenyls (PCBs) are ubiquitous environ-
mental contaminants that accumulate in the food chain
(Gallant et al., 2000). They act as estrogenic chemicals
(Kester et al.,, 2000). Exposure to the estrogenic
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chemicals during the ‘critical periods’ in fetal life can
alter the development of reproductive organs, the
neuroendocrine system, and subsequent behavior
(Palanza et al., 1999). PCBs are known to elicit a
spectrum of toxic responses in humans and laboratory
animals, such as reproductive and developmental
toxicity, body weight loss, immunosuppressive effects,
hepatotoxicity, thyroid atrophy and disruption of the
homeostasis of steroid hormones (Ness et al.,, 1993;
Mousa et al., 1996; Rice and Hayward 1999; Fielden
et al., 2001). Embryonic abnormality and low fertility
occurred after the exposure of germ cells to PCBs
(Mousa et al., 1996).

Sex-specific behaviors and physiological mechanisms
have evolved to facilitate reproduction and are deter-
mined by the central action of steroid hormones during
brain development (Simerly et al., 1997). During the
‘critical period’ of brain sexual differentiation, estrogen
exerts organizational effects on differentiation of the
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sexually dimorphic brain area. Neonatal treatment of
estrogen permanently changed sex-related brain acti-
vities and behaviors and led to masculinization in adult
mammals (Parsons et al., 1980; Toran-Aller, 1984;
McEwen et al., 1987). Recently, KAP3 gene was
cloned from mouse and rat brain by our group and
others (Hirokawa, 1997; Choi and Lee, 1999). Two
isoforms, KAP3A and KAP3B, are derived from a
single gene by alternative splicing. KAP3 is a globular
protein and binds to the tail region of the kinesin
superfamily protein (KIF) 3A/KIF3B heterodimer and
may regulate membrane binding of the KIFSA/KIF3B
complex (Yamazaki et al.,, 1996). KIF functions as a
microtubule-based motor that transports membranous
organelles anterogradely in celis, including neurons
(Yamazaki et al., 1995). KAP3 mRNA significantly
reached the peak level at 28-day of age and de-
creased thereafter in both the female and male rat
hypothalamus. On the contrary, the neonatal treatment
of estrogen removed the 28-day peak (Choi and Lee,
1999). In this paper, we aimed to investigate the
effects of PCBs on the expression of KAP3 gene
during the ‘critical period’ of rat brain development
and on the breeding ability.

Materials and Methods

Animals and tissue preparation

Pregnancy of Sprague Dawley rats were checked with
the presence of a copulatory plug or sperms in the
vaginal smear, which was defined as pregnant day 0.
PCBs (Aroclor 1254, Fisher Scientific) were mixed with
sesame oil (Sigma). For prenatal injection, pregnant
rats were intraperitoneally injected with PCBs (25
mg/kg BW) on day 16 of gestation. Rats were sacrificed
on gestational day 17 and the fetal brains were re-
moved. For neonatal injection, rats were intraperitoneally
injected with PCBs (25 mg/kg BW) 5d after birth. On
day 6 after birth, rats were sacrificed and the brains
were collected. Control animals were injected with
sesame oil containing the same amount of ethanol.

Body weights and breeding ability

PCBs (25 mg/kg) were intraperitoneally injected into
pregnant (day 16) (n=4) or neonatal (day 1-5 day) (n
=30) rats. Changes of body weights were measured
on day 6 after birth. The rats were divided into four
groups (normal male and female, normal male and
exposed female, exposed male and normal female,
and exposed male and exposed female) at seven
weeks after birth and mated for two weeks to survey
the breeding ability of the rats exposed to PCBs.
Twenty couples were mated per each group and the
breeding ability was defined by the pregnancy rate and
survival indices pregnancy.
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RNA extraction and Northern blot analysis

Total RNA was extracted using the Tri-reagent (Sigma).
For Northern blot analysis, RNA samples (30 ug) were
fractionated on a 1% agarose/2.2 M formaldehyde gel
at 100V for 1.5h, transferred to Nytran membranes
(0.45um pore size; Schleicher and Schuell). The mem-
branes were prehybridized with 10 mL of hybridization
buffer for 2h. The hybridization buffer consisted of
50% deionized formamide, 5x SSC (1x SSC=0.15
M NaCl and 0.015M sodium citrate), 5x Denhardt’s
solution (1X Denhardt's solution=0.01% polyvinyl-
pyrrolidone, 0.01% Ficoll, and 0.01% BSA), 0.1% SDS
and 2mg of heat-denaturated salmon sperm DNA.
Hybridization was carried out in a hybridization incu-
bator (Stuart Scientificy with hybridization buffer plus
¥P.dCTP labeled KAP3 cDNA probe at 42%C for 15 h.
Membranes were washed at high stringency and
exposed to X-ray film (X-OMAT AR, Kodak) for 1-4d.

cDNA probe

Cloned KAP3 c¢cDNA fragments were labeled for cDNA
probes with *P-dCTP using the oligolabeling kit
(Pharmacia Co.). Free %P-dCTP was removed using
the Nick column (Pharmacia). The specific activity of
probe was about 1 X 10° cpm/mL.

Statistics

Statistical comparisons between the groups were
analyzed by either unpaired student's t-test for two
groups or one-way analysis for variance for more than
two groups. The level of statistical significance was set
at p<0.05.

Results

Changes of bodyweight in rats exposed to PCBs

To investigate the changes of body weight in rats
exposed to PCBs during prenatal or neonatal ages,
PCBs was infraperitoneally injected into the pregnant
(day 16) and the neonatal (day 1-5 d) rats. The changes
of body weights were measured on day 6 after birth.
Body weights were decreased in the rats exposed to
PCBs in both prenatal and neonatal groups (Fig.1).
Maternal injection of PCBs decreased the bodyweights
by about 18%. Neonatal injection of PCBs decreased
the bodyweights by about 26% compared with the
control group.

Effects of PCBs on the KAP3 mRNA levels in prenatal
and neonatal rat brain

Pregnant rats were intraperitoneally injected with PCBs
on pregnant day 16. Neonatal rats were also injected
with PCBs for 5d after birth. Rats were sacrificed at
day 17 of gestation or at day 6 after birth. KAP3 mRNA
levels in the prenatal and neonatal rat brains were
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Fig. 1. Changes in the bodyweight of new born rats after the injection
with PCBs during prenatal and neonatal age. Prenatal (T, n=30) or
neonatal (M, n=30) rats were injected with PCBs (25mg/kg BW)/
sesame oil or sesame oil (control) at gestational day 16 or for 5d after
birth. Bodyweights were measured at day 6 after birth and expressed as
relative units over control value of 1.0.

analyzed by Northern blot hybridization. KAP3 mRNA
in the rat brain showed a single transcript of about 3.5
kb (Fig. 2A) as previously reported (Yamazaki et al.,
1996). In the PCBs-treated prenatal rat brains, the
level of KAP3 mRNA was decreased by about 38% (p<
0.05) in the male and 13% in the female brains compa-
red with the control (Fig. 2B). In the PCBs-treated neona-
tal rat brains, the level of KAP3 mRNA was decreased
by about 15% in the male and 24% in the female brains
(p < 0.05) compared with the control (Fig. 3).

Breeding ability

To survey the breeding ability of rats exposed to PCBs
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Fig. 2. Northern blot analysis of KAP3 mRNA in the male and the
female fetus brain obtained from pregnant rats exposed to PCBs.
Pregnant rats were exposed to the PCBs (25 mg/kg BW) at gestational
day 16, sacrificed at day 17 and fetal brains were removed. A. Repli-
cate northern blots containing 30 pg of total RNAs were cCRNA probed to
analyze the mRNA levels of KAP3 gene and were exposed to X-ray film
for 48 h. B. KAP3 mRNA levels were normalized with B-actin mRNA
levels and relative values were calculated as % of control value. Each
point represents the mean of KAP3 mRNA levels from three times
experiments (*, p<0.05). C: control, P: PCBs.
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Fig. 3. Northern blot analysis of KAP3 mRNA in the neonatal male and
female rat brain exposed to PCBs. Neonatal rats were injected with
PCBs (25 mg/kg BW) for 5d after birth. Rats were sacrificed at day 6
and brains were removed. A. Replicate northern blots containing 30 pg
of total RNAs were cRNA probed to analyze the mRNA levels of KAP3
gene and were exposed to film for 48h. B. Relative levels of KAP3
mRNA were normalized with B-actin levels and calculated as % of
control values. Each point represents the mean of KAP3 mRNA levels
obtained from three experiments (*p <0.05). C: control, P: PCBs.

during the prenatal and neonatal ages, the rats were
divided into four groups at seven weeks after birth and
mated (n = 20) for two weeks. The breeding ability was
defined by the pregnancy rate and survival indices
pregnancy. The pregnancy rates of PCBs exposed
groups were clearly decreased compared to the control
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Fig. 4. Pregnancy rates and survival indices pregnancy of rats exposed
to PCBs during the prenatal or the neonatal age. The rats were divided
into four groups at 7 weeks after birth and mated (n=20) for 2 weeks.
To survey the pregnancy rates (A) and survival indices/a pregnancy (B)
of rats exposed to PCBs during the prenatal or neonatal age, data were
presented as means + SEM, followed by the number of survival
indices/a preghancy. *, Statistically significant difference from control (p
<0.05). PE: prenatal exposed, NE: neonatal exposed, ( ). Male or
female rats exposed to PCBs.
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group (Fig. 4A). The pregnancy rates of normal male
and female groups were 80%. In the prenatal PCBs
exposed groups, the pregnancy rates of normal
male-PCBs exposed female and PCBs exposed
male-normal female groups were 50% and 45%,
respectively. PCBs exposed male-PCBs exposed
female group was 30%. In the neonatal PCBs exposed
groups, the pregnancy rates of normal male-PCBs
exposed female and PCBs exposed male-normal female
groups were 45% and 40%, respectively. PCBs exposed
male-PCBs exposed female group showed 25%. The
survival indices of offspring pregnancy were also
significantly decreased in the PCBs exposed groups
compared to the control group (Fig. 4B). In the prenatal
PCBs exposed groups, survival indices pregnancy of
normal male-normal female group was 11.56+3.12,
Normal male-PCBs exposed female, PCBs exposed
male-normal female, and PCBs exposed male-PCBs
exposed female groups showed 5.60+1.28, 7.00%
2.25, and 3.83+0.57 respectively. In the neonatal
PCBs exposed groups, survival indices pregnancy of
normal male-normal female group was 12.25+3.45.
Normal male-PCBs exposed female, PCBs exposed
male-normal female, and PCBs exposed male-PCBs
exposed female groups resulted in 5.67+0.97, 8.02+
2.83, and 4.20+0.63, respectively.

Discussion

In the present study, we showed the effects of PCBs
on body weights, breeding abilities and expression of
KAP3 gene as related to the brain sexual differen-
tiation. PCBs exposure induced bodyweight loss. This
effect of PCBs on bodyweight agree well with the
previous report that PCBs elicit toxic responses in
human and laboratory animals including body weight
loss, immunosuppressive effects, hepatotoxicity and
other factors (Ness et al., 1993; Mousa et al.,, 1996;
Rice and Hayward 1999; Fielden et al., 2001). Fig. 1
showed that maternal or neonatal injection of PCBs
decreased the bodyweights by 18% to 26% compared
with the control.

In the rodent, the ‘critical period’ of brain sexual
differentiation is usually from late pregnancy to 7 to 10
days after birth (von Saal and Bronson, 1980; Weisz
and Ward, 1980). During the ‘critical period’, estrogen
exerts organization effects on the differentiation of a
number of sexually dimorphic brain areas. Neonatal
injection of estrogen permanently modulates sex-related
brain activation and behaviors leading to masculiniza-
tion in adult mammals (Parsons et al.,, 1980; Toran-
Aller, 1984; McEwen et al., 1987). However, there are
few reports that have studied regulation of gene
expression related to brain sexual differentiation during
prenatal or neonatal age. In the previous study, we
applied PCR differential display using RNA samples
derived from estrogen sterilized rat (ESR) hypothala-
mus. About 100 out of more than 1000 RNA species
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examined displayed differential expression patterns
between a 60-day old control rat and ESR. Sequence
analysis of differentially amplified PCR products showed
homology with mouse KAP3 and several cDNAs
previously described by others. We have introduced
antisense KAP3 oligodeoxynuclotide (ODN) into the
lateral ventricle of immature female rat to suppress the
KAP3 mRNA level (Choi and Lee, 1999). The admini-
stration of the ODN decreased KAP3 mRNA level and
resulted in a significant delay of puberty, as described
above (Hayashi and Aihara, 1989; Faber and Hughes,
1991; Faber et al., 1993; Pinilla et al., 1993). Neonatal
treatment of estrogen attenuated the 28-day peak of
KAP3 mRNA level (Choi and Lee, 1999). These data
suggest that KAP3 gene is involved in the brain sexual
differentiation and that its expression is suppressed by
estrogenic effect. Thus we examined the effects of
PCBs on the mRNA levels of KAP3 in prenatal and
neonatal rat brains. The exposure to estrogenic
chemicals during the ‘critical periods’ in fetal life can
alter the development of reproductive organs, neuro-
endocrine system, and subsequent behavior (Palanza
et al., 1999). PCBs are ubiquitous environmental conta-
minants that bioaccumulate in the food chain and
exhibit estrogen-like activity in humans and other
animals (Gallant et al., 2000). Our Northern blot results
showed a single transcript of about 3.5 kb (Fig. 2A) as
previously reported (Tamazaki et al., 1996). Fig.2B
clearly demonstrated that KAP3 mRNA levels were
decreased in the PCBs-treated prenatal male and
female rat brains. In the PCBs-treated neonatal male
and female rat brains, the similar result was obtained
(Fig. 3). These results implied that PCBs may disturb
the brain sexual differentiation mechanisms via down
regulation of KAP3 gene expression. KAP3 is a
KIF3A/3B associated protein. Many KIFs have been
cloned and analyzed as a microtubule-based motor
that transports membranous organelles anterogradely
in cells, including neurons (Brady, 1985; Vale et al,
1985; Hirokawa et al., 1991; Hirokawa, 1993; 1997).
Biological function of KAP3 in brain sexual differentia-
tion is not clear yet. But it may be involved in mam-
malian brain development. Moreover, PCBs decreased
the pregnancy rates (Fig.4A) and survival indices of
offspring (Fig. 4B) and induced morphological abnor-
mality on the development of genitals (data not shown).
Taken together, these results suggested that exposure
to known estrogenic EDs such as PCBs during the
‘critical period’ of rat brain sexual differentiation leads
to disruption of the transcriptional regulation of KAP3
gene -which may be related to the abnormalities in
brain sexual differentiation and genital morphology.
KAP3 gene may be useful as a gene marker to
analyze the molecular mechanism of toxic response in
EDs exposed animal nerve tissues.
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