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Abstract

Environmental lead (Pb) exposure and prenatal stress (PS) are co-occurring risk factors for
impaired cognition and other disorders/diseases in adulthood and target common biological
substrates in the brain. Sex-dependent differences characterize the neurochemical and behavioral
responses of the brain to Pb and PS and sexually dimorphic histone modifications have been
reported to occur in at-risk brain regions (cortex and hippocampus) during development. The
present study sought to examine levels and developmental timing of sexually dimorphic histone
modifications (i.e., H3K9/14Ac and H3K9Me3) and the extent to which they may be altered by Pb
+ PS. Female C57/BI6 mice were randomly assigned to receive distilled deionized drinking water
containing 0 or 100 ppm Pb acetate for 2 months prior to breeding and throughout lactation. Half
of the dams in each group were exposed to restraint stress (PS, three restraint sessions in plastic
cylindrical devices 3x/day at for 30 min/day (1000, 1300, and 1600h)) from gestational day 11-19
or no stress (NS). At delivery (PNDO) and postnatal day 6 (PNDG6), pups were euthanized and
frontal cortex and hippocampus were removed, homogenized, and assayed for levels of
H3K9/14Ac and H3K9Me3. Sex-dependent differences in both levels of histone modifications as
well as the developmental trajectory of changes in these levels were observed in both structures
and these parameters were differentially affected by Pb + PS in a sex and brain-region-dependent
manner. Disruptions of these epigenetic processes by developmental Pb + PS may underlie some
of the sex-dependent neurobehavioral differences previously observed in these animals.
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1. INTRODUCTION

Many aspects of both normal and pathological brain functioning exhibit important yet poorly
understood sex differences (Wizemann, 2001; McCarthy et al., 2012). Sex differences have
been described for various cognitive functions, as well as for anxiety and stress responses,
outcomes from traumatic brain injury, risk and outcomes from various neurodegenerative
diseases, and the risk for developing various emaotional and affective disorders (see
MccCarthy et al., 2012 for review). Sex-dependent differences also characterize the response
of the brain to the neurotoxicant lead (Pb) and to prenatal stress (PS). Developmental Pb
exposure and PS are important co-occurring risk factors for a variety of adverse health
outcomes in adulthood as well as for various cognitive/behavioral problems during
childhood, with effects expressed differently in males and females (Virgolini et al., 2008a;
Virgolini et al., 2008b; Cory-Slechta et al., 2010; Cory-Slechta et al., 2012; Giesbrecht et al.,
2015; Wainstock et al., 2015; Zohar et al., 2015).

The precise molecular mechanisms underlying the effects of developmental Pb exposure and
of PS on the brain are not yet completely known, nor are the molecular underpinnings for
the sex-related differences in the responses of the brain to such risk factors. However, it
seems likely that epigenetic mechanisms are involved (Auger and Auger, 2011). Epigenetic
outcomes resulting from environmental perturbations are frequently found to be sex-
dependent, particularly in relation to neuroendocrine-acting systems. These sex differences
likely reflect reported sex differences in such aspects of epigenetic programming as levels of
the DNA methyltransferases (DNMTs) (McCarthy et al., 2009; Kolodkin and Auger, 2011)
or DNA methylation patterns, and expression of methyl-binding proteins and co-repressor
proteins (McCarthy et al., 2009). The existence of such sex differences early in development
has been suggested to be critical to brain differentiation (Auger and Auger, 2011). These
differences also establish a different biological substrate for each sex on which
environmental stressors, including chemical exposures, then act.

In the mammalian brain, chromatin-level modifications play pivotal roles in coordinating
developmental programs. Gene regulation during development is regulated by the binding of
a variety of regulatory proteins to gene promoter regions and through epigenetic
modification of chromatin by post-translational histone modifications and DNA methylation.
The role of epigenetics in determining sex differences in the brain (McCarthy et al., 2009)
can also be significantly influenced by the period of development during which these
environmental factors act. For example, higher levels of DNMT3a mRNA expression in
female amygdala were reported at postnatal day 1, but had disappeared by postnatal day 10,
with these changes related to sex differences in steroid exposure levels (Kolodkin and Auger,
2011). These dynamics in the developmental trajectory could influence the extent to which
environmental risk factors affect the epigenome in a sex-dependent manner.

Epigenetic alterations may occur in the germline as well as in somatic cells (Skinner et al.,
2008), both of which are modifiable by environmental stimuli such as steroid hormones and
endocrine-disrupting chemicals (McCarthy et al., 2009; Gore, 2008) and potentially, by
environmental factors such as developmental Pb exposure and PS. It is possible that an
interaction between genes and sex hormones during development may make a variety of
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brain regions, including the frontal cortex and hippocampus, which are particularly sensitive
to the effects of Pb and PS (Cory-Slechta et al., 1998; Cory-Slechta et al., 1999; Berger et
al., 2002; Barros et al., 2004; Virgolini et al., 2008a; Martinez-Tellez et al., 2009; Rossi-
George et al., 2011; Neal et al., 2012; Stansfield et al., 2012; Baranowska-Bosiacka et al.,
2013; Hu et al., 2014; Li et al., 2014; Li et al., 2015), and differentially susceptible to
epigenetic alterations, such as post-translational histone modifications, that are associated
with modulation of transcriptional regulation.

As sexually dimorphic histone modifications have been reported to occur in cortex and
hippocampus during development (Tsai et al., 2009), the present study examined the extent
to which these histone modifications may be influenced by Pb and/or PS and thus contribute
to the sex-dependent differences in the patterns of effects observed in response to these
environmental risk factors alone and in combination (Cory-Slechta et al., 2004b; Virgolini et
al., 2006; Cory-Slechta et al., 2008; Virgolini et al., 2008a; Virgolini et al., 2008b; Cory-
Slechta et al., 2010; Rossi-George et al., 2011). The goal of the present study was to
examine levels and developmental timing of sexually dimorphic histone modifications,
H3K9/14Ac (associated with gene activation) and H3K9Me3 (associated with gene
silencing) (Tsai et al., 2009) and the extent to which they may be altered by Pb and/or PS
(Pb = PS). Modifications of these histone marks by Pb + PS could have wide-ranging effects
on gene transcription as well as later behavioral/cognitive functions.

2. MATERIALS AND METHODS

2.1 Animals and Lead Exposure and Prenatal Stress

The use of animals was in compliance with NIH Guidelines for the Care and Use of
Laboratory Animals and the study was approved by the institutional animal care and use
committee at the University of Rochester School of Medicine. Two-week-old female
C57/BI6 mice (Jackson Laboratories, Bar Harbor ME) were randomly assigned to receive
distilled deionized water drinking containing 0 or 100 ppm Pb acetate for 2 months prior to
breeding and throughout lactation. Standard rat chow diet (Lab Diet, Laboratory Rodent
Diet) was provided ad libitum. Female mice were mated with males (1:1) for 4 to 5 days to
cover the duration of an estrous cycle. Gestational day 1 (GD1) was designated as the
second day after pairing.

Pregnant females in the 0 and 100 ppm Pb-treated groups were weighed and further
randomly subdivided to a non-stress (NS) or prenatal stress (PS) condition. Half of the dams
in each Pb group were exposed to restraint stress (PS) 3x/day at for 30 min/day (1000, 1300,
and 1600h) from gestational day 11-19 or no stress (NS). The stress procedure consisted of
three 30-min restraint sessions in plastic cylindrical devices, a protocol previously verified to
elevate corticosterone levels (Cory-Slechta et al., 2004a). Non-stressed dams were left
undisturbed in their home cages. This yielded 4 treatment groups/sex: 0-NS, 0-PS, 100-NS
and 100-PS.
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2.2 Blood Collection For Lead Determinations

Blood Pb measurements were determined from trunk blood of PND5-6 pups and from dams
(collected at weaning so as not to produce maternal stress) by anodic stripping voltammetry
using the Lead Care Il system with a detection limit of 3.3 pg/dl.

2.3 Measurement of Post-Translational Histone Modifications

At delivery (PNDO) and postnatal day 6 (PND6), pups were euthanized and frontal cortex
and hippocampus were removed. Genomic DNA was extracted from tail snips and the sex of
the pups was confirmed by Jarid 1C (X-chromosome-specific gene)/Jarid 1D (Y-
chromosome-specific gene) PCR (Clapcote and Roder, 2005). To measure H3K9/14Ac and
H3K9Me3, hippocampus and prefrontal cortex from each animal was homogenized in
hypotonic lysis buffer (10mM HEPES, 1.5mM MgCI2 and 10mM KClI, pH 7.9) with 1x
HALT protease inhibitor followed by addition of 1M HCI, Samples were incubated at 4°C
for 30 min and then vortexed, centrifuged for 10 min at 15000 rpm, and supernatant
containing acid soluble proteins was transferred to fresh tubes at 4°C and protein was
quantified using the BCA reaction (Pierce Inc.). Samples (10 pg) were separated on 4-12%
Bis-Tris gels (Invitrogen Inc.) run for 1hr at 200V and then transferred to 0.2 ym
nitrocellulose membranes using semi-dry transfer (Bio-rad Inc.) for 15 min/membrane at
15V. Membranes were washed in tris-buffered saline (TBS) containing tween-20 (TBS-T)
and blocked in 5% milk for 1hr at room temperature. Primary antibody, rabbit anti-acetyl
H3K9/14 at 1:10,000 (Millipore), anti-acetyl H3K9 Me3 at 1:5,000 (Millipore) or rabbit
anti-p-actin at 1:2,000 (Imgenex), was added for 1 hour at room temperature. Following
multiple washes in TBS-T, secondary antibody (horseradish peroxidase conjugated goat anti
rabbit at 1:20,000; Thermo Fisher Scientific) was added for 1hour. Membranes were washed
repeatedly in TBS-T and exposed to chemiluminescent developing reagent (Pierce Pico or
Dura, Thermo Fisher Scientific). Densitometry was used to quantify the amount of
H3K9/14Ac and H3K9Me3 relative to B-actin for each sample (MCID™ Basic V 7.2,
Interfocus Imaging LTD). Relative optical density was normalized to -actin.

2.4 Statistical Analyses

Statistical analyses were carried out using between factor ANOVAs. Specifically, initial
overall analyses included sex, Pb treatment, prenatal stress and day (PNDO and PND®6) for
each region and histone marker separately (hippocampus and frontal cortex). Because of the
extensive effects of sex and interactions of sex with other variables, subsequent analyses
were undertaken using Pb, stress and day separately for each histone marker in each brain
region for each sex. This allowed the assessment of impact of developmental period of
measurement of histone changes and made characterization of the effects of Pb and/or PS
clearer for each time point for each sex. Analyses were undertaken using JMP Prol1.
Subsequent post-hoc tests (Fisher’s least protected difference tests) were carried out as
appropriate depending upon outcomes of main effects or interaction effects. Data are
presented as mean + S.E. While not continuous outcomes, data across treatment groups are
presented in a linear rather than bar fashion as it provides easier visualization of outcomes.

Neurotoxicology. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schneider et al. Page 5

3. RESULTS
3.1 Dam and Offspring Weights and Litter Size

Body weights of dams were collected at 3 different time points (gestational days 4, 10 and
17) over the course of gestation. No significant differences in body weight were observed
until day 17, when a main effect of stress was found (F=4.53, p<0.0001). This reflected a
small decrement in body weight of stressed dams (approximately 3 gm), with mean + SE
values of 32.73 £ 0.62, 29.75 + 0.69, 33 + 0.61 and 30.19 £ 0.64 grams for the 0-NS, 0-PS,
100-NS and 100-PS groups, respectively.

Litter weight at birth did not differ significantly in response to treatment conditions (mean +
SE values of 7.43 + 0.44, 8.11 + 0.53, 8.63 +0.43 and 8.5 + 0.45 grams for the 0-NS, 0-PS,
100-NS and 100-PS groups, respectively. When normalized to litter size, a small decrement
in response to PS was found in statistical analyses (F=2.16, p=0.034), where group mean +
SE values of weight/pup were 1.36 + 0.039, 1.25 + 0.046, 1.36 + 0.038 and 1.29 + 0.04 for
the 0-NS, 0-PS, 100-NS and 100-PS groups, respectively. Total litter sizes did not differ
significantly by any of the treatments, with group mean + SE values of 5.6 + 0.4, 6.35
+0.47,6.63 £0.39 and 6.77 + 0.41 for the 0-NS, 0-PS, 100-NS and 100-PS groups,
respectively.

3.2 Blood Lead Concentrations

The blood Pb levels of the dams in the 0-NS and 0-PS groups were comparable (0.22 £+ 0.07
pg/dl and 0.23 £ 0.84 pg/dl, respectively), as were the blood Pb levels of the dams in the
100-NS and 100-PS groups (12.61 + 1.11 ug/dl and 13.76 + 1.40 ug/dl, respectively). Pups
with water only mothers had blood lead levels averaging 0.37 ug/dl (0.3 S.D.; N = 7), while
pups with dams drinking 100 ppm lead water had blood lead levels of 10.2 ug/dl (1.3 S.D.;
N + 9). Blood lead levels were not differentially influenced by prenatal stress.

3.3 Hippocampal Post-Translational Histone Modifications

Figure 1 depicts the changes in H3K9/14Ac (top row) and H3K9Me3 (bottom row) in
relation to treatment conditions for females (left column) and males (right column) at PNDO
and PNDG. In females, levels of both histones were reduced between PNDO and PND6 by
approximately 50% in the case of H3K9/14Ac (main effect of day: F(1,68=13.20,
p=0.0005), and by almost 10-fold in the case of H3K9Me3 (main effect of day:
F(1,62)=17.71, p<0.0001). However, there were no effects of Pb or of PS or any associated
interaction despite an apparent reduction in the 100-NS group for H3K9Me3 levels at PNDO.

In contrast to females, levels of these post-translational histone modifications increased
between PNDO and PND6 in males (cf. PNDO vs. PND6 for the 0-NS group) and, further,
were modified by Pb and/or stress. In the case of H3K9/14Ac, Pb exposure effects
significantly differed by developmental time point, with no effects at PNDO, but greater than
50% reductions in response to Pb at PND6 (main effect of Pb: F(1,74)=6.72, p=0.0115; Pb
by day: F(1,74)=8.65, p=0.004). In the case of H3K9Me3 post-translational histone
modifications, there were no significant changes in response to either Pb or PS at PNDO. At
PND®6, however, there was a significant reduction in response to Pb (main effect of Pb:
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F(1,33)=7.123, p=0.0117) and a nearly significant interaction of Pb by PS (F(1,33)=3.96,
p=0.055). Indeed, comparisons of treatment groups to control at PND6 revealed significantly
lower values of each relative to 0-NS control (post hoc p values: 0-PS=0.0121, 100-NS
=0.0027, 100-PS=0.0028).

3.4 Frontal Cortex Post-Translational Histone Modifications

In contrast to the sex-related differences in the developmental trajectory of post-translational
histone modifications in hippocampus, reductions in levels of both H3K9/14Ac (females
only) and H3K9Me3 were seen in frontal cortex between PNDO and PND6 in both sexes
(Figure 2). In females, H3K9/14Ac modifications levels were reduced by 57% in the 0-NS
group (main effect of day: F(1,61,=32.95, p<0.0001) and for H3K9Me3 by approximately
49% (F(1,64)=31.58, p<0.0001). While no differences were seen between PNDO and PND6
in levels of H3K9/14Ac when examined in 0-NS groups in males, reductions of
approximately 65% were found between PNDO and PND6 in levels of H3K9Me3 (main
effect of day: F(1,69)=37.12, p<0.0001) (Figure 2).

Histone levels in frontal cortex were also influenced by Pb and/or prenatal stress (Figure 2),
and these effects were more evident at PNDO than PNDG6 in both sexes in contrast to the
PND6 effects of Pb = PS in males in the hippocampus. In the case of frontal cortex
H3K9/14Ac in females, an interaction of Pb by PS by day was confirmed in the statistical
analysis (F(1,61)=7.653, p=0.0075). Subsequent post-hoc testing revealed that while there
were no significant effects of Pb or of PS on PNDG, there was a significant approximately
50% reduction in response to Pb alone (0-NS vs. 100-NS, p=0.039). Despite the reduction in
the 100-NS group, and a trend towards reduction in response to PS alone (0-PS), the impact
of combined Pb and PS (100-PS) precluded any changes that would have occurred to either
factor alone. In males, PS increased levels of H3K9/14Ac by approximately 60% at PNDO,
but, again these effects were no longer evident at PND6 (prenatal stress by day:
F(1,63)=7.536, p=0.008).

In contrast to Pb-induced reductions at PNDO in females in H3K9/14Ac, levels of H3K9Me3
were nearly doubled in response to PS at PNDO (stress by day: F(1,64)=6.5, p=0.0132), but
these effects had disappeared by PND6. Levels of H3K9Me3 were not influenced by either
Pb or PS or the combination at either PNDO or PND6 in males (Figure 2).

4. DISCUSSION

Epigenetic changes in response to a stressor can persist long after the stressor has ended and
can underlie persisting functional changes in the brain. In this study, we examined the effects
of Pb and PS on H3K9/14Ac and H3K9Me3 levels in two brain regions known to be
sensitive to the effects of Pb and PS, frontal cortex and hippocampus, in male and female
offspring at PNDO and PND6, two time points previously suggested to show different
sexually dimorphic effects on these two histone marks (Tsai et al., 2009). Results showed
examples of sex-dependent differences in both levels of histone modifications and the
developmental trajectory of changes in these levels. For example, in the hippocampus, there
were no sexually dimorphic effects at either histone mark at PNDO, but at PND6, expression
of both H3K9/14Ac and H3K9Me3 were greater in males than in females, as levels had
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decreased in females but increased in males between PNDO and PNDG6. In frontal cortex,
sexually dimorphic expression of H3K9/14Ac (associated with gene activation) was
observed at PNDO, with significantly higher expression in females compared to males. In
contrast, at PNDG6, expression of H3K9/14Ac was higher in males compared to females,
consistent with reductions in levels between PNDO and PND6 in females only. Expression of
H3K9Me3 (associated with gene silencing and heterochromatin formation) in the frontal
cortex was not different in males and females at either PNDO or PND6.

These data generally support the hypothesis that histone modifications are sexually
dimorphic in the developing mouse brain (Tsai et al., 2009), but are not in complete
agreement with previous findings. Tsai et al. (Tsai et al., 2009) reported higher levels of
H3K9/14Ac in males at E18 and PNDO and this difference no longer existed at PND6.
Higher levels of H3K9Me3 were also found in males at both PNDO and PND6, but no sex
differences were observed earlier at E18 (Tsai et al., 2009). Differences in results between
our study and the prior one could be related to methodological differences: we examined
frontal cortex and hippocampus tissues separately, whereas Tsai et al. ((Tsai et al., 2009))
analyzed combined samples of cortex (region not specified) and hippocampus. As histone
modifications appear to be brain region specific (Tsai et al., 2009; Stadler et al., 2005; Graff
et al., 2012), results could differ based on the precise brain regions examined. Additionally,
in the prior study, western blots were normalized to total H4 (which did not differ between
males and females at any time point) whereas our data were normalized to beta actin. It is
unlikely that changes in H3K9/14ac and H3K9me3 levels observed presently were related to
changes in total H3 as H3K9/14ac and H3K9me3 levels did not always change in unison
within a treatment group, as would be expected if the data reflected changes in total H3 and
not changes in these specific marks. Thus, although we did not measure total H3 (or H4)
levels, we do not believe that our experimental manipulations altered total H3 levels within a
sex and an experimental group. Other potential differences that could impact the
comparability of data across studies are the source of the animals and their diets. Although it
is not possible from our data to draw firm conclusions regarding timing of any
developmental shifts in sex differences in acetylation or methylation, at least for the histone
modifications studied, sexual dimorphism in H3K9Me3 and H3K9/14Ac expression in the
hippocampus appears to begin later, whereas sexual dimorphism in H3K9/14Ac in frontal
cortex appears earlier but shifts over time. These changes in histone acetylation and
trimethylation would be expected to modify the regulation of gene expression involved in
various aspects of development in these brain regions.

With respect to the impact of developmental Pb and/or PS on these histone marks, it was
notable that only males showed sensitivity to such changes in hippocampus, with reductions
at PNDO in response to Pb alone in levels of H3K9/14Ac, and in response to both Pb alone
and PS alone in levels of H3K9Me3. Further, these were seen only at PNDG6, and were not
present at PNDO. While behavioral functions associated with these histone changes are not
yet fully understood, it is notable that levels of H3K9/14Ac were found to be increased in
the dorsal raphe nucleus of male rats that exhibited less resilience in response to a chronic
social defeat stress experience (Kenworthy et al., 2014). Recently, a role of this histone
modification was reported in epigenetic regulation of presenilin 1 and 2 in mouse cerebral
cortex (Kumar and Thakur, 2015), proteases that are crucial for brain development (Kumar
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and Thakur, 2014). Further, hippocampal H3 histone methylation was found to be influenced
by acute and chronic stress in adult male rats, including increases in levels of H3K9Me3 in
dentate gyrus and CA1 in response to acute stress, increased levels following 7 days of
restraint stress, and reduced levels in the dentate gyrus in response to a 21 day chronic
restraint stress (Hunter et al., 2009). Thus our findings are consistent with prior reports of
both marks being associated with stress, while this is the first report of changes in these
marks associated with developmental Pb exposure and assessed in the developing brain.
Previously, Luo et al. (2014) reported that extended exposure to Pb (gestation through
postnatal day 60) resulted in elevated acetylate histone H3 levels in the adult hippocampus.
However, these animals had also been tested in free and forced open field exploration which
may have influenced the expression of this epigenetic mark.

In the frontal cortex, significant changes in expression of H3K9Me3 and H3K9/14Ac due to
our experimental manipulations were restricted to the PNDO time point. There was an
interaction between Pb and prenatal stress on H3K9/14Ac expression in females whereas in
males, only prenatal stress influenced (increased) H3K9/14Ac expression. H3K9Me3 levels
were significantly increased by prenatal stress in females while H3K9Me3 levels in males
were unaffected by the experimental manipulations. In contrast, in the hippocampus,
significant changes in expression of H3K9Me3 and H3K9/14Ac due to our experimental
manipulations were restricted to the PND6 time point. These findings suggest that
developmental processes occurring in the frontal cortex at PNDO (and potentially earlier)
may be particularly susceptible to effects of PS and Pb, resulting in aberrant modulation of
gene expression through the affected epigenetic mechanisms. Even though modified
expression of H3K9/14ac and H3K9Me3 was not detected in the frontal cortex at PNDB, it is
possible that the modulation of gene expression through control of histone acetylation and
methylation that occurred earlier may have significantly changed gene expression profiles of
genes, leading to altered gene function at later stages of development, consistent with the
concept of a fetal basis of adult disease.

The frontal cortex and hippocampus play important roles in controlling a variety of cognitive
functions and social behaviors many of which are sexually dimorphic. In the hippocampus,
the influences of Pb and PS were observed primarily at PND6 and were greater in males
than in females. Sex differences in hippocampal morphology have been reported in rats and
suggested to be related to a greater degree of neurogenesis in males during the first postnatal
week, although in mice, this effect may differ by strain (Tabibnia et al., 1999; Zhang et al.,
2008). Thus it is possible that PS and Pb may exert greater effects on the hippocampus at a
time when sexually dimorphic processes are maturing and this effect may be greater in
males than in females.

5. CONCLUSIONS

In conclusion, sex differences in histone modifications that manifest early in development
may be involved in the expression of sex-dependent differences in cognitive functions
observed later in life. Disruptions of these processes by developmental Pb exposure, PS, and
the combination of these factors may underlie some of the sex-dependent neurobehavioral
differences observed in these animals in adulthood (Virgolini et al., 2008a; Cory-Slechta et
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al., 2010; Virgolini et al., 2006; Virgolini et al., 2008b). The studies described here are a
necessary first step in exploring the role of histone modifications in the response of specific
brain regions to Pb exposure and prenatal stress. Additional work is now needed to extend
these findings and examine effects of Pb exposure and prenatal stress on the dynamic
modulation of histone modifications on specific genes of interest or, using ChlP-seq, to
identify genome-wide profiles of histone modifications resulting from these environmental
perturbations.
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Highlights

e H3K9/14Ac and H3K9Me3 are suggested to be sexually dimorphic histone
modifications.

o H3K9/14Ac and H3K9Me3 were examined for modification by lead and
prenatal stress

e Sex-dependent differences were seen in both histone modifications

» Effects of lead and stress were sex and brain-region-dependent.
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FIGURE 1.

Mean + S.E. normalized relative optical density (ROD) of H3K9/14Ac (top row) and
H3K9Me3 (bottom row) in females (left column) and males (right column) at PNDO (closed
circles) and at PND6 (open circles) in hippocampus for each of the indicated treatment
groups (0-NS = no Pb, non-stress; 0-PS = no Pb + prenatal stress; 100-NS = 100 ppm Pb,
non-stress; 100-PS = 100 ppm Pb + prenatal stress). Sample sizes range from 7-13. Results
of statistical analysis: Day=significant main effect of Day, Pb=significant main effect of Pb;
PS=significant main effect of PS; Pb x Day=significant interaction of Pb by Day; Pb x
PS=significant interaction of Pb by PS. For representative gel images associated with each
graph, PNDOQO is the top set, PNDG6 is the bottom set. Within each set of gel images,
H3K9/14Ac or H3K9Me3 is the top row and the beta actin (-a) is the bottom row. The lanes
are in the same order as the treatment groups on the graph.
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Mean + S.E. normalized relative optical density (ROD) of H3K9/14Ac (top row) and
H3K9Me3 (bottom row) in females (left column) and males (right column) at PNDO (closed
circles) and at PNDG6 (open circles) in frontal cortex for each of the indicated treatment
groups (0-NS = no Pb, non-stress; 0-PS = no Pb + prenatal stress; 100-NS = 100 ppm Pb,
non-stress; 100-PS = 100 ppm Pb + prenatal stress). Sample sizes range from 7-10. Results
of statistical analysis: Day=significant main effect of day, Pb=significant main effect of Pb;
PS=significant main effect of PS; PSxDay=significant interaction of PS by Day;
PbxPSxDay=significant 3-way interaction of Pb by PS by Day. For representative gel
images associated with each graph, PNDO is the top set, PND6 is the bottom set. Within
each set of gel images, H3K9/14Ac or H3K9Me3 is the top row and the beta actin (3-a) is
the bottom row. The lanes are in the same order as the treatment groups on the graph.
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