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Abstract

Intrauterine growth restriction (IUGR) increases the risk of postnatal lung disease, with males
more affected. In rat lungs, IUGR impairs alveolarization in conjunction with altered expression of
peroxisome proliferator activated receptor gamma (PPARYy). In non-lung cells, PPARy
transcription is regulated in part by the epigenetic modifying enzyme, methyl CpG binding protein
2 (MeCP2). However, it is unknown if [IUGR affects MeCP2 expression or its interaction with
PPARY in the rat lung during alveolarization. In this study, we hypothesized that the rat lung
would be characterized by the presence of MeCP2 short and long mMRNA transcripts, MeCP2
protein isoforms and the MeCP2 regulatory micro RNA, miR132. We further hypothesized that
IUGR would, in a gender-specific manner, alter the levels of MeCP2 components in association
with changes in PPARy mRNA, MeCP2 occupancy at the PPARy promoters, and PPARYy histone
3, lysine 9, trimethylation (H3K9Me3). To test these hypotheses, we used a well characterized rat
model of uteroplacental insufficiency induced IUGR. We demonstrated the presence of MeCP2
MRNA, protein and miR132 in the rat lung throughout alveolarization. We also demonstrated that
IUGR alters MeCP2 expression and its interaction with PPARYy in a gender-divergent manner. We
conclude that IUGR induces gender-specific alterations in the epigenetic milieu in the rat lung. We
speculate that in the JUGR rat lung, this altered epigenetic milieu may predispose to gender-
specific alterations in alveolarization.
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Introduction

Intrauterine growth restriction (IUGR) increases the risk of lung disease in the immediate
neonatal period as well as later in life (Dezateux and others, 2004; Hoo and others, 2004;
Kotecha and others, 2010; Laughon and others, 2010; Lawlor and others, 2005; Lucas and
others, 2004; Tyson and others, 1995). Importantly, this is true of IUGR babies that are born
at term as well as those born preterm (Hoo and others, 2004; Kotecha and others, 2010). In
general, male IUGR infants tend to be more severely affected (Frusca and others, 1997;
Melamed and others, 2009; Spinillo and others, 2009; Torrance and others, 2010;
Zimmermann and others, 1997). In animal models, studies have demonstrated that IUGR
produces a lung that is structurally and functionally different from the control lung (O’Brien
and others, 2007), often with impaired alveolarization (Harding and others, 2000; Karadag
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and others, 2009; Maritz and others, 2001; Maritz and others, 2004; O’Brien and others,
2007).

Alveolarization, the last stage of lung development, is characterized by thinning of the lung
mesenchyme, extension of secondary septa, and remodeling of the microvasculature (Roth-
Kleiner and Post, 2003). This process is conserved between human and rat lungs, with the
primary difference being timing relative to birth. In the human lung, the majority of
alveolarization takes place prenatally, at approximately weeks 28-32 of gestation. In the rat
lung, alveolarization takes place entirely in the postnatal period, postnatal days 4-14. In
addition to the structural similarities between human and rat lung development, the
molecular pathways involved are also similar (Bland and others, 2007; Groenman and
others, 2005; Mariani and others, 1997; Roth-Kleiner and Post, 2003; Wendel and others,
2000). Appropriate activation of these pathways requires precisely timed regulation of gene
expression.

The regulation and timing of gene expression is modulated by epigenetics. Epigenetics
refers to modifications of DNA and histone proteins that form chromatin. These
modifications affect the interactions and targeting of transcription factors, and the
transcription machinery, to the DNA. Epigenetics can function to silence a gene entirely, as
in developmental gene regulation and gene imprinting (Laprise, 2009; Weaver and others,
2009). Alternatively, epigenetics can provide a means of modulating the transcription level
of actively transcribed genes (Liu and others, 2008). The latter effect is often observed in
genes that are responding to a stressful stimulus, including IUGR (Fu and others, 2009; Joss-
Moore and others, 2010a; Joss-Moore and others, 2010b; Ke and others, 2006).

Our group has previously demonstrated that IUGR alters gene expression and epigenetics in
the lung (Joss-Moore and others, 2010a; O’Brien and others, 2007). One gene affected by
IUGR is peroxisome proliferator activated receptor gamma (PPARY) (Joss-Moore and
others, 2010b; Joss-Moore and others, 2010c). PPARYy is a member of the nuclear receptor
family of transcription factors and is crucial for appropriate lung development (Cerny and
others, 2008; Simon and others, 2006). We have demonstrated that IUGR decreases PPARy
mMRNA variants (transcribed from multiple promoters), protein abundance and downstream
targets at birth in the rat lung (Joss-Moore and others, 2010b). However, while the
downstream targets of PPARy have received some attention (Joss-Moore and others, 2010b;
Karadag and others, 2009; Rehan and others, 2006) little is known about the regulation of
transcription of PPARYy itself.

PPARYy transcription is regulated in part by methyl CpG binding protein 2 (MeCP2) (Mann
and others, 2010). In hepatic cells, MeCP2 associates with the PPARy promoters reducing
PPARYy transcription. In these cells, this “repressive” state is also marked by the presence of
the MePC2 associated histone modification, histone 3 lysine 9 tri-methylation (H3K9Me3)
on histones surrounding the PPARYy promoters (Fuks and others, 2003). Reduction of
MeCP2 at the PPARYy promoters removes the repression and allows PPARY transcription to
increase (Mann and others, 2010).

MeCP2 is an alternatively spliced gene that gives rise to multiple mRNA variants and
protein isoforms (Fuks and others, 2003; Kriaucionis and Bird, 2004; Mnatzakanian and
others, 2004; Pelka and others, 2005). The MeCP2 gene produces mRNA transcripts with
differing 3" UTR lengths. A short 3’'UTR (transcript 1.8kb) and a long 3'UTR (transcript
10.2kb) have been identified in the mouse lung both pre and postnatally (Pelka and others,
2005). The long 3" UTR has a number of regions that are highly conserved between human
and rodent. One of these highly conserved regions is a binding site for the micro RNA,
miR132 (Klein and others, 2007). MeCP2 translation is inhibited by miR132 binding to the
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long 3'UTR (Klein and others, 2007). In addition to the 3'UTR splice variants, the MeCP2
gene also undergoes alternative splicing in the coding region, giving rise to two protein
isoforms, MeCP2-e1 and MeCP2-e2 (Kriaucionis and Bird, 2004; Mnatzakanian and others,
2004). These isoforms of MeCP2 differ in their N-terminal region, with the —e1 isoform
containing additional N-terminal amino acids. While all of the above MeCP2 variants have
been identified in the brain, the combined use of coding variants and 3'UTR variants has not
been described.

While the short and long 3'UTR MeCP2 mRNA transcripts have been identified in the lung,
the presence and ontogeny of MeCP2 protein isoforms and miR132, during alveolar
formation, is unknown. It is also unknown whether IUGR alters levels of MeCP2 mRNA,
protein or the miR132. Finally, it is unknown whether MeCP2 associates with PPARy
promoter in the lung and, if so, whether IUGR affects this association.

In this study, we hypothesized that the rat lung would be characterized by the presence of
MeCP2 short and long mRNA transcripts, MeCP2-el and —e2 protein isoforms and the
micro RNA, miR132 throughout alveolarization. We further hypothesized that IUGR would
alter the levels of MeCP2 mRNA and protein as well as miR132 and that this will be
associated with changes in PPARy mRNA levels, MeCP2 occupancy at the PPARy
promoters, and PPARy H3K9Me3. To test these hypotheses, we used a well characterized
rat model of uteroplacental insufficiency (UPI) induced IUGR (Baserga and others, 2005;
Lane and others, 1996; Lane and others, 2002b; Lane and others, 2000; Ogata and others,
1986). We have previously demonstrated that lung development is impaired at birth in this
model (O’Brien and others, 2007).

The rat uteroplacental insufficiency model of IUGR has been described in detail previously
(Lane and others, 1998; Lane and others, 2002a; Unterman and others, 1993). All
procedures were approved by the University of Utah Animal Care Committee and are in
accordance with the American Physiological Society’s guiding principles (2002). The
surgical procedures have been described previously (Kloesz and others, 2001; Pham and
others, 2003). Briefly, on day 19 of gestation, pregnant Sprague-Dawley rats were
anesthetized with intraperitonealxylazine (8 mg/kg) and ketamine (40 mg/kg), and both
uterine arteries ligated giving rise to IUGR pups. Control dams underwent identical
anestheticprocedures. Body weights of IUGR pups used in this study, were approximately
25% less than control pups at birth and 15% less than control pups at d21 (Joss-Moore and
others, 2010c).

Day 0 (d0) pups were delivered by caesarian section at term, 2.5 days after bilateraluterine
artery ligation. For other ages, dams were allowed to deliver spontaneously and litters
randomly culled to 6 pups (3 male and 3 female). Pups remained with the dam for 7 (d7) or
21 (d21) days before sacrifice. Lungs were removed, flash-frozen in liquid nitrogen, and
stored at —80°C. For each experiment, each group (control, IUGR) had 6 male pups and 6
female pups, unless otherwise noted. Pups within each group were derived from different
litters.

Real-Time RT PCR

Real-time reverse transcriptase PCR was used to evaluate mRNA abundance of long or short
MeCp2 mRNA, PPARYy variants (PPARyla, PAPRy1b and PPARY2) as well the micro

RNA, miR132. Real-time RT-PCR was performed as previously described, with GAPDH as
an internal control (Joss-Moore and others, 2010c). Primers were as follows: MeCP2 short 3’
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UTR, 5'-ctctgccttgcagtcaggtt-3' and 5'-cagcgaaagataccacccata-3', MeCP2 long 3’ UTR, 5'-
aaaaacaaaaggcaatttattaagga-3’ and 5'-aacaaaagacacaaacggaca-3’', GAPDH 5'-
caagatggtgaaggtcggtgt-3’ and 5'-caagagaaggcagccctggt-3'. For PPARYy the following Assay-
on-demand primer/probe sets were used: PPARyla- Rn01492275 m1, PPARy1bD -
Rn01492273_m1, PPARy2 - Rn00440940_m1, (Applied Biosystems).

Micro RNA’s were extracted using the mirVana miRNA Isolation Kit (Ambion). RT-PCR
for mature microRNAs was performed using TagMan microRNA assays (Applied
Biosystems) according to the manufacturer’s protocol. miR-103 was used as a reference
miRNA as it has levels have been shown to remain constant across different tissues and
different disease states (Peltier and Latham, 2008). In addition, we have observed no change
in levels between control and IUGR lung. Primers were miR-132 (assay# 000457) and
control, miR-103 (assay# 000439) (Applied Biosystems).

Immunoblotting was used to determine relative levels of lung MeCP2 protein abundance in
IUGR and control rats. Whole lung protein was isolated as previously described (Joss-
Moore and others, 2010b). Immunoblotting was performed as previously described (Joss-
Moore and others, 2010c) with primary antibody against MeCP2 (Abcam, ab2828).

Chromatin immunoprecipitation (ChlIP)

A revised ChlIP protocol, based primarily on the methods of Farnham and Bomstztyk
(Nelson and others, 2006; Wells and Farnham, 2002), was used to investigate 1) the relative
MeCP2 occupancy of the PPARy promoter 1 (P1) and promoter 2 (P2) and 2) the levels of
histone modifications along the PPARYy gene at the following positions, 5’ of P1, at P1, P2,
Exon 4 and at the 3" end of the PPARY gene. Briefly, chromatin isolation from male and
female whole lung (190-280 mg) was performed as follows; tissue was fixed in 1%
formaldehyde for 10 minutes at room temperature, after which the reaction was stopped by
the addition of glycine to a final concentration of 125 mM. Samples were centrifuged,
washed twice with PBS and resuspended in PBS with added protease inhibitor cocktail
(PIC) at manufacture’s recommended concentration (Complete, Mini. Roche, Indianapolis,
IN). After centrifugation, cell pellets were resuspended in lysis buffer (5 mM PIPES, pH 8.0,
85 mM KCI, 0.5% Igepal) with PIC and dounced on ice using a tight pestle. After
centrifuging, pelleted nuclei were resuspended in nuclei lysis buffer (50 mM Tris-Cl, pH
8.1, 10 mM EDTA, 1% SDS) with PIC, incubated for 20 minutes on ice and split into
aliquots of approximately 200 pl (in 1.5 ml tubes) for sonication. Due to the importance of
the sonication step in producing relatively uniform chromatin fragments while maintaining
protein integrity for subsequent immuoprecipitation (IP), significant optimization was
performed. Sonication was performed on ice using a Fisher Scientific Model 100 sonicator
with microtip attachment (Fisher Scientific, Pittsburgh, PA). Each sample was pulsed 10
times with the micotip placed near the base of the tube and returned to ice, this was repeated
a total of 10 times. After centrifuging, chromatin containing supernatants for each of the 4
samples were frozen at —80°C.

Immunoprecipitation (IP) were performed as previously described (Joss-Moore and others,
2010b) using anti-MeCP2 (Abcam, ab2828) and anti-H3K9Me3 antibody (Abcam, ab8898).
For MeCP2 IP percent of input was used as a control and for H3K9Me3 IP a non-
transcribing intergenic region was used as a control (Fu and others, 2009). Primers
sequences for RT-PCR of IP DNA: 5’ of P1 5’ tcgacggctttctgaatgtg and 5’
cttgccctctttcagcetctttc; P1 5’ aaaaacaaacttctgcgtgacagt and 5’ ggtcccacgttcctcagaca; P2 5
ccaagtcttgccaaagaagca and 5' gattgagagccagctgtgacaa; exon 4 5’ ccatcaggtttgggcegaat and 5’
gatctccgecaacagcttct; 3' end 5’ cgccaaggtgcetccagaa and 5’ ctgcacgtgetetgtgacaa.
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Ontogeny data are presented as mean + SD. Statistical significance was assessed using
ANOVA and Fisher’s Projected Least Significant Difference test between d0, d7 and d21.
IUGR data are presented as IUGR as percent of gender and age matched controls + SD.
Statistical significance was determined by Student’s unpaired t-test with comparison
between IUGR and gender-matched control. In both cases, the Statview software package
(SAS Institute, Cary, NC) was used to determine statistical significance. p < 0.05 was
considered significant.

MeCp2 ontogeny throughout alveolarization

MeCP2 mRNA transcript levels, MeCP2 protein abundance and miR132 levels were
quantified in control rat lung at dO (pre-alveolarization), d7 (mid-alveolarization) and d21
(post-alveolarization). MeCp2 mRNA transcripts with a long (~10kb) 3'UTR and short
(~2kb) 3'UTR were detectable in both male and female lung throughout alveolarization. In
males, long MeCP2 mRNA transcript levels increased significantly between d7 and d21
(p=0.01) (Figure 1a). Short MeCP2 mRNA transcript levels increased between d7 and d21
(p=0.009) in male rat lung. In contrast, MeCP2 long and short mRNA transcript levels did
not change during development in the female lungs (Figure 1b).

The long 3' UTR MeCP2 transcript contains a binding site for the micro RNA, miR132.
Because the presence of miR132 has been shown to inhibit translation of the long MeCP2
transcript (Klein and others, 2007), we also examined levels of miR132 during
alveolarization in control rat lung. Both male and female lungs had detectible levels of
miR132 from birth to d21. In male lung, levels of miR132 did not change during
alveolarization (Figure 1c). In female lungs, levels of miR132 increased between d7 and d21
(p=0.03) (Figure 1d).

MeCP2 exists as two isoforms that differ in the N-terminus, MeCp2-el and -e2 (Giacometti
and others, 2007; Mnatzakanian and others, 2004; Quenard and others, 2006). We detected a
doublet band for MeCP2 with immunoblot in control rat lung tissue (inserts Figure 2). In
male rat lungs, MeCP2-e1 (upper band) abundance increases between d0 and d7 (p=0.001)
as well as between d7 and d21 (p=0.017). MeCP2-e2 (lower band) abundance increases
between d7 and d21 (p=0.001) in male rat lung (Figure 2a). In female lungs, MeCp2-el
protein abundance increases between d0 and d7 (p=0.001) with no other changes in MeCp2-
el or MeCP2-e2 at any time point (Figure 2b).

IUGR alters MeCP2 mRNA, protein and miRNA in a gender and age specific manner

We examined the effect of IUGR on long and short MeCP2 mRNA, MeCP2 protein and
miR132 before, during and after alveolarization in male and female rats. In males, IUGR
does not alter long or short MeCP2 mRNA transcript levels at any stage examined (Figure
3a). In female lung, IUGR decreases long (p=0.05) and short (p=0.05) MeCP2 mRNA
transcript levels at dO as well as long (p=0.05) and short (p=0.03) MeCP2 mRNA transcript
levels at d7 compared to age-matched female control. Conversely at d21 IUGR increases
long (p=0.02) and short (p=0.01) MeCP2 mRNA transcript levels in female lung compared
to d21 female control (Figure 3b).

We also examined the effect of IUGR on miR132 in male and female lungs. In male lung,
IUGR decreases miR132 at d7 (p=0.05) compared to d7 control male (Figure 3c). In female
lung, IUGR decreases miR132 d0 (0.08) and at d7 (p=0.05) compared to age-matched
female controls (Figure 3d).

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2011 August 9.
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IUGR does not alter levels of male lung MeCP2-el or—e2 protein abundance at dO relative to
male dO control. At d7, IUGR increases MeCp2-el abundance (p=0.03) and MeCP2-e2
abundance (p=0.004) relative to male d7 control. However at d21, IUGR decreases MeCP2-
el (p=0.002) and MeCP2-e2 (p=0.01) abundance relative to male d21 control (Figure 4a). In
females lung, IUGR increases both MeCP2-e1 (p=0.01) and MeCP2-e2 (p=0.01) relative to
do female control. At d7, IUGR only increases MeCP2-e1 abundance (p=0.009) in female
lung, with no change at d21 (Figure 4b).

IUGR decreases PPARy mRNA variants before and during alveolarization

Because MeCP2 has been demonstrated to regulate PPARY transcription, we measured
MRNA transcript levels of PPARy variants PPARyla, PPARy1b and PPARYy2 before, during
and after alveolarization. In male lung, IUGR decreases PPARyla (p=0.001), PPARYy1b
(p=0.001) and PPARY2 (p=0.003) mRNA transcript levels at dO compared to d0 male
control. At d7, IUGR decreases PPARy1b (p=0.004) and PPARYy2 (p=0.07) mRNA
transcripts only. There was no change in PPARy variant mRNA at d21 (Figure 5a). In
female lungs at d0, IUGR also decreases PPARyla (p=0.007), PPARy1b (0.001) and
PPARYy2 (p=0.02) mRNA transcript levels compared to female d0 controls. At d7, IUGR
decreases PPPARy2 mRNA transcript (p=0.04) relative to d7 female control. There were no
changes in PPARYy variants in d21 female lung (Figure 5b).

IUGR increases MeCp2 occupancy at the PPARy promoters in female dO lung

Because MeCP2 presence at the PPARy promoters was demonstrated to alter PPARy
expression in hepatocytes, we used ChIP to determine whether MeCP2 also associates with
the PPARy promoters in rat lung. MeCP2 was detectable at both promoter 1 (P1) and
promoter 2 (P2) of the PPARYy gene at birth and d7 in male and female rat lungs. In male
lungs, IUGR did not alter levels of MeCP2 associated with either PPARy P1 or P2 relative
to age-matched male controls (Figure 6a). In female lungs however, IUGR increased levels
of MeCP2 associated with PPARy P1 (p=0.04) and P2 (p=0.03) at dO relative to dO female
control, with no change observed at d7 (Figure 6b). At d21, MeCP2 was undetectable at the
PPARYy promoters in control and IUGR, male and female rat lung.

IUGR induces gender-specific changes to H3K9Me3 along the PPARy gene

We also examined the effect of IUGR on levels of the MeCP2 dependent histone
modification, H3K9Me3, along the PPARY gene. IUGR altered H3K9Me3 along the PPARYy
gene differentially in male and female lung. In male lung, levels of H3K9Me3 5'P1 were
decreased at dO (p=0.005) and d7 (p=0.02) compared to age and gender matched control. At
d21, IUGR increased H3K9Me3 (p=0.02) at 5'P1. At P1, IUGR increased H3K9Me3 at d7
(p=0.016) while at P2 H3K9Me3 increased at d21 (p=0.01) relative to age matched male
control. At Exon 4, IUGR decreased H3K9Me3 at dO (p=0.05) and d7 (p=0.03) with no
change at d21 relative to age matched male control. At the 3’ end of PPARy IUGR increased
H3K9Me3 at d7 (p=0.03) and d21 (p=0.003) relative to age matched male control (Figure
5a).

In female lungs, IUGR increased H3K9Me3 at all positions examined at dO (5'P1-p=0.04, p1
p=0.01, P2 p=0.04, Exon 4 p=0.07, 3' p=0.04) relative to female dO control. At d7 IUGR
decreased H3K9Me3 at P2 only (p=0.03). At d21, IUGR decreased H3K9Me3 at P1
(p=0.02), Exon 4 (p=0.008), and 3'end (p= 0.02) relative to d21 female control.

Discussion

The most significant finding of this study is that IUGR alters lung levels of MeCP2 mRNA
transcript, MeCP2 protein abundance, and miR132 throughout alveolarization in the rat.
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Further, these changes in MeCP2 occur in conjunction with altered MeCP2 occupancy of the
PPARYy promoters and altered levels of H3K9Me3 on the PPARY gene. In addition, IUGR
alters MeCP2 related findings in a gender-divergent manner. These findings are novel and
imply that IUGR induces gender-divergent alterations in lung MeCP2 expression. These
IUGR induced changes in MeCP2 likely alter the expression of MeCP2 target genes and
may impact alveolarization in the rat.

The effect of IUGR on MeCP2 during alveolarization has not been previously characterized.
MeCP2 mRNA lung expression has been reported (Pelka and others, 2005), however little
else is known about MeCP2 in the lung. Our findings of the presence of long and short
3'UTR MeCP2 transcripts throughout alveolarization are consistent with this previous
report. In the brain, where it has been extensively studied, MeCp2 is important for normal
neuronal development and a number of MeCP2 target genes undergo stimuli-dependent
activation (Gonzales and LaSalle, 2010). MeCP2 is often associated with actively
transcribed genes and is found at active promoters (Chahrour and others, 2008; Yasui and
others, 2007). These findings lead to the notion that MeCP2 may play a role in the dynamic
regulation of specific gene activity, or modulate transcription in response to a stimulus
(Thambirajah and Ausio, 2009).

This concept is consistent with MeCP2 being involved in the modulation of PPARy
transcription during a dynamic process such as alveolar formation. Inhibition of PPARy
transcription by MeCP2 in hepatic fibroblasts is associated with transdifferentiation of
hepatic fibroblasts to the fibrotic myofibroblast phenotype (Mann and others, 2010). In these
cells, when MeCP2 is bound to the PPARy promoter, transcription is inhibited and histones
in the promoter region are characterized by increased H3K9Me3, a MeCP2 dependent
repressive mark (Fuks and others, 2003). We have previously reported that PPARY is
reduced at birth in IUGR rat lungs (Joss-Moore and others, 2010b). In this study, we have
shown that effects of IUGR on PPARY levels persist at d7 and normalize by d21.
Interestingly, while MeCP2 does associate with both male and female PPARy promoters at
birth, only female lungs are characterized by the expected IUGR induced increase in MeCP2
occupancy and H3K9Me3 at the PPARy promoters. These finding are consistent with the
observed decrease in PPARy mRNA in females at birth. In contrast, male IUGR lungs
display a reduction in H3K9Me3 on PPARy promoters in the context of decreased PPARy
MRNA at birth. This suggests that other histone modifications or modifying enzymes
contribute to PPARy mRNA transcription in male rat lungs. It will be important to indentify
other epigenetic modifiers that regulate PPARYy transcription in male rat lung. Interestingly,
it has also been shown that rat lungs undergo a PPARY dependent transdifferentiation to a
fibrotic phenotype in response to hyperoxia (Rehan and others, 2007; Rehan and others,
2006). The differences in MeCP2/PPARY interactions observed in this study may predispose
IUGR lungs to a gender-divergent PPARYy response in the face of a secondary insult, such as
hyperoxia exposure.

The gender-divergent effects observed in this study are interesting and currently
unexplained. Gender-divergence in molecular regulation during lung development is
consistent with previous observations of subtle differences in the timing of lung maturation
between males and females (Torday and others, 1981). Gender-specific epigenetics may also
be important in priming the immature lung for future changes. For example, after sexual
maturation, female lungs have greater mass-specific surface area in order to accommodate
increased oxygen needs of pregnancy (Massaro and others, 1995). It is possible that the
epigenetic regulatory mechanisms governing MeCP2 expression and function may exhibit
subtle differences in male and female lungs under basil conditions. However, in the face of a
stressor such as IUGR, these differences become more pronounced resulting in a gender-
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divergence in MeCP2 response. This response may predispose to gender-specific differences
in the severity and timing or lung morbidities.

MeCP2 binds to unmethylated DNA (Thambirajah and Ausio, 2009; Yasui and others,
2007) potentially directed by histone modifications in, and proximal to, the promoter.
However, in vitro, MeCP2 preferentially binds to methylated CpG’s. A limitation of this
study is that we did not assess the DNA methylation status of the PPARy promoters. It is
possible that the association of MeCP2 with the PPARy promoters may be influenced by the
methylation status of the promoters. Interestingly, the PPARy1 promoter is CpG rich while
the PPARY2 promoter is CpG sparse. This may influence MeCP2 binding and needs to be
explored in future studies. A further limitation is the use of a rat model. While rat lung
development follows a similar course to human lung development, it is important to remain
cognoscente of the fundamental differences. For example, the rat lung is adequately
functional when in the sacular stage of development, as opposed to the human lung at the
same stage of development. However, an advantage of using a rat model to study lung
development and the effects IUGR on lung development, however, is that the immature lung
can be interrogated, without the systemic complications of prematurity.

In conclusion, this is the first study to examine the effects of IUGR on MeCP2 expression,
miR132 and the interaction of MeCP2 with PPARY in the developing rat lung. We
demonstrated that IUGR alters levels of lung MeCP2 biology in a gender-divergent manner.
While the results of this study are primarily correlative, this data sets the stage for future
studies that explore mechanisms by which alterations in MeCP2 related epigenetics impact
lung development. We speculate that in the IUGR rat lung, an altered epigenetic milieu
during alveolar formation may predispose to gender-specific differences in subsequent
susceptibility to lung injury.
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Figure 1.

Ontogeny of MeCP2 mRNA and miR132 in rat lung at birth (d0), postnatal day 7 (d7) and
day 21 (d21). Male (panel a and c) and female (panel b and d) lungs were examined.
Differences in MeCP2 mRNA and miR132 between d0, d7 and d21, for each gender, were
assessed with ANOVA with Fisher’s PLSD. Significant difference to dO indicated by *,
significant difference to d7 indicated by #. n=6.
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Figure 2.

Ontogeny of MeCP2 protein isoforms in rat lung at birth (d0), postnatal day 7 (d7) and day
21 (d21). Male (panel a) and female (panel b) lungs were examined. Inserts are
representative western blots. Differences in MeCP2 protein between d0, d7 and d21, for
each gender, were assessed with ANOVA with Fisher’s PLSD. Significant difference to d0O
indicated by *, significant difference to d7 indicated by #. n=6.
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Figure 3.

IUGR alters MeCP2 mRNA and miR132 levels in a gender-specific manner in rat lung.
Male (panel a and ¢) and female (panel b and d) control and IUGR lungs were examined at
birth (d0), postnatal day 7 (d7) and day 21 (d21). Data are IUGR as a % of age and gender
matched control, error bars are standard deviation. Asterisks denote significant differences
between IUGR and gender-matched control determined by unpaired t-test. n=6.
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Figure 4.

IUGR alters MeCP2 protein isoform levels in a gender-specific manner in rat lung. Male
(panel a) and female (panel b) control and IUGR lungs were examined at birth (d0),
postnatal day 7 (d7) and day 21 (d21). Data are IUGR as a % of age and gender matched
control, error bars are standard deviation. Asterisks denote significant differences between
IUGR and gender-matched control determined by unpaired t-test. n=6.
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Figure 5.

IUGR decreases PPARy variant mRNA levels at birth at d7 in rat lung. Male (panel a) and
female (panel b) control and IUGR lungs were examined at birth (d0), postnatal day 7 (d7)
and day 21 (d21). Data are IUGR as a % of age and gender matched control, error bars are
standard deviation. Asterisks denote significant differences between IUGR and gender-
matched control determined by unpaired t-test. n=6.
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Figure 6.

IUGR increases MeCP2 occupancy at PPARy promoter 1 (P1) and promoter 2 (P2) in dO rat
lung. Male (panel a) and female (panel b) control and IUGR lungs were examined at birth
(d0), postnatal day 7 (d7) and day 21 (d21). MeCP2 occupancy at the PPARy promoters was
not detectable at d21 in male or female lung. Data are IUGR as a % of age and gender
matched control, error bars are standard deviation. Asterisks denote significant differences
between IUGR and gender-matched control determined by unpaired t-test. n=6.
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Figure 7.

IUGR alters levels of H3K9Me3 along the PPARY gene in a gender-specific manner. Male
(panel a) and female (panel b) control and IUGR lungs were examined at birth (d0),
postnatal day 7 (d7) and day 21 (d21). Positions examined were: 5'P1 (5’ of promoter 1), at
P1, at promoter 2 (P2), in Exon 4 and at the 3’ end of the PPARy gene. Data are IUGR as a
% of age and gender matched control, error bars are standard deviation. Asterisks denote
significant differences between IUGR and gender-matched control determined by unpaired
t-test. n=6.
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Table 1

Primer/probe sets for real-time RT-PCR

Transcript position relative to PPARYy gene

Sequence

5’ of P1

For: 5" TCGACGGCTTTCTGAATGTG
Rev: 5" CTTGCCCTCTTTCAGCTCTTTC
Probe: 5" ATCTTTAGGACAGATCATG

P1

For: 5" AAAAACAAACTTCTGCGTGACAGT
Rev: 5" GGTCCCACGTTCCTCAGACA
Probe: 5 AGGGCACCAGCCGG

P2

For: 5" CCAAGTCTTGCCAAAGAAGCA
Rev: 5 GATTGAGAGCCAGCTGTGACAA
Probe: 5 ACAGCATTATGACACACCAT

Exon 4

For: 5" CCATCAGGTTTGGGCGAAT
Rev: 5 GATCTCCGCCAACAGCTTCT
Probe: 5 CCACAGGCCGAGAAG

3'End

For: 5" CGCCAAGGTGCTCCAGAA
Rev: 5 CTGCACGTGCTCTGTGACAA
Probe: 5" ATGACAGACCTCAGGCAG

GAPDH primer and probe sequences; Forward: CAAGATGGTGAAGGTCGGTGT; Reverse: CAAGAGAAGGCAGCCCTGGT,; Probe:

GCGTCCGATACGGCCAAATCCG.

Add MeCP2 primers
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