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INTRODUCTION

1 Introduction

1.1 Early life stress model

1.1.1 Early life stress as a risk factor

Early life events can have a life-long impact orygibal and mental health. There is
increasing evidence that childhood trauma and weglan profoundly influence
behavior and increase risk for depression, anxdetgrders and substance abuse (de
Wilde et al., 1992; Dube et al., 2001) (Kendlealet 1995; Johnson et al., 2002). The
quality of mother-infant interactions is of cruciamportance during early
development. Abundant evidence shows that postrdisabption of the normal
mother-infant interaction can lead to critical ches in the developing
neuroendocrine response to stress in rodents.ctn fiamerous studies have shown
that early life stress can alter behavioral andoendocrine responsiveness and brain
morphology. Subsequent dysregulation of the hypathiz-pituitary-adrenal (HPA)
axis can increase the vulnerability to psychiattiseases (Arborelius et al., 1999;
Jaffee et al., 2002; Newport et al., 2002; Iverseml., 2007; Rikhye et al., 2008).
Such findings have raised the question of whetimeilas processes take place in the
human infant and, if so, through which mechanisnhydde adversity programs the
infant HPA axis. To address these questions, | fivdt briefly describe the anatomy
and regulation of the HPA axis and focus on crittcae windows for programming
by adverse events. A rodent model of early lifesgrwill be introduced to show how

early experiences modulate behavioral, cognitive @rysiological development.
1.1.2 Hypothalamic-pituitary-adrenal (HPA) axis

Hyperactivity of the HPA axis is one of the key dings described in major
depression (Holsboer, 2000). Secretion of hypothilacorticotrophin-releasing
hormone (CRH) from nerve terminals in the mediannemce into the hypophysial
portal circulation stimulates the synthesis of thprecursor protein
proopiomelanocortin (POMC), its cleavage and redleas adrenocorticotrophic
hormone (ACTH) from the anterior pituitary. AlthdugRH is the primary ACTH

secretagogue, other neuroactive peptides, in p&ti@rginine vasopressin (AVP),
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are coexpressed in parvocellular neurons of thetmglamic paraventricular nucleus
(PVN); these act synergistically with CRH to stiael ACTH release under sustained
stress (Plotsky et al., 1991; Sawchenko et al.319%hen released into the systemic
circulation, ACTH stimulates adrenocortical synteesd release of cortisol (human)
or corticosterone (rodents) from the adrenal glamuich in turn, inhibits CRH and

AVP production via a negative feedback loop (Figlixe

\-‘_;2
\ws

Pituitary
gland

ACTH

Adrenal gland

Figurel. The hypothalamic-pituitary-adrenal (HPA) axis. The neuropeptides corticotrophin-

releasing hormone (CRH) and arginine vasopressiWP{Aare expressed in the parvocelluar
neurons of the hypothalamic nucleus paraventriculdihe co-release of CRH and AVP into the
portal blood vessels leads to potent stimulatiomrdgrior pituitary ACTH secretion and POMC

transcription. ACTH is derived from the POMC premarmRNA and in turn stimulates secretion
and synthesis of stress hormones (corticoster@@s3T) by the adrenal glands. The activational
effects of the HPA axis are counteracted by théitdry effects of CORT on the hypothalamus

and pituitary and serve to attenuate and determirnthe stress response. Adopted from
(Murgatroyd et al., 2010)

1.1.3 Stress hypo-responsive period (SHRP)

Rodents undergo a period in early postnatal dewedop during which they exhibit a
reduced response to stress (stress hypo-respopsiad, SHRP). This period has
been suggested to last from approximately podtrégdag (PND) 4 to PND 14
(Schapiro et al., 1962; Sapolsky and Meaney, 1%86lker et al., 1986; Levine,
1994, 2001) in rats and from PND 1-12 in mice ({iret al., 1994; Schmidt et al.,
2002; Schmidt et al., 2003). This period is chamazéd by lower baseline plasma
corticosterone concentrations than those measuradea stages of development and
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in mature mice, and by blunted CRH and ACTH respsrie acute stressors. During
the SHRP, the adrenal gland is relatively insevesitio ACTH stimulation, resulting in
only a minimal amount of corticosterone releasenuptress (Stanton et al., 1988;
Rosenfeld et al., 1991). The HPA axis is a dynaygtem which undergoes postnatal
maturation. During the first two weeks of life, thedent brain passes through a
number of critical developmental processes inclgdidendritic outgrowth,
synaptogenesis, and the formation of neural cscuits a consequence, adverse
events during the SHRP can lead to long term behavand physiological changes
later in life. For example, during the SHRP, neahgdt pups displayed increased cell
death of neurons and glia in several cortical negiowhen subjected to a single (24
hour) bout. However, the same paradigm is less fuhrwhen applied outside the
SHRP (Zhang et al.,, 2002). The quality of materrdmhaviors, such as
licking/grooming and feeding received during therlyeaweaning period have
significant impact on anxiety- and depression-ldehaviour and HPA activity and
these effects can persist into adulthood (Liu et18197). Based on these observations,
several animal models have been developed buildmgn the manipulation of the
interaction between mother and pups during thdcatitperiod; one of these is

maternal separation.
1.1.4 Maternal separation (MS) of newborn mice

Neonatal maternal separation (MS) has been usedmedel of adverse early life
events to induce long-term changes in behaviour ewgroendocrine regulation
(Anisman et al., 1998; Slotten et al., 2006). Tinisdel is based on the observation
that dams often leave their pups for foraging 3D minutes, while a mother living
in a harsh environment (e.g. drought) may haveotage for up to 2-3 hours,
exposing the pups to increased separation stresise IMS model, pups are separated
for 3 hours daily from their mother during the fir§0 days of life. These
manipulations are normally performed in the mormmith the pups removed to an
incubator or heating pad to maintain body tempeeatirom postnatal day 11, pups
are reared by their mother, undisturbed in the hoage until PND 21 when they are

weaned and housed in sex-matched groups (3-5 rarceage).

Maternal separation performed in this time windd®dND 1-10) can confer

detrimental effects to the neonatal pups when tieagh adulthood. Until weaning,
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pups are almost entirely dependent on their motberthe maintenance of body
temperature, nutrition, and protection from predatand in addition, their brains are
undergoing significant development (the rodentrbedibirth is thought to correspond
to that of a human infant’'s at gestational age 23a2eks). In this respect, early
trauma can impose severe changes to the offsgringeneral, many early-life stress
paradigms induce persistent increases in anxietg-depression-like behaviours, as

well as hyperactivation of the HPA axis.

As adults, animals that have experienced matesparation stress show several
behavioural alterations. They spend more time endlosed arm of the elevated plus
maze when compared with control animals, suggestimganxiety-like phenotype
(Romeo et al., 2003). Slotten and colleagues (Siodét al., 2006) pointed out that
adult rats previously exposed to 3 hours of dalyssation (PND 3-15) preferentially
stayed in the closed protected arm of the T-manapeaoed with the control rats. In
addition, MS animals also exhibit depression-lilgh&viour. For example, rodents
exposed to 3 hours of daily separation during ttet fwo weeks of life spend more
time floating in the force swim test when compareith control animals; this is
thought to reflect depression-like behaviour. Maéérseparation can also produce
other depression-like syndromes, including incrdas®mnsumption of ethanol
(Pohorecky, 1981, 2006) and signs of anhedoniaiidaility to perceive or respond
appropriately to pleasurable stimuli) (Matthews &abbins, 2003).

Maternal separation can lead to long-lasting ditema of neuroendocrine
regulation. When compared with control animals,lafl$ offspring displays higher
levels of basal corticosterone (CORT) and adrenmoaropic hormone (ACTH), and
increased level of hypothalamic CRH and AVP in BMéN. The adult MS animals
exhibit resistance to glucocorticoid-mediated fesky as evident from a failure of
the dexamethasone suppression test (Murgatroyd.,eR@09). Furthermore, MS
treated animals show decreased levels of gama abutyric acid A (GABA,)
receptor expression in the medial prefrontal cqriesradrenergic (NA) cell body
regions of the nucleus tractus solitarius and tloeid coeruleus (Caldji et al., 2000).
Moreover, reduced levels of brain-derived neuratrogactor (BDNF) and
synaptophysin mRNA densities were detected (Lippmanal., 2007; Aisa et al.,

2009). Maternal separation can also inhibit neuneges in the hippocampysvhich
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consequently impairs memory formation. Aisa andeegues (Aisa et al., 2009)
found that MS treated animals showed spatial legraieficits when tested in the

Morris Water Maze compared with non-handled costrol
1.1.5 Early life environment and the epigenome

A critical question concerns the mechanisms cogpéarly social environment to
long-term alterations of behaviour and stress nesg® later in life. Recent findings
from rodent models implied that epigenetic mechasjs especially DNA
methylation, are mediating the gene X environmeatodue by laying down stable
marks in the genome, thus affecting the phenotgper lin life. In the rat, different
levels of maternal care early in life can lead tdmethylation changes that persist,
along with altered behavioral and neuroendocrinenpltypes in adulthood. Meaney
and coworkers (Weaver et al., 2004) showed thas papred under high maternal
care, including licking/grooming and arch-back mgs(LG-ABN), have increased
glucocorticoid receptor (GR) expression in the biggmpus when compared with
pups reared by low LG-ABN dams. This higher gluaticoid receptor (NR3C1, GR)
MRNA expression is associated with lower DNA medhigh in the promoter region
of the GR, thereby facilitating the binding of tlranscription factor nerve growth
factor-induced protein A (NGFI-A). The authors het performed a series of
experiments to show that the impact of early exgpexe can be reversed by later
interventions in adulthood, e.g. environmental @&@wment, cross-fostering or
treatment with histone deacetylase (HDAC) inhilstorThis example demonstrated
that changes in the epigenome established by théroament during early
development can be reversed in adulthood, indigatime plasticity of DNA

methylation processes in the adult brain.

In humans, adverse events such as childhood alausalso lead to epigenetic
programming in the adult brain. McGowan and cowsk@icGowan et al., 2009)
found that DNA methylation at a neuron-specific @Romoter was significantly
higher in the hippocampus of suicide victims whd kaffered from childhood abuse
than in controls or non-abused suicide victims. Tieeased DNA methylation in
suicide victims who underwent childhood abuse soeamted with decreased levels of
GR mRNA as well as the GR 1F splice variant, sugggs functional correlation

between DNA methylation and GR mRNA expression.sThhe findings in rodent
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models implicating early environmental exposurerogramming the epigenome also
appears to apply to humans. In sum, results botin animal models and humans
indicate the plasticity of the epigenome when ergdo$o environmental stimuli,

opening the possibility of developing approachesefarly diagnosis, prevention, and

treatment of disease.

1.2 DNA methylation and MeCP2

1.2.1Epigenetics

The term pigenetics’ was first introduced by the developmental biotagConrad
Waddington in 1940 to describe the gene-environmetgractions that result in
specific phenotypes (Waddington, 1942; Van Speyik02002). While Waddington
originally used this concept in a developmentalterty the term’s current use has
extended to describe the study of heritable cha(lygth mitotic and meiotic) in gene
expression that are not due to changes in DNA seguéRusso, 1996). The concept
of epigenetics was recently revised by the British scientist AdrBird who proposed
that epigenetic events are the structural adaptatichromosomal regions (genes) to
register, signal or perpetuate altered activityest&Bird, 2007). In this new definition
of epigenetics, both chromatin marks and DNA modifications, relgss of their
heritability, are considered as epigenetic eveBSlA methylation and histone
modifications are the two main mechanisms of emtemegulation. Whereas histone
modifications are often transient events, DNA mkttign is thought of as a stable
modification of DNA. In our studies, we focused DNA methylation.

1.2.2DNA methylation

DNA methylation is a covalent chemical modificationvolving the addition of a
methyl group to the fifth position of the pyrimidiring in the nucleotide cytosine.
This modification can be inherited through cell ision. DNA methylation is
normally removed during zygote formation and rdaghed byde novo methylation.
In mammals, DNA methylation mostly occurs in thentext of CpG dinucleotides,

which consist of a cytosine immediately followed d&@yuanine (Richards, 2006). In
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addition, recent research revealed that DNA metioylacan also appear in a non-
CpG manner, although the function of this is stdt very clear (Barres et al., 2009).
It has been suggested that about 25% of all mdtbglan embryonic stem (ES) cells
occurs in a non-CpG context. Non-CpG methylatiaappears during differentiation,
but is restored in induced pluripotent stem cellgygesting that non-CpG methylation
might play a role in the establishment and maimeaaof pluripotency (Lister et al.,

2009).

About 70% of all CpG dinucleotides are methyladedoss the genome (Ehrlich
et al., 1982), except for the high CpG densityargicalled CpG islands (Bird, 1986;
Gardiner-Garden and Frommer, 1987). The common dbmefinition of a CpG
island is a region spanning at least 200 bp intleagd containing a GC percentage
greater than 50% with an observed/expected Cp@ odtmore than 60%. Another
recent study revised the rules for CpG island ptexh in order to exclude other GC-
rich genomic sequences such as Alu repeats. AcagydiCpG islands are defined as
DNA regions of >500 bp with a GC content >55% abdesved CpG/expected CpG
ratio of 0.65 (Takai and Jones, 2002). CpG islaaes normally present within or
close to the promoter region responsible for requdethe transcription rate of a gene.
Typically, CpG islands are free of methylation. Nstwwdies by Weber and coworkers
(Weber et al., 2007) have pointed out that DNA ylatiion at a given CpG island is
dependent on the CpG density of the promoter. H@bG promoters are
unmethylated and promoters with low CpG contemtd te be hypermethylated.

DNA methylation has been shown to play importanesoin mammalian
development. For example, DNA methylation is esakrfor establishing tissue-
specific gene expression patterns. In addition, Dikéthylation is also associated
with a number of key processes such as X-chromosoraetivation, parental

imprinting, suppression of repetitive elements aactinogenesis (Bird, 2002).

1.2.3DNA methyltransferases

In mammalian cells, DNA methylation occurs mainly the 5 position of CpG
dinucleotides and is catalyzed by DNA methyltraredes (DNMTSs). There are four
known DNMTs which can be subcategorized into twougs by their functionsde

novo and maintenance DNA methylation.
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The addition of methyl groups to previously unmédbgd DNA, the so callede
novo methylation, is catalyzed by two enzymes: DNMT3d &NMT3b. Compared
with DNMT3a, DNMT3b shows relatively low expressionmost tissues except for
the testis, suggesting a crucial function for DNNTI® spermatogenesis (Okano et
al., 1998a; Robertson et al., 1999; Xie et al., Q9DNMT3a and DNMT3b are
essential for normal development (Okano et al., 91.9®nmt3a homozygous
knockout mice appear normal at birth but die afteveeks of age; whil®nmt3b
homozygous knockout mice show various embryoniedsfand die before E15.5.
Combined knock-out obnmt3a and Dnmt3b produces more severe symptoms than
those ofDnmt3a andDnmt3b alone. This indicates that Dnmt3a and Dnmt3b leve
least partially overlapping functions in the esttibhent of cellular DNA methylation
patterns during development.

Maintenance DNA methylation activity is essentiar fpreserving DNA
methylation patterns in each cellular DNA replioaticycle. DNMT1 functions as a
maintenance DNA methyltransferase, and specificedigognizes hemi-methylated
CpGs following DNA replication of the daughter stda DNMT1 is responsible for
transmitting DNA methylation patterns to the daegldgtrand. Dnmtl is essential for
mammalian development, because null mutants shalespread demethylation in
the embryo and die at E9.5 (Li et al., 1992). DnmiRNA expression is also
observed in low-proliferation tissues such as tlgeltaheart and brain. These
unexpected results suggest a new role of Dnmtldditian to its known role to
maintain DNA methylation levels during cell divisioRecent finding suggests that
DNMT1 can interact with methyl-CpG binding proteias well as with HDACs and
histone methyltransferases to exert transcriptiogatession (Tatematsu et al., 2000;
Fuks et al., 2003a; Kimura and Shiota, 2003).

In 1998, scientists seeking to identify a putatieexovo DNA methyltransferase
discovered the DNMT2 gene (Okano et al.,, 1998b).MJI® contains the well-
conserved catalytic domain. However, only traceatd¢hyltransferase activity of the
DNMT2 gene was found usinigp vitro systems (Hermann et al., 2003). Moreover,
Dnmt2 knockout ES cells show normde novo or maintenance methyltransferase
function (Okano et al., 1998b). Consistent withsthnding, Dnmt2 knockout mice
fail to display an abnormal phenotype. Recent mebeshowed that human DNMT2

can work as a tRNA methyltransferase which spealficmethylates cytosine 38 in
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the anticodon loop (Goll et al., 2006). Howeverjsitnot known how many RNA
species can be methylated by Dnmt2. Thus the fmetof DNMT?2 still need to be

determined in the future.

DNMTS3L is highly expressed in the testis and embryand is likely to play a
role in the setting of imprints in oocytes (Bourg'kt al., 2001; Margot et al., 2003).
Unlike the other DNMTs, no functionally relevantagtic motif was mapped in the
DNMT3L protein sequence and DNMT3L has not beero@ated with intrinsic

enzymatic activity until now.

1.2.4 Readers of DNA methylation

The best documented function of DNA methylation gene silencing. DNA
methylation may affect gene expression in two w&ystly, if the DNA sequence is
methylated, the methylation of DNA itself might iege the binding of a specific
transcriptional factor to its recognition site asdppress gene expression. For
example, a methylated DNA sequence can interfetie thie binding of transcription
factors such as E2F, NGFI-A or CREB (Iguchi-Arigamda Schaffner, 1989;
Campanero et al., 2000; Weaver et al., 2004), blyegreventing transcriptional
activation. While the consequence of DNA methylatie generally thought of as
transcriptional silencing, methylation of represgootein-binding sites can lead to
increased gene expression. For example, the inegrigne insulin-like growth factor
2 (Igf2) can be activated if the upstream repressor aresdlifferentially methylated in

the paternal allele (Eden et al., 2001).

Secondly, methylated DNA might recruit proteins wmo as methyl-CpG-
binding domain proteins (MBDs). These can recrwtional proteins, such as
histone deacetylases (HDACs) and other chromatimodeling complexes known to
promote the formation of a condensed chromatinctira that is inaccessible to
transcription regulators (Jones et al., 1998; Naal.e 1998; Wade et al., 1999; Fuks
et al.,, 2003b). These methyl-CpG-binding domaintgns serve as readers and
writers of epigenetic marks/signatures and provadeplatform on which DNA
methylation and chromatin modifications are carrmat. There are 5 MBDs in
mammals, namely, MeCP2, MBD1, MBD2, MBD3 and MBDAmong these,
MeCP2, MBD1, MBD4 bind to methylated DNA sequend¢kbsough a conserved
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methyl-CpG binding domain (MBD). MBD3, which comaiamino acid substitutions
in the well-conserved methyl-CpG-binding domain,insolved in transcriptional
repression as a component of a co-repressor complespective of the DNA
methylation status (Saito and Ishikawa, 2002).

Besides the MBD family proteins, other proteinshsas Kaiso, ZBTB4, and
ZBTB38 are able to preferentially bind to methythieNA in a sequence-specific
manner through their zinc finger binding domainsokhortchouk et al., 2001; Filion
et al., 2006).

1.2.5 MeCP2

1.251 Rett syndrome and MeCP2

MeCP2 is the founding member of the methyl-CpG-imigcprotein family. MeCP2
was firstly purified by Adrian Bird’s group fromtrarain in 1992 (Lewis et al., 1992).
It has been extensively studied since 1999 becapadients with the
neurodevelopmental disorder Rett syndrome harbdations in theMECP2 gene
(Amir et al., 1999). It is estimated that one o@it16,000-20,000 females develops
Rett syndrome (Percy, 2002). Newer reports sugthest Rett syndrome can also
occur in males with much more severe symptoms (kiakd et al., 2007). Rett
syndrome is a progressive disease characterizechdognal early development
followed by mental retardation, loss of speechiestiype hand movements and other
neurological symptoms (Hagberg et al., 1983). th@aught that mutations in MECP2
account for up to 96% of classic Rett syndromeséShahbazian and Zoghbi, 2001).

MeCP2 is also essential in micéecp2-null animals exhibit phenotypic
similarities of Rett syndrome; they show a peridchormal postnatal development
followed by hindlimb clasping, breath difficultieeeduced mobility, brain size and
body weight, and death at around 8 weeks of ager{@hal., 2001; Guy et al., 2001).
Moreover, conditional deletion of thdecp2 genein cells of the neuronal lineage
results in the same phenotype, indicating thatatteence of normal MeCP2 function
in neurons may be sufficient to cause diseaseddiitian, mice expressing a truncated
MeCP2 protein Nlecp2®®® that retains partial function display a less seve
phenotype than that displayed Wecp2-null mice (Shahbazian et al., 2002a).
FurthermoreMecp2 deletion in post-mitotic neurons leads to mildefedes of RTT-

10



INTRODUCTION

like phenotypes, suggesting that mature neuronsgiregontinuous expression of
MeCP2 to function properly (Chen et al., 2001).

The mammalian central nervous system requireslyigitjusted MeCP2 levels
for its proper function. MECP2 duplications in humlave been found to cause a
progressive postnatal neurological disorder withtdees of Rett syndrome. MECP2
duplication in a girl produced effects with featsi@ Rett syndrome in the presence
of preserved speech (Ariani et al., 2004), while ®F2 duplication in a boy led to
mental retardation and typical clinical featuresReftt syndrome (Meins et al., 2005;
Van Esch et al., 2005). Consistent with these figej Mecp2 overexpression in
transgenic mice results in severe neural defegsatnatal life (Collins et al., 2004).
Mecp2-depleted neurons do not suffer severe irshlerdamage since the restoration
of Mecp2 can largely reverse the Rett syndrome giypes in mice (Luikenhuis et
al., 2004).

1.25.2 MeCP2 gene structure

MeCP2, located at Xg28 in the human genome (Quaderi.etl894), comprises 4
exons spanning a region of more than 75 kb in fenigt mammals, MeCP2 is an 84
kDa protein which is composed of three functionaidins (Figure 2): the methyl-
CpG binding domain (MBD) (amino acids 78-160) which responsible for
recognizing and binding to methylated CpGs, thadtaptional repression domain
(TRD) (amino acids 207-310) which recruits a coespor complex including Sin3A
and histone deacetylases, and a C-terminal regibichwcontains a proline-rich
protein interaction surface capable of binding toug II WW domains. MeCP2
contains a nuclear localization signal (NLS: amaead 255-271) which resides in the
middle of the transcriptional repression domain eneksponsible for transport of the

protein into the nucleus (Chandler et al., 1999).

MeCP2 encodes two splice variants (Kriaucionis and BR0A0Q4; Mnatzakanian
et al.,, 2004). MeCR2 which contains a distinct N-terminus is more atant than
another isoform (MeCH® in mouse tissues and human brain. In additionCR@
MRNA has an upstream open reading frame that ishits translation, leading to

lower translational efficiency. As a consequenc80% of the MeCP2 in mouse brain
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corresponds to MeCle2 Both protein isoforms are nuclear and colocakwiéh

densely methylated heterochromatic foci in moudls ¢iériaucionis and Bird, 2004).

MeCP2 is ubiquitously expressed in normal tissAéough MeCP2 shows low
levels of expression during early stages of devakat, MeCP2 is widely expressed
in embryonic and adult tissues, with high concdittng in brain, lung, pituitary and
spleen, moderate in kidney and heart, and veryegpvession levels in liver, stomach

and small intestine (Shahbazian et al., 2002b).

MeCP2B ATG
MBD TRD

— I—D e

Figure 2. Structure of the MeCP2 gene and mRNAAlternative splicing for the MeCR2
isoform is shown in green and for the Me@R&oform in blue. The region encoding the MBD
(Methyl-CpG Binding Domain) is depicted in cyan.eThRD (Transcription Repression Domain)
is shown in red (Adopted from Kriaucionis and Bi2904).

Generally, the affinity of MBD proteins for methygal DNA is 3-10-fold higher
than for unmethylated DNA and may depend on sequeontext (Fraga et al., 2003).
In vitro binding assays revealed that MeCP2 is bound wigh haffinity to DNA
containing AT sequences (A#) adjacent to methylated CpGs (Klose et al., 2005)

1.25.3 MeCP2 function

Several diverse functions have been reported fo€ERE including transcriptional
repression, activation of transcription, nucleagamization, and splicing. MeCP2 was
initially thought of as a global repressor sincecén bind to regulatory DNA
sequences and exert strong transcriptional repre¢3ones et al., 1998; Kokura et al.,
2001). However, transcriptional profiling of braidgrived fromMecp2-null mice
showed only subtle changes in gene expression aqechpéath wild type mice (Tudor
et al., 2002). Moreover, when RNA was isolated frtme cerebellum oMecp2
mutant mice, similar expression profiles were aladiby microarray analysis (Jordan
et al., 2007). At this step, the lack of obviousmpes in gene expression indicated
that the transcriptional changes Mhecp2 mutant mice might only occur in some
subsets of cells and might not be detected whenembmrtex or hippocampus are

processed.
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MeCP2 also confers gene activation. Recent studiddecp2-null mice showed
that MeCP2 rather activates than represses hgiamtic gene expression (Chahrour
et al., 2008). Although there remains the possjbthat some genes are affected by
one or more indirect interactions, chromatin imnqnegipitation (ChlIP) assay
proved the binding of MeCP2 to the promoter regafnsome activated genes
(Chahrour et al., 2008).

Because DNA methylation is important in the regalatof imprinted gene
expression, it has been proposed thdcp2-deficient mice might show dys-
regulation of imprinted gene expression due toredtechromatin configuration.
Several imprinted genes, including DIX5, DIx6 antde@3A, have been reported to
show abnormal expression levels in the braiMeép2-null mice (Horike et al., 2005;
Makedonski et al., 2005; Samaco et al., 2005). idason for such dysregulation
might be the loss of MeCP2-dependent chromatinitmppn the imprinted allele.

MeCP2 has also been ascribed a role as regulateplaiing. In the brain,
MeCP2 works as a modulator of alternative spliariegan interaction with the RNA-
binding protein YB-1 (Young et al., 2005). The Me&=PB-1 complex is very
sensitive to RNAse treatment, suggesting that ititeraction requires RNA for its
formation and stability. Microarray analysis of mRNrom cerebral cortex of RTT
2308/Y)

mutant mice Necp
functional MeCP2.

revealed altered splicing of some genes followivgs of

1.254 Post-translational modifications of MeCP2

Using a candidate gene approach, brain-derivedotrephic factor Bdnf) was first

identified as a direct target for MeCP2 in culturedirons. It was found that MeCP2,
together with the co-repressor molecule Sin3a, $oancomplex to maintain the
repressed state of thBdnf gene (Chen et al., 2003; Martinowich et al., 2003)
Treatment of cultured neurons with potassium cHriKCI), which induces

membrane depolarization and calcium influx througtening of L-type voltage-

sensitive calcium channels, leads to MeCP2 phogtdimn at serine 421 in the rat
(Zhou et al., 2006). Phosphorylation of this resiguomotes MeCP2'’s dissociation
from DNA, as demonstrated by southwestern assagen@t al., 2003). Zhou and
coworkers (Zhou et al.,, 2006) demonstrated thatmGdulin-dependent Protein
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Kinase Il (CaMKIl) mediates the phosphorylation MieCP2 at serine 421 and
underpins activity-dependent BDNF transcription. rbtaver, it was reported that
MeCP2 phosphorylation at serine 80 in the ratitgcat for the association of MeCP2
with chromatin (Tao et al., 2009). Calcium influxneurons elicits dephosphorylation
at S80 and probably contributes to the dissociatioieCP2 from the chromatin. All

these data support the concept that phosphorylatiag be part of a reversible

mechanism for adjustable, neuronal-activity cotehlgene repression by MeCP2.

1.3 The pituitary gland

The pituitary gland, or hypophysis, is a small estde gland (pea-sized in the adult
human male) located at the base of the brain. fumgtionally connected to the
hypothalamus by the median eminence via the pituitaalk. Anatomically, the
pituitary gland is composed of two Iobes: the larganterior pituitary
(adenohypophysis) and the smaller posterior piyi(aeurohypophysis). In rodents,
there is a third component, the intermediate Igery intermedia) that is located
between the adeno- and neurohypophses; in humenstermediate lobe is only a
small rudimentary structure. The anterior pituitaegceives neurohormonal signals
(hypothalamic releasing factors/hormones via thaliame eminence), whereas the
posterior pituitary is directly innervated by thgplothalamus, with nerve endings that
release the so-called neurohypophysial hormonetooixyand arginine vasopressin
from cell bodies in the magnocellular division bétparaventricular nucleus. Whereas
the hypothalamic hormones that reach the anteitaitgry do not enter the general
blood stream, neurohypophysial oxytocin and vassine are secreted into the
general blood stream and act at distal periphergars such as the uterus and
mammary glands (oxytocin-targets) and kidneys, rlivend heart (vasopressin-

targets).

The anterior pituitary is derived from ectodermalls in Rathke’s pouch to
generate morphologically-distinct cell types: aootropes, thyrotropes, gonadotropes,
somatotropes, and lactotropes. There is also a seit type which is non-hormone

producing, the folliculostellate cells. During déymment, under the control of
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various pituitary specific transcriptional factaad growth factors, these endocrine
cells arise in the following sequence: corticotmpéhyrotropes, gonadotropes,
somatotropes, and lastly, lactotropes. Somatotropastitute approximately 50% of
the cell population, lactotropes (10-25%), cortiopes (10-20%), thyrotropes (10%),
and gonadotropes (10%) (Horvath and Kovacs, 1988)particular interest in the
context of this study is the corticotropes whichodarce pro-opiomelanocortin
(POMC), which is then proteolytically cleaved toreabcorticotrophic (ACTH)-
endorphin andoMSH, as well as other small peptides whose funct®nstill

incompletely understood.

Hypothalamus
Anterior lobe e

Posterior lobe

AVP

Oxytocin

TSH

LPH . LH

L GH
PR

Intermediate lobe

Figure 3. Schematic diagram of the human pituitary.The pituitary gland is located at the base
of the skull between the optic nerves. The antepituwitary comprises 5 main cell types that
synthesize and release (into the blood stream) #m@enohypophyseal hormones
adrenocorticotrophic (ACTH) (target: adrenal coyteliteinizing hormone (LH) and follicle-
stimulating hormone (FSH) (gonads), growth horm@@é¢l) (skeletal and metabolic tissues),
prolactin (PRL) (mammary glands), and thyroid-stiaming hormone (TSH) (thyroid). AVP and
oxytocin are released from hypothalamic nerve teafsi contacting the posterior lobe and then
into the general circulation.

Rodent anterior pituitary (from now on, referredsimply as pituitary) cells,
including corticotropes, proliferate and differené during postnatal development.
Friend (Friend, 1979) showed that the weight ofrdttepituitary increases more than
3-fold during the first 10 days of life and doubleger the next 15 days. Pituitaries
from adult rats weigh 5 times more than those otl2g-old animals. Interestingly,
the different pituitary cell types proliferate afferent rates; they are first detectable

in fetuses aged 15.5 days. While embryonic cortigas arise from undifferentiated
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cells, those produced postnatally derive from ptisteg corticotropes (Taniguchi et
al., 2000; Taniguchi et al., 2002).

1.4 Pomc gene

1.4.1 Pomcgene structure and function

The pro-opiomelanocortinPbmc) gene, localized at chromosome 12 in mouse,
encodes a cDNA comprising 1007 nucleotides span@ingxons and 2 introns.
Computational analysis (CpGPlot, EMBOSS) and previditerature (Gardiner-
Garden and Frommer, 1994) revealed 2 CpG islantlinvihe mousd?omc gene
locus: CpG island 1 (CGI 1), flanking tRemc transcription start site and CpG island
2 (CGI 2), approximately 5 kb downstream, encompasthe third exon of thBomc
gene. ThePomc gene is predominantly expressed in the anterior iatermediate
lobes of the pituitaryPomc mRNA is also detected in the hypothalamus (Gea. gt
1983), amygdala, cortex, testes (Chen et al., 198#)phoid cells (Lolait et al.,
1986), adrenal medulla (Evans et al., 1983), ogapéacenta (Chen et al., 1986) and
some tumor tissues (Lacaze-Masmontelil et al., 1BD8Bold et al., 1988). The size of
the mature POMC transcript in the pituitary is ab®200 nucleotides, while in the
hypothalamus, POMC mRNA transcripts seem to beticlno pituitary except for
longer poly(A) tails (Jeannotte et al., 1987). éstts, POMC-derived transcripts are
about 400 bases shorter than those in the pituig@hen et al., 1984; Lacaze-
Masmonteil et al., 1987). This truncated POMC mRixgxscript contains no exon 1
or exon 2 sequences, and is transcribed from #wesdription initiation site near the
5" end of exon 3. Since the peptide translated ftioisiform of POMC mRNA lacks a
signal peptide, it can not be secreted (Clark et ¥890). Therefore, its role in

peripheral tissues is unresolved.

POMC is a 241-amino-acid precursor polypeptide,ciwhs cleaved in a tissue-
specific fashion by prohormone convertases to yéeldriety of bio-active peptides,
including a-melanocortin stimulating hormone-MSH), B-endorphin,B-lipotropin
(B-LPH) and adrenocorticotropin (ACTH). There arehe¢igotential cleavage sites
within the POMC precursor and different tissues taion specific convertases to

produce a variety of biologically-active peptidés.the anterior pituitary, ACTH and
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B-lipotropin are the major cleavage products. Inititermediate lobe, POMC can be
cleaved into the following peptides: corticotroptike intermediate peptide (CLIP),

y-lipotropin (-LPH), B-endorphin,a-MSH andy-melanophore stimulating hormone
(y-MSH). POMC-derived peptides play diverse rolegpathophysiology, including

obesity, depression, skin pigmentation, adrenakldgwnent, and regulation of the
HPA axis. In other tissues, including the hypothala, placenta and epithelium, all
eight potential cleavage sites may be used to peg@eptides responsible for energy

homeostasis, pain, perception, melanocyte stinatnd immune responses.

| S'UTR I I POMC mRNA | 3'UTR |

Pro-POMC | Signal pep. N-terminal fragment | ACT;H | B-lipoiropm |
Anterior pituitary | ACTH | | B-lipotropin |
Intermediate pituitary y-MSH | | o-MSH | | CLIP | | y-lipotropin B-endorphin

Figure 4. Mouse Pomc gene, mRNA, pro-hormone and peptide$he pro-opiomelanocortin
(Pomc) gene encodes a cDNA comprising 1007 nucleotigasriing 3 exons and 2 untranslated
introns. The Pro-POMC is a 241-amino-acid precupsdypeptide, which is cleaved in a tissue-
specific fashion by prohormone convertases to yeeldariety of bio-active peptides. In the
corticotrope cells of the anterior pituitary, advearticotropic hormone (ACTH) arHipotropin
(B-LPH) are products under the control of corticotropineasing hormone (CRH). In the
intermediate lobe of the pituitary, alpha-melanecstimulating hormonex{MSH), corticotropin-
like intermediate lobe peptide (CLIB}ipotropin andB-endorphin are products generated under
the control of dopamine- andy-MSH are collectively referred to as melanotropinntermedin.

Anterior pituitary POMC synthesis and ACTH secret@re regulated by CRH
released from neurohemal axon terminals in the amedeminence of the
hypothalamus. AVP, produced in parvocellular nesroof the hypothalamic
paraventricular nucleus (PVN), acts synergisticaligh CRH to activate POMC
transcription in the pituitary. CRH binds with higfffinity to CRH-type 1 receptors
(Vita et al., 1993; Timpl et al., 1998), thus stiating cCAMP production by adenylate
cyclase (Giguere et al, 1982; Aguilera et al., 39&.itvin et al., 1984,
Grammatopoulos and Chrousos, 2002) and leadingequbstly to activation of
protein kinase A (PKA) (Reisine et al., 1985; Kamaky et al., 2002). This is
followed by an influx of extracellular calcium thugh L-type voltage-dependent

calcium channels (Kuryshev et al., 1996). As a eqasnce, calcium calmodulin
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kinase Il (CaMKII) becomes activated (Kovalovsky at, 2002). These signaling
events ultimately converge on POMC transcriptiod ACTH secretion (von Dreden
et al., 1988; Kovalovsky et al., 2002).

1.4.2 Experience-dependenPOMC methylation

To date, the methylation status BOMC has been studied exclusively in human
tissues. The human POMC gene contains two CpGdsléGardiner-Garden and
Frommer, 1994). The intronic POMC promoter is tedain the downstream CpG
island and is barely expressed in most tissues.upseream CpG island shows high
tissue-specificity. Over-secretion of ACTH from npituitary tissues, resulting in
severe Cushing’s disease, is thought to be duetteation of a (normally) tissue-
specific POMC promoter in ectopic tissues (Ye et2005). The promoter contains a
CpG island. The same study confirmed the causaltioekship between DNA
methylation and POMC gene expression. In ACTH-seggetumors and POMC-
expressing DMS-79 cell lines, POMC is unmethylated the pituitary-specific
promoter region. In contrast, in non-ACTH-secrettamors, this region is heavily
methylated (Newell-Price et al., 2001). In additi®@®OMC is heavily methylated at
the same region in a number of normal ACTH-non-egging tissues including:
pancreas, spleen, lung, testes and peripheral bdacytes (Newell-Price et al.,
2001). In thymic carcinoid patients, hypomethylatio the 5’ promoter region of the
POMC gene is negatively correlated with over-exgims of the POMC mRNA
transcript (Ye et al., 2005).

POMC DNA methylation can be altered by environmerdanditions. For
example, in a neonatal model of obesity, bisukigguencing of DNA isolated from
the hypothalamus revealed hypermethylation of Cptaleotides within two Sp-1-
related binding sequences in the POMC promoters@ heo sites are essential for the
mediation of leptin and insulin effects on POMC eegsion. Accordingly, gain of
methylation within Spl-related binding sites caatet with less activation of POMC

expression by leptin or insulin signaling (Plagemanal., 2009).
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1.5 Goals of the thesis

In both human and rodents, extensive research H@snsthat early-life experience

has a profound impact on adult physiology and bielay Different environmental

experiences in early life might contribute to thelnerability for depression and

anxiety later in life. However, the detailed medsars mediating these effects remain

elusive. Using maternal separation as a paradigeady life stress, the present work

aimed to:

Examine neuroendocrine profiles in animals thatdwgaerienced stress (maternal

separation) during the first 10 days of life
Analyze changes iRomc methylation and gene expression

Investigate age-associated changes of the expmessioPomc MRNA in

pituitaries from animals subjected to early lifeess

Examine whether the effects of maternal separaienexpressed differently in

the two sexes

Identify the molecular mechanisms underlying theglterm effects of maternal

separation on alterdébmc expression
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2 Materials and methods

2.1Materials
2.1.1 Chemicals

Consumable Supplier Consumable Supplier
1kb DNA ladder Fermentas 3mm filter paper Wattman
Agar Gibco Agarose (low-melting point) = Gibco
Agarose (universal) Peglab Ampicillin Roth
Antibiotic/antimycotic Gibco Boric acid Biomol
Bradford assay Biorad Bromophenol blue Biorad
Bovine serum albumin (BSA) = Sigma Chloroform Roth
Chloroform (RNase free) Merck Coomassie blue Biorad
Developing emulsion (slides) = Kodak Developing solution (film) Kodak
Developing solution (slides) Kodak DMSO Sigma
dNTPs (set of 4) Fermentas DTT Sigma
Dulbecco’s minimum essential Gibco EDTA Sigma
medium (DMEM)
Ethanol Merck Ethidiumbromide Biomol
Ficoll 400 Sigma Fixing solution (films) Kodak
Fixing solution (slides) Kodak bovine serum Gibco
Formaldehyde Merck Formamide Sigma
L-Glutathione reduced Sigma Glutathionine Sepharose Amersham
Glycerine Sigma Glycerol Biomol
Glycogen Fermentas Guanidine thiocyanate Merck
IPTG Fermentas Isoamylalkohol Merck
B-mercaptoethanol Merck Methanol Merck
Oligonucleotides MWG /Sigma = Optimem medium Gibco
Paraformaldehyde Sigma Phosphate buffered saline Gibco
(PBS)
Phenol Appligene Ponceau Sigma
2-propanol Merck 2-propanol (RNase free) Merck
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Protein marker Poly(d(I-C))

Potassium chloride SDS

Siliconising fluid Sodium acetate

TEMED Tris
Triton X-100 Trypsin
Tryptone X-Gal

Yeast extract Zeocin

y32P-ATP ¥p-dCTP

2.1.2 Restriction endonucleases

Enzyme Enzyme
BamHI Balll

EcoRI EcoRV
Hindlll Ncol

Pstl Sacl

Smal Xbal

Xhol

2.1.3 Modifying enzymes

Enzyme Enzyme

Sssl CpG methylase T4-DNA-Ligase

T4 DNA polymerase CIAP
DNA pol. I, Klenow fragment DNA polymerase {Taq.)
DNA polymerase (Pfu) DNasel

Proteinase K Proteinase K (RNase free)

RNase RNase inhibitor
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2.1.4 Antibodies

2.1.4.1 Primary antibodies against mouse

Antibody

Anti-flag
Anti-acetyl-histone
H3

Anti-H3K9me2
Anti-total MeCP2
Anti-total MeCP2
Anti-pS421 MeCP2

Anti-pS438 MeCP2 Rabbit
Anti-pS80 MeCP2 Rabbit

Anti-pS97 MeCP2 Rabbit
Anti-POMC
Anti-total CaMKI|

Anti-phospho
(Thr286)-CaMKII

Anti-RNA Pol Il CTD
Anti-HDAC1 Rabbit
Anti-HDAC?2 Rabbit
Anti-HDAC4 Rabbit
Anti-DNMT1 Mouse
Anti-DNMT3a : Moug
Anti-DNMT3b
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2.1.4.2 Secondary antibodies

Antibody Host
Anti-rabbit (594) Goat
Anti-mouse (488) Goat
Anti- rabbit (HRP) Goat

2.1.5Vectors

Vector

pCpGL-Basic
pCpGL-Pomc
pCpGL-Pomc-ACpG6-8
pCpGL-Pomc-ADis-prom
pRK7-Flag
pRK7-Flag-MeCP2
pRK7-Flag-MeCP2-AC
pRK7-Flag-S438A MeCP2
pRK7-Flag-S97A MeCP2
pGEM-T

His-tag MeCP2 1-250
CaMKIl 1-280

CaMKII T286D

CaMKll

MBD1

MBD2

MBD3

GST-MeCP2
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2.1.6 Plastics

Consumable ' Supplier

Consumable

Supplier Consumable = Supplier

Filtertips Sarstedt PCR plates/caps| ABgene Cell culture plates Greiner

Pipette tips Sarstedt Scalpels Merck Micro test plates = Greiner

Cuvette Imm | Biorad X-ray cassette Kodak

2.1.7 Molecular biology kits

Consumable Supplier Consumable Supplier

NucleoSpin PCR purification = Macherey- = 96-PCR purification plate Macherey-

Kit Nagel Nagel

Protease inhibitor cocktail Sigma Phosphatase inhibitor cock-' Sigma
tail 1+2

Magna ChIP G kit Millipore Montage SEQ96 sequencing Millipore

BigDyeTerminator v3.1 Cycle ABI

reaction cleanup kit

NucleoSpin plasmid quick- Macherey

sequencing kit prep Nagel
RNeasy Qiagen Lipofectamine reagent Invitrogen
Superscript I RT Kit Invitrogen  Picogreen DNA quantifica- Molecular
tion reagent probes
Bio-spin 6 columns Biorad LightCycler FastStart DNA ' Roche
master SYBR Green |
TRIzol® Reagent Invitrogen  pGEM-T vector system Promega
2.1.8 Cell lines
Name Derived tissue  Morphology = Supplier Reference
Mouse pituitary epithelial ATCC (Buonassisi et al
AtT-20/D16v- epithelial-like 1962)
F2 tumor cell line
LLC-PK1 porcine kidney epithelial ATCC (Perantoni  and
Berman, 1979)
Neuro2a Murine Neuronal ATCC (Olmsted et al.
neuroblastoma 1970)
AtT20 (v1bR) Mouse pituitary epithelia Gifted by Dr. (Serradeil-Le Gg
epithelial-like et al., 2007)
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tumor cell line Eric Clauser

INSERM U970

2.1.9 Bacterial strains

DH5a from Invitrogen

PIR1 from Invitrogen

2.1.10 Primer sequences
2.1.10.1  Primers for RT-PCR
Oligo name Sequence Region Product
size (bp)
POMC F, 5-GAA GAT GCC GAG ATT CTG CT-3' Exon2/3 221
R, 5-TTT CAG TCA GGG GCT GTT C-3'
HPRT1 F, 5-ACC TCT CGA AGT GTT GGA TAC AGG-3' Exon7/9 168
R, 5-CTT GCG CTC ATC TTA GGC TTT G-3'
GAPDH F, 5-CCA TCA CCA TCT TCC AGG AGC GAG-3’ Exon3/4 326
R, 5-GAT GGC ATG GAC TGT GGT CAT GAG-3° 45
MeCP2 F, 5-ACA GCG GCG CTC CAT TAT C-3' Exon3/4 237
R, 5-CCC AGTTAC CGT GAA GTC AAA A-3'
DNMT1 F, 5-GGA AGG CTA CCT GGC TAA AGT CAAG-3'  Exon2/3 216
R, 5-ACT GAA AGG GTG TCA CTG TCC GAC-3’
Oligo-dT 5-TTTTTTTTITTTITTTITTTITTT-3
2.1.10.2 Primers for bisulfite sequencing
Primer Sequence Region Product
pair size (bp)
Prom-core F,5-GTT TTT TAG GTA GAT GTG TTT TG-3’ Core 203
R,5-CTACTC TTAACCTCTTTT CTC TTC-3’ promoter
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Prom-distal 5-TTT TTT TAT TAT TGG GGA AAT TT-3’ Distal 290
5-CAA AAC ACA TCT ACC TAA AAA A-3 promoter

5-UTR 5-TTT TTATTT AGA TTA TTT TGT TAG TTT AGT-3’ 5' UTR 283
5'-TAA TAT CTT ATA AAA CCA AAA TCT CAA TTC-3

Exon3 5-TTA TTA GGT TTG GAG TAG GTT TTG G-3' Coding 204
5'-ACA CCC TCA CTA ACC CTT CTT ATA-3' region

2.1.10.3 Oligonucleotides for EMSA

Oligo name sequence

EMSA 1 For 5-GTGGGAAATCTGCGACATAACAAATCC-3’

wild type Rev 3-CCTTTAGACGCTGTATTGTTTAGGGTG-5

EMSA1 For 5-GTGGGACACCTGCGACACACCAGACCC-3’

AT all Mut Rev 3-CCTGTGGACGCTGTGTGGTCTGGGGTG-5’

EMSA1 For 5-GTGGGAAATCTGCGACACACCAGACCC-3'

AT2+3Mut Rev 3-CCTTTAGACGCTGTGTGGTCTGGGGTG-5

EMSA1 For 5-GTGGGAAATCTGCGACATAACAGACCC-3’

AT3 Mut Rev 3-CCTTTAGACGCTGTATTGTCTGGGGTG-5

EMSA2 For 5-GTGGACGCACATAGGTAATTCCACTCCGATCT-3'

wild type Rev 3-CTGCGTGTATCCATTAAGGTGAGGCTAGAGTG-5’

EMSA2 For 5-GTGGACGCACATAGGTAATTCCACTCTGATCT-3'

CpG8 Mut Rev 3-CTGCGTGTATCCATTAAGGTGAGACTAGAGTG-5’

EMSA2 For 5-GTGGAAGCACATAGGTAATTCCACTCTGATCT-3’

CpGallMut Rev 3-CTTCGTGTATCCATTAAGGTGAGACTAGAGTG-5’

EMSA2 For 5-GTGGACGCACATAGGTCAGTCCACTCCGATCT-3'

AT Mut Rev 3-CTGCGTGTATCCTGTCTGGTGAGGCTAGAGTG-5’

Negtive For 5-GTGGCCTCCGCGCTTTCCAGGCAGATGTGCC -3’

control Rev 3-CGGAGGCGCGAAAGGTCCGTCTACACGGGTG-5’

Positive For 5-GTGATATGGTTTCAGAATAAGCGCTCTAAGTTTAAGAAATT-3’

control Rev 3-TATACCAAAGTCTTATTCGCGAGATTCAAATTCTTTAAGTG-5'
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2.1.10.4  Primers for ChIP assay

Oligo name Sequence

POMC-prom-F 5-AAT CTG CGA CAT AAC AAA TCC CC-3’
POMC-prom-R 5-AGA ACT GGA CAG AGG CTT AGC GT-3’
POMC-exon3-F 5-GCT CTT CAA GAA CGC CAT C -3’
POMC-exon3-R 5'-TGA AGA TCA GAG CCG ACT GT -3’
POMC-CpGL-F 5'-GAG CAA ACA GCA GAT TAA AAG GAA T -3
POMC-CpGL-R 5-GAT CGG AGT GGA ATT ACC TAT GTG-3

2.1.10.5 Primers for vector construction and sequencing

Oligo name

Seguence

POMC-pro-Luc-forward
POMC-pro-Luc-reverse
MeCP2 mut S438A-F
MeCP2 mut S438A-R
MeCP2 S97A Seq-F
MeCP2 S97A Seqg-R
MeCP2-seq-1604-R
MeCP2-seq-1612-F
MeCP2 mut S97A-F
MeCP2 mut S97A-R
T7

Sp6

5-GGATCC TGA GAT TTT GGT TTC ACA AGA TAT-3
5-AAG CTT GTG GCC TCT CTT AGT CAC TGC T-3
5'-CCC GAG GAG GCC GAC TGG AAA GCG ATG GC-3
5-GCC ATC GCT TTC CAG TCG GCC TCC TCG GG-3
5-GAA GCC TCG GCT CGA CCC AAA CAG CGG-Z
5-CCGCTGTTT GGG TCG AGC CGA GGC TTC-3’
5-ATC CAC AGG CTC CTC TCT GTT-3

5'-AAA GGT GGG AGA CAC CTC CT-3’

5-GAA GCC TCG GCT CGA CCC AAA CAG CGG-Z
5-CCGCTGTTT GGG TCG AGC CGA GGC TTC-3’
5-TAA TAC GAC TCA CTA TAG GG-3’

5-CAT TTA GGT GAC ACT ATA G-3'
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2.2 Methods
2.2.1 Animals and maternal separation

2211 Animals

Pregnant C57BL/6N mice were obtained from CharleégeRLaboratory (Charles
River, Sulzfeld, Germany), upon arrival they wepaised under standard conditions
at the animal facility of Max-Planck Institute obyhiatry [temperature controlled
(21°C) environment and 12h light:12h dark cyclgl{ts on at 06:00)]. Both male and
female pups were used in this experiment. All pdoces were approved by the
Regierung von Oberbayern and were accordance witiopgan Union Directive
86/609/EEC.

2.2.1.2 Separation paradigm

Maternal separation was used as early life stiesS) paradigm. Before pups were
born, all dams were randomly assigned to one ofjitbaps: control group (Ctrl) and
early life stress group (ELS). For all groups, theey of birth was considered as
postnatal day (PND) 0. For the ELS group, the pupse removed from their dam
daily for 3 hours for 10 consecutive days from PNIDL The pups were placed in a
clean cage with a heat pad (~32°C) to maintain ldetdhperature. During this period,
there is no physical contact between the pups lagid dam. After 3 hours separation,
the pups were placed back in the home cage withingther. For the control group,
litters remained undisturbed with their mother tlgbout the whole experiment. In
both groups, pups remained with their mother uRtND21, and then they were

housed in sex-matched group withs3mice per cage.
2.2.1.3 Neuroendocrine measurements

For measurements of corticosterone and ACTH in nmdgs commercial
radioimmunoassay (RIA) kits (DRG diagnostics, Mag)uwere used according to

the manufacture’s protocol.
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2.2.2 DNA analysis

2.2.2.1 DNA extraction

Mouse pituitary DNA was purified by phenol-chlorafo extraction. 50Qul lysis
buffer (1% SDS, 5 mM EDTA, 100 mM NacCl, 0.5 mg/méshly prepared proteinase
K (Roche #3115879) and 10 mM Tris-HCI, pH8.0) waslexd to a 1.5 ml reaction
tube containing pituitary tissue, then the solutweas incubated overnight at 56 °C.
On the following day, the clear lysate was cooledal on ice for 30 minutes and 200
ul of salt solution (4.21 M NaCl, 0.63 M KCI, 10 mMis-HCI (pH 8.0)) was added.
The tube was incubated on ice for 1 hour and deged for 10 minutes at maximum
speed (14,00@) in a cooled microfuge. The supernatant was tearsdl to a fresh
tube and 1 volume of cold Phenol /Chloroform wadeald The tube was vortexed for
1 minute and centrifuged for-3 minutes at maximum speed at 4 °C. The upper
agueous phase was transferred carefully withouthiog the inter-phase to a fresh
tube, 2-2.5 volume of pure ethanol anallglycogen (10 mg/ml) was added, then
DNA was precipitated overnight at -20 °C. After gé@ngation 15 minutes at
maximum speed in a precooled centrifuge, the peléet washed with 70% ethanol.
The pellet was air dried for 5 minutes at 60 °G-52 ul of TE (10mM Tris-Cl, pH
7.5, 1ImM EDTA) buffer or distilled water was addem each sample. PicoGreen
reagent (Molecular Probes) was used to quantify NAcentration.

2.2.2.2 PCR reaction

Standard PCR was performed in a Biometra T-Gradieetmocycler (Biometra,
Germany) with Fermentas Taq polymerase.

If not indicated otherwise, the following PCR camahis were used:

Step Temperature Time Cycles | PCR mix

Initial 95 °C 5 mins 1 2l template

denaturation

Denaturation 95 °C 1 min 218 10xreaction buffer
Annealing 56 °C 1 min 35 144 dNTPs (10 mM each)
Elongation 72 °C 1 min 1.4 forward primer (10 pmoid)
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Final elongation 72 °C 10 mins 1 lubreverse primer (10 pmail)
3 ul MgCl;, (25 mM)
Storage 10 °C pause 1U Tag polymerase

add water to 24l

Table 1. Standard PCR temperature profile and PCR rix.

2.2.2.3 Agarose gel electrophoresis

Agarose gel electrophoresis was used to analysquhlty of DNA and to separate
fragments by size. Depending on the size of the Dh#lecules, agarose solutions
ranged from 0.8 to 2% (w/v) in 1 x TBE buffer (90nTris, 90 mM Boric acid, 2
mM EDTA). Ethidium bromide was added to a final centration of 0.2mg/ul. The
samples to be analyzed were mixed with 1x loadipg @x loading dye: 40% v/v
sucrose, 0.25% xylene cyanol, and 0.25% bromophklua). The voltage applied
depended on desired separation, gel strength aachbdr sizes. In general, the
voltage applied was between-5 V/cm. As size standard, a 1kb DNA ladder

(Fermentas) was used. The DNA or RNA was visual@ed UV transilluminator.
2.2.2.4 Recovery of DNA from agarose gels

The desired DNA band was cut out from an 0.8% lositimg point agarose gel on a
UV transilluminator and transferred into a 1.5 mbé. The Macherey-Nagel PCR
purification kit was used to recover the DNA fragimhéom the gel. 100 pul of NT

buffer was added to the tube and incubated at 66rf@ thermomixer (Eppendorf,
Germany) with gentle shaking until gel melting. Timéture was transferred to a

PCR purification column and processed accordingdaoufacturer’s instructions. .
2.2.25 Bisulfite sequencing

Genomic DNA (200 ng) isolated from mouse pituitargis digested overnight with
EcoRl, sodium bisulfite converted (Qiagen EpiTeisuliite kit) and aliquots used for
PCR reactions. Products were cloned into the pGEMettor (Promega), and
recombinant clones were picked to perform colonyRPEroducts were checked for

correct insert size by gel electrophoresis. Afterification of PCR products
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(NucleoFast PCR Cleanup Plate, Macherey-Nagel, @eyin BigDye sequencing
reactions were performed. For each amplicon, &t |24 independent recombinant

clones were analyzed on an ABI Prism 3700 capik@guencer.

control ¢stress

Pituitary

* o =

= A , PG “pG s
oy — NN —> s == >

; —— pG UpG pced
a— DNA i g JBETEE
Dissect Plgest Bisulphite treatment Bisulphite

c—~T specific PCR

blue-white
S Bt cycle Colony PCR selection
Methylation analysis sequencing

pattern

Figure 5. Bisulfite sequencing flowchart.Genomic DNA from mouse pituitary was overnight
restriction enzyme digested and then bisulfite eom@d. Treatment of DNA with bisulfite
converts cytosine (C) residues to uracil (U), lmavies 5-methylcytosine residues unaffected. In
the following PCR reaction, the uracil will appess a thymidine (T). PCR products were then
subcloned into pGEM-T vector. Recombinant clongsniified by color selection, were picked as
template in the colony PCR. For each amplicon,eastl 24 independent recombinants were
analyzed on an ABI 3730 capillary sequencer. Segjogrfiles were assembled by the computer
program--Bioedit and methylation patterns of eagimal were deduced.

2.2.2.6 Chromatin immunoprecipitation (ChiIP)

Chromatin immunoprecipitation experiments were @aned with AtT20 cells and
mouse pituitaries to investigate the binding of W&Cat thePomc promoter. Foiin
vivo ChlP, frozen pituitary tissue was first choppedusmg scissors and then washed
with 1 ml 1xPBS containing protease inhibitor (0Xblution, Sigma). AtT20 cells or
pituitary tissues were incubated for 10 minutes3at°C in the presence of 1%

formaldehyde. Formaldehyde treatment was quenchedldition of glycine to a final
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concentration of 125 mM. The chromatin immunopriatn protocol was based on
the Upstate Biotechnology ChIP Kit (Magna ChIP Gllipbre) protocol with the
following modifications: samples were sonicated Iarcycles of: [30 seconds "ON" /
30 seconds "OFF"] with the Bioruptor TM from Diageie (cat # UCB-200) in a wet
ice bath. After sonication, @ of the sheared material was loaded on a 1% agayels
to check fragment sizes. The DNA smear on the lyalilsl range between 200 bp and
1000 bp. DNA concentrations of the chromatin sasiplere determined with a
SmartSec Plus spectrophotometer (Bio-Rad). The sonicated sampie® either
subjected to immunoprecipitation or stored at -20uhtil further use. Chromatin
samples 5 OD were then subjected to immunopretiitaising antibodies specific
to the MeCP2 C-terminus or phospho-RNA pol Il adoog to the Upstate ChIP kit
protocol. To reduce unspecific binding in the immoprecipitation, antibodies were
pre-incubated with chromatin DNA on a rotating foat in the cold room overnight,
and the Dynabeads Protein G (Invitrogen) were adaledhe following day and
incubated for an additional 1 hour in the cold roonth rotation. After reverse
crosslinking, protein digestion, and DNA purificati immunoprecipitates were
dissolved in 5Qu TE buffer and subjected to standard or real-tiaR.

2.2.2.7 Sequential ChiIP

For sequential ChIP assays, the initial ChlP wadopmed with the indicated
antibodies, chromatin was eluted with pDdithiothreitol (DTT) (10 mM), and a
second ChIP was then carried out. Amplified prosiweere quantified by real-time
PCR. The relative binding of the immunoprecipitapedteins at th&omc locus was

calculated from real-time PCR data.

2.2.3 RNA analysis

2.2.3.1 RNA isolation

Total RNAs from pituitary tissues or cell lines wasolated using the TRIzol reagent
(Invitrogen). All plastic and glassware used warsed with water containing 0.05%
diethypyrocarbonat¢DEPC) and autoclaved before use to inactivate Bd¢A All

experiments were performed on ice. Pituitary tissoiecell lines were homogenized
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in 1 ml of TRIzol reagent. The homogenized samplege incubated for 5 minutes at
room temperature to permit complete disruption wél@oprotein complexes. 0.2 ml
of chloroform was added to the sample per 1 ml ©Rigagent. Tubes were shaken
vigorously by vortexing for 15 seconds and incubadé room temperature for-2
minutes. Then all the samples were subjected tdriftegation at no more than
12,000x for 15 minutes at 4 °C. RNA stays exclusively le taqueous phase. The
agueous phase was transferred to a fresh tube(.&nohl of isopropyl alcohol (2-
propanol) was added per 1 ml of TRIzol reagent. Bamwere incubated at room
temperature for 10 minutes and centrifuged at necertttan 12,000 for 10 minutes
at 4 °C. The supernatant was entirely discarde@ HNA pellet was washed once
with 75% ethanol, adding at least 1 ml of 75% etthgoer 1 ml of TRIzol Reagent.
Then the samples were mixed by vortexing and daged at no more than 7,50§x
for 5 minutes at 4 °C. RNA pellets were air dried 510 minutes and dissolved in

30 ul of DEPC-treated water. RNA concentrations wer@asneed by RiboGreen.
2.2.3.2 cDNA synthesis and subsequent gene-specific PCR

Synthesis of cDNAs was carried out in @Oreaction volume. Total RNA (200 ng)
isolated from mouse pituitary or cell lines wasjsated to reverse transcription in the
presence of Ll oligo (dT) (100 pm), 1.5l dNTP (10 mM each) mix and filled up
with distilled water to 12il. Then the mixture was heated to 65 °C for 5 neswnd
quick chilled on ice. The contents of the tube weslected by brief centrifugation.
5x First-Strand buffeand 0.1M DTT were added to the tube, and then dnepkes
were incubated at 42 °C for 2 minutes. In the retgp, either Jul (200 units) of
Superscript Il RT transcriptase opllwater for the negative control was added to the
tube and then all the samples were incubated &CAfbr 50 minutes. Finally, the
reaction was terminated by heating at 70 °C fomisutes. The cDNA was used as

template for amplification in PCR reactions.
2.2.3.3 Quantitative PCR analysis

Pomc mRNA expression level in the pituitary was anatyby qRT-PCR, using the
LightCyclerR FastStart DNA MasterPLUS SYBR Green réagent (Roche
Diagnostics GmbH, Germany). All experiments wererfggened according to

manufacturer’s instructions. Reaction volumes watgusted to 10 pl in each
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experiment and contained 5 pl of distilled wate @l of forward primer (10
pmol/ul), 0.5 ul of reverse primer (10 pmol/ul) émdPCR-Mix (prepared by adding
14 ul of reagent la to 1b from the Roche kit). Pmnused for qRT-PCR were
designed across exons to avoid genomic DNA contamim The primers for POMC,
MeCP2, DNMT1 and the housekeeping genes glycergtieB-phosphate
dehydrogenase (GAPDH) and hypoxanthine guanine pbloodbosyl transferase 1
(HPRT1) were listed in the previous parts. Expentaavere performed in triplicates
on the LightcyclerR 2.0 instrument (Roche DiagresstbmbH) under the following
PCR conditions: initial denaturation: 40 cycles aénaturation, annealing, and
elongation (see Table 2 reaction conditions inltightCyclerR for POMC, MeCP2
and the housekeeping genes GAPDH and HPRT1 fortiseaconditions).
Fluorescence was assessed each cycle after thgagtomphase. At the end of each
run, a melting curve (55°C with 0.1 °C/sec) was generated to asses iigedrthe
amplification process. Crossing points (Cp) werelcuwdated with the
LightCyclerRSoftware 4.0 (Roche Diagnostics GmbHyr@any) using the absolute
guantification fit-points method. Threshold andseband were set in all compared
runs to the same level. Relative gene expressiendgtermined by the“?™ method
(Livak and Schmittgen, 2001) using the real PCRciefficy calculated from an
external standard curve. Cp was normalized to thesékeeping genes GAPDH and

HPRT, respectively, and values calculated relatovéhe expression mean of each
group.

genes Preincubation Denaturation Annealing Elongation
Pomc 95 °C/10 min 95 °C/10 sec 56° C/5 sec 72 °C/8 sec
Mecp2 95 °C/10 min 95 °C/10 sec 56° C/5 sec 72 °C/10 sec
Dnmtl 95 °C/10 min 95 °C/10 sec 61°C/5 sec 72 °C/10 sec
Gapdh 95°C/10 min 95 °C/10 sec 65 °C/5 sec 72 °C/13 sec
Hprtl 95 °C/10 min 95°C/10 sec 57 °C/5 sec 72° C/8 sec

Table 2. Amplification conditions of gRT-PCR
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2.2.4 Plasmids

2.24.1 Standard and parental plasmids

pCpGL-Basic vector (graciously gifted by Michael HRe University Hospital
Regensburg, Germany) was created by replacemeaheagnhancer/promoter region
(Pstl/Nhel fragment) of the CpG-free plasmid pCp@Gsrtinvivogen, San Diego, CA)
to a short CpG-free linker (5-CTG CAG GAC TAG TGASIC CAG ATC TTA
AGC TTA GTC CAT GGA CAA TTG CTA GC-3’) containingeseral restriction
sites. A CpG-free luciferase coding region was asbel from pMOD-LucShS
(Invivogen) by digestion with Mfel (blunted usinglddow polymerase) and Ncol,
and subcloned into Nhel (blunted) and Ncol digesti@aker ligated CpG-free
backbone. The CpG-free luciferase vector contaiffiéék origin of replication was
maintained in E.coli PIR1 cells (Invitrogen, Kadbe, Germany). This bacterial
strain was grown in low salt LB medium (Trypton®, d/I; yeast extract, 5 g/I; NaCl,
5 g/l and pH 7.0 adjusted by NaOH) supplied withy@pml of Zeocine (Invitrogen)

as antibiotics.

pRK7-FLAG vector was created by cloning the oligoeotides encoding the
FLAG-epitope into the Hindlll and BamHI digested KR vector. These
oligonucleotides encode for the short hydrophiliar8ino acid (aa) peptide Asp-Tyr-
Lys-Asp-Asp-Asp-Asp-Lys. This epitope is likely tie located on the surface of a
fusion protein due to its hydrophilic nature anagrefore, accessible to antibodies.
The small size limits interference with the fusigorotein’s function and

transportation.
2.2.4.2 Reporter constructs

pCpGL-Pomc luciferase vector contains the promi@gion of the mousBomc gene.

A fragment spanning 550 bp of the mod&mnc gene was amplified from genomic
DNA isolated from the mouse corticotrope cell W8 20 by PCR. The primers used
for this PCR reaction contained a BamHlI site infthrevard primer and a Hindlll site
in the reverse primer. The PCR product was firenet into pGEM-T (Promega)
vector and verified by sequencing. TRemc promoter fragment was then released
from the pGEM-Pomc vector by BamHI and Hindlll déaidigestion and purified on

an agarose gel. CpGL-basic vector which contam&pG free backbone was also
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double digested with BamHI and Hindlll and dephasplated by adding 1U of calf
intestinal alkaline phosphatase (CIAP) to avoidroedarization of the cloning vector.
After gel purification of the backbone vector, tRemc promoter fragment was
ligated into the BamHI/Hindlll site of pCpGL-Bastector.

pCpGL-PomcACpG6-8 containing a deletion of CpG residues8 6was
generated by insertion of a Bglll/Hindlll fragmeoit previously described pCpGL-
Pomc into the Bglll/Hindlll site of the pCpGL-basiector. pCpGL-PomaDis-
prom vector containing only the proxim@bmc promoter was obtained by cloning a
Pstl/Hindlll fragment of previously described pCp®bmc into the Pstl/Hindlll site
of the pCpGL-basic vector.

2.2.4.3 Expression vectors

The MeCP2 expression vectors (graciously giftedAayian Bird, University of
Edinburgh, UK) consist of themouse MeCP2_alpha variantpiRL-SV40 (Promega)
andof a cDNA for the first 205 amino acids of human®R2 with a C-terminal His-
tag in the pet30b vector (Novagen), respectivelytemhinal Flag-tagged forms of
different MeCP2 constructs were obtained by PCRinlp of wild type (F; aag gga
tcc gce gee get gee gee ace ge, R; tet gat atcagetaa cte tet cgg tc) or of a form
deleted of the 45 C-terminal amino acids of MeCP2a@ag gga tcc gcc gec gcet gee
gcc acc gc, R; tct gat atc ctc agc taa ctc tcttcpmto the BamHI and EcoRI sites of
pRK7-Flag (Hoffmann et al., 2006). The MeCP2 rilmip# (nt 612—1,604; Acc. No.
NM_010788) contains the conserved sequence witkimse 3 and 4 of the mouse
Mecp2 gene. A corresponding PCR-product (F; aaa ggtagggcac ctc ct, R; tcc aca
ggc tcc tct ctg tt) was cloned in the pGEM-T vec{®romega) and antisense
riboprobes were generated as previously describeaych et al., 2007). Expression
vectors for MBD2 and MBD3 (graciously gifted by Sson T. Jacob, Ohio State
University, US) contain the mouse MBD2 or MBD3 cD8l#& the pcDNA3.1 vector
(Invitrogen) (Ghoshal et al., 2004). The MBD1 exgsien vector contains the full
length cDNA for mouse MBD1 (Acc. No. NM_013594;tk¢ ctc tag aat ggc tga gga
ctg gct gga ctg, R; ttt cta gaa aca att tgc aaatttjdea gg) inserted in the pRK7
expression vector. CaMKIl expression vectors cowtaieither full-length CaMKII
(2-317) or CaMKII (1-290), which is constitutive tae due to the absence of the
calmodulin-binding domain (graciously gifted by Aohy R MeansDept. of
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Pharmacology and Cancer Biology, Duke UniversitydMal Center, P. O. Box 3813
Durham, NC). The constitutive active CaMKIl (T286D9ntains a replacement of
Thr 286, which locates in the autoinhibitory doméain Asp (graciously gifted by
Gina Turrigiano, Department of Biology, Volen Natad Center for Complex
Systems, Brandeis University, Waltham, MA 02454 A)S

2.2.4.4 Recombinant protein construct

The plasmid GST-MeCP2 (pGex2tk-MeCP2) was used rtmyce recombinant
MeCP2 protein for EMSA experiment. For prokaryaipression, the MeCP2-alpha
cDNA was PCR amplified (F; aag gga tcc gta gct ggptta gg, R; tct gat atc ctc agt
ggt gga gga gga g) and inserted into the BamHI 8ntal sites of pGex2tk

(Pharmacia). All constructs used in this study warrely sequence verified.
2.2.4.5 Site-directed mutagenesis

In order to test the specificity of phospho-MeCR8lzodies, the phospho residue Ser
97 and Ser438 were replaced in MeCP2 by alanimggusite-directed mutagenesis.

Site-directed mutagesis was performed using a tefp BCR method. The pRK-Flag-

MeCP2 vector was used as the parental vector. Tigonocleotides for this

mutagenesis are listed below:

S97A Sense: 5’-GAA GCC TCG GCT CGA CCC AAA CAG CGG-
S97A Antisense: 5-CCG CTG TTT GGG TCG AGC CGA GGTC-3
S438A Sense: 5-CCC GAG GAG GCC GAC TGG AAA GCG ABE-3
S438A Antisense: 5-GCC ATC GCT TTC CAG TCG GCC TTCG GG-3

Briefly, the first PCR contained 50 ng vector DNE25 ng of oligonuleotide
(sense or antisense), 1 ul of dNTP (10mM), 10xreaction buffer, 1 pl Turbo Pfu
polymerase (Fermentas) and filled up to 50 pl wdiktilled water. After initial
denaturation for 3 minutes at 95 °C, 10 amplifimatcycles (95 °C, 30 sec; 60 °C , 60

sec; 68 °C, 10 mins) were carried out.

In the second PCR reaction, 25 pl of sense and 25 antisense PCR product
were taken from the first PCR. Following additionOdb ul of Pfu polymerase, PCR
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reactions were performed as below. After the fingtal denaturation of 3 minutes at
95 °C, 20 amplification cycles (95 °C, 30 sec; 85 60 sec; 68 °C, 10 mins) were
performed. 2 pl of PCR product were taken to chaciplification progress by gel
electrophoresis. Then PCR products were purifieddy column (Macherey-Nagel).
50 pl of water was added to elute the PCR prodoobrder to remove the parental
vector, Dpnl digestion was performed which contdid® ul of eluate, 5 pl of 10x
buffer and 1 pl of Dpnl (10U/ul). After incubatinfpe sample at 37 °C for 90
minutes, the sample was heat inactivated at 650tCL® minutes, then purified by
phenol/chloroform and ethanol precipitation. FipaDNA was resuspended in 10 pl
of water. 2 pul of vector DNA was transformed inotteeal competent bacteria.

Sequencing was carried out to verify the mutation.
2.2.4.6 In vitro methylation

The CpG methyltransferase, M.Sssl (New England aB®), can methylate all
cytosine residues @ within the double-stranded dinucleotide recogmitsequence
5'...CG...3". The protocol was as follows: in tivstfstep, 32 mM SAM stock was
freshly diluted to 1600 pM. Then reaction was getrua volume of 20 pl by adding
the following reagents: 11 pl of nuclease free waepl of 10xNEBuffer, 2 pl of
diluted SAM from previous step, 4 pg of plasmid DidAd 1 pl of Sssl methylase (4
U/ul). The reaction was incubated at 37 °C for irh@hen the reaction was stopped
by heating at 65 °C for 20 minutes. After phendbobform purification and ethanol
precipitation, the vector was ready to use.

2.2.4.7 Site-directed DNA methylation

Site-directed DNA methylation was performed to my&ite specific CpG
dinucleotides (CpG 8) in aPomc promoter vector (CpGL-Pomc). 5 pg of CpGL-
Pomc vector was double digested with Bglll and Hindrhereby only CpG 68
remained in the backbone vector. To prevent rel@rmation of the cloning vector,
Calf Intestinal Alkaline Phosphatase (CIAP), whrelmoves 5" phosphates from the
vector DNA, was added to the digestion system.vidotor DNA was first purified on

a PCR cleanup column; themvitro methylation was carried out as mentioned above.
In the control, all steps remained the same witle exception: in than vitro

methylation step, 1 ul of water was added instebd b of Methylase Sssl. In
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parallel, 5 ug POMC PCR products were also douigiestied with Bglll and Hindlll.
After PCR product purification, the PCR product vigated to the backbone vector
which contained methylated CpG-& After overnight ligation, the product was
subjected to phenol/chloroform purification andaetbl precipitation. To verify the
methylation status of the plasmid vector, bisulBequencing was performed. The
final patch DNA methylation product was enough3dransfections (3 wells) in a 12-

well plate.
2.2.4.8 Plasmid preparations

I) Small-scale preparations

In order to screen positive recombinants, plasmiADvas extracted front.coli.
Colonies were picked from an agar plate and in@dat 1.5 ml growth medium
supplemented with appropriate antibiotics (Zeods, pg/ml; Ampicilin 100-200
pg/ml). The cultures were incubated86hours or overnight at 37 °C in a shaker
(rotation 200 rpm). 1.5 ml of each overnight cutwas transferred in a 1.5 ml
reaction tube and centrifuged (10 min, 9G)ORT) to pellet the bacteria. The cell
pellet was resuspended in 200 pl TEG (25 mM Tris8gH 10 mM EDTA, 10@ug/ml
RNase A, and 1% glucose) on a shaking platformootexer, lysed by adding 2Q0
alkaline SDS (200 mM NaOH, 1% (w/v) SDS) and mixsdinverting the tube for
6-8 times. After incubation at RT for 5 minutes, 20@f 3M KAc was added. The
tube was inverted again for-8 times and then kept on ice for 10 minutes before
centrifugation (10 min, 13,000 RT). The plasmid DNA in the supernatant was
transferred into a new 1.5 ml tube and p00f isopropanol was added. The tube was
incubated on ice for 30 minutes and then centrdu@d min, 13,00Qy, 4 °C) to
pellet the plasmid DNA. The pellet was washed wit§6 ethanol and centrifuged (5
min, 13,000y, 4 °C). The supernatant was carefully aspirateel;pellet was air-dried
and redissolved in 2pl TE (10 mM Tris, 1 mM EDTA). The plasmid DNA car b

used immediately or stored in a -20 °C freezer.
Il) Large-scale preparations

To obtain 10Qug of plasmid DNA or more, maxiprep was performedsiAgle clone
was picked from the agar plate, then incubated rogkt at 37 °C with vigorous
shaking in 2 ml of SOB (tryptone 2@/ml, yeast extract pg/ml, NaCl 10 mM, KCI
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2.5 mM) medium with appropriate antibiotics. On ttext day, 2 ml of the overnight
culture was added to a 500 ml flask containing 40fIBa (tryptone, 12ug/mil;
yeast extract, 241g/ml; glycerol, 0.4%) and 10 ml of BB(KH,PQ, 0.17 M;
KoHPQO,, 0.72 M) with appropriate antibiotics. The cultuvas incubated overnight at
37 °C with shaking (200 rpm). The plasmids werefma using a Macherey-Nagel

plasmid maxiprep Kkit.
2.2.5 Cell culture and transfection experiments

2.25.1 Cell cultures

LLC-PK1 cells are an epithelial cell line (ATCC NGL-101) originally derived from
porcine (pig) kidneys. The cells show a fibrobleditke morphology and were grown
in Dulbecco’s Modified Eagle Medium (DMEM) supplented with 10% fetal calf
serum (FCS). In this study, LLC-PK1 cells were uk®dransfection of pPRK-MeCP2

vectors by electroporation to validate MeCP2 artibs.

AtT-20/D16v-F2 (mouse pituitary epithelial-like tamcell line) cells (ATCC

No. CRL-1795) are corticotrope and are derived fronearaendocrine tumor, which
endogenously expresses two distinct somatostatepter subtypes (SRIF). They are
used in transfection studies to investigate endecand exocrine secretory pathways,
in particular ACTH (adrenocorticotropic hormone)dabeta-endorphin. The F2
subclone of AtT-20 (see ATCC CCK-89) was developgdB. Gumbiner. This clone
had been used successfully by Moore et al. (Mobed. £1983a, b) for several DNA
mediated transfection studies relating to endocaimé exocrine secretory pathways.
In this study, AtT20 cells were used for the inigegtion of Pomc gene activation by
various treatments and stimuli. AtT20 cells werevgr in DMEM supplemented with
10% FCS.

Neuro2A is a mouse neuroblastoma cell line (ATCC ®§6L-131) established
by R.J. Klebe and F.H. Ruddle in 1969 (Klebe, 196&n a spontaneous tumor of an
albino mouse strain and are neuronal in morpholbygthis study, we extracted DNA
from Neuro2A cells and performed bisulfite sequegcito checkPomc DNA
methylation status. Neuro2A cells were grown in D¥IBupplemented with 10%
FCS.
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AtT-20 (V1bR) cells are corticotrope cells with tineouse vasopressin V1b
receptor stably expressed. These cells were kimfty from Dr. Eric Clauser
(INSERM U970, Paris, France). They were used insfiection studies to investigate
Pomc luciferase activity after AVP treatment as well iasICC experiments to
examine MeCP2 phosphorylation after AVP treatméif20 (V1bR) cells were
grown in 50% MF12/50% DMEM Glutamax supplementethwli0% FCS, 10% Nu
serum (BD biosciences), geneticin (0.5 mg/ml) artd Penicillin/streptomycin

(Biochrom) as antibiotic.

2.25.2 Primary pituitary cell culture

For mouse primary pituitary cell culture, tissuesre&vremoved from adult male mice
(~6 weeks old) and stored in HD-buffer (Hepes 25,mNdCl 137 mM, KCI 5 mM,

NaHPO, 0.7 mM, glucose 10 mM, Partricin (A2812, Biochro2) mg/l, and

Penicillin/Streptomycin (A2213, Biochrom) 105 urlitsAfter washing several times
with HD-buffer, pituitaries were chopped up intoahpieces by scissors. The HD-
buffer was removed, then 5 ml of collagenase (Wogtion Biochem) solution was
added to the cells to dissociate the extracelluarim After incubation of the cells in
a 37 °C incubator about 2 hours, 35 ml of celluatmedium (50 ml FCS (Gibco), 5
ml glutamine (Biochrom), 5 ml Pen/Strep (BiochrorB)ml Partricin (Biochrom),

MEM-vitamins (Biochrom), 2.5 mg insulin (Sigma)52mg transferrin (Sigma), 30
pm T3 (Sigma), 10 pg sodium selenite (Sigma) in BOMMEM medium (Gibco))

was added to stop the reaction. Living cells wenented by acridine orange/ethidium
bromide staining and pituitary cells were seeddd ib2-well culture plates at a
concentration of 100.000 cells/ml. Two days laggowth medium was replaced with
fresh culture medium and cells treated either Wi€i (55 mM) or AVP (100 nM).

The calmodulin kinase Il inhibitor (1 uM, EMD Chesals, Gibbstown, USA) or the
AVP V1b receptor antagonist--SSR149415 (1 uM, AXidil, Axon medchem) were

added to the medium 30 minutes before stimulation.
2.2.5.3 Transfection

LLC-PK1 cells were seeded one day before electaimor. They were harvested by
trypsinisation and resuspended in 1x Electropanakoffer (1x EP buffer) (50 mM
K,HPQOs, 20 mM CHKO,, 20 mM KOH) to adjust to a concentration of 2 X 10
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cells/ml. 1 x 18 cells in 50ul of this was added to a 1Q® mixture containing 200 ng
of pRK-MeCP2 vector, 2g CaMKII vector, 4ul MgSQO,, 20ul 5 x EP buffer, 2ug
PAM carrier DNA, and water. This was incubated abm temperature for 10
minutes, placed in a cuvette and then electropdraseng a BTX 600 electroporator
(290 V, 500uF, 360Q). After pulse delivery, the cells were immediaté&ignsferred
to 6-well culture dishes containing 2 ml of DMEM+®A0FCS and incubated
overnight at 37 °C with 5% CO

AtT20 cells were transfected using lipofectamin@gent. One day before
transfection, 1 x TOAtT20 cells were seeded in 1 ml DMEM+10% FCS dtewell
tissue culture dishes and grown untiFHB0% confluence. The medium was removed
prior to transfection and the cells were rinsechv@®Opl of Opti-MEM without FCS.
For each well, @l of lipofectamine reagent was mixed withug of pCpGL-Pomc-
luciferase vector and 040y pRK7f-gal which was mixed in 100l of Opti-MEM
medium without serum. The plasmid Opti-MEM mixtuvas added to Lipofectamine
Opti-MEM mixture dropwise, then the mixtures wasuhated for 45 minutes at room
temperature to allow complexes to form. These cergd were added to the rinsed
cells and incubated for 6 hours. After this 40@f DMEM+20%FCS was added, and
cells incubated overnight at 37 °C. 24 hours dftansfection, luciferase activity was

measured.
2.25.4 Luciferase assays

To measure promoter activity, cells were washedawiith PBS and then thoroughly
lysed in 100ul lysis buffer (75 mM Tris-HCI, 10 mM MgCI2, 1% Ton X-100, 2
mM ATP, 1 mM DTT). 8Qul of aliquots were measured in a LKB luminometar20
seconds. As an internal control of transfectioiceghcy, the luciferase readings were
nomalized orp-galactosidase activity from a cotransfected exgioesvector (pRK7-
B-gal) (Hoffmann et al.,, 2003). Th&gal activity in the extracts was measured as

described previously (Spengler et al., 1993).
2.2.6 Protein preparations

2.2.6.1 Recombinant proteins
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Recombinant GST-MeCP2 fusion proteins were used EMSA experiment.
Following transformation of pGEX-2TK-MeCP2 into Dkibacteria, single colonies
were grown at 37 °C in 50 ml 2YT (0.16% tryptonel9% yeast extract, 0.1% NacCl)
overnight, to which a futher 450ml 2YT was added grown for 3 hours until an OD
600 of 0.51.0 was reached. After that, they were incubatedfatal concentration of
1 mM IPTG for another 2 hours at 30 °C. The GST-M2Crotein was purified
using glutathione-sepharose beads (Hoffmann e2@D3). Eluted GST-MeCP2 was
shown to be of at least 95% purity as judged by tagie blue staining. The
concentration of GST-MeCP2 was determined usingd®rd assays and aliquots

were stored at -80 °C until usage.
2.2.6.2 Protein concentration and purity

Bradford assays were applied to determine the curaten of all proteins used in
this study. The assay is based on the observdtairtiie absorbance maximum for an
acidic solution of Coomasie Brilliant Blue G-250Gfshfrom 465 nm to 595 nm when
binding of the dye to proteins occurs. Both hydmiph and ionic interactions
stabilize the anionic form of the dye, causing &ible colour change. The
concentrated assay buffer was first diluted 1:5staddards were prepared containing
a range of 20 to 20Qlg protein (BSA). The samples were dilutedp3in 200 pl
water) to an estimated concentration of 20 to 2§%nl. 800ul Bradford reagent was
added to each sample and protein standards, arabsoebance was measured at 590
nm. Protein concentrations of samples were deddoemh the standard curve.
Coomassie blue staining was then further used gesasthe purity and integrity of
recombinant protein preparations. Protein samplee Moaded onto an SDS-PAGE
gel with a size marker and fractionated at 150 Ke Del was then soaked in 0.2%
Coomassie blue for 1 h and destained in 40% metha@% acetic acid solution over
night. The gel was then blotted on to paper andddrAll proteins used in the study

were of at least 95% purity.
2.2.6.3 Electrophoretic mobility shift assay (EMSA)

EMSA was used to determine the affinity of a pnoter a particular DNA sequence.
In these EMSA experiments, recombinant GST-MeCRR2epr was incubated with

20,000 cpm of double-stranded end labelled oliglauies. Sense and antisense
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oligonucleotides contained the CpG dinucleotidgieoured by an AT rich sequence
and an overhanging GTG for end labelling. The dligdeotides used for EMSA
experiment are listed in Figure . order to show the importance of the methylated
CpG dinucleotide and the adjacent AT rich sequeéaddleCP2 binding, a series of
mutated oligonuleotides were designed. They eitbentained a mutated CpG
dinucleotide to abolish DNA methylation or carrieditation(s) in the AT rich region.
An oligonucleotide encoding a previously reported@P2 binding site was used as
positive control. This binding site was identifipdeviously as high affinity MeCP2
binding site (Klose et al., 2005).

-427 TCCCATCATT GGGGAARATCT SCGACATAAC ARATCCCCTT CCTCATTAGT GATATTTACC
EMSAl CpGé
-3&7 TCCARATGCC AGGRAAGGCAGATGGACGCAC ATAGETARTT CCACTCCGATCTGCARAGATC
CpG7 EMSA2 CpGa
-307 TCAGRACTAGGCCTECCTCG CACAGGGACGE CTAAGCCTCT GTCCAGTTCT RAAGTGEAGAT
CpGY CpGl0o

-247 TCAACACCAT TCTTRAATTAR STTCTTCCTA ACCACCAGCGE CCAGETGETECE GCTTCAGCGE

CpGll CpGl2 CpGl3
-187 GTCTGETGCTA ACGCCAGCCT CCGCGCTTTC CAGGCAGATS TGCCTTGLGC TCAGCCAGGA

cpGl4 CcpGl5+1e  control CpGl7
-127 CCEGGARAGCZC CCCCTCCCEA SGCCCECCET CCCCCTTCGT TECAGRARGCG CTGCCAGGAR
CpGls CpGlS CpG20+21 CpG22 CpG23
-67 GGETCACGTCC ARGGCTCACT CACCCRACCC 'Z‘GCRR”GRRGRGR GRAGAGCGAC
CpG2d CpG25
-7 LGGEACCTRAAR CGEGAGGCIGA CGGARGAGLAE AAGAGGTTANA GAGCAGTGAC TRAGAGAGEC
CpGZ6 CpG27+28

54 CACTGAEACAT CTTTGTCCCC AGAGAGCTEC CTTTCCGCGA CAGGTRAGGE TGTCTCAGCT

Figure 6. Oligonucleotides derived from thePomc promoter region used in the EMSA
experiments.CpG dinucleotides are shadowed in gray and AT mngllow. The location and
sequence of the oligonucleotides used for the EM&periments are underlined. The sequence
marked in cyan indicatéd2omc exonl.

In the EMSA experiment, oligonucleotides were atetan a reaction volume
of 40 ul containing 1ug/ul of each of the sense and antisense oligonuckeo@ad 4
ul of annealing buffer (1.5 M NaCl, 100 mM Tris-H@H 7.9). The oligonucleotides
were heated at 85 °C for 10 minutes to ensure DNAbte-strand separation, and
then slowly cooled down to room temperature by cwitg off the heat-block to
allow for efficient annealing of the sense to timisense strands. The double-strand
oligonucleotides werein vitro methylated (seen vitro methylation) by CpG

methyltransferase (M.Sssl, NEB). Unmethylated anethylated oligonucleotides
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were diluted to 50 ng/ml and used in parallel ie thbelling reaction. For the
labelling reaction, the mastermix was preparedadlevi: 1.5 ul of oligo mix (50
ngiul), 2.0 ul of 10xKlenow buffer, 3.0ul *3P-dCTP, 4.0ul of dATG, 1 ul of
Klenow enzyme and water to 20l. This mastermix was incubated at room
temperature for 45 minutes anduof dCTP (5 mM) was added. The mixture was
incubated again for 5 minutes at room temperatume the oligonucleotides were
purified by biospin column. l of the mixture was taken for counting. The labéll
oligonucleotides were dissolved to 20.000 qdrbk distilled water. A working stock
of 20.000 cpmdl labelled oligonucleotide was used for all EMSAperments. The
binding reaction was then performed usingghof GST-MeCP2 protein in a volume
of 20 ul reaction buffer (10 mM Tris-HCI pH 8, 3 mM Mgg£l66 mM KCI, 100
ug/ml BSA, 12% glycerol, ug/ul of dI/dC, 1 mM DTT). This was incubated on ice
for 5 minutes and then 20,000 cpm of labelled aligdeotide was added and the
whole reaction was incubated for a further 25 nesut room temperature.uB of
6xDNA loading dye was added and the samples waekb on a 5% polyacrylamide
gel (non denaturating). The gel, which was prefarm30 minutes (4°C; 150V; 0.5x
TBE) was run with the samples at 100V for arountablir at 4°C. Hereafter, the gel

was dried and subjected to autoradiography ovetnigh
2.2.6.4 Western blots

Transfected or non-transfected AtT20 and LLC-PKllscevere used for western
blots. Cells were seeded in 10 cm or 6-well pl&ésours before harvesting. The
cells were first washed twice with cold3 ml 1x PBS. Then cells were scrapped in
0.2 to 0.5 ml TE buffer with protease inhibitor ktail (1/100) and phosphatase
inhibitor cocktail (1/100). The cells were disrughtiey ultrasonification for 3 minutes
(30-second interval) in an ice bath. An aliquot3ofil was kept at this step for
measuring protein concentration by Bradford. Theawming cell lysates were added
4x Laemmli buffer (200 mM Tris-HCI pH 6.8, 8% SD80% glycerol, 0.4%
Bromophenol blue, 0.1%-mercaptoethanol) according to the volume. Thesagére
heated to 95 °C in a heatblock for 5 minutes toatiee proteins. All the samples
were kept in the -20 °C freezer ready to use. AnS%-PAGE gel was prepared. 50
ug of whole cell extract (WCE) was loaded to eacH.wée SDS-PAGE gel was run
at 120 V in the cold room with a water flow for ¢img. When the 35 kD pre-stained
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maker reached the bottom of the gel, the proteiewransferred to a nitrocellulose
membrane in a transfer chamber at 50 V for 2 houtse cold room. The membrane
was briefly stained with Ponceau red to checkéf pnoteins had transferred from the
gel to the membrane. Unspecific binding of the mdies to the membrane was
blocked by placing the membrane in blocking butig mM Tris, 0.5 M NacCl, 0.1%
Tween, 5% BSA, pH 7.6) which was incubated on &ahat room temperature for 1
hour. The blocking solution was poured off and thembranes incubated with the
primary antibody in a shaker over night at 4 °C.n\deanes were then washed 5
minutes three times with TBST (0.1 % Tween-20)dmove unbound antibody and
then incubated for 1 hour at RT with the secondugmated antibody. The membranes
were washed as before. A 1.1 mixture of the chamiihescent reagent was prepared
and added to the membrane for 2 minutes. Then #gmbrane was dried slightly and
wrapped in saran wrap. The first film was exposed 30 second to check signal

appearance and then exposure time was adjustkd strength of the signals.
2.2.6.5 Protein de-phosphorylation

De-phosphorylation was performed to demonstratespgeeificity of the phospho-438
MeCP2 antibody. For an antibody that only bindspli®spho-site when the protein is
denatured, treating the membrane with phosphatasetiansfer is preferable to treat
the non-denatured lysate. After SDS-PAGE gel ebptioresis, the proteins were
transferred to a nitrocellulose membrane which Ieaeh blocked by pretreatment with
5% BSA in TBS with 0.1% Triton X-100 for one houtr @om temperature. The
membrane was cut to obtain a slot containing atleae sample duplicated in the
other piece. The two pieces of membrane were placsedparate containers with-53

ml CIP buffer inside. The CIP enzyme was addedhéocontainer with the piece to be
de-phosphorylated. After incubation at 37°C for tweir, the samples were subjected

to the standard western blot procedure.

2.2.6.6 Immunohistochemistry

Pituitary slides, primary pituitary or AtT20 cellsvere fixed with 4%
paraformaldehydm phosphate-buffered saline (PBS) for 5 minutesvetslipsvere
washed with PBS for 5 minutes, and then blocked®fbourswith blocking solution
(50 mg/ml BSA, 50 mg/ml goat serum, 0.5% Triton 68150 mM Tris-HCI, 50 mM
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NaCl and pH7.4). Coverslips were incubatéth the following primary antibodies
diluted in blocking solution overnight in a humigiig chamber at 4°C: total MeCP2
(1:400); pS438-MeCP2 (1:400), CaMKIl (1:500), pCaMK1:500) and ACTH
(1:400). Coverslips were washed three timgh PBS for 10 minutes. Secondary
antibodies were diluted blocking solution, and incubations were perfodna¢ room
temperature fo2 hours. Coverslips were washed with PBS threestifoe10 minutes
then DAPI was added at 1:6000 in PBS for 5 minuAdter washing with PBS three

times for 10 minutes, the coverslips were mounted.

2.2.7 Statistical analysis and computer software

CpG island analyses was performed using the onlmegram CpG Plot
(http://www.ebi.ac.uk/Tools/emboss/cpgplot/) and EEDES (Rice et al., 2000). The
heatmap was generated using the online free satitaatmap Builder. Primers were
designed according to the general guidelines bystfevare Oligo 6. For pituitary
corticotrope cell counting, the total cell numbeasacounted automatically by the
software of Cell C; and the corticotrope cell num@s counted manually using the
software Image J. Graphs were drawn by the softagena Plot and Microsoft
Excel. All statistical analyses were performed bicidsoft Excel. All figures were

designed through CoralDraw software version 10 éCdZorporation, Ottawa).
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3 Results

3.1Biometric data

3.1.1 Experimental design

We carried out maternal separation (MS) to modelydde stress. This maternal
separation model is based on the fact that in ilkefield, the dam will leave the nest
ranging from 15 minutes to 3 hours for foragingeThgher rank of the mother, the
less time she will spend. During her absence, wely stressful for the litters. It is
also suggested that the first 10 days of life isrifical time window for mouse
development. This traumatic event early in life ¢daad to severe consequences at

later stage when they reach adulthood.

5

(postnatal day, PND 1-10)

Experiment
Procedure

PO P10 6 weeks 3 months 1 year

MS

Biomarkers - - -

Expression 5 e ey 3

Epigenetics - - -

Figure 7. Maternal separation model and experimeral design.

The procedure of maternal separation is as follgwthe new born mice were
separated 3 hours daily from their mother from paisti day 1 to day 10. After P10,
all the mice lived with their mother. In this exjpeent, 4 time-points were
investigated: P10, 6 weeks, 3 months and 1 yeah Bwle and female mice were
used for biometric, neuroendocrine, gene expressnmhDNA methylation analysis.
Male mice were used for the behavioral tests amd itiwestigation of molecular

mechanisms.
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3.1.2 Behavioral analysis of adult offspring

To assess long-term alterations in behavior dueandy life stress exposure, we
performed a series of behavioral tests. Only mate were used in the experiments,
and these data had been published previously (Marghet al., 2009). In summary,
early life stress (ELS) produced long-lasting betial changes for the following
criteria. First, adult ELS mice (6-week-old) showaémory deficits in an inhibitory
avoidance task. Second, ELS mice had increased Imlitgan the force swim test. In
contrast, anxiety-like behavior was unaffected ashelife stress in the elevated plus-

maze, novelty-induced hypophagia and light-darkdace test.

3.1.3 Biometric data

3.1.3.1 Body weight

There were no significant body weight differen@es 0.05, t-test) between ELS and
control mice through all timepoints (6 weeks, 3 thgnand 1 year) in both sexes
(Figure 8). These data supported the idea that iEle&Epsychological stressor rather

than a physical intervention such as sicknessrome.
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Figure 8. Mouse body weight after early life stress There is no difference in body weight
between control and early life stress (ELS) micalbages in both sxes. Data are mean = S.E.M
(n=8-10/group).

3.1.3.2 Thymus weight

Thymus glands of control and ELS mice were dissecad weighed at each
timepoint. The relative weight (mg/100g BW) of thleymus in ELS mice was
significantly lower (p < 0.05, t-test) than congdFigure 9), which is in according
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with the fact that ELS mice had higher levels ofticosterone (Figure 11) in the

plasma.
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Figure 9. Reduced thymus weight after early life sess.As compared with controls, early life
stress mice showed involution of thymus weightlbtiges in both genders, indicative of higher
levels of corticosterone (Cort) in the blood. Date mean = S.E.M (n=8-10/groupp<0.05 (t-
test).

3.1.3.3  Adrenal weight

Adrenal glands from male and female mice were dissected and weighed. The
relative weight of adrenal gland (mg/100g BW) wagniicantly higher in the ELS

group than the controls (p < 0.05, t-test) in bgémders (Figure 10). Furthermore,
adrenals weighed significantly less in males thamdles irrespective of rearing
condition. Previous study demonstrated that adrghatd growth and function is
under the control of pituitary derived ACTH. Thepleytrophy of the adrenals in the

ELS group predicted a hyper-secretion of ACTH coragavith control mice.
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Figure 10. Increased adrenal weight after early I stress.As compared with controls, early
life stress mice showed larger adrenals at all agdsoth genders, predicting higher level of
adrenalcorticoal (ACTH) in the blood. Data are meé&hE.M (n=8-10/group). *p < 0.05 (t-test).
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3.1.4 Plasma corticosterone (Cort) levels

Basal evening and morning plasma corticosteromeldewere measured. In both

conditions, plasma corticosterone concentrations wegher in ELS mice compared

with controls in both genders. Female animals h&igher overall concentration of

corticosterone than males (Figure 11).
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Figure 11. Increased serum levels of corticosteron€ort) after early life stress.ELS mice at
6 week, 3 month and 1 year time points presented iwcreased serum corticosterone levels
under peak and basal conditions. Data are meaB.M3n=8-10/group).*p < 0.05 (t-test).

3.1.5 PomcmRNA expression

Basal Pomc mRNA expression in mouse pituitary wasasured by quantitive real

time PCR (g-PCR). As shown in Figure 12, ELS micedpced a significant increase

of Pomc mRNA level in the pituitary compared with contrdtem 10 days old mice

up to 1 year. To facilitate comparation of relativeRNA level between different

timepoints and between genders, cDNA from mousetary AtT20 cells was used as

the general standard throughout the experimentshds/n in Figure 12, basal Pomc

MRNA expression slightly increased with age irrespe of gender. Furthermore,

when compared th€omc mRNA levels between genders, baseline Pomc mRNA

expression in females was significantly higher thramales.
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Figure 12. Pomc mRNA level after early life stress.Pomc mRNA was significantly higher in
the pituitaries of ELS mice at all time points bathmale (left) and female (right) animals as
determined by gPCR analysis. Data are mean + S(E#8-10/group)*p < 0.05 (t-test).

Pomc mRNA is expressed both in the anterior lobe anermediate lobe of the

pituitary, but processed differently by cell typgeesific enzyme usage. To address the

guestion whethePomc mRNA expression could be altered due to early difess

exposure in the intermediate lobe, we dissectedritegmediate lobe (6-week-old)

from the anterior pituitary and tested themc mRNA levels from anterior lobe and

intermediate lobe separately by real-time PCR. fdwilts showed that early life

stress resulted in upregulation Bbmc mRNA in the anterior pituitary. On the

contrary, early life stress did not influenBemc mRNA in the intermediate lobe

(Figure 13).
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Figure 13. Early life stress produced increased ley of Pomc mRNA in the anterior
pituitary. (A) Representative bright-field autoradiographs pifuitary sections (6-week-old
males) hybridized with &S-labeled oligonucleotide probe complementarPamc mRNA from

a Ctrl (upper) or ELS (lower) mouse. AP, anteriduifary; IL, intermediate lobe; PP, posterior
pituitary. Scale bar, 500 um. In situ hybridizatslmowed thaPomc expression is much higher in
ELS mice. (B)Pomc mRNA expression was significantly higher in ELSrthcontrols in the
mouse anterior pituitary (6-week-old males). (C)SAtlid not influencd?omc mRNA expression
in the intermediate pituitary. Data are mean +8.th = 8-10/group).*p < 0.05 (t-test).
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3.1.6 Serum ACTH level and AVP-CRH challenge test

ACTH, which is cleavaged enzymatically from POMQhe antior pituitary, was also
measured in the blood of 6-week-old mice. Consisteith the Pomc expression

patterns in the pituitary, blood ACTH levels wensoahigher in ELS mice than
controls in both genders. Early life stress alstraased sensitivity of the pituitary-
adrenal axis to the hypothalamic secretagogues @RHAVP in both genders. When
the mice were treated with AVP and CRH peptides,darly life stress (ELS) group

mice displayed much higher responsiveness competeaontrol mice (Figure 14).
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Figure 14. Early life stress increased sensitivitypf the pituitary-adrenal axis to CRH and
AVP in both genders.Under basal conditions, blood ACTH levels were Rigim ELS mice (6-
week-old) in both genders. ELS mice displayed mbayher responsiveness compared with
control mice after AVP and CRH application. Data arean + S.E.M (n =8.0/group).*p < 0.05
(t-test).

3.2 PomcDNA methylation status

3.2.1 DNA methylation at the Pomcgene locus in naive mice

Here, we used the in-bred mouse strain C57BL/6MNnmAte were housed under the
same condition. The only difference between contrme and ELS mice came from
the maternal separation procedure. External séitimns can change the phenotypes
later in life; we hypothesized that epigenetic gsses could be responsible for this
fact. DNA methylation is a stable epigenetic markCpG dinucleotides, which often

couples to lasting changes in gene transcriptiopthMation of cytosine residues
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within CpG dinucleotides can result in gene silaggisuch CpGs are conspicuously
under-represented in mammalian genomes and typiclaister with GC-rich regions
called CpG islands (CGI). In the case Bbmc gene, computational analysis
(CpGPlot, EMBOSS) and previous literature (Gardi@arden and Frommer, 1994)
revealed 2 CpG islands within mouBemc gene locus: CpG island 1 (CGI 1) which
surrounds thePomc transcription start site and CpG island 2 (CGIwdjich lies

approximately 5 kb downstream, encompassing thd &xon ofPomc gene.
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Figure 15. DNA methylation status at thePomc gene locus.(A). Schematic diagram of the
mousePomc gene. Exons are indicated by open (numbered) baxé<CGls by numbered bars,
and the distribution of CpG residues are listeediag to their position. (B). Sequence analysis
of bisulfite-converted DNA isolated from the pitiies of naive C57/BL6 mice (3-month-old)
showed sparse methylation in the core promoter (CGand the coding region (CGI2). In
contrast, high levels of CpG methylation were foandhe far distal promoter region of tRemc
gene. Comparing the DNA methylation level betweedenand female revealed that males show
higher level of DNA methylation than females. Data mean + S.E.M (n=8-10/groupjp < 0.05
(t-test).

To investigate the DNA methylation status at #@nc gene locus, sodium
bisulfite conversion was performed with genomic DiAlated from pituitaries. Four
pairs of primers were designed to cover the er@iéd 1 and part of CGI 2 (Figure
15). Sodium bisulfite treatment of DNA samples centsy non-methylated cytosines

(C) to uracils (U), which are then replaced by tidime (T) in the subsequent PCR
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reactions. Methylated cytosines (mC) are unaffebyedodium bisulfite reaction and
the differences in methylation status are thus egppand easily detected on sequence

reads.

The pituitary was dissected away from the braiil, genomic DNA was isolated
and treated with sodium bisulfite. Sequence amalgdi bisulfite-converted DNA
isolated from the pituitaries of naive C57BL/6N mi(8 months old) showed sparse
methylation in the core promoter CGI 1 and the rgdegion CGI 2. In contrast, we
found high levels of CpG methylation clustered e far distal promoter region of
Pomc encompassing CpG1 to CpG16 (Figure 15); this regms been shown in the
previous literature to play a critical role iBomc gene regulation. When DNA
methylation was compared between genders, maleshmeed higher levels of DNA
methylation than females at tf®amc distal promoter region (Figure 15 and Figure
16).

3.2.2 Early life stress dependent DNA methylation

As shown in the previous chapter (Figure 12), Eh&uced higher levels d?Pomc
MRNA in the pituitary; therefore we wondered whetB®&A methylation might play
a role in regulatingf?omc gene expression during early life adverse evasitifite
sequencing was performed between ELS and contic# enged 10 days, 6 weeks, 3
months and 1 year in both genders. The results ethaivat no differential DNA
methylation was observed at all time points eitimethe coding region, which is
confined as CGI 2 (CpG 30-45), or in the core praneegion (CpG 17-28) as well
as in the 5" UTR (CpG 1-5). By contrast, ELS indiliteypomethylation at thBomc
distal promoter region ranging from CpG 6 to CpG 6 facilitate the comparison of
DNA methylation through age and between genderainigps were deduced to
illustrate the DNA methylation status. DNA methyoat levels were transformed into
graded-color, ranging from 0% of methylation (yal)ao 100% of methylation (red).
In these heatmaps, the x-axis represents a simBer€sidue from CpG 6 to CpG 16
at thePomc distal promoter region, and every single row ssafat a single mouse
subjected to bisulfite mapping.

The heatmap showed that early life stress prodacgdnificant decline of DNA
methylation through th®omc distal promoter in ELS mice aged 10 days, 6-wéek,

months, and 1 year in both genders. Importantlg, idgion has been shown to be a
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critical area both for pituitary specifitomc gene expression arfomc activation
from upstream secretagogues, such as CRH and Avétall) these findings revealed
that ELS triggered a heterogeneous response inlgp@methylation and indicated a
functional role for the detected changes.

In addition, examination of the methylation statdisall CpGs found within the
Pomc promoter of naive mice revealed a general deatimeethylation in 1-year aged
mice compared with 6-week aged animals, with 30%llbCpG residues showing a
significant decline (Figure 16B). Correspondinghgreased levels dPomc mRNA
expression was observed in 1 year old naive micepaced with 6 weeks animals
(Figure 12), indicating that age-associated DNAdmgpthylation might contribute to
the elevatedPomc mRNA expression. However, in contrast to malesydies did not

show any age-associated drift in DNA methylatioigife 16D).
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Figure 16. Early life stress induced hypomethylatin at the Pomcdistal promoter region. (A

and C). Comparison of the DNA methylation statwsrELS and control mice aged 10 days, 6
weeks, 3 months and 1 year, the results showednmylation of multiple CpG residues
throughout the far distal promoter region in ELSenboth in males (A) and females (C). (B).
Analysis of overall methylation of the distal protmorevealed age-related substantial reductions
in methylation. (D) Overall DNA methylation of feteacontrol mice did not show any age-
associated drifttp < 0.05 (t-test)
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3.2.3 PomcDNA methylation in different tissues

The DNA methylation status at tfemc distal promoter ranging from CpG 6 to CpG
16 from different tissues was studied by bisulfitapping. As shown in Figure 17, the
Pomc gene showed a tissue-specific DNA methylation goatt In normal non-
expressing tissues, such as adrenal, kidney, sglegnus, hippocampus and the non-
expressing cell line Neuro2A (data not shown), Roenc distal promoter was hyper-
methylated. In contrasBomc gene had relatively less methylation in the paiyit
Furthermore, in the corticotrope cell line AtT20which Pomc was highly expressed,

the promoter region was free of DNA methylation.
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Figure 17. Pomc DNA methylation status in different tissues.Bisulfite sequencing analysis
using DNA from different mouse tissues (6-week-oidrluding pituitary, hypothalamus,
hippocampus, prefrontal cortex (PFC), adrenal gl&idhey, liver, spleen and thymus revealed a
tissue-specific DNA methylation pattern. In norrRa@imc non-expressing tissues such as kidney,
thymus and adrenaRomc was hyermethylated at the distal promoter, espyec the region
ranging from CpG6 to CpG8.

3.2.4 DNA methylation of Pomcpseudogene
In the early stage of our research, we found tafiNA methylation pattern in exon
3 (CGI 2) always displayed an all-or-nothing pattdn short, if one CpG residue was

unmethylated in the clone, all the CpGs were tptlide of methylation. In contrast
however, if one CpG residue was methylated, all@pé&s in the clone were fully
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methylated. Careful sequence analysis detected Jewsdight difference in DNA
sequence between the two classes of clones. A segiast was performed, and we
found that the fully methylated sequence belongedhe Pomc pseudogene (also
known asPomc2 or Pomc-psl) which locates to chromosome 19 in the mouse
genome. Sequence alignment betwPemc and its pseudogene was performed and
the results showed that this non-transcrifetc pseudogene was a homology of

Pomc exon 3 with an identity of 90% (data not shown).
3.3 DNA methylation controls Pomcgene expression

Given the role of DNA methylation in controlling rge expression, we next examined
whether methylation alone is sufficient to repré¥snc gene activity. Bisulfite
sequencing results showed differential DNA methgtatpattern between ELS and
controls at thé?omc distal promoter, especially in the region randirign CpG 6 to
CpG 8. Pomc reporter constructs with methylated or unmethgat@pGs were
transfected into the AtT20 mouse pituitary cellelinin this experiment, selectively
methylated CpG 6-8 induced a 43% reductionPomc promoter activity, while
deletion of this region diminished reporter activily 68% (Figure 18B). These
results demonstrated the functional importancehisf tegion for regulation dPomc
gene expression. We also examiri&mnc reporter activity aftern vitro methylation
of the entire promoter, including the core promaded the distal promoter. Such
methylation completely abolished luciferase agjivitaken together, these findings

suggested that DNA methylation at CpG 6-8 is a@ltifor controlling Pomc gene

expression. Bisulfite sequencing proved the sucoksie-directed DNA methylation
(Figure 18C).
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Figure 18. DNA methylation controlsPomcgene expression(A) Schematic representation of
Pomc luciferase constructs. The parerfaimc-Luc construct (mock) contains the entire mouse
Pomc promoter. M.CpG6-8 indicates that only CpG 6-8enervitro methylated by site-directed
DNA methylation using a CpG-free vectaxCpG 6-8 is devoid of CpG 6 to 8. M.AII-CpG
indicates that all the CpGs in tRemc promoter were completely methylated by CpG metg/la
Sssl. ADistal-Prom lacks the entire distal promoter. (BjtiEe vector or site-specific promoter
(CpG 6-8) methylation reduced reporter activityd®#o and 40%, respectively. Deletion of either
CpGs 6-8 or the entire distal promoter reducedntepactivity by 68% and 90%, respectively, in
AtT20 cells. (C) Bisulfite sequencing confirmed thigccess of site-directed DNA methylation.
Data are mean + SD, three independent experimesrts performed*p < 0.05 (t-test).

Hypothalamic derived peptides corticotrophin-relegshormone (CRH) and
arginine vasopressin (AVP) stimulate transcriptdiomc and secretion of ACTlh
vivo and in ACTH producing pituitary tumor AtT20 cell$revious studies showed
the importance of the distal promoter for the ragjah of Pomc activity after CRH
and AVP stimulation. In our study, we questionecetiler DNA methylation in the
Pomc distal promoter could affect AVP and CRH-dependstithulation of Pomc
expression. From the literature (Ventura et al99%nd our RT-PCR experiment, we
know that AVP vlb receptor expression is barelyedgible in normal AtT20 cells.
To overcome this problem, a new AtT20 cell linehwitLb receptor stably expressed
was used. In this cell line, the mouse AVP vl1b psmegene was intergrated into the
mouse genome resulting in stable expression oftbese v1b receptor. Methylated
and unmethylate@omc reporter were transfected into AtT20 cells (AVFOR), 24
hours after transfection, the cells were treatetth Wie peptides AVP (10M), CRH
(10% M) or both. After 2 hours of treatment, luciferaaetivity was measured.
According to the results in Figure 19, if the rdporis unmethylated, th®omc
promoter activity was increased by 38%, 22% and é&8pectively upon CRH, AVP
or CRH+AVP treatment in the cultured cells companeth the non-treated control.
However, if thePomc reporter was methylated at CpG 6-8, CRH treatnadone
failed to activatePomc expression. On the contrary, AVP treatment alome still
increase th&>omc mMRNA expression by 22% when compared with the tneated
control. A synergic effect oPomc promoter activation (31% increases) was also
observed when the methylated reporter was treatddbeth AVP and CRH. Taken
together, DNA methylation plays a critical role ihe regulation ofPomc gene
expression both under basal condition and activedaditions.
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Figure 19. DNA methylation at CpGs 6-8 strongly bloked Pomc activation stimulated by
CRH, but not by AVP. AVP (10’ M) and CRH (18 M) activatedPomc promoter activity when
the Pomc reporter was free of DNA methylation. If tHeomc reported was site-directed
methylated at CpG 6-8, CRH treatment alone failedstimulatePomc mRNA expression. In
contrast, AVP or AVP+CRH treatment increadeainc luciferase activity compared with non-
treated control. Values represent mean + S.D. Thnéependent experiments were performed.
The asterisks indicate significant difference R<0.05)

3.4 MeCP2 binds to thePomc promoter and represses gene

activity
3.4.1 MeCP2 repressef?omcgene expression

In our previous results (Figure 18), we proved thAlA methylation could repress
Pomc gene expression. The next question was, by whielshamism does DNA

methylation represdPomc gene expression? It is generally accepted that DNA

methylation at CpG dinucleotidegC(G) is interpreted by a family of methyl CpG-
binding domain (MBD) proteins. These epigenetideza (except MBD4) can serve
as an epigenetic platform. Histone deacetylases AEK) and DNA
methyltransferases (DNMTSs) can be recruited to @otrinscriptional repression and
gene silencing. After cotransfecting a series of DMBamily proteins with the
methylated reporter plasmid into AtT20 cells, weaurfd that MBD1, MBD2 and

MBD3 have moderate effects on DNA methylation-dieecPomc repression. In

60



RESULTS

contrast, we found that the founding member of MEinily protein, MeCP2,
significantly suppresse@omc gene activity (Figure 20A).
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Figure 20. MeCP2 strongly represse®omc gene expressionn vitro and in vivo. (A) After
cotransfecting a series of MBD proteins with medibgtl reporter plasmid into AtT20 cells, we
found that MeCP2 significantly suppresd@amc gene activity, while MBD1, MBD2 and MBD3
had moderate effect. (B)Jomc mRNA level between wild type and MeCP2 KO wasdédby
gRT-PCR. The results showed a two-fold increasBanfic mMRNA levels in MeCP2 KO mouse
pituitary compared with controls.

Since these experiments were done under over-esipresve were interested to
know whether MeCP2 is expressed in pituitary ceR3-PCR, western blot and
immunohistochemistry results revealed the presefc®eCP2 in pituitary cells
(Figure 21A). To examine the repressive role of M2QGn vivo, pituitaries from
MeCP2 knockout mice were subjected to gene exmmesanalysis. The results
confirmed the repressor role of MeCP2 Romc expression as evidenced by over 2-

fold increased mRNA levels compared with wild typee (Figure 20B).
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Figure 21. MeCP2 is expressed in pituitary cellsA) RT-PCR and western blot results showed
that MeCP2 is expressed in mouse pituitary andothétary cell line-AtT20 both at the mRNA
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and protein levels. Mouse hypothalamic tissue dedhypothalamic cell line N6 were used as
positive controls. (B) MeCP2 is strongly expresgedhe cell nuclei of the mouse pituitary and
colocalizes with ACTH-positive cells. Scale bar, .80.

To further investigate the distribution of MeCP2 the mouse pituitary,
immunohistochemistry experiments were performedgisantibodies against total
MeCP2 (red) and ACTH (green) in naive mouse pityitiides. The results in Figure
21B showed that MeCP2 is ubiquitously expressethéancell nuclei of the mouse
pituitary and colocalized with ACTH positive cells.

3.4.2 MeCP2 binds to thePomcpromoter in vitro

To investigate whether MeCP2 can be directly bowndthe Pomc promoter,
electrophoretic mobility shift assay (EMSA) expeembs were performed using
recombinant GST-MeCP2 protein. According to presiaeports, MeCP2 DNA
binding depends on two criteria: firstly, MeCP2 fprentially binds to methyl-CpG
sites and secondly, binding is increased in cask l#dses ([A/B4]) are present
adjacent to methyl-CpG. The sequence [AdTwas found previously to be essential
for high-affinity binding at selected sites andkabwn MeCP2 target regions such as
in the Bdnf and DIx6 genes. Based on these MeCP2 binding critétamc DNA
sequences of far upstream 5 UTR, promoter (CGladyl exon3 (CGIl 2) were
analyzed. The results revealed that only the DN@usace in the distal promoter
fulfilled the two criteria for MeCP2 binding. Tharfupstream promoter failed the test
because of the very low density of CpG sites int tlegion. In contrast, exon3
behaved differently. Although there were plentyCfG sites (CGI 2), A/IT ([A/®4])
runs were rarely found adjacent to methyl-CpG. &lpairs of oligonucleotides were
designed for the EMSA experiments. OligonucleotitSAl1 was located in the
distal promoter which contained CpG 6 together \8itA/T runs adjacent to CpG 6.
EMSAZ2 was located next to EMSA1 which covered Cp&hd CpG 8. As a negative
control, we also designed a pair of oligonucleatideamed control (Ctrl) in the
promoter spanning CpG 14-16, but in this sequenetwere no A/T ([A/*4]) runs
adjacent to CpG dinucleotides (Figure 22A).
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Figure 22. MeCP2 is bound to thd?omcpromoter in vitro. (A) Schematic diagram of thigomc
promoter. The distribution of CpG residues is iatlel according to their position by vertical
bars. The positions of the respective oligonuctistiused for EMSA experiments are shown. (B)
EMSA experiments showed that MeCP2 recognized Bpalty methylated CpG
oligonucleotides. MeCP2 was bound strongly to mateg, but not to unmethylated EMSA1 and
EMSAZ2 oligonucleotides as well as the positive oantSelf-competition experiments and pre-
incubation with the MeCP2 antibody proved the dpgti of MeCP2 binding to the methylated
EMSA1 and EMSA 2. (C)MeCP2 showed no binding in the middle of themc promoter
(Control) irrespective of its methylation statuf) (The positive control shows that MeCP2

preferentially binds to methylated oligonucleotidd®epresentative autoradiograms (n = 3
independent experiments each) are shown.

Sense and antisense oligonucleotides were firgtglannealed to form a double
strand and thenin vitro methylated. Both methylated and unmethylated
oligonucleotides were subjected to an end-labelitgp with *S. End-labeled
oligonucleotides together with GST-MeCP2 proteinraviaded on the PAGE gel

and were fractionated.

The results of the EMSA experiments in Figure 23@ea with previous
evidence for high affinity MeCP2 binding, to metitdd CpGs adjacent to A/T sites.
MeCP2 specifically bound to the region spanning Gp® CpG 8 (EMSA1 and
EMSA2), with an affinity (k =6.48 nM and 5.86 nM respectively), which is

comparable to the positive control (Figure 22D). tontrast the control
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oligonucleotide in the middle of th®omc promoter showed no binding at all
irrespective of the methylation status (Figure 22Qhe specificity of the

protein/DNA complex was further confirmed by a sughift assay, in which the
protein/DNA complex disappeared during the gel tetgghoresis upon addition of
MeCP2 antibody. Self-competition tests were alsdopeed using an excess (1:10,
1:100, 1:1000) of unlabelled methylated or unmeited oligonucleotides. The
results showed that DNA binding was gradually reduwith increased amount of
methylated oligonuceotide, while the unmethylatéidomucleotide had much less

effect.

To further decipher the importance of methyl-Cp@ #re adjacent A/T sites for
MeCP2 binding, a series of mutations were generaldt set of mutations tested is
shown in the left part of Figure 23, with the pdreligonucleotide sequence depicted
above. In the case of EMSAL (CpG 6), A/T runs wessential for MeCP2 binding.
For example, if AT3 was mutated alone, the bindiag reduced by 75%, and if AT2
and AT3 were mutated together, only 14% bindingaieeed compared with the wild
type. Furthermore, if AT runs were completely metatthe MeCP2 binding was
almost abolished (Figure 23A). In the case of EMSA2might have a different
binding mechanism compared with EMSA1 because tivere two CpG sites (CpG 7
and CpG 8) and only one A/T run in the oligonudld®t As shown in Figure 23B,
mutations occurring in one of the CpGs impairediggrdDNA complex formation,
while mutations in both CpG 7 and CpG 8 completidgtroyed the protein/DNA
complex. The AT run was also a key element for M2Minding in EMSA2. As
shown in Figure 23B, the DNA/protein complex waest)ly impaired after mutation

of A/T sites adjacent to CpG dinucleotides.

In summary,in vitro binding experiments showed that MeCP2 was effityen
bound to sequences present at Floec distal promoter region spanning CpG 6 to
CpG 8, while MeCP2 showed less binding to othertspasuch as the proximal
promoter (CpG 14-16). Mutational studies revealet both the methylated CpG(s)
and the AT runs were essential for high affinityGR2 binding.
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Figure 23. Methylated CpGs and AT runs were essemi for MeCP2 binding to Pomc
promoter derived oligonucleotides. (A) Binding specificity of MeCP2 for EMSAl was
investigated by base substitutions of AT clustelja@ent to the methylated CpG. The sequence of
the parent oligonucleotides is listed above theeswh The results indicated a strong decline of
MeCP2 binding resulting from the absence of AT seges adjacent to methylated CpG 6. (B)
Binding specificity of MeCP2 for EMSA2 was invesitgd by mutagenesis of either CpG(s) or
AT cluster adjacent to methylated CpG residues. r€lalts indicated a strong decline of MeCP2
binding for mutated CpG sites or mutated AT seqgasrilanking methylated CpGs.

3.4.3MeCP2 repressefomcgene expressiom vivo

Chromatin immunoprecipitation (ChlIP) is a technigaenvestigate the binding of a
particular protein of interest to chromatinized DNA our experiment, we sought to
confirm the repressive function of MeCP2 at #@nc locusin vivo. A sequential-
ChIP experiment from mouse pituitary was perforrnt@grove this hypothesis. The
first (primary) round of the ChIP was carried outhaantibodies against acetylated
histone H3 (H3Ac), a mark of transcriptional actolgomatin, or dimethylhistone H3
Lys-9 (H3K9me2), a mark of transcriptional repressichromatin. The anti-C-
terminal MeCP2 antibody was used for the seconcb(sary) round of ChIP, which
we performed on half of the product of the prim@iP; the remaining product from
the first ChIP was saved for analysis of the priym@hlP. DNA recovered from both
ChIP steps was analyzed by real-time PCR for teegurce of th®omc promoter. By
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doing so, we were able to simultaneously evalulageactivity of Pomc as well as

MeCP2 occupancy at tiRomc promoter. Two pairs of primers were designed s t
ChIP experiment. The first primer pair was locatethe Pomc distal promoter region
spanning CpG 6 and CpG 10 and producing a 154 pdmaplicon. As a control, the
second primer pair was designed in the coding regexon3) which lies 6 kb

downstream (Figure 24A).
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Figure 24. MeCP2 is bound to the repressed state tfie Pomc promoter in vivo Seq-ChIP was
performed on pituitary chromatin isolated fromiveamice. (A) Schematic representation of the mouse
Pomc gene indicating the position of PCR-amplified et in the ChIP experiment. (B) MoRemc
DNA was recovered when the primary ChIP was coretletith anti-acetyl histone H3 (H3Ac) than
with anti-dimethyl-histone H3 Lys9 (H3K9me2). (Cg&ndary ChIP with anti-C-terminal MeCP2 on
the samples recovered from B indicated that MeQRe&entially associates with dimethyl-histone H3
Lys-9 at thePomc promoter. Values represent mean + SD. Three inubp# experiments were
performed. The asterisks are used to indicatefsigni difference, P < 0.05)

When we performed the primary ChIP, we recoveredenfomc DNA with
anti-acetyl histone H3 than with anti-dimethyl bis¢ H3 Lys-9 (Figure 24B).
However, when we performed the second round ChtR aviti-MeCP2, we recovered
significantly morePomc from chromatin that had been initially immunopptEted
with anti-dimethyl-histone H3 Lys-9 than from chratim that had been initially
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immunoprecipitated with anti-acetyl histone H3 (kig 24C). In summary, the results
from Seq-ChlIP indicated that MeCP2 is preferentialissociated with the
transcriptionally inactive, dimethyl-histone H3 L§smarkedPomc promoter in mice

pituitaries.

3.4.4MeCP2 recruits repressor complexes to thePomc

promoter

MeCP2 suppresses gene transcription by recruitmgpcessors, such as HDACs and
DNMTSs, to its target DNA binding sites. To determiwhich corepressors coexist
within the same protein complex resident at themmier region ofPomc, sequential
ChIP assays were performelh this sequential ChIP assay, an initial ChIP was
performed with an antibody that recognizes MeCR1& precipitated chromatin-DNA
complex was washed and eluted, and a second immegippation (IP) was
performed with MeCP2, Hdacl, Hdac2, Hdac4, DnmtimEBa, Dnmt3b or control
istope IgG antibodies. When the first ChlP was qened with anti-MeCP2, the
second ChIP showed the presence of Hdac2, Dnmidiltoaa lesser extent Hdacl, in
the MeCP2-DNA complex (Figure 25). In contrast, fd@nc promoter was not
enriched for Hdac4, Dnmt3a and Dnmt3b binding. $pecificity of these results was
supported by performing the sequential ChIP expaminm the reverse order (data not

shown).

ChIP was first performed with antibodies againsthexi MeCP2, corepressors
(HDACs and DNMTSs) or control rabbit IgG on chronmatierived from naive mouse
pituitaries. Immunocomplexes were dissociated ftbm beads and 50% of the first
immunoprecipitation (IP) were reverse cross-linkedl subjected to PCR analysis.
The remaining eluate of the first IP reaction wabject to a second round of ChIP
with an antibody against MeCP2 or control rabb{®IdPCR analysis was performed
on the eluates both from the first ChIP and sed@GhéP. The results revealed that
Hdacl, Hdac2 and Dnmtl existRomc distal promoter region in the first ChlP. The
co-occupancy of Hdacl with MeCP2, Hdac2 with Me@®& Dnmtl with MeCP2
was proved by the second ChIP with MeCP2.
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Figure 25. MeCP2 is associated with repressor cong®es (HDACs and DNMTSs) at thdPomc
promoter region. Sequential ChIP assays were performed after dalimtmunoprecipitatior{IP)
with anti-MeCP2. After a second IP with anti-Hdaahfi-Hdac2, or anti-Dnmt1, DNA from the
distal promoter, but not from the coding regionaf@X) could be amplified. No DNA was
recovered following immunoprecipitation by Hdacrbt3a, Dnmt3b or isotype 1gG antibodies.

3.5 Phosphorylation of MeCP2 in pituitary cells

3.5.1 Depolarization dependent MeCP2 phosphorylation in

pituitary cells

Protein phosphorylation is an important posttraishal modification that can
modulate the function of a protein by adding a jpihase group to serine, tyrosine, or
threonine residues. Previous results showed thagpftorylation of MeCP2 at serine
421 in cultured rat neurons can precede the relglagkeCP2 from thé8dnf promoter
resulting in an increase in BDNF expression (Zhoal.e 2006; Tao et al., 2009). We
wondered whether such phosphorylation of MeCP24sis present in pituitary cells.
To address this question, immunocytofluorescenc€C)|l experiments were
performed using an antibody against total MeCP2iclvhrecognizes MeCP2
irrespective of its phosphorylation status and atibady against pS438 of MeCP2
(which is homologous to S421 MeCP2 in rat) in péary primary cells. Double
staining experiments using antibodies against Me&@PACTH, the later is a marker
for pituitary corticotrope cells, revealed the ubtqus expression pattern of MeCP2
in pituitary cells with higher expression levelsdarticotropes (Figure 21 and 26A).
Moreover, MeCP2 was phosphorylated at serine 438uitured mouse primary
pituitary cells upon membrane depolarization byr88 KCI. Under basal conditions,
the pS438 MeCP2 signal was barely detectable. mtrast, when primary cells were

subjected to membrane depolarization using eleViatezls of extracelluar potassium
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to activate L-type voltage-sensitive calcium chasn@-VSCCs), MeCP2 S438
phosphorylation could be readily detected in cellumouse pituitary cells (Figure
26B).

A B

DAPI total MeCP2  Merge DAPI pS438 MeCP2  Merge

Figure 26. MeCP2 is phosphorylated at serine 438 pituitary primary cells upon membrane
depolarization. (A) Total MeCP2 (red) showed similar levels of immaweactivity under different
conditions. MeCP2 colocalizes with the corticotropgl marker ACTH (green) in primary
pituitary cells. (B) MeCP2 is phosphorylated airse38 after KCI treatment of primary pituitary
cells. Pre-treatment of the cells with a CaMKIl ibitor prevented the increase of phospho-
MeCP2 after membrane depolarization by KCI treatr®oale bar, 1QM.

KCl+
Inhibitor

Previous research showed that cells treated with w@ergo calcium influx
resulting in activation of calmodulin-dependent tBio Kinase Il (CaMKIIl). To
address this question, pituitary primary cells weeated with 55 mM KCI for 1 hour
and the activity of phospho-CaMKIl, which is thetiaated form of CaMKII, was
monitored by immunostaining. As shown in Figure 2##e phosphorylated form of
CaMKIl was significantly increased after KCI tream without influencing the total
level of CaMKIl (Figure 27B). Previous research ealed that MeCP2
phosphorylation was mediated by CaMKIl activityetbfore we asked whether
pS438 phosphorylation was affected if CaMKIl adtiviis blocked by
pharmacological treatment. The results supporteddle of CaMKIl in the mediation
of MeCP2 phosphorylation on serine 438 as evidernmededuced pS438 MeCP2
immunostaining when the primary cells were pretgéawith a CaMKIl inhibitor
before KCI stimulation.
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Figure 27. Phospho-CaMKII immunostaining was increaed after membrane depolarization

of primary pituitary cells. (A) KCI treated pituitary primary cells showed iresed pCaMKII
(red) and ACTH (green) staining as compared withrtbn-treated condition. Pre-treatment with a
CaMKIl inhibitor prevented the increase of phos@aMKIl immunoreactivity after membrane
depolarization by KCI treatment. (B) In contrastat CaMKIl immunoreactivity was unchanged
under both conditions. Scale bap\b

Given the heterogeneous nature of pituitary primeeils, we asked whether
phosphorylation of MeCP2 at serine 438 could takece in the homogeneous

corticotrope cell line-AtT20.

Phosphatase
Control I
treatment
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Figure 28. MeCP2 is phosphorylated at site 438 intA20 corticotrope cells upon membrane
depolarization. Western blots of whole cell extracts from AtT20leelemonstrated an increased
level of phosphorylation of MeCP2 at serine 438 wiwells were depolarized by KCI. CIP
treatment proved the specificity of the pS438 Me@R@body. Total MeCP2 levels remained the
same for all testing conditions.

Immunoblot analysis of MeCP2-S438 phosphorylationcorticotrope AtT20
cells showed that depolarization increased leveMa&CP2-pS438 immunoreactivity

when compared with controls without influencingdéss/of total MeCP2. To confirm
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the specificity of pS438 MeCP2, calf intestinal ppbatase (CIP)reatment was

carried out to dephosphorylate MeCP2 residues bgiamary antibody incubation.
After phosphatase treatment, the pS438 MeCP2 aiytilban not detect any signal
any more. Total MeCP2 signal was not affected g/ttleatment (Figure 28).

3.5.2 Phosphorylation of MeCP2 at S438 reducesPomc

promoter occupancy

As already shown, MeCP2 overexpression suppressghylated Pomc reporter
activity; we further hypothesized th&omc expression is regulated by MeCP2
phosphorylation. To address this hypothesis, Cp@ fhethylatedPomc reporter
plasmids were cotransfected with the expressiotovéddeCP2, constitutively active
CaMKIl, or MeCP2 together with CaMKII in AtT20 csll MeCP2 transfection alone
reducedPomc reporter activity, while, CaMKII has the oppos@#ect. When MeCP2
was cotransfected with CaMKII, we observed compteteersal of the repression by
MeCP2. To further investigate the role of phosplaiign of MeCP2 at serine 438 in
regulating Pomc gene activity, a Flag-tagged mutant MeCP2 exprasglasmid
(S438A) was constructed, in which serine 438 wagdaoed by alanine. As a
consequence, MeCP2 can not be phosphorylatedsasitei any more. When AtT20
cells were transfected with MeCP2 (S438A) in theealze or presence of CaMKIl,
the reporter activity was repressed by MeCP2 (S338#ile cotransfection of
CaMKIl could not reverse MeCP2-directed repressioy more (Figure 29A).

Previous reports indicated that phosphorylatiomMefCP2 at serine 421 (pS438
in mouse) can derepress gene activity by loss aZREbinding from its target DNA
sequence. To test whether MeCP2 occupancy is dltarpon membrane
depolarization at thomc locus, ChIP experiments were carried out using Gp&
methylated reporter constructs in control or memérdepolarized cells. The results
showed a strong reduction of MeCP2 occupancy awcdceasedPomc luciferase
activity following depolarization, while pretreatmtewith a specific CaMKIlI inhibitor

reversed the depolarization-induced dissociatioguiie 29B).
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Figure 29. Phosphorylation of MeCP2 at serine 438a0 rescue Pomc expression by
promoting dissociation of MeCP2 from thePomcpromoter. (A) CaMKIlI modulates repressive
actions of MeCP2 at theomc promoter. Cotransfecting a constitutively activeMKIl plasmid
with a Pomc site-dircted methylated vector stimulat@®dmc expression and overrided the
repressive effects of further cotransfection witle@P2. Activated CaMKIl could not rescue
Pomc expression when cotransfected with the mutided MeCP2 (S438A). (B) Membrane
depolarization relieved MeCP2 occupancy atRbexc promoter. AtT20 cells were depolarized
with 55 mM KCI (1 hour). ChIP experiments showedlueed MeCP2 occupancy &omc
promoter (black bar, left), paralleled by increafedhc luciferase activity of the promoter (gray
bar, right). Pretreatment of AtT20 cells with a G@lMinhibitor reversed these effects. Data are
mean + SD. Three independent experiments were rpeeth

3.5.3 AVP elicits MeCP2 phosphorylation in pituitary cells

Previous research showed that AVP actiResic mRNA expression through calcium
pathways. We hypothesized that CaMKIl activity ntigie altered during AVP
treatment in primary pituitary cells. To addresis thuestion, pituitary primary cells
were treated with AVP (I0M) for 2 hours, the activity of phospho-CaMKIl was
monitored by immunostaining. As shown in Figure 3@#e phosphorylated form of
CaMKIl was significantly increased after AVP treaimt without influencing the total
levels of CaMKIl. As we have already shown that NP@Cphosphorylation is
mediated by CaMKII activity, we hypothesized tha¢@®@P2 could be phosphorylated
when primary pituitary cells were treated with AyEptide. The results showed that
this was indeed the case. Interestingly, most ef l5438-MeCP2 positive cells
colocalized well with ACTH suggesting that MeCP2opphorylation at serine 438
occurred predominantly in corticotrope cells (Fgg@0B). The reason for this result
could be explained by the fact that the AVP vlkepar only exists in corticotrope
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cells in the pituitary. Pre-incubation with & SSR149415, a specific antagonist of
the v1b receptor, completely abolished AVP-indukbtCP2 phosphorylation.

A B (o]
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Figure 30. AVP induced MeCP2 phosphorylation and disociation from thePomc promoter
region. (A) Immunostaining of total and activated p-CaMHKil primary pituitary cells. AVP
treatment activated p-CaMKII without changing tleedl of total CaMKII. Pretreatment of the
cells with the AVP vlb receptor antagonist SSR1294bmpletely abolished AVP induced
activation of p-CaMKIIl. Both CaMKIl and p-CaMKII €d) colocalized with the corticotrope cell
marker ACTH (green). Scale bar: iM. (B) AVP induced MeCP2 phosphorylation at sedi38
without altering total MeCP2 level. Scale bar: il (C) AVP treatment of AtT20 cells relieved
MeCP2 occupancy at tiomc promoter. AtT20 cells were treated with 100 nM ARdP 2 hours.
ChIP experiments showed reduced MeCP2 occupantyed&omc promoter (black bars, left),
paralleled by increasd@omc luciferase activity of the promoter (gray barhtlg Pretreatment of
AtT20 cells with SSR149415 reversed these effddtda are mean + SD. Three independent
experiments were performed.

160

)

Q)

140
120
100
80
60
40
20

MeCP2 Occupancy (Input%

Relative Pomc luciferase activity

Next we asked whether AVP can induce MeCP2 phogtdtam in corticotrope
cells. To answer this question, homogeneous cartipe AtT20 cells were used to
monitor MeCP2 phosphorylation level using immunivste. Previous research
showed that AVP activateBomc expression through binding to its specific V1b
receptor at the corticotrope cell membrane, arghyéns intracellular calcium influx.
However, from the literature (Ventura et al., 19883 our experiments, we know that
AVP v1b receptor expression is barely detectabl@ommal AtT20 cells. To solve this
problem, an AtT20 cell clone with vlb receptor $talexpressed was used.
Corticotrope AtT20 cells were treated with 1B AVP or DMSO for 2 hours. After
treatment the cells were fixed and stained with M2Gnd ACTH. As the results
show in Figure 31, pS438-MeCP2 can only be detewtedn AtT20 cells were
treated with AVP. Pre-treatment of cells by SSRI44alf an hour before AVP
treatment completly abolished AVP-induced MeCP2gpihorylation in AtT20 cells
suggesting the specificity of AVP for MeCP2 phospftettion.
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Figure 31. AVP induced MeCP2 phosphorylation in AtRO (vibR) cells. AVP induced
MeCP2 phosphorylation at serine 438 through bindiinthe v1b receptor. Nuclear staining of p-
MeCP2 (red) colocalized with ACTH (green). Scale hauM

AVP-induced phosphorylation of MeCP2 at serine 488 also reduce MeCP2
occupancy at thBomc promoter as tested by ChIP experiments. Cp&réethylated
Pomc reporter was transfected into the AtT20 (v1b remepipressed) cell line. 24
hours after transfection, the cells were treateith WD’ M AVP peptide for 2 hours.
Then the cells were harvested, fixed and sonidatethtain the DNA fragments in the
size ranging from 200 to 500 bp. ChIP experimentyewperformed using the
antibody against total MeCP2, in parallel, lucitsraassays were carried out to
monitor Pomc promoter activity. To recovdtomc fragment only from the transfected
reporter, the forward ChIP primer targeted the sediackbone, and the reverse
primer was located in thBomc insert. The results showed a 29% of reduction of
MeCP2 occupancy and incread@oimc luciferase activity following AVP treatment.
Pretreatment of AtT20 cells with SSR149415 compjdiocked the dissociation of
MeCP2 due to AVP treatment (Figure 30C).

3.5.4 Early life stress induces phosphorylation of MeCP2n the
pituitary

Previous results showed that MeCP2 is phosphod/late pituitary cells upon

membrane depolarization or AVP stimulation. We $aug know whether MeCP2
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phosphorylation status is altered after earlydifiess in mouse pituitary sections. To
address this issue, immunohistochemistry was paddron formalin fixed paraffin
embedded pituitary sections obtained from ELS andtrol mice. The results
revealed no differential regulation in total MeCPptein in the pituitary between

ELS and control mice (data not shown).

pMeCP2 pMeCP2  DAPI pMeCP2

Control

ELS

Figure 32. Early life stress induces phosphorylatio of MeCP2 in mouse pituitary.ELS led to
increased immunostaining of pS438-MeCP2 (red) a@dA (green) in the anterior pituitary of 3-
month-old mice. pMeCP2 is colocalized with ACTH, ieth is the marker for pituitary
corticotrope cells. White arrow heads indicate fesipS438-MeCP2 staining. The images that
are shown are representative of five mice per gr8eple bar: 5aM

However, comparing pS438 MeCP2 immunoreactivityeed®d an increased
immunostaining of pS438-MeCP2 in ELS mice compavél controls. Interestingly,
most pS438-MeCP2 positive cells were colocalizetl wgh ACTH. This supports
our hypothesis that the early-life stress paradmoduced increased levels of AVP
from the PVN of the hypothalamus which inducedsaue-specific phosphorylation
of MeCP2.
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3.6Reduced occupancy of MeCP2 after ELS

3.6.1 ELS did not affect the corticotrope cell number

Early life stress leads to higher levels Rdmc mRNA expression in the pituitary.
ACTH, which is enzymatically cleaved from Pro-POMpituitary corticotrope cells,
was also upregulated after early maternal separaths we know, pituitary cells
proliferate postnatally. We wondered whether edifey adversity could affect the
development of corticotrope cells.

Ctri
A o

Total cells ACTH Ratio
counted positive
PND-10 Ctrl 3228842826 1475+172 4.56+0.15
PND-10 ELS 32203+725 1496+82 4.65+0.31
3-month Ctrl  39422+1671 1551+102 3.93+0.16
3-month ELS  39669+776 1570428  3.95+0.14

Figure 33. Corticotrope cell number is not alteredduring early life stress. Representative
pictures of immunostaining showed no differencedrticotrope cell ratios between control (Ctrl)
and early life stress (ELS) in 3-month old pitugar DAPI (blue) staining was used to mark the
cell nuclei in all cells, while ACTH (green) posii cells indicated the corticotrope cells in the
anterior pituitary. Scale bar: 50 puM. (B) The numbélabeled cells with DAPI (total nhumber)
and ACTH (corticotrope cell) in 10-day old and 3#tioold mice pituitaries. Pituitary slides (8
sections/animal, 5 mice per group)

To answer this question, immunohistochemistry expemts were performed
using an antibody against ACTH to mark corticotragdls in the anterior pituitary
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and DAPI to stain the total cell population. Theataell number of anterior pituitary
and ACTH-positive cells were counted and compaegtd/éen control and ELS mice.
Pituitary slides (8 sections/animal, 5 mice perugiofrom10-day and 3-month-old
mice were used for this experiment (Figure 33). fdsallts revealed no difference in

the ratio of the corticotrope cells with 4.5@.15 in the control group and 4.65.31

in the ELS group at PND 10 and ratios of 31938.16and 3.95+ 0.14 at 3 months of

age, respectively. In summary, these immunohistoctey results imply that ELS
did not affect postnatal development of the cottimoee cell population.

3.6.2 ELS reduces MeCP2 occupancy at theomcpromoter

Previous EMSA experiments indicated that MeCP2quegitially binds to methylated
DNA sites in the Pomc distal promoter region. Sequential ChIP experiment
performed in mouse pituitary revealed that MeCP2s wassociated with a
transcriptional inactive state of tlR®mc promoter. In addition, bisufite sequencing
results showed that early life stress (ELS) induzgabmethylation at thBomc distal
promoter. Taken together, we speculated that tfierence in DNA methylation
would result in differential occupancy of MeCP 2t Pomc promoter, which in turn
will affect Pomc mRNA expression. To test this hypothesisyivo ChIP experiments
were performed using mouse pituitaries from 6 wes#lanice. Two antibodies were
used in thisin vivo ChIP: activated RNA Pol Il, which is an indicatof Pomc
transcription and C-terminal MeCP2 (antibody agatntal MeCP2). Two pairs of
primers were designed for this ChIP experiment. flilsé€ primer pair was located in
the Pomc distal promoter region spanning CpG 6 and CpGritDpaoducing a 154 bp
PCR amplicon. As a control, the second primer was designed in the coding region

(exon3) which lies 6 kb downstream (Figure 24A).
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Figure 34. ELS altered MeCP2 and RNA poll Il occupacy at thePomclocus in 6 weeks old
mice pituitaries. (A) ChIP analysis using the pituitaries of contamidd ELS mice revealed
increased binding of RNA pol Il at tiomc promoter region. (B) ChIP analysis showed that ELS
mice displayed decreased binding of MeCP2 aPtrac promoter region. (C) Monitoring MeCP2
MRNA expression levels showed no difference betwatntaries from ELS mice and control
mice in 6 weeks old mice. Values expressed as meaf.M; ChIP, n = 8 animals/group; RT-
PCR, n = 6-8/group P < 0.05.

In vivo ChIP analysis revealed increased activated RNAlpmicupancy at the
Pomc promoter of ELS mice, reflecting increasBdmc gene transcription (Figure
34A). When we performed the ChIP experiment using-MeCP2 antibody, the
results showed that total MeCP2 occupancy was esHut the ELS group (Figure
34B). These results agree with the findings of IB&A methylation in the ELS
group. A statistical analysis was performed andréseilts demonstrated a negative
correlation between total MeCP2 antibody and RNAIPinding (p < 0.05, data not
shown). Monitoring MeCP2 mRNA expression levelsvsad no differences between

pituitaries from ELS mice and control mice in 6 w&eld mice (Figure 34C).

We also investigated MeCP2 occupancy status inay® dld mouse pituitary.
ELS mice also displayed reduced MeCP2 occupandfieaPomc promoter region
compared with control litters (Figure 35A). AlthdugPomc mRNA level was
markedly increased in 10 days old mice (Figure3B4), the DNA methylation level
did not differ between control and ELS mice of thige. Given that 10 days old
control and ELS mice have similar methylation patte the differences in MeCP2
occupancy indicated that ELS-induced phosphorylabbMeCP2 at serine 438 leads
to relief of MeCP2 occupancy from tiRemc promoter. There was no difference for
MeCP2 mRNA expression levels between pituitariemfELS mice and control mice
in 10 days old mice (Figure 35C).

78



RESULTS

20 *

o

Pomc mRMNA

Mecp2 mRNA
(relative expression)

(relative expression)
(total MeCP2 / Input)%

1.0

04 4
0.5

0.2 4
._/ ] o

cr ELS Control ELS Control ELS
Promoter Exon3

00

Control ELS

Figure 35. ELS leads to reduced occupancy of MeCR2 the Pomclocus in 10 days old mice.
(A) gRT-PCR analysis revealed ELS mice displayarteased level oPomc mRNA expression
compared with controls in 10-days old mice pitugsr (B) ChIP analysis showed that ELS mice
displayed decreased binding of MeCP2 at Boenc promoter region. (C) Monitoring MeCP2
MRNA expression levels showed no difference betwatrtaries from ELS mice and control
mice in 10-days old mice. Values expressed as nie@rkE.M; ChlP, n = 8 animals/group; RT-
PCR, n = 68/group* P < 0.05.

3.6.3 Early life stress reduces recruitment of Dnmtl occpancy to

the Pomcpromoter

Which mechanism is responsible for the loss of wgilatton during early life
experience? As we know, the pituitary gland alnamgtbles in volume during the first
10 days of life and continutes to enlarge untillddhod. The mitosis of existing cells
contributes to the increase in number during gaolstnatal development. To maintain
DNA methylation pattern during cell mitosis, DNA thgltransferases are recruit.
Dnmtl is known control DNA methylation maintenamteing cell division. MeCP2,
which can directly bind to methylated or hemimetitgti DNA sequence, can tether
Dnmtl and promote DNA methylation. Our previous empent showed that Dnmtl
is associated with MeCP2 at tRemc promoter. Early life stress leads to reduced
MeCP2 occupancy at tHeomc promoter. We questioned whether ELS could affect
Dnmtl recruitment at thBomc promoter resulting in loss of DNA methylation dgi
pituitary cell proliferation.
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Figure 36. Sequential ChIP experiment showed that IES reduced MeCP2 and Dnmtl
occupancy at thePomc locus in 6 weeks old mice pituitaries(A) The first ChIP using an
antibody against MeCP2 revealed decreased bindiMp&P2 at thdPomc promoter region. (B)
The second ChIP using an antibody against Dnmtivetidhat ELS mice displayed lower level
binding of Dnmtl at th€®omc promoter region compared with controls. (3 pitigs were pooled,

n = 8/group;* P < 0.05) (C) Monitoring Dnmtl mRNA expression lesvehowed no difference
between pituitaries from ELS and control mice iwéeks old animals. Values expressed as mean
+ S.E.M; ChIP, three pituitaries were pooled, Wgr&up; RT-PCR, n = 8/groupP < 0.05.
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Figure 37. Sequential ChIP experiment showed that IES reduced MeCP2 and Dnmtl
occupancy at thePomc locus in 10 days old mice pituitaries(A) The first ChIP using an
antibody against MeCP2 revealed decreased bindiMep€&P2 atPomc promoter region. (B) The
second ChIP using an antibody against Dnmtl shatlvatl ELS mice displayed lower level
binding of Dnmtl atPomc promoter region compared with controls. (C) Monitg Dnmtl
MRNA expression levels showed no difference betweteiitaries from ELS and control mice in
10 days old animals. Values expressed as mean.MSEhIP, five pituitaries were pooled, n =
8/group; RT-PCR, n = 8/groupP < 0.05.

To address this question, a sequential ChIP expeatinvas performed using the
first antibody against MeCP2 and the second angilaghinst Dnmtl for comparing
ELS and control pituitaries. When we performed @&P experiment using anti-
MeCP2 antibody, the results showed that total Me@&2ipancy was reduced in ELS
group (Figure 36A, 37A) as we showed previoushsimyple ChIP both in 10-day-old
pituitary and in 6-week-old mice (Figure 34, 35)h&#w we performed the second

round ChIP with anti-Dnmtl, we recovered signifitamore Pomc from chromatin
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from control mice than from ELS mice both in 10-dalg and 6-weeks old mice
pituitaries (Figure 36B, 37B). Monitoring the mRN&pression of Dnmtl by gRT-
PCR revealed no difference in basal Dnmtl expradsiels between pituitaries from
ELS and control mice both in 10-day and 6-weekoide (Figure 36C, 37C).

3.7 Home-made MeCP2 antibody generation

3.7.1 Peptides used for MeCP2 antibody generation

The polyclonal antibody antitotal MeCP2 that redaga MeCP2 irrespective of its
phosphorylation status was generated by injectiegy Mealand White rabbits with
the KLH-conjugated peptide NH2-CSMPRPNREEPVDSRTRYNE{2
corresponding to amino acids 480-496. The antisewsws purified by affinity-
chromatography on a column that was coupled to N2e€#0-496 peptide, and the
affinity-purified anti-total MeCP2 antibody was &d.

The polyclonal antibody MeCP2 pS438 that recognites phosphorylated
serine 438 was generated by injecting New ZealardteMabbits with the KLH-
conjugated peptide NH2-CMPRGGpPSLES-CONH2 (phosgieoine). The antiserum
was purified by affinity chromatography on a colunthat was coupled to
unphosphorylated MeCP2 S438 peptide. The flow-tiinowas then passed over a
second column that was conjugated to phosphorylsiiedP2 S438 peptide, and the
affinity-purified anti-MeCP2 pS438 antibody wastel.

The polyclonal antibody MeCP2 pS97 that recognthesphosphorylated serine
97 was generated by injecting New Zealand Whitéitalwith the KLH-conjugated
peptide NH2-EASASPKQR (phosphor-serine). The antiserum was purifigd
affinity chromatography on a column that was codgl® unphosphorylated MeCP2
S97 peptide (Figure 38).
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a7 EEKSEDQDLOGLRDKFLEFKKAKEDKEEDKEGKHEPLOPSAHHSAEPAELAGEAETSESSG 56
EEESEDQDLQGL++KFLEFEE KEKDEEEDKEGEHEFLOQPSAHHILEPAEAGEAETSEISG
10 EEKSEDCDLOGLEEKPLEFEEVEKDEEEDKEGEHEPLQPSAHHIAEP AEAGEAETSESSG A9

SAPAVPEAS ASPKORESLIRDRGPNYDDPTLPEGUTRELEQRESGRIAGEYDVTL INF QG

87 SAPAVPEASASPKORRSLIRDRGPHYDDFTLPEGUTRELEQRESGRIAGEYDVYLINPOG 146
7o SAPAVPEASASPEKOQRESLIRDRGPHYDDPF TLPEGUTRELEQRESGRIAGEYDVYLINPOQG 129

pS97 MeCP2

147 KAFRSEVELIAYFEREVGDTSLDPNDFDFTWVTGRGSPSRREQKPPEKPESPEAPGTGRGRG 206
KAFRSKVELIAYFEEWVGD TSLDPFNDFDF TVTGRGEPSRRECEPPEEPESPEAPGTGRGRG
130 KAFRSEVELIAYFEREWVGDTSLDPNDFDF TWTGRGSPSRREQEPFEKFESPEAPGTGRGRG 189

207 PRPEGSGTSRPEALASEGVOVKEVLEKSPGELVVENPF QASPGGEGEGGGATTIAQVMVIE 266
RPEGSGTGRPEAALSEGV OVERVLEKSP GEL+VENPFQASPGGEGEGGGATTS ACWVIIVIE
190 RPEGSGTGRPEALASEGVOVERVLEESPGELLVENPFQASPGGEGEGGGATTSAQVIIVIE 249

267 FRPGEEREAEADPQATIPKERGREPGIVVAALAARAKKEAVEESSIRAVHETVLFIEKRETE 326
FPFGRERELELDPQATPEKRGREFGIVVALLLAE AEKKAVEESSIRSY ETVLPIEERKTR
250 RPGREREAEADPOATPEKRGREPGIVVALLAAE AKKEAVEESSIRIVOQETVLPIEKRKTE 309

327 ETWSIEVEEVVEPLLVITLGEESGEGLETCESPGRESKESSPEGRISSASSPPEEKEHHHE 386

ETV3 IEVEEVVEPLLVSTLGERSGEGLETCKSPGRESKESSPKGRE 33 ASSPPEKEEHHHH
310 ETWSIEVEKEVVEPLLVITLGEESGEGLETCESPGRESKESSPEGRISSASSPPEEEHHHE 3659

387 HHHSESTEAPMPLLPSFFPPEFEZSSEDFPISFPEPQDLSESICKEEEMPRGGELEIDGCPE 446
HHH+ES EAPMPLLF FPPFPEFP+33EDFPISPPEPQDLIISICEEEEMPE GILEZSDGCPE

370 HHHAESPEAPMPLLPPPPPPEFQISEDPISPPEPQDLIZSICKEEEMPRAGELEIDGCPE 429

pS438 MeCP2
447 EPAKTOPMVA-—————-——- TTTTVAEEYEHRGEGERED IVSSEMPEPNREEPVDSRTRATE 4938
EPAKTOPMVL TTTTVAEEYEHRGEGERED IVS S MPRPNREEPVDSRTRATE
430 EPAKTOPMVALLATTTTTTTTTVAEEYEHREGEGEREDIVISGMPEFNREEPVDSRTRATE 4589
499 RVS 501 mouse total MeCP2
Vs human

490 PBVs 49z rat

Figure 38. Protein sequence alignment of el formg emouse, human and rat MeCP2The
peptides used for generation of the different Me@mRfbodies are boxed in color. pS97 and
pS438 phosphorylation sites are pointed out bywaiio the MeCP2 protein sequence.

3.7.2 MeCP2 constructs used for antibody validation

MeCP2 expression constructs were transfection ldt€-PK1 cells for testing
MeCP2 antibodies. The position of the S97 and S#@3&phorylation site and the
total MeCP2 site are marked in the wild type MeQ®astruct in Figure 39. Wild
type, mutated or truncated versions of MeCP2 wagged at their amino termini with
the Flag-epitope. The phosphor-acceptor residures8i7 was replaced by alanine in
MeCP2 (S97A) and the phosphor-acceptor residuresd38 was replaced by alanine
as well (S438A). In the case of MeCRZ, the terminal 45 amino acids containing the

recognition sequence for anti-MeCP2 were deleted.
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S97 S438
Wild type MeCP2 MBD -
pS97 pS438 total
MeCP2 MeCP2  MeCP2
AS7
MeCP2 (S97A) MBD -
A438
MeCP2 ($438A) MBD -
MeCP2 A C MBD -

Figure 39. Schematic of MeCP2 expression construatsed for MeCP2 antibodies validation.
The position of the S97 and S438 phosphorylatitsmesid the total MeCP2 site are marked in the
wild type MeCP2 construct. Wild type, mutated amizated versions of MeCP2 were tagged at
their amino termini with the Flag-epitope. The pblugr-acceptor residue serine 97 was replaced
by alanine in MeCP2 (S97A) and the phosphor-accemsidue serine 438 was replaced by
alanine as well (S438A). In the case of Me@B2the terminal 45 amino acids containing the
recognition sequence for anti-MeCP2 were deleted.

3.7.3 Antibody validation by western blot
3.7.3.1 Characterization of the anti-total MeCP2 antibody

Flag-tagged MeCP2 (0.1g each) expression vector was transfected into PKQ-
cells and immuoblotted whole cell extracts (WCE)revéested with anti-MeCP2
(2:1,000), a commercial MeCP2 antibody (1:1,000-NgCP2), or an anti-Flag
antibody (1:1,000). No signals were detected in krtegnsfected cells, MeCP2
transfected cells tested with the preimmune senrmllowing pre-absorption of the
MeCP2 antibodies on a GST-MeCP2 fusion proteinuifégtO).

Similar signals were detected by anti-MeCP2 anig®din MeCP2 transfected
cells. In contrast to the Flag-antibody, neithethsd anti-MeCP2 antibodies detected
transfected MeCRRC, indicating their specificity.
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Figure 40. Characterization of the anti-total MeCP2antibody.

3.7.3.2 Characterization of the anti-phospho MeCP2-S438
antibody

MeCP2 was cotransfected in the absence or presémmamodulin kinase (CaMKIl)
or of two different forms of constitutively activealmodulin kinases [containing
either a C-terminal truncation (CaMKII*) or a poimiutation (T286D)]. Immunoblots
were tested with either anti-MeCP2 or anti-MeCP23f5 Signals detected by
MeCP2-pS438 were specific to the phosphorylatewh foir MeCP2 (Figure 41A).

In the following experiment, the specificity of MB2-pS438 was tested. Wild
type MeCP2 and mutated MeCP2 (S438A) were separtageisfected in the absence
and presence of CaMKII* and immunoblots were testdgth anti MeCP2-pS438 or
anti-Flag antibodies, respectively. MeCP2-pS438eated MeCP2 solely in the
presence of CaMKII* and of serine 438. Retestinghef same immunoblots with the
anti-Flag antibody proved that all samples conthinemparable levels of MeCP2
proteins (Figure 41B).

Calf intestine phosphatase (CIP) was used to futbhafirm the specificity of
the MeCP2-pS438 antibody. WCE from cells cotrartsfitevith Flag-tagged MeCP2
and CaMKII* were treated with calf intestine phoatdse. Preincubation with CIP
entirely abolished the detection of MeCP2 by theClA2-pS438 antibody. In contrast,
the anti-Flag antibody detected similar levels @2 expression, irrespective of
CIP pretreatment. In parallel, we also tried toldegphorylate the protein after SDS-
PAGE. After protein transfer, the blotting membrawas treated with CIP by
incubation at 37 °C for 1 hour. Both methods leadimilar results (Figure 41C).
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Figure 41. Characterization of the anti-phospho Me®2-S438 antibody.

3.7.3.3 Characterization of the anti-phospho MeCP2-S97
antibody

Serine 97 phosphorylation of MeCP2 occurs under ceaditions. Wild type and

mutated MeCP2 (S97A) were transfected into LLC-Rt€lls. Immunoblots were
tested with either anti-total-MeCP2 or anti-MeCPO@. Signals detected by
MeCP2-pS97 were specific to the phosphorylated fofmrMeCP2. An aliquot of

MeCP2-pS80 (equal to pS97 in mouse) antibody (gersegift from Jifang Tao

UCLA, USA) was used as a positive control (Figu?g. 4
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Figure 42. Characterization of the anti-phospho S9fMeCP2 antibody.

3.7.4 Antibody validation by immunocytochemistry (ICC)

Immunocytochemistry experiments were performedaialate MeCP2 antibodies. To
test the C-terminal anti-total MeCP2 antibody, wilgpe MeCP2 and MeCRZ
expression constructs were transfected into LLC-RKlls. MeCP2 antibody from
rabbit and Flag antibody from mouse were usedtiinmg. As shown in Figure 43,
the MeCP2 antibody detected expression of the wylde MeCP2 construct
exclusively in the nuclei of transfected LLC-PK1lllse By contrast, following
expression of MeCRC, no signal was detected, while the Flag antibdetected
both MeCP2 proteins.

In the second experiment, the specificity of MeQiEB7 was tested. Wild type
MeCP2 and mutated MeCP2 (S97A) were separatelgfeted in LLC-PK1 cells.
LLC-PK1 cells were fixed and incubated with anti G#2-pS97 and anti-flag
antibodies. The anti-MeCP2-pS97 antibody detectedl ghosphorylated form of
MeCP2 exclusively in the nuclei under resting ctinds. When the residue serine 97
was mutated to alanine, the anti-MeCP2-pS97 faibedetect any signal in the cell.
While the flag antibody proved the successful tieectson of the MeCP2-S97A
expression plasmid to the cells (Figure 44).

In the last experiment, the specificity of MeCP2488 was tested (Figure 45).
Wild type MeCP2 and mutated MeCP2 (S438A) were rs¢ply transfected in the

absence and presence of CaMKIl and immunostainveye tested with anti-total-
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MeCP2, anti-MeCP2-pS438 and anti-Flag antibodiegi-tdtal-MeCP2 antibody can
detect the signal irrespective of the phosphoryhastatus of MeCP2. MeCP2-pS438
detected MeCP2 solely in the presence of trangfeC@MKII and the wild type
MeCP2 construct. In contrast, when the residuee&t88 was mutated to alanine, the
anti-MeCP2-pS438 antibody failed to detect any aigimhe flag antibody can still

prove the successful transfection of MeCP2-S438#eassion plasmid to the cells.

Figure 43. Total MeCP2 antibody validation using inmunocytochemistry. Immunostaining of
Flag-tagged wild type and C-terminal deletion MeCR2LLC-PK1 cells showed that total
MeCP2 specifically recognized the C-terminal epitopf the MeCP2 protein. Total MeCP2
antibody failed to detect any signal from overespren of C-terminal deletion MeCPAG-
MeCP2). The flag antibody proved the successfuisfiection ofAC-MeCP2 expression plasmid
into the cells. Scale bar: 1M
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Figure 44. pS97-MeCP2 antibody validation using immnocytochemistry. Immunostaining of

Flag-tagged wild type and mutated form (serine®@lanine) MeCP2 in LLC-PK1 cells showed
pS97-MeCP2 antibody specifically recognized phosigieoine 97 of MeCP2 protein in the cell
nuclei. pS97-MeCP2 antibody failed to detect amnal from overexpression of mutated form
(S97A) of MeCP2. The flag antibody proved the sssb@d transfection of S97A-MeCP2

expression plasmid into the cells. Scale bap¥0

DAPI 'l MeCP2

total
MeCP2
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+CaMKII
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Figure 45. pS438 MeCP2 antibody validation using imunocytochemistry. Immunostaining

of Flag-tagged wild type and S438A phosphorylatgite MeCP2 in LLC-PK1 cells showed
pS438 MeCP2 specifically recognized phosphor-setBt of MECP2 protein in the cell nuclei.
pS97 MeCP2 antibody failed to detect any signahfaverexpression of mutated form (serine 97
to alanine) of MeCP2. The Flag antibody provedghecessful transfection of MeCP2 expression

plasmids to the cells. Scale bar: i
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4 Discussion

4.1 Early life stress programs HPA axis activity

In rodents and humans, adverse experience durirhg lfa can result in long-term
changes in neuroendocrine, behavioral and cognitimetions as well as alterations
in metabolism. In an attempt to find out more abth# detailed mechanisms
responsible for these alterations, this study wsedouse model of early life stress
(ELS): 3 hours daily maternal separation. Previasearch showed that the first ten
days of life is very critical time window for dewgment of the mouse brain. So,
interruption of the normal maternal-pup interactthning this period is considered as
a severe stressor and determinant of mouse phggi@dad behavior, reflected in
long-lasting activation of the HPA axis in C57BL/6MNice. In this study, mouse
subjected to ELS exposure were found to have laadegnals and a smaller thymus
gland, both physiological correlates of prolongedivation of the HPA axis. In
addition, corticosterone secretion was significaimttreased for between 6 weeks and
1 year. FurtherPomc mRNA levels in the pituitary were markedly increds as

shown by gRT-PCR ana situ hybridization.
4.2 Altered DNA methylation after ELS

Previous experiments indicated that maternal behas@n epigenetically program
gene expression (Weaver et al., 2004; Murgatroyal.e2009). In the present study
using an inbred mouse strain, all the mice wereseédun the same environment with
food and waterad libitum; thus, maternal separation was the only environahen
variable imposed. The results obtained show th& Eads to hypomethylation of a
key regulatory region of the pituitarffomc gene. These epigenetic events are
accompanied by persistent upregulation Bbmc mMRNA expression, and
consequently, sustained hyperactivation of the HR&; the ELS-induced endocrine
phenotype lasted for at least 1 year. In additiprevious experiments from this
laboratory (Murgatroyd et al., 2009) on the sameocbof mice found that ELS mice
displayed increased immobility in the forced swiestt which is an index of
depression-like behavior in rodents, consistent wWie well-established links between
hypersecretion of adrenocorticoids and mood distaebs in humans.
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Growing evidence suggests that epigenetic mechanissuch as DNA
methylation, affect gene expression in an age-ddégr@nmanner. For example, the
amount of total 5-methylated cytosine was decreasedNA extracted from
uncultured peripheral blood human lymphocyte comgdretween young donors and
old subjects (Singhal et al., 1987; Drinkwater let 8989), and a gradual global loss
of cytosine DNA methylation was observed in varioosuse, rat and human tissues
(Wilson et al., 1987; Fuke et al.,, 2004). Theseeolstions indicate the possible
importance of DNA methylation in the ageing proceskbal hypomethylation has
been proposed to affect genetic stability and mighia mechanism responsible for

cellular senescence (Suzuki et al., 2002).

Besides global DNA hypomethylation, some specifiengs display
hypermethylation during ageing, probably resultingthe the inactivation of key
regulatory genes in cancer (Ottaviano et al., 1994t al., 2005, Esteller, 2008). In
prostate cancer, hypermethylation of the pi-clakgathione S-transferase gene
(GSTP1) promoter was reported as a very common ngenalteration. As a
consequence, GSTP1 expression is lost even atatfiest stages of tumorigenesis
(Lee et al., 1994).

In this work, DNA methylation drifts during ageimgere found at th®omc gene
locus. In male control mice, analysis of overall ANnethylation at the distal
promoter revealed a steady age-related decred3blAfmethylation: from 60% at 6
weeks to 30% at 1 year as shown in Figure 16. Eli& mlso displayed age-
associated DNA hypomethylation, but the effectsuasx much earlier than in
controls. In contrast, DNA methylation levels inmales changed less during the
ageing process, both in the control and ELS grolpfact, a functional correlation
between age-associated DNA hypomethylation anceasadPomc transcription in
the pituitary was observed. These data agree wéhiqus reports thdomc mRNA

levels increase with age (Nelson et al., 1988).

In addition to the observed associations of DNA hyiettion levels with age,
there is evidence that DNA methylation levels dse anfluenced by gender. Several
studies found higher global DNA methylation levelsmales (Fuke et al., 2004; EI-
Maarri et al., 2007). Gender differences in DNA nydtion can also occur in a gene-
specific manner. For example, gender-specific DNAthylation differences have
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been intensively investigated with respect to thi romoter and a recent report
suggested that maternal behavior in rodents maghilate DNA methylation status in
ERa promoter and therefore be responsible for longrgseffects on gender-specific
ERa gene expression (Champagne et al.,, 2006; Kuriaal.e2010). Specifically,
Champagne and coworkers indicated that variatiomaaternal care during the early
postnatal period affect EERexpression in the medial preoptic area (MPOA) by
altering ERy promoter methylation and that ERxpression is higher in the offspring
of high LG-ABN dams (Champagne et al., 2006). Gspoadingly, the levels of
cytosine methylation across the &Rromoter were decreased in the adult female
offspring of high LG mothers, compared with low L@others. In another
experiment, Kurian and colleagues showed that #teral variation in maternal care
might be responsible for the gender-differenceehavior and neuronal morphology
in adulthood (Kurian et al., 2010). These authowmtl that sex differences in DNA
methylation of the ER promoter within the developing rat preoptic are®A), with
males exhibiting more DNA methylation within EFpromoter than females. They
suggested that maternal behavior plays a roleisngénder-specific pattern of DNA
methylation. Since the rodent mother tends to grémranogenital region of her male
offspring, it was proposed that grooming behavi@ynhead to increased estradiol
secretion, thereby down-regulating EBxpression by increasing methylation at the
ERa promoter. Together, these results suggest tharnmatbehavior in early life may
leave stable epigenetic marks in the genome thganizes long-lasting sex

differences in the brain.

Gender-specific DNA methylation differences werarfd at thePomc gene
locus in the pituitary in the present research.@daxhibited more DNA methylation
within the Pomc distal promoter than females as revealed by lisutiapping of the
entire promoter region and part of coding regioigFe 16). Notably, gender-specific
differences were only found in the distal promatsgion known to be important for
Pomc gene expression in transfection experiments (Eig@). Gender differences in
DNA methylation were negatively correlated wiBomc gene expression in the
pituitary, with higher levels oPomc mRNA in female mice compared to male mice.
Clinical reports indicate that men and women haifeerént susceptibilities to a
number of diseases. Concerning psychiatric diserderomen develop anxiety,

depression, phobia, or panic disorders more oftan tnen, whereas men more often
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display antisocial behavior and substance abusébiBgton, 1996; Weich et al.,
2001). From the present results, it would appeat ithcreased expression Bémc
mRNA in female mice, resulting from hypomethylation Pomc distal promoter,
might contribute to differential susceptibility fasychiatric disorders between the

genders.
4.3 Site-directedin vitro DNA methylation assay

Here, bisulfite sequencing revealed that DNA mettigh decreased at tHeomc
distal promoter after ELS. To prove a potential sedurelationship between DNA
methylation on Pomc expression, site-directed DNA methylation assaysrew
performed. To this end, a CpG-free luciferase nepdpCpGL-basic) was used. Since
traditional luciferase vectors contain a numbeCpfs residues in the backbone that
might repress a CpG-free promoter when the backBd is methylated (Klug and
Rehli, 2006), the novel pCpGL vector was designe@sto be free of CpGs in the
entire sequence, and the reporter was only retaaste presence of functionally
important methylated CpG residues in the promotagrhent inserted. Results
showed that if CpG B is methylatedPomc luciferase activity is decreased by 40%
(Figure 18). In another transfection experimenigtilen of this region (CpG B)
diminished reporter activity by 60%. All these rksuhus provide support for the
functional importance of this region in the regigdatof Pomc gene expression.

4.4 MeCP2 represses pituitaryPomcexpression

DNA methylation is interpreted by a family of meH@pG-binding domain (MeCP)
proteins which can recruit additional proteins (digtone deacetylase (HDAC) and
other chromatin remodeling complexes) to induceegglencing. It was hypothesized
that methylated DNA in the distal promoter regioii vecruit specific methyl-CpG-
binding domain proteins to silenBemc gene expression. To examine this, a series of
MBD family proteins were co-transfected with mettgld Pomc reporter constructs
into the AtT20 cell line, derived from pituitary k@otropes. Our results showed that,
compared with the other MBD family members, MeCRduiced strong repression of
Pomc expression. RT-PCR and western blot revealed MaCP2 is strongly

expressed in both, the pituitany vivo and in AtT20 cells at the mRNA and protein
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levels. These results with MeCP2 are the firstdsctibe this protein’s function as a
repressor in the pituitary. Previous research o€RRwas predominantly focused on
the brain, and it was not until recently that MeOR&s reported to play a role in
peripheral tissues such as cardiac and skeletatlen(Slvarez-Saavedra et al., 2010).
Since MeCP2 is widely expressed in a number ofudiss all of these new

observations suggest roles of MeCP2 in non-neisslés.

For high affinity DNA binding of MeCP2, two criterimust be met. The first one
is the presence of methylated CpG dinucleotides;sécond one is the presence of
[AT>4] runs close to a methylated CpG. Searching feemg@l binding sites in the
Pomc DNA sequence revealed that both criteria werdlliedf in the distal promoter
region; the 5" UTR region has AT runs but lacks CgiBucleotides, whereas the
coding region has CpGs but no AT runs. To test M2@Giading toPomc in vitro,
electrophoretic mobility shift assays (EMSAs) wgerformed, using recombinant
MeCP2 and oligonucleotides that located in theatliptomoter and core promoter
region. Two pairs of oligonucleotides that covetkd distal promoter region were
designed, along with another oligonucleotide tlaagyeted the middle region of the
promoter to serve as a control. The results shah&dVieCP2 preferentially binds to
the methylated oligonucleotides in the distal preenoegion ofPomc; in contrast, the
control oligonucleotide did not bind, irrespectviewhether it was methylated or not.
Binding specificity was also tested by adding egaasabelled oligonucleotides or by
adding MeCP2 antibody. When unlabelled oligonudtksst or MeCP2 antibody was
added to the reaction, MeCP2 binding was aboliskedher, a series of mutation
studies showed the importance of methylated CpGAdnduns for MeCP2 binding.
For example, when the wild type oligonucleotide waethylated at CpG6, about 5%
of oligonucleotide was bound, whereas no binding wiaserved with unmethylated
oligonucleotide. When one of the AT runs was mutatanding was significantly
affected, and an effect was seen when CpG7+8 wetbyhated. Taken together,
these results indicate that tiomc distal promoter (CpG#) contains context-
specific, high-affinity MeCP2 DNA-binding sites thare important for the regulation

of Pomc gene expression.

EMSA experiments indicated that MeCP2 binds toRbexc distal promoter. In
order to confirm the repressive function of MeCR2thas locus, sequential ChIP
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(seqChlIP) on mouse pituitary was performed, usmigpadies against either active
(H3ACc) or repressive (H3K9me2) histone marks i finst round of ChIP. A second
round of ChIP with anti-MeCP2 antibody showed tiheCP2 is preferentially
associated with H3K9me2 at tH@omc promoter region. To further indentify the
corepressor recuited by MeCP2 to tRemc promoter, another seq-ChIP was
performed on mouse pituitaries. MeCP2 antibody used for the first round ChIP.
In the second round, antibodies against either HBAKBdacl, Hdac2, Hdac4) or
DNMTs (Dnmtl, Dnmt3a, Dnmt3b) were used. Seque@ldP assays demonstrated
that MeCP2 is associated with Hdac2 as well as Dnattthe Pomc promoter.
Previous literature indicated that HDAC2 and Brtile ATPase subunit of Swi/Snf
complex, are involved in the GR-directed trans-espion of Pomc in the rat pituitary
(Bilodeau et al., 2006)n vivo, Brgl is required to stabilize the interactionvizstn
GR and Nur77 (also called NGFI-B) as well as betwe®AC2 and Nur77. Nur77
residues in the NurRE site in tiRemc distal promoter region, where MeCP2 binds
with high affinity. It should be noted that a numlm# reports have indicated an
interaction between MeCP2 and HDACs (Nan et aB81%uzuki et al., 2003); thus,
it is possible that MeCP2 is also involved in GRdmaged trans-repression in the

Pomc promoter and that Hdac2 mediates this event.
4.5 Experience-dependent phosphorylation of MeCP2

In the brain, neuronal activity can dynamically ulege gene transcription through
phosphorylation of MeCP2 in response to diverseaegtlular stimuli. For example,
previous studies showed that phosphorylation of 2@t serine 421 in cultured rat
neurons precedes the release of MeCP2 from the Bdbrhoter, resulting in an
increase in BDNF expression (Chen et al., 2003)wdts shown that MeCP2
phosphorylation is controlled by neuron activitypdadent calcium influx and a
CaMKIl mediated mechanism. In spite of the ubiqustoexpression of MeCP2
(Shahbazian et al., 2002b), its functions haveasoifily been studied in the context of
the brain. Previous research pointed out thatealt®éfeCP2 expression in cardiac and
skeletal tissues has detrimental effects duringnabdevelopment (Alvarez-Saavedra
et al., 2010). Phospho-MeCP2(438) (homolous t@hatspho-421 MeCP2) antibody
recognizes MeCP2 in the mouse heart isolated dy aarE12.5 days, whereas
MeCP2 cannot be detected in heart from adult micélecp2’" null mice. This
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finding suggests that MeCP2 phosphorylation is brain specific, and supports a
functional role for MeCP2 in tissues besides brhirthe present study, it was found
that MeCP2 is ubiquitously expressed in pituitaglls; with high expression in
corticotrope cells. Moreover, MeCP2 was found t@besphorylated at serine 438 in
cultured mouse primary pituitary cells upon membrdepolarization by KCI (Figure
26B); the latter was associated with an increasthénexpression oPomc mRNA
(Figure 29B). Notably, membrane depolarization cetliphosphorylation of MeCP2
was not confined to corticotrope cells, as eviddnog the presence of phospho-438
MeCP2 in ACTH- positive and -negative cells (Figa@B). The idea that MeCP2
phosphorylation is required for activity-dependantivation of thePomc gene was
supported by overexpression of a non-phosphoryatatutant form of MeCP2
(S438A), which inhibitsPomc induction in response to active CaMKIl; it wasaals
shown that the latter inhibition is dependent onADkinding (Figure 29). Thus,
MeCP2 phosphorylation at serine 438 results in @edsed binding of MeCP2 to
Pomc promoter.

MeCP2 phosphorylation occurs in response to phygical stimuli such as light
exposure during the subjective night or cocaineiagtnation (Mao et al., ; Zhou et
al., 2006). It was therefore asked whether MeCR&phorylation could be triggered
in a psychological context in the pituitary. As Weow, MeCP2 phosphorylation is
driven by calcium influx and CaMKII activity. Prexis research showed that AVP
activatesPomc expression through binding to the V1b receptdhatcorticotrope cell
membrane; this event initiated calcium influx. Resushown in Figure 30
demonstrate that increased calcium levels stimu@a®IKIl enzymatic activity,
resulting in phosphorylation of MeCP2 in pituitacglls upon AVP stimulation.
Interestingly, MeCP2 phosphorylation occurs pred@mily in corticotrope cells
expressing the AVP V1b receptor (Figure 30B). Sufwpg this, it was found that
AVP-induced MeCP2 phosphorylation can be blockgdpbe-treatment with the
AVP V1b receptor antagonist---SSRI 149415 (Figud8)3 Specificity of the effect
was further demonstrated in an experiment in aoirtope AtT20 cells which had
been stably transfected with an AVP V1b receptocesithey lack expression of this

receptor (Figure 31).
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Previous research in our laboratory has shown Eh& produces long-lasting
elevations of the levels of AVP mRNA and peptideha hypothalamus. The present
results show that MeCP2 phosphorylation status mmrdynamically regulated by
AVP in pituitary cells (Figure 30). Taken togeth#rese findings suggest that ELS
can trigger the dynamic modification of MeCP2 vi&A stimulation. Our results
demonstrate that early life adversity can leadpigenetic marking of the genome by

reducing MeCP2 occupancy at themc promoter in ELS mice (Figure 34, 35).

During mammalian cell division, DNA methylation panhs can be faithfully
copied to the newly synthesized daughter strands Jnocess depends on the
maintenance of DNA methyltransferase activity. iany cells proliferate postnatally,
especially during the first postnatal days. Dutiinig process, a co-repressor complex,
comprising MeCP2, Hdac2 and Dnmtl, appears to ibaé to maintaining DNA
methylation in dividing pituitary cells. Maternaggaration induces AVP expression
in the hypothalamic PVN which, in turn, leads togher levels of MeCP2
phosphorylation. As a consequence, MeCP2 dissaciaten the Pomc promoter,
resulting in a loss of binding of co-repressorshsas Hdac2 and Dnmtl. Dnmtl is a
methyltransferase which is responsible for mainteaaof DNA methylation patterns
during cell replication. Due to the loss of Dnmihding at thePomc promoter, when
pituitary cells experienced mitosis, the DNA me#tigin pattern cannot be faithfully
maintained, leading to passive DNA demethylatiom. e other hand, the DNA
methylation pattern is well preserved during péoyt cell mitosis in control animals
due to the relatively higher levels of MeCP2 aslaslDnmtl at th®omc promoter.

4.6 Model

Early life stress produced long-lasting alteratiehigshe HPA axis characterized by
elevated corticosterone level, increagethc mMRNA levels in the pituitary as well as
hypersecretion of ACTH into the blood. Epigenetieamanisms, especially DNA
methylation, appear to be responsible for contrgllPomc gene expression by
recruiting MeCP2 to silence the gene. We showet Eh& mice displayed reduced
occupancy of MeCP2 at thiRomc promoter both in early postnatal days (PND10) and
in adulthood (6 weeks). As shown previously, MeCpx&ferentially binds to
methylated CpG residues. This decreased occupanileGP2 in ELS mice at the
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Pomc locus could result from hypo-methylation of mueifCpG residues (CpG-8)

at thePomc distal promoter region. As a consequence, red@qes methylation level
weakened the MeCP2 binding affinity to its recoigmitsites. However, there seems
to be a distinct MeCP2 binding pattern in earlytpatal days. We observered a
reduced MeCP2 occupancy Homc promoter region, which correlated with higher
Pomc mRNA level in ELS mice, while this differentialdding could not be explained
by methylation alterations since there was no dbfiee in DNA methylation between
ELS mice and controls. This paradoxical finding lieg that MeCP2 binding could
be regulated by other mechanisms besides DNA nagtbgl such as phosphorylation.

Immunostaining of primary pituitary cells showeatiMeCP2 is phosphorylated
at serine 438 by membrane depolarization after K@htment. Interestingly,
treatment of primary pituitary cells with hypothale peptide AVP could also induce
MeCP2 phosphorylation at serine 438 by activatibnCaMKII activity. MeCP2
serves as a platform, to which Hdac2 and Dnmtl lad, to repres$omc gene
activity. Pituitary cells proliferate postnatalgspecially during the early postnal days.
During this process, this co-repressor complex (F2CHdac2 and Dnmtl) could
help the pituitary cells to maintain DNA methylati@uring pituitary cell mitosis.
Maternal separation induced higher levels of AVRresgsion in the PVN of the
hypothalamus which in turn leads to higher levelMgCP2 phosphorylation. As a
consequence, MeCP2 becomes phosphorylated andcidigsb from thePomc
promoter resulting in loss binding of co-repressmmplex such as Hdac2 and Dnmt1.
Dnmtl is a methyltransferase which is responsilde raintenance of DNA
methylation pattern during cell replication. Duethe loss of Dnmtl binding at the
Pomc promoter during mitosis, DNA methylation patteould not be faithfully
maintained, probably promoting passive DNA demeittigh. On the contrary, in the
control animals DNA methylation pattern is well peeved during pituitary cell
mitosis since relatively higher level of MeCP2 asllvas Dnmtl are present at the

Pomc promoter.
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Figure 46. Model of how early life stress (ELS) la#s to epigenetic upregulation oPomcgene
expression. Early life stress produces long-lasting increaseshe activity of the HPA axis,
characterized by increased pituit®fgmc mMRNA expression, ACTH secretion and elevated tevel
of corticosterone. Epigenetic mechanisms, espgdialA methylation, appear to be responsible
for controlling Pomc gene expression by recruiting MeCP2 to silencegitiee under baseline
(control) conditions. ELS mice display reduced guamcy of MeCP2 at th®omc promoter,
resulting from hypomethylation of multiple CpG mihisés (CpG 68) in the distal promoter region
of Pomc. In addition, MeCP2 binding affinity is also regtéd by phosphorylation at serine 438.
When MeCP2 is phosphorylated at serine 438, thégroation of MeCP2 protein might change
and MeCP2 dissociates from tfRomc promoter, leading to loss of binding of co-repogss
complexes such as Hdac2 and Dnmtl. Pituitary petififerate postnatally. During this mitosis,
co-repressor complexes (MeCP2, Hdac2 and Dnmtl) faaifitate maintenance of DNA
methylation. The maternal separation (ELS) paradigpinces higher levels of AVP expression in
the hypothalamic PVN (Murgatroyd et al., 2009) whim turn, leads to higher levels of MeCP2
phosphorylation. As a consequence, MeCP2 protdéoggther with co-repressor complexes,
dissociate from thePomc promoter, resulting in increaselomc expression. Dnmtl is a
methyltransferase involved in maintenance of DNAhylation patterns during cell replication. It
is hypothesized that loss of Dnmtl binding at Beenc promoter during mitosis, does not allow
faithful duplication of the parental DNA methylatiopattern and results in passive DNA
demethylation. On the contrary, the DNA methylatfattern is well preserved during pituitary
cell mitosis in control animals because of thetieddy higher levels of MeCP2 and Dnmtl at the
Pomc promoter.
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SUMMARY

S5 Summary

Early-life stress (ELS) can lead to enduring chanigethe structure and function of
neural circuits and endocrine pathways, resultmgltered vulnerability thresholds

for stress-related disorders such as depressioarafety.

The question addressed in this work was whethgeegtic mechanisms contribute to
the long-term programming of altered hypothalamiisiary-adrenal axis activity in

ELS (maternal separated on postnatal days 1-1@.mic

Adrenocorticotropic hormone (ACTH), a key pituitanediator of the adrenocortical
response to stress, is encoded by the proopionmaaimo (Pomc) gene. Corticotropin
releasing hormone (CRH) and arginine vasopressMP(Aare the main upstream
neural regulators dPomc gene expression and the post-translational prowess its
peptidergic products, whereas glucocorticoids,etedrby the adrenals in response to
stress, exert negative feedback actions on Ponthesis and ACTH secretion. It was
shown thatPomc mRNA level is persistently increased in ELS micwl deads to
sustained hypersecretion of glucocorticoids. Irgkengly, ELS causes a reduction in
DNA methylation at a critical regulatory region thie Pomc gene; this occurs with
some delay after onset of the stress and persistauf to 1 year. A series of
experiments (including reporter-, EMSA-, IHC- andIB-assays) supported the
concept that the adverse early-life event indudesiges inPomc gene methylation
and results in persistently upregulated expressiothe Pomc gene. Interestingly,
stress-induced changes in DNA-methylation were dotohbe more pronounced in
males than in females, raising the possibility #@genetic encoding occurs in a sex-
specific manner; this may help to explain sex défeees in susceptibility to stress-
related disorders.

Collectively, the results of this study indicatattlepigenetic mechanisms can serve to
translate environmental cues into stable changesll¢far memory”) in gene

expression in post-mitotic tissues, without thedhiee alterations in the genetic code.

Keywords: early life stress (ELS), proopiomelamtioo(Pomc), epigenetics, DNA
methylation, MeCP2
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ABBREVIATIONS

7 Abbreviations

7.1 Standard

%3 Sulphor-isotope 35
5hmC 5’ Hydroxymethyl cytosine
aa Amino acids
C Cytosine
cm,mm Centimeter, Millimeter
DNA Deoxyribonucleic acid
G Guanine
h, min, sec Hour, Minute, Second
kDa Kilodalton

Micro
M Molar
n Nano
PCR Polymerase chain reaction
rRNA Ribosomal RNA
RT-PCR Reverse transcription PCR
™m Melting temperature
Vol Volume

7.2 Buffers and substances

Ac Acetate

BSA Bovine serum albumin

DEPC Diethylpyrocarbonate

DMSO Dimethyl sulfoxide

DTT Dithiothreitol

FCS Fetal calf serum

HEPES 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid

PAGE Polyacrylamid gel electrophoresis

SDS Sodium dodecyl sulfate

5'UTR

5mC

cDNA
cpm

EMSA

kb

MRNA
oD
RNA

RT

ATP
dgoe
DMEM
dNTP
EDTA
GST

IPTG

PBS

TBS

5' Untranslated region
5’ Methyl cytosi
Adenine
Complementary DNA
Counts per Minute
Electrophoretic miityi shift assay
Gram
Kilobase
Litre
Milli
Messenger RNA
Optical density
Ribonucleic acid
Room temperature
Thymine
Uracil

Watt

Adenosine-5'-triphosphate
di-distilled water
Dulbecco's Modifiedgle Medium
Deoxyribonucleotide
Ethylendiamintetraacetate
Glutathione-S-transferase

IsopropylB-D-1-thiogalactopyranoside

Phospbatfered saline

Tris-buffered saline
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ABBREVIATIONS

TE

Tris

Tris-EDTA buffer
Tris-(hydroxymethyl)-

aminomethane

7.3 Non-standard

ACTH
AVP
CaMKIl
CGl
CpG
DEX
E.coli

FLAG

GR
H3K9me2
HDAC

HPA

MeCP2

Nur77

POMC

SP1

Adrenocorticotropic hormone
Arginine vasopressin
Calcium/calmodulin kinase Il
CpG island
Cytosine-phosphate- guanine
Dexamethasone

Escherichia coli

DYKDDDDK

Glucocorticoid receptor

Histone 3 lysine 9 dimethylation

Histone deacetylase

Hypothalamic-pituitary-adrenal

Methyl CpG binding protein 2

TEMED

X-Gal

AP-1

AVP v1bR

cAMP

ChiP

CRH

Dnmt

ELS

GAPDH

H3AC

HAT

His

HPRT

NGFI-B

Orphan receptor family nuclealRNA Pol I

protein
Proopiomelanocortin

Transcription factor SP1

PVN

SSRI

Tetramethylethylenediarain
Bromo-chloro-indolyl-

galactopyranoside

Activator pem 1
AVP v1b receptor
Cyclic adesine monophosphate
Chromatin immunoprecipitation
Corticotropin-satgehormone
DNA-methyl-transferase
Early-life stress

Glyceraldehyde-3-phosphate
dehydrogenase

Histone 3 acetglati
Histoacetyltransferase
Histone

Hypoxanthigeanine phosphoribosyl
transferase

Nerve grovabtor-induced protein B

RNA polymerase I

Paraventricular nusleu

Selective serotmiuptake inhibitors
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