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Abstract

In Denmark approximately 3 % suffers from moderate to severe depressidrworldwide this number

exceed more than 100 million people. Very little is known about the pathophysiology of depression, and to
date researches have not been able to identify a single gene or a single brain structure which can be the
reason for deprssive behaviour. Though it has been found that many brain structures and genes are
affected by the disease and the complex pathophysiology of depression involves alterations of several
different neural circuits. The symptomatology of depression thus begend depressed mood and covers
clinically significant weight gain/logasomnia or hypersomnia, fatigue or loss of energy, feelings of
worthlessness or excessive guilt, and recurrent thought$eath or suicideDuring the resent years not

much has hapened in the treatment area and since the 1950'ties, where two types of antidepressants
were discovered, no new strategies or novel treatments have been found. The tricyclic antidepressants and
the monoamine oxidase inhibitors were coincidently found tceffective as antdepressive agents.

Though the sideffect profile of these antidepressants have improved, the present treatment still remains
sub-optimal. Unfortunately, in order to discover any novel treatment strategies, a more comprehensive
knowledgeof the underlying genetic mechanisms resulting in depression is needed.

Through this study, the commonly used Chronic Mild Stress (CMS) animal model of depression and the
novel animal model of Maternal Separation (MS) will be subjects of an expressilysianwhere 13 genes
will be investigated. These genes include four subunits of thé édmplex; €Jun, eFos, FosB, and JunB,

two downstream targets of the AP complex; Galanin (Gal) and Neuropeptide Y (NPY). Furthermore, was
the whole GlucocorticoiReceptor (GR) expression investigated and the fraction of GR containingexon 1
was also included. Two plasticity related gensstjvity-Regulated @oskeleton associated proteiirc)

and Regulatingynaptic Membrane Exocytosish O wA Y & m h OhZEr géngSRAMPKRESpdBise 2 (i
ElementBinding protein (CREB), DNA Methyltransfer@se(DNMT3a) and Glutamic Aciddarboxylasel
(GAD1) were also included in the assay. The expression of all genes were investigated in five different
experimental animal groupgontrol group, MS anhedonic group, CMS anhedonic group, MS/CMS
anhedonic group and MS/CMS resilient group. All genes are related to depressive behaviour through
different functions of the hippocampus. Glucocorticoid Receptor exomak further investigeed for
methylations at the promoter region, which was accomplished through sodium bisulfite treatment of DNA
and thereafter sequencing of DNA. Lastly an optimization of a Native Chrommatin Immunoprecipitation
protocol was initiated.

Interestingly, it wagound that both the CMS and MS paradigm had an effect on expression of all genes.
Especially the effect of the animal models on subunf®s, FosB and JunB is interesting as the expression
of these three genes were similar. Moreover, CMS and MS seenrealedistinct effects on the

expression osome ofthe genes, indicating that though the animals shared an anhedonic profile, the
underlying genetic alteration might be different. Moreover, the expression of all genes exdaptwas

higher in the MS/CI@ resilient group compared to the MS/CMS anhedonic group, which indicates that the
genotypic response of the MS/CMS resilient animals differ from that of the MS/CMS anhedonic animals.
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1. Introduction

Depression is aeveremental disease affecting more tha®0 million people worldwide and in Denmark
approximately3 % suffers from moderate to severe depression diagaoofthe basisof the International
Clasdication of Disease%0. (Bromet et al. 201 (Olsen et al. 2007)he depressive episodes are most
often recurrent, and followed not onllgy psychiatric cemorbidities but also somatic diseases. The
symptoms of depression goes beyond depressed mood and colrically significant weight gain/loss or
appetite disturbanceinsomnia or hypersomnia, fatigue or loss of energy, feelinggoothlessness or
excessive guilt, and recurrent thoughtsdefath or suicide(Bromet et al2011) Due to the many
devastating symptoms of depression the World Health Organisation has ranged depeessinrb of
diseases with the highest Dishty Adjusted Liférearsscore.This scores defined ashe sum of years of
potential life lost due to prematurenortality and the years of productive life lost due to disability.
Furthemore, according toNorld Health Organisatiodepression will be no. 2 on that list war2020.
(Olsen et al. 200Yynfortunately, not much has happened in regardditaling an effectivepharmaceutical
treatmentagainst depression. In the 1955 two novel antidepressants weediscoveredThe tricyclic
antidepressants and the monoamin&idase inhibitors were coincidently found to be effective anti
depressive agents. This discovery also gave the first clues into theecoal@mical changes dépressive
symptomatologyand neural circuits affected by depressi@ince thenhe sideeffect profile of
antidepressantias been improved, buhe treatments still remain subptimal. (Nestler et al. 2002)

In the recent yeardt has become more evident that earlgweerseevents like neglect alecreased
maternal careare correlated to cognitive impairments and social dysfunctjavisich might appealater in
life. Adverse eventdike maternal separatiofMS)have been found teesult indepression and anxiety
which might be anchored in altered gene expressiad/or epigenetic modifications(Zhang et al.
2004)(Marais et al. 2008)(Darnaudery and Maccari 26{@fyever, little is known about the genetic
alterations underlying depressi@and possible epigenetic modifications associated with depression.
Therefore more comprénensive exploration ahese mechanisms is essential to gain a better
understanding of depression, whielventuallywill rear novel antidepressant agents.

1.2 The Heterogeneity of Depression

Depression is said to be a heterogenic disease, thus hampmsingnderstanding of itaetiologyand
pathophysiology The diversity of depressive behavigapresents a major barrién the search for the
optimal treatment. However,irough neuroimaging, neuropathological, and éesanalyzes of the brain
neuralnetworks implicated in mood regulation and emotional behaviour have been found to be involved in
the pathology of the depressed brain. (Dreverts and Furey, ZDB8)igh the knowledge is still
rudimentary as it ismpossibleto take abiopsyof the brainof patients with depression andtifis was
possible there would beno consensus in the exalcicationof the patholoy. Further, neuroimaging
analy®stell us that more than one regioifithe brainis implicated irmediatingthe symptoms of
depressionln parallel to the different regions of the brain implicated in degres, many different genes
seemto be involved in depressive episal@he search for specific genes related to depressiobssured
by the complex aetiology of the disease. Despite difficulties in determiningelated genetic
abnormalities with certainty, epidemiologic studies have shown that depression® 40 of the cases is
genetic, makinghe disease very heritabléNestler et al. 2002)oobscurethe pathophysiology of the
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disorder een more, depressed patients dhmt necessarily share the same symptoms. Depression should
be seenas a syndrome congsedof multiple pathophysiologiesvith distinct causes. Thus attempts have
been made to define different subtypes of depressi@sed on certain sets of symptoms. Though, the
subtypes are only based on tegmptomatology of the patients arglvidence is lacking in emphasizing that
these subgroups auatlly reflectdifferent states of thedisease. (Nestler et al. 2002)

In the following sections the current knowledge abagdme ofthe different neural networks implicated in
depression will be presented. Furthermore, cognitive alterations linked to depressive epigitidus
described.

1.3 Neural Circuits Affected by Depression

As described above most sympteraf depression is related to abnormalities in mood. As thesidasgns
of depression includéelings of hopelessness, worthlessnésgmairmentof memoryand learning ard
suicidality most research héscused orchanges irhippocampus and prefrontal cortex where these
feelings arise. However, neuroimaging has

revealed several other neuronal structures to be J
involved as well. These regis involve nucelus 3
accumbens, amygdala, and hypothalamus, which
are involved in reward, fear, and motivation.
(Nestler et al. 2002l implicatedstructures have
been associated with volumetric reductions and
studies have reported reductions of the
hippocampus ranging in magnitude froml8® % in
depressed patientgDrevets and Furey, 2009)
Furthermore, the metabolism of these areigs
increased during depressed episogesl t has
been found that the severity of the illness is
positively correlated wittan increased metabolic
activityin neural structures associated with
depression The metabolic changes ameversed
subsequent to auccessfulreatment with
antidepressants(Drevds and Furey, 2009)

To PFC

From PFC

— GABAergic
Glutamatergic
Dopaminergic

depressedatients, interact aross the brain Peptidergic

Neurochemical circuits, which are altered in

. . NEergic/5HTergic
structuresmentioned aboveFigurel shows a _ :
Figurel The figure only showsa subset of the many known

simplified overview of the neural structures and  interactionsamong the various braistructures and the
the chemical circuitsf depressionin the neural circuits implicated irdepression.The most commonly

followi tionsthe i | tof th studied is the hippocampus and the Prefrontal Cortex (JF
ollowingseclionshe invohement of the However, the Nucleus écumbens (NAg)Ventral Tegmental

serotonergic, glutamatergic and GABAergic, and Area (VTA)Amygdala, DrsalRaphe(DR), and the Locus

glucocorticoid systemwill be describedn Goeruleus(LC) are also believed to be closely related to
depressive behaviour. Some of the neural circuits implicatec

relation todepressive behaviour in depression, whih interact across these structures, are
listed below the figure. (Nestler et al. 2002)

10
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1.3.1 The Serotonergic System

Themonoaminergicserotonergic systeraffects mostneural structures implicated in depressiseeFigure

1. In patients suffering from depression tiserotonergic activity is decreasetid antidepressive
monoamine oxidase inhibitor@mto increasethe availability ob-hydroxytryptamine $-HT) at the
synapse.Nestler et al. 2002Thehighcomplexty of the serotonergic systenis accounted to the large
number of receptors and their spliced variants, which activates many distinct signalling pathwayddThe 5
receptors are vastly all-@rotein copledreceptors which exerts their function through inhibition or
activation of Adenylyl CyclagaC) (Raymond et al. 2001) Two of these receptors have been found to be
associated witldepressive behaviour, theldT, and the 5HT;.. (Raymond et aR001)(Weaver et al. 2007)
The 5HT;4is believedo be involved in depression and in impairment of memory through alterations in the
processof synaptic strengtheimg duringLongterm potentation (OP). (Raymond et al. 2001) In addition,
the 5HT; receptor, whichis abundantly expressed in hippocampus, hym#dmus and in the neocortaxp-
regulates the expression of glumwticoid receptor (GR) through demethylation of therve growth factor
induced protein ANGHA) consensus sequence in the GR proensegion of neuronsThus, naking the
serotonergic system an important contributor in the regulation ofd@Rendent stress responsehédl
involvement of GR in depressianill be described in sectioh.3.3 (Weaver et al. 2007)(Zhang et al. 2010)
The 5HT; receptor has also been found to contribute to regulation of tireadiancircuit, and as

disruption of circadian rhythm isn@ of the most common symptosof this emphasizethe importance

the serotonergic systemMasriand SassoneCorsj 2010)(Raymondt al. 2001)Another protein involved in
the interactions of the serotonergic system is the neuropep@alanin (Gal)Ogren and cavorkers found
that Gal inhibits 8HT release in the hippocampudoreover, hey found that centrally administrated Gal
haspotent modulatoryeffects on 53HT,» mediated responses in the ventral hippocamp(fSgren et al.
1998)Thereby, he serotonergic system plays an important role in modulating the depressive behaviour.
However, details of why and how alterations of this eystreally ontribute to depression remaito be
elucidated. The mystery of the interplay between depression and the serotonergic system is only
accentuatedoy the fact that the monoamine oxidase inhibitors were found coincidiynt

1.3.2 The Glutamate rgic and GABAergic System

Glutamate(Glu)is a major excitatory neurotransmitter in the central nervous system (CNS), whilst
Aminolutyric (GABAJs an inhibitory neurotransmitteTheglutamatergicand theGABA&rgic systera are

in close collaboratiowith each other Theglutamatergic systerns comprised of both metabotrop&nd
ionotropicreceptors,wherethe ionotropic receptors can be subcategorised intdmino-3-hydroxy5-
Methyl-4-isoxazolepropionic @dreceptors (AMPAN-Methyl-D-Aspartatereceptors (NMDA) andKainade
receptors.(Sanacora et al. 2008)eanwhile, the GABAergic system is also comprised of ionotropic SABA
receptors and metabotropic GABeceptors.The GABAergic system is comprised of interneurons,
functioning as a regulatory "@off" switch of e.g. the glutamatergic system. GABAergic transmission has
been found to be decreased in depression, especially deficits in édptor signalling and GABA levels
in the hippocampus. This reduction in GABA levels correlated with an secire&lu levels, as Glu serves as
a precursor for GABA synthesis at GABAergic neurons. Hedoeed GABA synthesis decreaies

inhibitory function and the conversion of Glu into GABA, leaving the glutamatergic transmission amplified
in depressed patiats, and the GABAergic system abnormally reduced. (Femenia et al(KohBr 2011)

Both systems are closely implicated in emotional and cognitive behaviogler normal conditions Glu is
associated with e.g. neuroplasticity, memory formation, éeaning. kbwever, thepathologic elevation of
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Glu in depression is known to trigger rapid or delayed neurotoxicity. (Sanacora et alli2@@8hormal
glutamatergic systemligl cells are responsible fatearage of Glu from the extracellular spacethi@aGlu
reuptakeExcitatory AmincAcid Tansporters (EAATThe quantity othese transportersvasfound to be
decreasedn the cerebral cortexf depressed patientgesulting inexcitotoxicity (Femenia et al. 2012)
Additionally, the elevated metabolisraeen in the depressiorelated neural structuress caused by this
elevated Glu neurotransmission. (Drevets and Furey, Z0088)mechanisms behirdl'P induced
consolidation of learning and memory have been proposed to evolve aroundttractions of
glutamatergic receptors NMDA and AMRIshansen et al. 2011). MoreoveGABAergic neurotransmission
hasbeen proven to play an important role in LTP. Researdirsefound thatreduction2 ¥ A 2 y 2 G NB LJA C
GABAreceptor in the hippocampal regions CA1/CA8eFigure3B, lead to enhanced spatial memory and
enhanced fear conditioning in mic&husmplyingthat GABAergimhibitionisa key determinant of
cognitive behaviar. (Mohler et al. 2011)

An important contributor to maintenance of the Glu/GABAergic homeostasis is the Glutamic Acid
Decarboxylas€GAD) enzymes. GAD is the rate

limiting enzyme in the synthesis of GABA from

Glu. Interestingly, it has been found th&AD1,

which is abundantly expressed in the

hippocampal structure, is regulated with

maternal care. In a study by Zhang et2d110

they found that decreased maternal care

resulted in a decrease in GAD1 mRNA in the

hippocampus. The decrease in GAD1 expression

was caused by increased methylation of the PVN - Hippocampus
GAD1 promoter region. Moreover, they found Hippocampus —¥ S~ \ge
that increased maternal care was associated GRE ' Amygdala

with increased EHT and NGFA expression in -
the hippocampus, and as the promoter region of
GADL1 contains a NGAlconsensus segnce,

they speculated that maternal care influences
the GABArgicsystem by altering D1 v
promoter methylation throughmaternally
induced activatio of NGFA. (Zhang et al. 2010)

Glucocorticoids
Dexamethasone AcTH

Adrenal
cortex

1.3.3 The Glucocorticoid S ystem
The glucocdicoid system regulates and
supports various functions essentialggistence

Figure2 Theregulation of theHypothalamicPituitary-Adrenal

including C_ardlova:SCUIar’ metabolic, and ] axis (HPAaxis) has beenshown to be changed in depression.
homeostatic functions. In regards to depression, Stress responses initiates in the Paraventricular Nuclefithe

the most important function of the hypothalamus (PVNyvith release of CorticotrophiAReleasing
o Factor (CRF), whiainediates the secretion of
glucocorticoids (G@3to regulate the Adrenocorticotropin Hormone (ACTH) frorthe pituitary gland.

neuroendocrineHypothalamiePituitary-Adrenal ACTH effects the release of Glucocorticoids from the adrenal

. . . . cortex, thus inhibiting CRF secretion. Dexamethasone is a
aXIS(_HPAaXIS) seeFigure2. The HPAxis synthetic Glucocorticoid, which also exerts negatifeedback
mediates the stress response and regulates in CRF releas@Nestler et al. 2002)

12
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mood and emotions. A stimuli percepted as a stressful event reldasgiotrophinReleasindgractor (CRF

from the paraventricular ntleus of thehypothalamus CRFeaches theanterior pituitary gland via capillary
networks and stimulates the release &drenocorticotropinHormone(ACTH) into the circulation. The

adrenal gland releases glucocorticoids (GC) in response to the circl&lifig. A negative feedback
mechanism mediated by the GCawohigher brain centes like hypothalamus and hippocampus ensures

the equilibrium ofthe system Thus, the GC level seen under normal physiological circumstances enhances
hippocamgl inhibition ofHPA activity, which in turdown-regulates the stress response. (Femenia et al.
2012)However, m depressed patients the HR¥is fails to succumb this task consequently resulting in an
increased GC level, which hypetivates the HPAXis. Alternately, ayperactive HPA response cabuites

to depressive behaviouWWeaver, 2009

Dysregulation of the HPA-axis

An altered GC system leaves the HB#s dysregulated and thereby hypersensitive towards stress.
Furthermore, prolonged stress generates additionalduction of GC, resulting in a vicious circle of an even
more damaging stress response. The sustained elevated GCdegels depressed patients, as a
conseqguence of continuous exposure to stressful events, induces damage to the neurons of hippocampus,
especially pyramidal neurons of the CA3 regeseFigure3B. This neural damage ikdught to involve

reduction ofdendritic branching followed by loss of essenghitamatergic synaptic inputs, which is

important for cognitive behaviour. (Nestler et al. 2002)(Drevets and Furey, 2009) The lack of inhibitory HPA
regulation from GC also elevates cortisol levels, which also results in devastating damages. An elevated
cortisol level over sustained periods of time might be toxic for hippocampal neurons. Based on normal
functions subserved by the hippocampus, damaged hippocampal neurotransmission is suspected to
contribute to some of the cognitive behavioural changes gdrdssion. Even further, scientists have
speculated that the neurotoxic effect of elevated GC and cortisol levels might lead to the volumetric
decreases of hippocampus. (Nestler et al. 2002)

It has been found that in some cases of depresaidministrationof the potert synthetic GC
dexamethasone ignable to suppress plasma levels of cortisol and AG&éFigure2, which might indicate
that the glucocorticoid recepto(GR) is altered. (Nestler et al. 2002)(Drevets and Furey, Z089)
expression of GR determinedby 11 distincfirst exors, most of theseexons are located in akb CpG
island upstreanof exon 2 whichexhibits substantigbromoter activity seeFigure3A. The promoter
regions of these exons regulate the expression ofrfGRtissuespecific mannerExon % hasbeen shown to
be expressed at significant levatshippocampus, butvasexpressed at either low or undetectable levils
other tissues. Furthermorét has been provethat hippocampal exon-lis the only of the alternave first
exons of GR thas dfected by perinatal handling of rat pups. (Weaetial. 2001) In a stly by Weaver et
al. it was proverthat earlyadverseevents like poor maternal cated to decreased GR density in
hippocampuspermanently altering the HRAesponse to stress in a depressilike manner They found
that pups depriveaf licking and grooming from their mother suffered from increased methylation and
decreasedacetyldion of GR exon-]thus resulting in the attenuation of GR expression. (Weaver et al.
2004)DNA typermethylation andhistonehypoacetyldion are two epigenetic modifications leading to
blocked gene expression, which will be described in sedtisnThe decreased G&pression, byneans of
increased GR exon thethylation might beattributed to methylation of the NGFA motif embedded ithe
exon L promoter. (Weaver et al. 2004)(Zhang et al. 20I8pugh it is important to emphasize that results
obtained in our laboratory indicates that the N&Fmotif is not methylated under the influence of stress.
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(Henningsen et al. 201R&)has beerspeculated A

that 5-HT is partially associated withe 1 1 1515 1705151 1y 2
methylation of GR exon;las depletion of 5 HL—l—H—H-II—l——L J-
HT reduces the density of GR in hippocampu:
in acyclicAdenosine Mnophosphate ¢AMB

dependentmanner (Waver et al. 2001).He B

GR expressiomightalsobe regulated ly CAl

various other transcription factor§heGR ™

genesequencecarries different response %) . /

elements of many cAMP relatecanscription 3 f, ,‘f:-":\"\- ‘ P ‘\l

factors e.g. CAMP Response ElemBiniding . Ay o :

gr;teln (CREB), whereby cAMP might increas o DG CA3
expression. (Weaverat 2001)

The Neuropeptice Y (NPY) haasobeen __,_4,1:3;"“.

suggested taontribute to the regulation of e

the HPAaxis. However, NPY is thought Figure3 The figure shows A) Thegtrubution of first exons of

exhibit stress reducing functionsa positive Glucocorticoid Receptor (GR) tgiream of exon 2. Exon,4 is

. . . . located in a CpG island) In situ hybridization of the distribution
regulatlon of the HPAxis NPY is a Wldely of GR exon 4AmRNA in the hippocampus, The arrows marks

distributed neuropepti@ in the CNS and position of the CA1, CA3 and the Dentate Gyrus (DMR)dified
administration of NPY has been relatedto ~ rom McCormick et al. 2000.

increased food intake, modulation of cognition, inhibition of neuronal excitab#ind regulation of HRA
axis by increasing the releaseauirtisol (Cohen et al. 201NPY exerts its functions through five different
NPY receptors, whidttisplay distinct functionsNPY receptor phas been found to bancreased with
administrationof antidepressants while NPY recepteiis’decreasedt has been found that hippocampal
NPYlevels aredecreased in depressioand that this decrement can be restored with chronic
electroconvulsive shock stimulation (E@®)ich has been proven to be affective therapy against
depression (Redrobeet al. 2002) Moreover, it has recently been suggested that the NPY genotype may by
associated t@antidepressant medicatioresponse. This serves as potenhtdYbased biological markers
which perhaps can contribute in discovery of noaelidepressant agentor the patients who danot
respond to current treatmenavailable (Mickey et al. 2011)

Not only neural circuits are altered in depression, specific functions of the differemtstes influenced by
depressive behaviour are also inclined. The hippocampal structure and its specific functions are especially
under the influence of depression. Many of the functions of hippocampus relay on neuroplasticity. In the
following sections th role of neuroplasticity in depressive behaviour will lesatibed.

1.4 Impaired Neuro plasticity

Neural plasticity is a critical process for adaptation, megnformation and learning. It covers both
functional connectivity of synapses in terms of synaptasticity and short and lorigrm morphological
changes, albf which are altered in depression. A decrease in synapse density hashbsawed in
depressed patients, whidhcreases tk individualulnerability towards negative inpudditionally,
researchers have found that ingenetic rat model of depressiph TP was attenuated the CA1 region of
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hippocampus. In the same hippocampal region long term depregkiid)was enhanced after exposure to

chronic mild stress (CMS) in rats. Hence, fatiditeof LTDover LTP in hippocampas well as decreased

synaptic densitynight causeseverecognitive deficits. (Femenia et al. 20B8)me of the more important

regulators of plasticity are transcription factor CREBitsxdownstream targetneurotrophin Brain Brived
Neurotrophic Rctor (BDNF). CREB and BDNF are important regulators of consolidation of learning and
memory, see sectiofh.4.1.(Nestler et al. 20020 addition to theseRegulatingSynaptic Membrane

Exocytosidlh (w A Y fiofithe Rims gene family has been found to play an important part in regulating

synaptic plasticity. The Rims gene family consists of four Rims genes, which are involved in regulating
presynaptic Ca-channel density, thereby regulatingeurotransmitter releaseThe Rims1 gene encodes

G662 Aaz2F2N¥az 6KAOK YlIAyteée SESNIa alyS OStfdzZ I NI ¥
GSNY LX FadAOAGe FyR aegyl LIAO alliSnOwiradixddndn, widckh | 2 6 SO
binds to synaptic vesiclerotein Rab3and thisinteraction isessential forpresynaptic longerm plasticity

(Kaeser et al. 2008) Thénding2 ¥ w XoYRaha mediatingresynaptic longerm plasticityhas been

linked to the CA3 regioaf hippocampuswhilst inthe CAlregionthe same interactiormediates short

term synaptic plasticity and neurotransmitter release. (Kaeser and Siidhof, Z30b6gsses like short and

long term potentation, synaptic plasticity, and consolidation are essential for maintenance of cognitive
behaviour and therefore understanding the underlying processes is fundamental in order to understand
depression. Patients suffeig from depression often battlmemory and learning impairments due to

alterations of these processes, two functions evidently linkeetunctions of hippocampus.

1.4.1 Memory and Learning

Depressed patients hawes earlier mentionedecreased ability to formew memoryand learn The
processes of memory formation and learning are mainly thought to be established thk gt
dependentLTP, and one of the main contributors to these cellular processes is tisctigion factor
CREB. Kinases like Proteiimaise A (PKA) ar@k'/CalmodulinDependent Protein Kinas€CaMK) induce
phosphorylation of CREB, which triggers binding of CRERHE®B binding protein (CB&Julting in
transcription of synapse remodelling and stabilization related get@esiinating in consolidation
(Johansen et al. 201Thus osphorylation of CREB enhances formation of synaptic plasticity in the
hippocampus, with alleviates the ability to learn and to form new memdnterestingly the
administraton of CREB in hippocampus and Dentateu& (DGhasbeen shown to induce antidepressive
effects. One dowsstream target of CREB is BDWRich is involved in neurai survival, and remodelling of
synapses. BDNF is like CREB a major contributor to LTP in hippocamdplecr@ased BDNF levels resalt
learning deficitsThus learning and memory impairments induced in hippocampus in depreas&on
mediated through phsphorylation of CRERhich leads to decreased BDNF expression alternately
resulting in attenuation of LTP. (Nestler et al. 2002¢ ncreased vulnerability to stress subsequent to
impaired HPA response leaves the cortisol level increageith have be@ found todecreases BDNF
expressiorevenfurther in the hippocampus of depressed patien{slolderbach et al. 2006JREB and
BDNF are therefore major contributors to alterations of cognitive behaxdating depressionMoreover,
Kinney and cavorkersfound thatspatial learnig and memory formation, which aessential functions of
the ventral hippocampusre impaired byGal in a A@ependentmanner. They speculated that this
impairmentwascaused by phosphorylation of CREEnney et al2009)(Fanslow and Dong, 2010)hus,
phosphorylation of transcription factor CREB is involved in enhancement of some signalling cascades while
reducing others.
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Stabilization of BDNIRduced LTP has been shown to dependearly synthesis ofctivity-Regulated
Cytoskeleton associated proteifArc) in DGAdditionally, late phase synthesis of Arc is associated with
consolidation of LTP, which is also induced by BBMFHs categorized as an immediaarly gene, and is
presumably involved in both LTP antiD making Ac a dynamic regulator of synaptic homeostasis.
(Coppens et al. 201@ramham et al. 2008)ranslation of Arc is thought to occur at active synapses, as Arc
MRNA seems to accumulate at activated neurons along the dendritic arbor. This is thought tchectale
mechanisms behind Adependent long term modifications epific to synapsegDyrvig et al. 2012n
addition, Arc is also associated with AMglidtamatereceptor trafficking Expression of Arauseincreased
surface AMPA endocytosis thereby rethgthe level ofsurface AMPAthus dampening pathological
overactivation of the AMPAelated glutamatergic systems. (Bramham et al. 2QG&}tly, Arc also seems to
be a downstream target of the transcription factor CREB. (Lam et al. 2009)

Anothertransciption factor known to be implicated in memory and learning is the Activator PrdtgiP
1). ARL is either a heteroor homodimeric proteircomplexcomprised primarily of a Fos and a Jun or of
two Jun proteins. Members of the Fos family i§ias, FosBsral, andFra2, while the Jun family consists
of c-Jun,JunB, and JunfRaivichand Behrens 2006) Expression analysegyehes of the Jun and Fos
families have indicated that tlyeare not involved in the induction of LTP becatrssr expressiorhave
only weak or no correlation with theagnitudeof the LTR Instead,the proteins are speculated tegulate
the duration and stabilization of LT@erdegen and Leah, 1998) Of alllABroteins eJun is the most
abundantly expressed and it is involved guronal differentiation and survival, and in relation to
depression €Jun is involved in LTP and memory fotima c-Fosis also involved in memory and learning
processes. Itdés been shown that mice produee4 to 5-fold increase in-¢-0s and €Jun expresion
subsequent to a behavioural bar pressing task. This increasEds and €Jun expression was only
observed in hippocampubut not in other areas of the CNS. The expression occurred in the CA3 and CAl
regions, and was very high in the DX&lditiondly, injection ofa neurotoxin which enhanceposttraining
learning calledapamin has been shown tocrease the expression ofFos and €Jun in trained mice
comparedto untrained controlsAdditionally, cJun:eFos dimers carries afos and a CRE etent, thus, as
many other genes altered in depression, some dimers of th& Admplex are under the influence of
transcription factor CRERHerdegen and Leah, 1998)

1.4.2 Neurogenesis

Neural plasticity covers not only smaftale changes like synaptitanges, but also changes in generation
of adult born neuronsThe process of neurogenesis is thoughty to occur in the DG of hippocampus,
olfactory bulb, and in the subventricular zori&xposure to stressful events have been seen to decrease
neurogenes and further is neurogenesis of the E®Bught to contribute to the volumetric changes of
hippocamps seen in depressed patientas vivomodels of stress induction proposkat exposure to CMS
paradigm suppresses neurogenesis in & that antidepressants restores these changes. (Holderbach et
al 200)(Bergstrom et al. 2007) Generation of new adult neurons are thought to contribute to cognitive
behaviour, and it has been found that reduction or blockade of neurogenesis affectofaditioning,
synaptic plasticity in DG and spatial long term memory. On the contrary induction of neurogenesis
enhances survival of adult born neurons in DG. (Femenia et al. R@l2ptrophins like BDNFarethought
to play an important role in mediatgnneurogenesis, as altered BD&{pressioris associated with
impaired neurogenesis. Howevereurotrophins danot solitarilyregulate neurogaesis, the angiogea
factor Vascular Endothelial Growthdtor (VEGFs also esserml for neurogenesisThe amaint of VEGF
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has furthermore been shown to decrease in response to st{&smugi et al. 2010h a study by Snyder et
al. they foundthat in a neurogenesideficient mouse model the HPA response was altered. Mice lacking
the ability to generate new aduiteurons had an increased corticostergneéhich is thdas the dominant
glucocorticoid in rodentdevelafter exposure to a stressor compared to wilghe controls, indicating that
neurogenesis in DG might play a role in regulatimgHP Aaxis stress respese. (Snyder et al. 2011) Thus,
emphasizing the significance of neurogenesis in depression.

The mechanisms by which depression alters memory, learmidglasticity are still unclear.dtvever, it
remains certain that these functions are impaired in degzion Figure4 summarizes some of the
pathways, which are thought to keffected bydepression. Whether the molecular changes are caused by
impairments of cefactors or by epigenetic changes remains to be elucidated.

Increase ——
Decrease— Gal
Regulate—— _
CREB 5HT,,  CREB | CREB
BDNF
Plasticity Depressive behaviour LTP —Are
.- ; A1/ TN ./
Rims] B Rimsla (Jun:Fos) NMDA AMPA
CREB

Figure4 The figure summarizes regulatory paths of plasticity and LTP, which could be involved in impairments of cogni
behaviour leading tadepression.Abbreviations: CREB: cAMP Response Elenintling protein. Rims1: Regulating
Synaptic Membrane Exocytodis5-HT:5- hydroxytryptamine. Gal:Galanin BDNF: Brain Derived Neurotrophic Factor. Arc
Activity-Regulated @toskeleton associated proteinAMPA: -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors. NMDAN-Methyl-D-aspartatereceptors. APL: Adivator Protein-1. The figure is made on the basis of 1.4, 1.4.1
and 1.4.2.

1.5 Epigenetic Regulations of Gene Expression

Epigenetic changes covieoth stable anddynamicchromatin modifications independertf the underlying
DNA sequence. The epigenetic modifications controlling gene exprassiben referred to aghe
epigenome. Chemicahanges of the epigenome involebanges in the chromatin structure, thus leaving
the underlyingDNA sequencitact. The chromatin structure is basically invohmgackaging of DNA into

a smaller unit tdit into the nucleus, prevention of damage to the DNA, strengthening of DNA, and to
control replication and genexpression. (Riccio, 20100r@matin is omprised of nucleosomesvhich are

the core unis® b dzOf S242YSa O2yaAaia .ZHmesaroupda histdnk cgtdmes b ! & |
whichis the nucleosomatore. So far five classescaEnonicahistones have been identified: historig(H1),
histone2A (H2A) aneB (H2B), histon8 (H3), and histond (H4), and each histone octamer contains two
of H2A, two H2Btwo H3,and two H4Modifications d the epigenome condudene accessibilitgnainly
through DNA methylations and/or histone modifications, resulting dy@amicchromatin structure The
activity of the dynamic chromatin leavise DNA either accessible tanscription or condensed,
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euchromatin or heterochromatiyrespectively. .

. ] DNA methylation
(Weaver, 2009The mechanisms behind DNA Cytosine MeC
methylation and histone modifications will be NH, NH,

elaborated in the followingection (L\N Qﬁw
(L, — T CX
N N

1.5.1 Regulation of Transc ription through DNA H © H M

Methylation

DNA methylations are covalent bindswf a methyl dnDNMT Q

group to the carbon 5 position of cytosine residues \ 5" -—-CGCGCG--- &'
. . . N 3 —-GCGCGC--- 5’

of 5-cytosinephosphodiesterguanine3' (CpG)see Q

Figureb, and in hmans 6680 % of the cytosines of 5 —CGCGCG— 3

palindromic CpG sites are methylatéWeaver, 3 ~-GCGCGC-~ 5’ @

2009)In generalit appears thathypomethylation of De novo Maintenance

a gene resolvein an active gene, vdreas methylation melyiation

hypermethylatlon relate_s tsllencmg (bthe.gene' Figure5 DNA methylatiors occurs atcytosineresidues by
CpG sites both appear in so called CpG islands an additionofay St K&t 3ANRdzL) | 0 GKS

single sites along the DNA sequence. The CpG isl: pyrimidine ring by a DNMT. Two types of DNMTSs initiate
DNA methylation.De novoDNMTs methylatenon-

are ~ 1 kb in length and appear5' ends of genes methylated cytosines andnaintenance DNMTsnethylate
Closely related to oin 40 % of gene promoters_ hemi-methylated DNA orthe complementary strand.

(Weaver, 2009)(Lubin et al. 2008)eTaddition of a Modified from Day and Sweatt, 2010.

methyl group to the 5' positioned cytosine is initiatedDg NdovoDNA Methyltransferases (DNMT3ee
Figureb. Hereafter, methylation of the complementary strand @Gammence mediated by maintenance
DNMT's. When both strands are methylated the modification is extremely stable and requires a high
degee ofenergy to be reversed and demethylated. (Day and Sweatt, 2010) Initiailys thowght that
methylationswereirreversible and stable changesthe DNA structureHowever, it has been found that

the methylations can be reversed by either reducing the activity of DNMT or removal of nuclear proteins
like the transcriptional repressanethyCpG binding protein 24eCP2) from methylated CpG sites. Thus,
contributing to the dynamity of the epigenome. (Riccio, 201@) mammalian cellthree types of DNMT's,
which methylateDNA, exist: DNMTDNMT3a, and DNMT3b. DNMT3a and DNMT3b is believed to be
involved inde novomethylations while DNMT1 is involved in maintenance of methylations i.e. methylation
of the complementary strand. (Weaver, 2009) Interestintiig, genomic sequence tifie DNMT3agene
hasbeen found to contain two isoform®NMT3al and DNMT3&2liveiraand coworkers2012found

both isoforms to be significantly reduced in aged mamed that the isoform DNMT3a&asinvolved in
cognitive impairments related to aging. They further tested the involvement of DNMT3a2 in hippocampal
memory of young mice, and @imd that a decrease in DNMT3a2 resulted in impaired long term memory
formation. Thealso foundthat the reduction in DNMT3a2solved in a decrease the plasticity related
genes BDNF and Arc, linking DNMT3a2 to accessibility of these geisésditiagsthat the methylational
status of a genenay be more complex than previously thought, as methylations possibly also can be
associated withncreasedranscriptional activation.

1.5.2 Regulation of T ranscription through Histone Modifications

Thehistonesassembling the nucleosomedre hold the ability to modify the structure of chromatin, thus
permitting transition from the dense herochromatin to the active ethromatin andvice versaStructural
changes occuhrough modifications othe N-terminal tail of histones. fese modifications include
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acetylation, methylation, phosphorylation, ubiquitinaticemd sumoylation and are often present in
combinations. It was believed that histone modifications induce either activation or repression of genes.
However,modificationdomainswhich acts bivalentiyrave recently been found, consequently proposing
the idea that any modification will be able to activate or reprgsae transcriptiorunder different
circumstances(Kouzarides2007)Though in relatiorto gene transcription the modifications can still be
roughly divided into two different groupsf modifications; 1pcetylation, methylationphosphorylation,

and ubiquitination which are related to active gene transcription @janethylation, ubiquitiration,
sumoylation,and deimination whichare associated to repression of gene transcriptifdfouzarides2007)
One of the best characterized modificatiossacetylation which ariseat one or more lysine residues.
Addition of acetyl groups are catab@ by Histone getyltransferases (HAT) and removed by Histone
Deaceylases (HDACAsSHATS neutralizéhe positive chargeand thereby weakenthe interaction between
the histone tails and the DNAn the other handvhenHDACSs remove the acetyl group frdysine, a
positive charge is restored resulting in a condensation of the negatively charged DNA, thus preventing
transcription of genegWeaver, 2009)

Induction of chromatin modifications ByCSeensto regulate expression of cognitivand plasticity
related genes. Acute ECS induces acetylation of H4 while chroniccE€2aSes H3 acetylation,
substantiatinghat H4 acetylations represent brief and dynamic changes and H3 acetylatiokstabhle
and chronic events. Athough the underlying mechanisms of E&Shistone modifications remaipoorly
understood,modifications of histones seem to hadispensable part ahe search for novereatments of
depressionMoreover, current bronic antidepressants have been found to induce H3 methylation,
resulting in increased transcription by mechanisms which are not ¢Esautkovaet al. 2007)

A

Histones Histone  Transcription factor

DNA Basal transcription
complex
@ Acetylation
@ Methylation
® Phosphorylation

Figure6 Chromatin iseither at a transcriptionally active state or at a repressed state. The chromatin structure is dynam
and modifications determine the state of chromatin A) Transcription of genes is active and chromatin is called
euchromatin. Histone modifications associated Wwituchromatin is e.g. acetylation, methylation arghosphorylation
transcription factors has easy access to the DNA. B) DNA is densely coiled around the histone octamer preventing
transcription of genes. The chromatin is referred to as heterochromatinpRssed DNA is mainly related to methylations
Modified from Tsankova et al. 2007.
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2. Thesis Rationale

The aim of this thesis is to investigate the effect induced by MS and/or CMS on genes relevant for the
aetiology of depression. Furthermore, the aim is to examine the methylational status of GR;éxon 1
animals exposed to MS and/or CMS. Lasitiyuld an optimization of a Native Chromatin
Immunoprecipitation protocol be a future tool to investigate epigenetic changes associated with promoter
regions.

This is accomplishagking an animal model of demsion established at th€enter for Psychiatric

Research, Risskov, DenmagkKim Henningsen and Ove Wibofidhrough the animal model, 5 different
experimental groups are rearedl) a control group which is left unchallenged; 2) a group in which the

animak are only exposed to MS, the animals of this group have an anhedonic phenotype; 3) a group where
the animals are exposed to CMS, the animals in this group are also anhedonic; 4) a group where the
animals are exposed to both MS and CMS, these animalsameaehedonic pheontype; 5) a group where

the animals are exposed to both MS and CMS but these animals have a resilient pheontype. The 5 different
animal groups allows for investigation of the difference between the MS and the CMS paradigm, and
furthermore, for the difference between an anhedonic phenotype and a resilient phenotype when exposed
to both MS and CMS.
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3. Experimental Procedures

3.1 Materials

3.1.1 Instruments

Centrifuge MR23i (Thermo Scientific, USA)

Dialysis tubesMWCO 8000 (Spectrunbaboratories Inc, USA)
Dri-BlocK" DB2A (Holme & Halby Techne, Denmark)
Dynabeads, 30 mg/mL (Invitrogen, USA)

Electrophoresis Cell Model Run One (Embj D&\

Eppendorf Centrifuge 5403R (Eppendorf, Germany)
Eppendorf Thermomixer Comfort (Eppenddsernany)
Intelli-Mixer RM2L (ElmiLatvia

Kodak Image Station 4000MM PRO (Carestream HealthJSH
KS 501 digital Laboratory Shaker tIMorks, USA

Magnetic racKInvitrogen, USA)

Magnetic stirrer Big Squid [FrogdikA* Works, USA)
Microspin F¥2400(Saveen WernetlSwedeh
Mx3000PMQPCR System (Stratagene, USA)
NanoPhotometel" (IMPLENGermany

Petri Dishes, 60 x 15mm (Sarste@ermany

TF20M UV fluorescent table (Vilber Lourm&ermany
Thermal Cycler 2720 (Applied Biosystems, USA)

T10 basic Bperser/Homogenizer workcenter (IKA* Work$SA
Vacuubrand Type RD8 (GMBBErmany

VCX130 Ultrasonic Processor (Sonics, B, USA)
Veriti"™96-Well Thermal Cycler (Applied BiosystetdSA

VR1 Vacuum Evaporator (Hetdolten, Denmark

Water Thernostat TW2 (Elmj Latvig

13 mL Reagent and Centrifuge Tube (Sars@dtmany

3.1.2 Kits, Enzymes, Antibodies, and Competent Cells
Anti-Acetylated Histone HAntibody Merck-Millipore, USA
AllPrep DNA/RNA Mini KiDiagen, Netherlands)

Brilliant Il SYBBreen QPCR Master Mix (Stratagene, USA)
DNase |, 1u/pL (FermentddSA

DreamTad" GreenPCRViaster Mix (FermentadJSA

EpiTect Bisulfite Kit (Qiagen, Netherlands

GeneJET Plasmid Miniprep Kit (Fermentad SA
InsTAclon&'PCR Cloning Kit (Fermental$A

MiniElute Gel Extraction Kit (Qiagen, Netherlands)
Micrococcal Nuclease (Sigmédrich, USA)

Rabbit Serum (Invitrogen, USA)

Protease Inhibitor Cocktails, complete mini EBE& (Roche Diagnostics, Switzerland)
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Proteinase K, 18.9 mg/mL (Fermentas, JJSA

RevertAid" PremiumFirst Strand cDNA Synthesis Kit (Fermert&A
RNase A, 10 mg/mL (FermentakSA

ROX (Stratagene, USA)

Subcloning Efficien€yDH3 ™ Competent Cells (InvitrogetSA
TrueStart" Hot Start Tag DNA Polymerase (FermentSA

3.1.3 Chemicals

Acetic acid (Sigmaldrich, USA)

Ampicillin Sodium Salt, (Sigmddrich USA

I -mercaptoethanol Ifivitrogen, USA)

Bovine Serum IBumiryBSA 10>g/mL (New England BiolghdSA
CadGl (SigmaAldrich USA

Dithiothreitol/DTT (Sigmaldrich, USA)

EDTA, 50 mM (Fermentas, USA)
Ethanol 99.9% (Kemetyl A/Benmarlk

Ethidium Bromide, 10 mg/miS{gmaAldrich USA)
GeneRule? 100 bp DNA laddgFermentas USA

GeneRulet™ 1 kb DNA ladder (FermentadSA
Glucose (SigmaAldrich USA

HCI(SigmaAldrich USA

Igepal NP10 SigmaAldrich USA

KCI SigmaAldrich USA

<DNA(Fermentas, USA)

LBAgar (MerckMillipore, USA)

LiCl(Bie & Berntsen A/S, Denmark

MgC} (SigmaAldrich USA

NaClSigmaAldrich USA

NaOH $igmaAldrich USA

Phenol:chloroform:IAA ivitrogen, USA)
Potassium acetateSjgmaAldrich USA

SeaKemR LE Agardkenza Switzerlanjl

Sodium Bicarbonat/N®CQ (Sigma Aldrich, USA)
Sodium Butyrate/N&utyrate (Sigma Aldrich, USA)
Sodium Deoxycholate/NBeoxycholate (Sigma Aldrich, USA)
Sodiumdodecyl sulfate/SDS (BioRad, USA)
Sucrose (Sigma Aldridd SA

TrisCl(Sigma AldrichUSA

Triton X100(Sigma AldrichUSA

Tryptone(Sigma Aldrich, USA)

Yeast Extract (Sigma Aldrich, USA)

6x Loading dye (FermentadSA
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3.1.4 Buffers

ChIP DilutioBuffer (1.1% Triton-X00, 1.2 mM EDTA, 16.7 mM Fak(pH 7.98), 167 mM NacCl)

/ KLt 9ljdZAf AONI GA2Y . dZFFSNI omdp Y[ [/ KLt S5AfdziAzy
ChIP Lysis Buffer (50 mM Tadbk(pH 7.8), 10 mM EDTA, 1% SDS, Rasgelnhibitors)

DialysisLysis Buffer (1 mM TkGSI (pH 7.5), 0.2 mM EDTA, 5 mMBlgyrate, Protease Inhibitors)

Elution Buffer{ % SD®.1 MNaHCQ)

EnzNuclei Preparation Buffer | (0.3 M sucrose, 60 mM KCI, 15 mM NacCl, 5 mivBMigi@INaButyrate,

0.1 mM EDTA, 15 mM T+@ (pH 7.5), 0.5 mM DTT, Protease Inhibitors)

EnzNuclei Preparation Buffer 1l (0.3 M sucrose, 60 mM KCI, 15 mM NacCl, 5 mivbMg/@INaButyrate,
0.1 mM EDTA, 15 mM Ti& (pH 7.5), 0.5 mM DTT, 1 % TritetOR, Protease Inhibitors)

High Salt Wash Buff¢s00 mM NacCl, 0.1% SO Triton XLOO, 2mM EDTA20 mM TrisCl(pH 7.98))

LiCl Wash Buffgp.25 M LICl, 1 % Igepal (¥8), 1 % N&eoxycholatel mM EDTAL0 mM TrisCl(pH 7.9
8))

Low Salt Wash Buff¢t50 mM NacCl, 0.1% S[3% Triton XL00, 2mM EDTA20 mM TrisCl(pH 7.98))
MNase Digestion Buffer (0.32 M sucrose, 50 mM-CtigpH 7.5), 4 mM MgClL mM CaG|5 mM Na
Butyrate, Protease Inhibitors)

Plasmid Preparation Buffer | (50 nM glucose, 25 nMJlripH 8), 10 nNEDTA (pH 8), 10 ng/ml RNase A)
Plasmid Preparation Buffer Il (0.2 N NaOH, 1% SDS)

Plasmid Preparation Buffer Ill (60 mL 5 M potassium acetate, 11.5 mL glacial acetic acid, 28% mL H
SOC Medium (Laboratory stock; 20 g Tryptone, 5 g Yeast Extract, &3, d0ImL 250 nM KCI, 0.2 mL5 N
NaOH, 18 mL 20 % glucose solution, 5 mL 2 MMgCl

TAE Buffe(Laboratorystock: 40 mM Tris, 20 mM acetic acid and 1 mMBEDATA)

TE BufferX0 mM TrisCL(pH 7.5,1 mM EDTA

Tubing Preparation Buffe(2 % NaHCQ,1 mMMEDTA)

Tubing Preparation Buffer Il (1 mM EDTA)

SoniNuclei Preparation Buffer | (0.4 mM sucrose, 10 mMCIifjpH 7.9 U £ p-MeYcaptoéthanol,
Protease Inhibitors)

SoniNuclei Preparation Buffer Il (0.25 mM sucrose, 10 mMCTiigH 7.98B), 1% TritorX-100, 10 mM
MgCh~z p -Mercaptoethanol, Protease Inhibitors)

3.2. Animals

Thein vivo chronic mild stres¢CMSand maternal separation (MS) modetlere carried out atthe Center
for Psychiatric Research in AarhDenmark byKim Henningsen and Ove Wilg. The animals used were
outbred Wistar rats fronTaconic M&B in R{penmark The rats has unlimited access tmdl and water,
except when deprived as part of a stress parameter. A standarad light/dark cycle, with light on
from 6 a.m. to 6 p.mwasnormallyfollowed exceptduring periods of stressduction The pups used
throughout this experiment were only male.

3.2.1 Maternal Separation

A number of pups were chosen for MS protocol just after birth. Accorditigetprotocol these pups were
separated from the mother 180 consecutive min. daily from 9:00 42100 am. The separation protocol
lastedfrom postnatal day 2 to postnatalay 14, both days included. After separation the pups either
entered the CMS paradignr wvere left unchallenged. 6 pups were selected for a MS group, 12 pups were
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used in the CMS protocadnd a small amount of pups were excluded from the experiment due to a too low
sucrose ingest

3.2.2 Chronic Mild Stress

Along with the pups exposed toghMS protocol another group of pups was kept 2 weeks under normal
laboratory conditions. After the 6 weeks all pups were divided into two additional groups. One group which
had not been exposed to MS but continued in a stress protocol and one group oéxupsed to
separation and thereafter continued in the stress protocol. Furthermore, one group of pupsfivas
unchallenged. Animals with a too |ldvaselinesucrose ingest were eluded from further participation. The
CMS protocol lasted seven weeks aodsisted of seven different stressnditions each lasting 10 to 14
hours. One period of intermittent illumination, stroboscopic lightouping, food or watedeprivation, and
two periods of soiled cage and no stress, and three periods afaldetilting. During the stress protocol
sucrose intake was measured once a week and an animatheasacterized as anhedonic if baseline
sucrose intake declined by more than 30%, otherwise animats sharacterized as resilient.

3.3 Tissue Preparation

Tissue prepation was carried out by Kim Henningsen at at Center for Psychiatric Research, Risskov,
Denmark. The animals wedecapitated at 151L6 weeks of age and the brains immediately dissected. The
ventral part of both the left and right hippocampus were removed and gnagen. The tissue samples
were stored at80 °C until further use.

3.3.1 DNA and RNA Isolation

DNA and RA were isolated from hippocampus of the right hemisphere usifRrep DNA/RNA Mini Kit

using the protocoBimultaneousrurification of Genomic DNA and Total Rik#n Animal Tissues.

Disryption and homogenization dfssue was doneising a rotor stator hmogenizefT10 basic
Disperser/Homogenizer in 600 pL lysis Buffer RLT supplemented with-fhgtcaptoethanol. Tissue

Al YL S& 6SA3IKSR 2y | @SNIF3IS wp YIAP ¢KS NBad 2F GKS
protocol including the optional cerifugation step during RNA purification. RNA was eluted in 2x20 pL

RNase free 0 and DNA was eluted in 100 pL Buffer EB. DNA and RNA were immediately after treated with
RNase and DNase, respectively.

After purification,DNA and RNA concentrati@mweremeasured and quality assessby
spectrophotometry using a NanoPhotomet¥r Afterwards DNA and RNA from all tissue samples were run
on an agarose gel, as described in secBehto validate the quality of DNA and RNA.

3.4 Gel Electrophoresis

1 % agarose gel was made in 1x TAE Buffer, and Ethidium Bromide was added to a final concentration of 1
pg/mL. The mixture was added to a mold and allowed to settle. The gels were runktettieophores

Cell Model Run One embedded inTIAE BufferToestimated product siz& pL of either GeneRulét100

bp DNA ladder or GeneRut¥r kb DNA ladder was loaded onto the gebsequenthalong with the

product of interest. Samples were mixed with 6x Loading Dye prior to loaditess they contained

DreaniTad" Green PCR Master Mix. For visualization of the gels a Kodak Staiige 4000MM PR@as

used. Theexcitation filterwas set to 530 nm and the emission fil&80 nm If necessarygels were

visualized on 3F20M UV fliorescent table.
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3.5 Gene Expression Analysis

In order to compare the gene expression profile between the different groups of animals Quantitative

Reverse Transcriptase Polymerase Chain ReactiegRRR) was performed. Primers used foigRTR

were designed using NCBI Primer desigtmod) PrimerBLASTThe bllowing criteria were set for primer

design; product size 16060, melting temperature (Tm) should berm63°C, @t. 65°C, nax. 67°C, and

Max T,difference2c / = YIE &St ¥ 02 YLt SYSy I chdiple@entgrity norngoes § K|y
than 3, and if possible primers should span an intron at the corresponding genomic DNA. All primer pairs

were run at an annealing temperature of 60 °C. Most primers were kindly provided by Mads Dyrvig

Johannesen or accessible thrduthe researchgroup, Laboratory of Neurobiology
Tablel Primers used in the gene expression analysis

Target gene: Primer sequence: Efficienciey:| NCBI ref. seq.

GAPDH exon 7 | FW:CATCAAGAAGGTGGTGAAGCA | 95.1% NM_017008.3
Rw:CTGTTGAAGTCACAGGAGACA

i1 OGAY p|Fw:AAGGGACACCGTAGAGGGGTGG| 98 % NW_047369.2
Rw: CAGGAGCGTGCCCACGAGTGT(Q

GR exori; Fw:AGGGAGCCTGGGAGAAGAGAAA( 105.8 % AJ271870
Rw:CTGGCCTGGGAGGGAAACCGAG

GR exon 2/3 Fw:GGGCTCTGAACTTCCCAGGCCG( 103.4 % NM_012576.2
Rw:GGTCCCGTGGCTGCTGACGAGC

Arc exon 2/3 Fw:GCTGGAGTCTTCAGAGCCAGGT( 101.8 % NW_047780.1
RwW:TGTGCAGGCAGCTTCAAGAGAG(

Rimsl1 exon 1/2 | Fw:GCCCGACCTGAGCCACCTGACC| 102.1 % NM_052829.1
RwW:TTCAGTGGTGGTTGATGGGGCT(

GADL1 exon 11/12 Fw: TGTCAATGCAACCGCAGGCACGA 99.3 % NM_017007.1
RwW:GCGATGCTTCCGGGACATGAGC/

c-Fos exon 4 Fw:GGTCACAGAGCTGGAGCCCCTG| 102.3 % NW_047762.2
RwW:TCGTTGCTGCTGCTGCCCTTTCG

cJun exon 1/2 Fw: CCTCAACGCCTCGTTCCTCCAGT 105.8 % NM_021835.3
Rw: CGTGAGAAGGTCCGAGTTCTTG
FosB exon 1/2 Fw:GTCTTCGGTGGACTCCTTCGGCA 103,4% NM_001256509.1]
Rw:GTCCTGGCTGGTTGTGATTGCG(
JunB exon 1 Fw:GCTGTCAAGTACTGCCGGCCTC( 102 % NM_021836.2
Rw:GTGTCCGTATGGAGCAAGGGAG
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NPY exon 2/3

Fw:CATGGCCAGATACTACTCCGCT(C
RwW:AGCCTTGTTCTGGGGGCATTTTC

101.3 %

NM_001113357.1

Gal exon 3/4

Fw: GCTCGGGATGCCAACAAAGGAG
Rw: CCAGTGGTAACTCCCTCTTGCCI1

110.4 %

NM_033237.1

DNMT3a exon 5/6

Fw:CGAAGGTTTACCCACCTGTGCCA
RwW:ATGTAGCGGTCCACTTGGATGC(

104.6 %

NM_001003957.1

CREB exo®/3

Fw:CAGTTCAAGCCCAGCCACAGATT]
Rw:CATGGACCTGGACTGTCTGCCCA

106.4 %

NM_134443.1

3.5.1 Primer Optimization
Prior to usage of primers the annealing temperature was determined to see if the primers would be able to
run properlyat 60 °C. This was done by PCR using a 20 L reaction mixiar&roieStart” Hot Start Taq
buffer, 1 mM dNTP, 325 mM MgGJ 0.5>M of each primer, and 1.25 u TrueStatHot Start Tag DNA

PolymeraseThe amplification was carried out usiag/eriti ¥ 96-Well ThermaCycler programmed to 95 °C

for 10min., followed by 40 cycles d35 °C for 30 sec. angD °C for 30 sedfterwards the PCR product

werevisualized on a gel as described in sec8ah Primers were also tested on genomic DNA as a cbntro

for specificity of the primers.

Efficienciey of the primer pairs were determined using a-feld dilution series of total rat cDNA from one

animal of the CMS group. Each dilution was run in triplicates2®>L reaction with 1x Brilliant Il SYBR
GreenQPCR Master Mand 0.5>M forward andreverse primer. The reactions were run using an
Mx3000P"QPCR Systeprogrammed to 95°C for 10 mirallowed by 40 cycles 085 °C for 30 sec. and

60 °C for 30 sec. This whdlowed by a 25 min. melting cung@ogram starting at 558C and ending at 9%C.

3.5.2 cDNA Synthesis

RNA isolated from the right ventral hippocampus was used for cDNA synthesis using REVBrekidum
CANRG {GNI YR O5b! {eyidKSaArAa YAUd OS5 brmmepdatdnsdsty i KS &

the protocol for RIGPCR. Equal amount of RNA (60 ng) was used for all cDNA syntheses. The reverse
transcriptase reaction was run inveriti"" 96-Well Thermal Cycleat 25 °C for 10 min., 50 °C for 30 min.,
and 85 °C for 5 min. The cDWAs diluted 1:20 with D and used immediately after or stored in aliquots

at -20 °C until further use.

3.5.3 Quantitative Reverse Transcriptase Polymerase Chain Reaction

REjt/w & &

LISNF 2 NY SR T 2 NActin sfa rele@nt&Sgene 218 pLofeDNAMBSA (i

amplifiedin a 20>L reaction mixture of 1x Brilliant Il SYBReenQPCR Master Mix, 30 nM Rand 0.5>M
of each primerAll cDNA samples and controls wetn in duplicates. The amplification reactionwererun
in aMx3000P"QPCR Systeat 95 °C for 10 min., folload by 40 cycles 085 °C for 30 sec. an °C for
30 secfollowed by a 25 min. melting curve program starting af65and ending at 98C No-RT and NTC
were included as a control famspecific binding of primers and contamination of reagents.

3.6 Sodium Bisulfite Mapping

To investigate whether any changes seen through the expression analysis originates from methylational
alterations at thepromoter region of the gene, a sodium bisulfite mapping analysis was performed. The

dza A
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genomic DNA isolated from all tissue samples was used for this analysis, which converts unmethylated
cytosine residues to uracil and subsequently, via PCR amplificatibpntadine. This process allows us to
identify and investigate the methylational status of the gene promoter region. Primers used for
amplification of bisulfite converted DNA were kindly donated from Mads Dyrvig Johannesen.

Table2 Primers used for bisulfite sequencing PCR

Target gene] Primer sequence: Annealing:| NCBI ref. seq

GRexond | FW.TTTGTAGTTTTTTTGTTAGTGT( 48 °C AJ271870
promoter RwW:ATTTCTTTAATTTCTCTTCTCC(Q

3.6.1 Bisulfite Treatment of Genomic DNA and Amplification

Bisulfite conversion of genomic DNA was done using an Efiisedtite kit, using the protocol for Sodium

Bisulfite Conversion of Unmethylated CytosiriEse input DNA was 300 ng for each conversion and the

reactions were run in ¥eriti"" 96-Well Thermal Cycler witthe reaction volume set to 108L The

LINE OSRdzZNB gt a R2yS FO0O2NRAY3 (2 YI ydzFl OG detlE N & LIN.
Buffer EB during elution. Elution was done using 2x20 pL Buffer EB. The elutec lmsoiférted DNA was

diluted with 35 pL BD and used for PCR immediately after or storee2@t°C.

Afterwards, lisulfite treated DNA was amplified by PCR usingrLGemplate in a 26L reaction mixture.
Themixture consisted of 1x TrueSt&8fHot Start Tadpuffer, 1 mM dNTP, 325 mM MgGl 0.5>M of each
primer, and 1.25 u TrueStattHot Start Taqg DNA Polymerase. The amplification was carried outaising
Veriti"™96-Well Thermal Cycler programmed to 95 for 5 min., followed by 35 cycles 5 °C for 1 min.,

48 °Cfor 2.30 min, 68°C for 1 min and a final step of 68C for 5 minThe GAPDH primer pair used in the
expression analysis was used as a negative control to validate the effectiveness of the bisulfite treatment.
Moreover, water ad wild-type genomic DNA were used as negative controls. After amplification the PCR
products were run on an agarose gel as described in se8tibn

3.6.2 Extraction from Agarose Gel

Subsequent to amplification of bisulfite converted DNA, the samplealsaifor further processing were

extracted from the gel. The samples suitable for further processing met following criteria: water control

should be negative, wiltype genomic DNA should be negative, GAPDH negative control should be

negative, and the actl band size should resemble the expected band size. DNA bands were cut out using a
TF20M UV fluorescent tabland the DNA extracted by meansMinElute Gel Extraction Kitsing the

protocol MinElute Gel Extraction Kit Protoamding aMicrocentrifuge The protocol was followed according

G2 YIFydzZFlFI OGdzZNBEND&a NBO2YYSYRFGA2Yya YR 5b! gk a St d:
measured on &Nanodrop NBL00O spectrophotometerExtracted bisulfite treated DNA was immediately

after used for ligatia.

3.6.3 Cloning Procedure
Ligation of extracted PCR products wasried outusinglnsTAclon8'PCR Cloning Kitcording to
YIydzFlF OGdZNBEND& LINR(1202Fft d® ¢KS GSOUG2NN¥AYASNIL NI GAZ2
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extended to overnight at 4 °C. Ligated DNA was used immediately after for transformnbEaroli or
stored at-20 °C.

Subcloning EfficienfyDH3 ™ Competent Cells were used for transformation of ligated PCR products. The
competent cells were thawed on ice and carefully mixed by inversion. For each ligated PCR product 50 pL of
competent cells were used. The cells were mixed with 2.5 uL of ligatictiorand incubated on ice for

30 min. After incubation the mixture was heat shocked at 42 °C for 20 sec. UWAMatgaThermostat T2

and thereafter cooled on ice for 2 min. Next 950 pL SOC mediumaddesl andhe mixture wasncubated

at 37°C for 1 hat 225 rpm on a KS 501 digital Laboratory Shdkimally, samples were centrifuged using a
Eppendorf Centrifuge 5430R at 509@r 1 min, 900 pL of the supernatant was discarded, and the

remaining 100 yuL was mixed by shaking carefully. The competésntrmie plated onto agar plates and

incubated at 37 °C overnight.

3.6.4 Colony Polymerase Chain Reaction

After incubation of competent E.coli cells overnight, 12 colonies were selected and screened for
containment of target DNA using colony PCR. A reaatiature of 20 pL containing 10 pL® 1x
DreamTad" Green PCR Master Maxd 1 >M of each M13 primewas prepared and mixed with a small
amount from one colony. The colony PCR wasin the Veriti™96-Well Thermal Cycler programméal 95
°C for 5 min.followed by 30 cycles p85 °C for 30 sec., 6 for 30 sec., 7Z for 30 sec., and a firgtkp
of 72°C for 5 minAfterwards, the colonies were visualized on a agarose gel as described in Sedtion

3.6.5 Extraction of Plasmids

Colonies positiveot the correct insert were selected for further processing. These colonies were
transferred to al3 mL Reagent and Centrifuge Twoataining 2 mL LBiediumwith 100>g/mL

Ampicillin The tubes were incubated at 37 °C overnight at 200opma KS 501 digit Laboratory Shaker
Plasmids were extracted after incubation using either Gerl¥JRasmid Miniprep kit according to

YI ydzF I OG dzZNBEND& LINE (2 02 f -SealPrdparatignd of Bl&s®id DNAmethddy S [ & &
available in: Molecular Cloning, A Laboratory Manual). Briefly, the method is as follows; after incubation
overnight in B media the bacteria were centrifuged using a Eppendorf Centrifuge 5430R at max speed for
30 sec. at 4 °C. The supernatant was discarded and the dry pellet was resuspended in 1@0IdL ice

Plasmid Preparation Buffer | by vigorous vortexing using a Mitré$-2400. Thereafter, bacteria were
incubated 10 min. at 37 °C and 200 uL of freshly made Plasmid Preparation Buffer Il was added. The
mixture was mixed by inversion for 10 sec. and chilled on ice. 150 uL ice cold Plasmid Preparation Buffer IlI
was adde and the mixtures were inverted for 10 sec. Mixtures were incubated on ice3ani®. and then
centrifuged at maknum speed for 5 min. at 4 °C. The supernatant was transferred to a new tube. One
volume of phenol:chloroform:IAA was added to extract plasirom the residual. The mixture was briefly
vortexed using the Microspin F2400 and centrifuged by the Eppendorf Centrifuge 5430R at 12000 g for 2
min. at 4 °C. The supernatant was added to a fresh tube and the DNA was precipitated using 2 volumes of
ethanol at RT and allowed to settle for 2 min. DNA was centrifuged using the Eppendorf Centrifuge 5430R
at 12000 g for 2 min. at 4 °C and the supernatant was carefully discarded. The tubes were positioned
inverted on a paper towel and allowed to dry for 3nmbefore adding 1 mL of iemld 70% ethanol to rinse

the pellet. Ethanol was cautiously removed and pellet allowed to dry for 10 min. before redissolving it in 50
pL 1 M TriCl (pH 8). For each sample the concentration of DNA was determined using a
NaroPhotometef™. 1.5 pg of DNA was dried using a Vacuubrand Type&D&cted toa VR1 Vacuum
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Evaporator. Thdried bisulfite treated DNA wasent to BeckmarCoulter Genomics, United Kingdom, for
sequencing.

3.7 Native Chromatin Immunop recipitation

In orde to investigate potential histone modifications related to gene promoter regiangptimization of
a nativechromatin immunoprecipitatiofNChIP) protocol was initiatediwo methods were usei
fragmentize the chromatirsonication or enzymatic digesti with MNases.

3.7.1 Preparation of Dialysis Tubes

Dialysis tubes (10 kDa pore width) of 15 cm in length were bailéar 10 min.in 0.5 L of Tubing
Preparation Buffer and rinsed twice in distillet,O. The tubes were then boiled for 10 min.Tiabing
Preparation Buffeil. After boiling the tubes were allowed to cool down and stored imbedded in Tubing
Preparation Buffeil at 4°C. Before usage the tubes were carefully rinsed in distil€inside and
outside.

3.7.2 Preparation of Dynabeads Pr otein A

The needed amount of Dynabeads was washed and prepared prior to usage. The beads were washed in 3x1
mL ChIP Dilution Buffer and incubated on Inmliker RM2L rotator in 1.5 mL ChIP Equilibration Buffer
overnight at 4 °C. After incubation the lmsawere washed in 3x1 mL ChIP Dilution Buffer, the beads were

then resuspended in a volume corresponding to the amount of samples x50 pL ChlIP Dilution Buffer. The
beads were used immediately after.

3.7.3 Fractionation through Sonication Procedure

One froenrat hippocampus was homogenized in 10 mL of ice cold SoniNuclei Preparation Buffer I.
Homogenization was done using &0 basic Bperser/Homogenizer in 4x10 sec. starting at step one for 10

sec. followed by a stepwise increment in speed until step.fobhe homogenate was then centrifuged at

3000g for 20 min. at £C using Centrifuge MR23i. The supernatant was discarded and pellet was
resuspended in 1 mice cold SoniNuclei Preparation Buffer Il. The mixture was centrifuged at §3600

10 min. at 4 °C, the supernatant was discarded, and pellet was resuspended in 300 puL ChIP Lysis Buffer. The
chromatin Lysis Buffer solution was incubated on ice for 30 min. and 2.7 mL ChIP Dilution Buffer was added.
In order to fractionize the chrontia, the mixtures were sonicated while on ice in 6x10 sec. at 10 % or 20 %
output power usinga VCXL30 Ultrasonic Processorhe sonicated nuclei were centrifuged using Centrifuge
MR23i at maknum speed for 10 min. at 4C and the supernatant was colledtand aligouted into new

tubes. Ech aliquot contaiad 500 L suspension.

Quiality Control of Chromatin

The sonicated chromatin wasixed with 10 pL 0.5 mM EDTA, 20 pL 1M-CligpH 6.%.8), and 1.2 pL 18.9

mg/mL Proteinase K and incubated for 3 h af@4using a Thermal Cycler 2720. After incuba@iotP DNA

Clean and Concentratbt Kit was used to recover DNA. Extraction of DNA was performed according to
YIydzFl OGdzNBENDRAa NBO2YYSYyRFE(GA2yad ¢KS ljdz- £ Adgel FyR 7T
electrophoresis as described in secti®4.

3.7.4 Fractionation through Enzymatic Digestion Procedure
One frozerrat hippocampus was homogenized in 10 mL of ice cold EnzNuclei Perparation Buffer I.
Homogenization was done using &0 basic BpersefHomogenizer in 4x10 sec. starting at step one for 10
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sec. followed by a stepwise increment in speed until step four. The homogenate was then centrifuged at
3000g for 20 min. at £C using a Eppendorf Centrifuge 5430R. The supernatant was discarded and pellet
was resuspended in 2 nide cold EnzNuclei Perparation Buffer | with addition of 2 mL ice cold EnzNuclei
Perparation Buffer Il. The mixture was gently mixed and centrifuge@@2d. g for 20 min at 4 °C. The
supernatant was discarded and pellet was resusdended in 1 mL of MNase Digestion Buffer. The chromatin
MNase Digestion Buffer solution was then centrifuged at 10¢fad 20 min at 4 °C, the supernatant was
discarded, and p#dt was resuspended in 1 mL MNase Digestion Buffer. Each tube was split into two new
tubes of 500 pL suspension.

To each tube of chromatin and MNase Digestion Bl#8or 5 units of MNase enzyme were added and

mixed gently. The tubes were then incubaiada water bath at 37 °C using a Water ThermostatZIigt 3,

4, or 10 min. Rapidly thereafter 20 pL of 20 mM EDTA was added and samples were chilled on ice. The
MNase digested nuclei were centrifuged at 20000 rpm for 10 min. at 4 °C and the supernatamiog

the first soluble fraction of chromatin, the S1 fraction, was transferred to a new tube and stor2d &t

for further use. Pellet was resuspended in 500 uL Dialysss Buffer and transferred to a dialysis tube.

Dialysis was performed overihigon an IKA BigSquid magnetic stirrer at 4 °C in 2 L Dialygiss Buffer.

After dialysis the dialyzed suspension, the S2 fraction, was centrifuged at 120000 rpm for 10 min. at 4 °C, the
supernatant was transferred to a new tube. Pellet was resuspermi®@ pL Dialysisysis Buffer. fis was

the P fraction.

Quiality Control of Chromatin

After fractionation S1, S2 and P fractions were run in a 1.2 % agarose gel containing 1x TAE Buffer and 0.1 %
SDS. The gel was stained with 20 g Ethidium Bromide im0 for 30 min., and rinsed with,8 for

15 min. Gels were visualized as described in se@i4rThe S1 and S2 fraction were combined for further
processing and split into two aliquots of 500 L each.

3.7.5 Chromatin Immunoprecipitation
After fractioration of chromatin either by enzymatic digestion or by sonication, antibodies were added to
the mixtures. The antibodies used were artcetylated Histone H4 and Rabbit Serum for mock control.
One tube was left untouched for input control. The mixturefrationized chromatin and antibody were
incubated overnight on a IKA Bigiuid magnetic stirrer at 4 °C, thereafter 50 uL Dynabeads were added to
all mixtures containing antibody or mock control, input control was left untouched, and all tubes were
incubated for 3 h on a IntedMixer RM2L rotator at 4 °C. The samples contairihgabeads were then
washed on theotator for 5x10 min. at 4 °C using 1 mL of different buffers. The order and number of
washes were as follows:

1x Low Salt Wash Buffer

1x HighSalt Wash Buffer

1x LiCl Wash Buffer

2x TE Buffer
Between each wash the beads were pelleted using a magnetic rack. Immune ceswkne then eluted
by incubation at 1000 rpm for 15 min. at 85 using a Thermomixer. Elution was performed twice using
2x250pL freshly made Elution Buffer. 100 pL of input control was mixed with 400 pL Elution Buffer.
The eluted immune complexes were mixed with 10 pL 0.5 mM EDTA, 20 pL B/ (pkE6.55.8), and 1.2
pL 18.9 mg/mL Proteinase K and incubated for 3 h &CAfsing a Thermal Cycler 2720.
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3.7.6 Extraction of DNA

ChIP DNA Clean and Concentrdfdtit was used to recover immunoprecipitated DNA. Extraction of DNA

gl & LISNF2NXYSR I OO02NRAYy3 (G2 YIydzZlI OlidzNENRE LINRG202
Bindng Buffer, DNA was eluted using 30 pL of Elution Buffer. DNA was used immediately after or stored at

20 °C.

3.7.7 Native Chromatin Real -Time Quantitative Polymerase Chain Reaction

After extraction of precipitated DNRFGPCR was performed using primérd.JS O A FAEtO pratsd |
All DNA samples were run in duplicates. 10 yL of DNA was ampliie20>L reaction mixture of 1x
Brilliant Il SYBBreenQPCR Master Mand 0.5>M of each primerThe amplification reaction was run in
anMx3000P" QPCRsystemat 95 °C for 10 min., folload by 40 cycles 085 °C for 30 sec. arD °C for 30
sec.followed by a 25 min. melting curve program starting af&5and ending at 982 NoRT was used as a
control for contamination of reagents and unspecific birgdof primers.

3.8 Data analysis

3.8.1 Gene Expression Analysis
¢tKS SELINBaaAazy 2F S OK 3ISyS 27F A yActh NBekekpregsioriwas/ 2 NXY |
calculated using following formula, where E equals the efficienciey of the primer:

C ATAZD OA OGELD
P %

3.8.2 Statistical Analysis

Statistical analysis of gene expression was done using GraphPad Prism 5. A normal distribution is assumed
as al data derives from naally occuring events. Data was ana@gusing a onavay ANOVAANewman

Keuls test was used to test for multiple comparisdatiStical significance was assigned to p values < 0.05.

3.8.3 Sodium Bisulfite Mapping
Datareceivedfrom Beckman Coulter Genomics was analyzed using BiQ Analyzer software 2.0. The
sequences of the bisulfite treated DNA were aligned to determine possible group differences.
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4. Results

In the following section the results of the project will be geated. First the results of the gene expression
analysis will be presente@ased orthe results from the expression analyaisd previous data obtained in
our laboratory(Henningsen et al. 2012) the promoter region of tABexon % was screened for

methylated CpG sites. Lastly the optimization of M@hlRprotocol will be presented.

4.1 Gene Expression Analysis

The gene expression analysis was performed on a total of five experimental groups each containing six
animals. The fivergups were: 1) control group which was left unchallenged; 2) a group in which the
animals had been exposed to only MS, the animals of this group had an anhedonic phenotype; 3) a group
where the animals were exposed to the CMS protocol, the animals igriigp were also anhedonic; 4) a
group where the animals had been exposed to both MS and CMS, these animals had an anhedonic
pheontype; 5) a group where the animals had been exposed to both MS and CMS, these animals had a
resilient pheontypeFigure7 shows an overview of the experimental groups.

Unchallenged group/
Control group

Maternal Separation group
Anhedonic

Chronic Mild Stress group
Anhedonic

Maternal Separation/
Chronic Mild Stress
Anhedonic

Maternal Separation/
Chronic Mild Stress
Resilient

Figure7 The five groups of animals.

4.1.1 Genes Included in Gene Expression Analysis

Maternalcare has been proven to influence cognitive behaviour, as children who were subject to early
adverse events might risk developing psychopathologies like depression. Impaired maternal care like
decreased licking and grooming or separation of pups from nrdias especially been seen to alter

functions of hippocampus e.g. regulation of H&ds, memory formation or learning. (Zhang et al.
2010)(Zhang et al. 2004)(Marais et al. 2008) In this study the expression of genes involved in functions of
the hippocampaéstructure of rat pups from the five different experimental growpesre investigatedsee
Figure7. The actions of AP complex subunits have been strongly implicaireduration and stabilization

of LTP, a critical process for memory and learning. IncreaseSax and -JJun as high as #o 5-fold has

been observed subsequent to a learning inducing behaviour task. (Herdegen and Lealhl@9&) order

to determine whether certain subunits of the APcomplex is under the influence of maternal care and/or
induction of mild stressors , the expression afun, eFos, FosB, and JunB were investigated in this study
Gal and NPY, two dowstream targets of the AR conplex, were chosen for the gene expression analysis

as well. The neuropeptide Gal has been proven to be involvermation of both spatiamemoryand

learning, as Gal has been suggested to doggulate these two functionsk{nney et al. 200NPY orthe
contrary has been shown to positively correlate to recovery of depressive behaviour. Administration of the
neuropeptide NPY is proposed to regulate the HR& responsewhereby the stress response is
decreased(Cohen et al. 2012pal and NPY wereehefore also included as spatimemoryandlearning

and the regulation of HRAxis is crucial functions of hippocampus.
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The HPAaxis is also regulated by GR expression, and interestingly the promoter region of GRiexon 1

thought to be under influencefanaternal behaviour. (Henningsen et al. 2012)(Weaver et al. 2004)

Therefore it was decided to include GR exgprbmoter. Further, itwvasdecided to include analysis of the

whole GR expression, as the GR spliced variargs wiat differ in function, thogh they are expressed in a

tissue specific manner. The whole GR expression, by means of GR exon 2/3;amselguentlyestablish

the amount of the total receptor. (McCormick et al. 2000) Furthermoneagdecided to includehe two

plasticity related gees;! NO | Yy R whichate dathhassociated with changed neuroplasticity. Arc is

related to late phase consolidationbTH Yy R wA Yamh Aada GKNRdzZAK AYG§SNF OGAz2
Rab3 essential fqgresynaptic longerm plasticity (Kaeser etla2008)

CREB is another transcription factor which has been proven to be implicated in depressive behaviour and
cognitive impairments like dysfunction of LTP dependent memory formation. (Nestler et al. 2002)
Moreover, CREB is implicated in regulatiothaef AR1-complexand expression oArc and GRwhich makes

it aninteresting target for our expression analygiderdegen anddah, 1998)(Lam et al. 200®éaver et

al. 2001) Lasthgnalysis of DNMT3a and GA&dpressiorwas included. DNMT3a has likeEBRbeen found

to be implicated in cognitive impairments. A decrease in DNMT3a correlates with impaired long term
memory formation and further in a decrease in plasticity related gene Arc. (Oliveira et al. 2012) The
expression of the GARmegulating proteinGAD1 was analysed as it has been found that GAD1 expression is
influenced by maternal care. Zhang et al. 2010 found that maternal care infludre€ABArgicsystem

by altering GD1 promoter methylation.

It should be noted that the primers for the Ggne had a very high efficienciey, sesblel, which might
disguise the actual Gal expression by means of amplification of excess products e.g. primer dimers.
Therefore the results obtained for this geisanarked not completely reliabland may not reflect the

I OQlGdzZl £ SELINB&&A2Y 2F DI f ® Ywb-Actifabddi&d isidepicedas K S 3
percentage of mean of the control group +SEM, and the control group is set to 100 %.
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4.1.1 Subunits of the AP-1 Complex

Through ths study the expression of four subunits of thee ABomplex was investigated, these four were c
Fos, elun, FosB, and JunB. Interestintig, results shows that both CMS and MS influence the expression
of the four subunits. Through the analysis éf@sexpression it was seen that the CMS anhedonic rats had
a significantlyhigher eFos expression compared to the control groupv§tue; <0.05), seEigure8.
Opposingthe expression of-€os in the MS anhedonic group was slightly lower compared to the control
group,eventhough this was not statistically significaiihe samalifferences also accounted for subunits
FosB and JunB, where the expression was signifjdaigher in the CMS anhedonic rats compared to the
control group (pvalues; <0.05, <0.001 respectively). Further the decrease in gene expression in the MS
anhedonic rat group compared to the control group was also present in thesasatiyFosB and JunB
expression.The difference wastatisticallysignificant for JunB (palue; <0.0001). Interestingly, the CMS
anhedonic group had a significantly higher genetiaceggion of these three genes thidéhe MS group,

even though both animal groups had an anhedotienotype (pvalues; eFos <0.01, FosB <0.01, JunB
<0.01), sed-igures8.
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Figure8 Expression of thewbunits of AR1 complex ¢Fos, FosB, JunB, andlan. n=6 for all groups except the
CMS anhedonic where n=5. Data is presented as percentage of mean of the control group +SEM. The control
is set to 100 %. Significance levels shown on the figure are depicted as signifidérent from the control group.
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The expression ofEos in the CMS anhedonic gpwas furthermoresignificanty lowerfrom both the
MS/CMS anhedonic {yalue; <0.05) and the MS/CMS resilient gromwdfue; €.05). Thislsoaccounted

for FosB where the CMS anhedogroup wasignificanty higherfrom the MS/CMS anhedonic group with
a pvalue of <0.05 and the CMS anhedonic group sigsificantly differenfrom the MS/CMS resilient
group with a pvalue of <@5. In the expression analysis of JunB the CMS anhedonic group had a
statistically significant higher expression compared to the MS/CMS anhedonic group and the MS/CMS
resilient group (pvalues; <0.0001, <0.001 respectively), Begires.

The expression of eFos, FosB and JunB vedightly lower in the MS anhedonic animal group compared to
both the MS/CMS anhedonic and resilient group. However, this tendency wagnificsint. Among the
two animal groups which had both been exposed to CMS and MS there was a tendency of a higher
expression of €-0s, in the MS/CMS resilient growpen compared to the MS/CMS anhdonic group, see
Figure8. However, this tendency was not significant. This tendency was also present in the expression
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analysis of both FosB and JunB, where the MS/CMS resilient group also had a slightly higher expression of
the two genes compared to the MS/CMS anhedonic group.

The last AR subunit eJun did not follow the expression pattern as described above. When comparing the
control group to the MS anhedonic group the expressibo-Junwas more or less the same. On the

contrary, the eJun gene expression of the CMS anhedonic group was significantly higher than the control
group and the MS anhedonic group\{plues; <0.05, <0.05, respectively), ségure8. This increased
expression in the CMS anhedonic group compared to the control group was also seen in the analysis of ¢
Fos, FosB and JunB expression. When comparing the MS/CMS anhedonigenum#o the MS/CMS
resilientgroupit wasobservedthat the genetic expression ofJun was higher in the anhedonic group (p
value; <0.01). Interestingly, this is the opposite of the expression pattern for the three othesNBunits

c-Fos, FosB, antlnB, when comparing these two animal grougigures.

4.1.2 Down-stream Targets of the AP -1 Complex

Two downstream targets of the AR complex were chosen for esgssion analysis to see if the gene
expression pattern seen for the subunits woblkel recognizable in the targets. The targets chosen weed;
and NPY, which both are neuropeptides amave an AR1 consensus sequence embedide their genetic
code. Gal habeen described to have a potent modulatory effect on the serotonergic system in
hippocampus, which may contribute to depressive behaviour. (Ogren et al. 1998) The othesieam
target of the APL complex NPY have been described to mediate positigalaton of the HPAxis. (Cohen
et al. 2012) Thus, making these two genes relevant targets of tHedohplex when considering the
functions of the hippocampal structure.

When comparing the Gal expression in the control group to the MS anhedonic greagp seen that the

genetic expression wdswer in the MS group seEigure9, this finding correspond to the results of the ¢

Fos, Fos, and JunB genes. Likemigeexpression in the CMS anhedonic gravgshigher than the

expression in the MS group, which also was alike the pattern of the three subunits. The expression of Gal in
the CMS anhedonic group was more or less the same as the expression in the control\\frenp.

comparing the MS/CMS resilient group to the MS/CMS anhedonic group, there was a tendency of a higher
expression of Gal in the resilient group. Further was the Gal gene expression higher in the MS/CMS
anhedonic and resilient group compared to the Mth@donic and CMS anhedonic groups. However, none

of this was statistically significant.

In the analysis of the NPY expression an increased was observed in both the MS and CMS anhedonic groups
compared to the control group {palues; <0.05, <0.01, respeatly), sed-igure9. The increased expression

in the CMS group compared to the control group also corresponds to the increase seen in the tiree AP
subunits eFos, FeB, and JunB. Furthrapre, the expression of NPY was slightly higher in the CMS
anhedonic group compared to the MS anhedonic group. However, this was not statistically significant. The
gene expression of NPY was slightly higher in the MS/CMS resilient group compared to the MS/CMS
anhedonic group, this was not a statistically significant differencelFapee9. Furthermore, as it also
accounted for Gal expression, the expression of NPY \ghstin the MS/CMS anhedonic and resilient

groups compared to the CMS anhedonic group. The expression was also increased in the MS/CMS
anhedonic and resilient groups compared to the MS anhedonic group, this difference was statistically
significant with pvalues of <0.05 and <0.01, respectively.
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Figure9 Expression of dwn-stream targets of the AL complexGal and NPY. n=6 for all groups except the CMS
anhedonic where n=5. Data is presented as percentage of mean of the cogtmip +SE. The control group is set
to 100 % Significance levelshown on the figure are depicted as significant different from the control group. *
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Through the gene expression analysis of both GdINiRY MS and CMS combined seemed to increase the
gene expression, this opposes the tendency seen in the analysiBosf €&0sB, and JunB. The expression of

Gal and NPY was higher in the MS/CMS anhedonic and the MS/CMS resilient groups compared to both the

MS and CMS anhedonic groups.

4.1.3 Glucocorticoid Receptor

The GR is an important relgtor of the HPAaxis responses aritthas been found to be altered in
depressive patients. Dysregulation of the Hids may both result in neurotoxic damage due to sustained
elevated cortisol levels and cognitive impairments amongst other thiiNgstler et al. 2002)(Weaver et al.
2001) Thus, B serves as an interesting target in this modéli8fand CMS exposure. Furthermore, it has
been found that the GR promoter for exoni& under the influence of maternal behaviour and it has been
postulated that this regulation might be mediated by epigtic changes. (\@aver et al. 2001) Therefore,
both GR and GR exonwereincluded in this expression analysis.

Interestingly, the overall expression of GR and thetfom of GR comprised of exondhowed two

different expression patterns. The overadlrge expression of GR, referred to as GR exon 2/3, did not seem
to be influenced by either of thexperimentalgroups, as the expression of GR exon 2/3 was more or less
the same when comparing all animal groups, Bagirel0 GR exon 2/3. Howev, the expression of GR

exon % varied among the different animal groups. It was seat the expression of GR exopviias

increased in the MS and the CMS anhedonic groups cmedga the control group. Furthermore, the
expression was higher in the MS anhedonic group compared to the CMS anhedonic grdtiguseko.

The MS/CMS anhedonic gno showed a lower gene expression of GBnek compared to the MS/CMS
resilient group. Furthermore, the expression of GR exasegéms higher in the MS anhedonic group
compared to both the MS/CMS anhedonic and resilgnoup, whereas the expression ingtitMS
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Figurel0 Expression ofslucocorticoid receptor exon-land 2/3. n=6 for all groups except the CMS anhedonic
where n=5. Data is presented as percentage of mean of the control group +SE. The control group is set to 100

anhedonic group was more or less the same as the MS/CMS resilient group, but slightly higher than the
MS/CMS anhedonic group. However, none of these differences were statistically significant.

4.1.4 Plasticity Related Genes

Toinvestigate the influe®@S 2F a{ IyR /a{ 2y LXlIaGdAOAGe NBftlFdSR
is a protein which has been associated with consolidation of both LTP anchaKiBg Arc a regulator of

synaptic homeostasis. (Coppens et al. 2011)(Bramham et al. 2008) WiRireall A a NBf I G SR (2
plasticity at the synapse and to consolidation, which are processes essenti@ifttenance of cognitive
behaviour. (Kaeser et al. 2008)(Kaeser and Stidhof, 2005) Synapse plasticity, LTP and consolidation are all
processesvidely used in the hippocampal structufor e.g. memory and learninghd&refore, Arc and

Rims® areinteresting targets of our gene expression analysis.

In the analysis of Arc expression it was seen that Arc was more widely expressed in the MS arimeldonic

in the CMS anhedonic groups compared to the control greegFigurell. Further, itwasseen that the

expression was slightly higher in the CMS anhedonic group compared to the MS anhedonic group.

However, none of these differences was statistically significant. lagdgionallyfoundthat the

expression of Arc in the MS/CMS resilient grewgs higher than in the MS/CMS anhedonic group.

Interestingly, the expression was more or less the same in the MS anhedonic and in the MS/CMS resilient
groups, sedigurell! NODo® Ly (GKS wAYamh Fylfeara GKS SELINBaai
compared to both the control and the CMS anhedonic group, this different was not statistically significant.
LYyGSNBadGAy3aIter wAaYamh g & n$he cohdl@ouSard theyCM$ dnhedoaid S |j d:
group. Furthermore(i K S S E LINB & awasslightl2 Higheunhe B1S/EGMS resilient grougpmpared

to the MS/CMS anhedonic group, Segurell.

4.1.5 Other Genes
Three other genes were chosen for the expression analysis, these were CREB, DNMT3a and GAD1. CREB is
transcription factor which has been shown to be closely implicated with synaptic plasticity and LTP in the
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hippocampus. (Nestler et al. 2002) Interestingly, some of the dstngam targets of CREB are-&P

complex, Arc and GRHerdegen and Leah, 1998)(Lam et al. 2009)( Weaver et al. 2001) The
methyltransferase DNMT3a was alscluded as it has been found thiais related to long term memory
formation and plasticity related genes BDNF and Arc. Furthermore, DNislifi8alved in cognitive
impairments related to agingQfiveiraet al. 2012) Lastly, the enzyme GAD1 was included in the expression
analysis as isiinvolved in regulation of Glu/GABAergic system homeostasis. GAD1 has been proposed to
be under the influence of maternal care, thus the alterations of the Glu/GABAergic systems seen in
depression might be partially due to altered GAD1 expression. (&taig2010)

Through the analysis of CRIEBvas seen that the expression was higher in both the MS anhedonithand
CMS anhedonic groughencompared to the control group, these differences was statistically significant
(p-values; <0.05, <0.001, respeeiy). Additionally the expression was increased in the CMS anhedonic
group compared to the MS anhedonic groupvglue; <0.05). When comparing the MS/CMS anhedonic
group to the MS/CMS resilient group the CREB expression was higher in the MS/CM$ gesiife(p

value; <0.05). Moreover the MS anhedonic group showed a statistically significant decrease in expression
compared to the MS/CMS resilient groupyv@lue; <0.001). The expression was also slightly higher in the
MS/CMS anhedonic group comparedhe MS anhedonic group, however this was not significant.
Interestingly, CREB expression was more or less the same in the CMS anhedonic and the MS/CMS
anhedonic groups, however the MS/CMS resilient group showed a higher expression compared to the CMS
anhednic group, se&igurell. It seemss ifCREB share the same tendencies with its detneam target

Arc, both genes werexpressed more widely in both the MS and CiwviSedonic groups compared the

control group, and there waa higher expression in the CMS anhedonic group compared to the MS
anhedonic group. Even further, themmession of both CREB and Arc wiigher in the MS/CMS resilient

group compared to the ME8MS anhedonic group ségurell CREB and Arc.

Through the analysis of DNMT3a expression it was seen that DNMT3a was more widely expressed in the
MS anhedonic groupompared to both the control and CMS anhedonic groups. Whereas DNMT3a was
more or less equally expressed in the CMS anhedonic group and the control gro&jgwed1 DNMT3a.
Interestingly, the expression wagcreased in the MS/CMS anhedonic group compared to the MS/CMS
resilient group, and also compared to both the MS anhedonic and the CMS anhedonic groups. However,
this was not statistically significant. The last gene included was GAD1 and in the expaBnagisis it was

seen that GAD1 was expressed in almost equal amounts in the control group, the CMS anhedonic group,
the MS/CMS anhedonic, and the MS/CMS resilient group. However, in the MS anhedonic group, the
expression was slightly decreased compareth®other experimental groups, though this was not
statistically significant, seeigurel1 GAD1.
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Figurell Expression ofArc, Rims GAD1, DNMT3and CREB. n=6 for all groups except the CMS anhedonic where
n=5. Data is presented as percentage of mean of the control group £SE. The control group is set to 100 %.
Significance levelshown on the figure are depicted as significant differy & FNBY GKS O2y (i NER ¢
nénp FFF t X nonnamI FYR FFFF t X nonnnamod
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