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Major depressive disorder (MDD) is a globally spread and conm@aropsychiatric
disorder. The neurobiological underpinnings of MDD are a current matter of study. The
strong heterogeneity of its clinical manifestations and the lack of response in some
patients make the identification of new targets and the generation of novel treatments
an important issue for the treatment of MDDherefore, the aim of this thesis was to
contribute to the discovery of new targets for antidepressants (ADs) to improve MDD
treatment. Recentlyit was shown ipostmortentissue of MDD patients that the number

of glial cells is reduced, accompanied by atrophy of neuronal cells and decreased volume
of the prefrontal cortex(PFQ. Neuropsychiatric disorders also display disrupted synaptic
communication and neuronal conaogvity, which are reversed by ADBolowing the
hypothesis that a dysgulation in the communication between glial cells and negran

one of the key factors underlying the development of MDD, | aimed to see the effects of

astrocytes on synapse homeostason the effect of ADs

| focused my studgn the PF@nd hippocampal areas, hence these areas are known to
be highly involvedni mood disorders. For examining eslpbe specificity, | performed
both in vitro and ex vivoexperimentsfrom naive animals in orddo not interfere with
other physiological changes produckythe disease itself. In the present stydycould
observe a eduction inexcitatory synaptic densities vitro, after 48h continuous AD
treatment, when neurons were growing in the presence of cortical astrocytes but not
when hippocampal astrocytes were presei. the absence of astrocytes or in the
presence Astrogie-Neuron Conditioned Media such effects were not sesiggesting
that a membranebound proteinmight have mediatethose effectsEx vivaeexperiments
also revealed a reduction of synaptic markers in the adult rat PFC after-tehort
treatment with ADs, but not in other areas such as CA1 andd€A8 hippocampus.
Astrocytes could mediate this fast AD action as there are closely assomatgdapses.

For these reasons, MEGF10 receptor was studied. This molecal@gaissmembrane
receptor that participates in synapse elimination mostly during development. Indeed,
treatment with ADs for 4&ours (h)triggered an increase in MEGF10 exprassn the
adult rat PFC and primary culturel astrocytes. Therefore, the reduction in the number

of synaptic densities | observed could be explained by an astroggendent



remodelling of synapses following acute AD treatmémisupport of this hypotésisthe
downregulation of MBEF10 was sufficient to bloockDs effects, thus no reduction in
synaptic densities was observerhken together, these data suggest that MEGF10 could
be a potential novel candidate to develop alternative treatment options figeases

characterized by synaptic aberranciesach as MDD.

Moreover, it is important to understand which major changes are produced in disease
conditions. Therefore, part of this thesis aimed to demonstrate the neurobiological basis
of the heterogeneityfound in depression, using two different animal models with a
depressivdike phenotype (HAB;ligh Anxiety like Behaviour rand WK Wistar Kyoto

rat). Differences irthe number of synaptic densities and in the morphology of neurons
have been found in HABnd WK compared to control animalsinally, further studies
should reveal the contribution of MEGF10 to such changeshamda pharmacological

treatment may help to reestablish some of those changes.

10
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1.1 Major depressive disorder

Major depressive disorder (MDD) is a psychiatric disorder that afg&ztsillion people

worldwide, according to the data set by the World Health Organiza(dfHO)

Moreover, this number has increas@ more than 18% between 2005 and 20Y8HO,

2017). In general, neuropsychiatric disorders account for 19.5% of the burden of disease

in the European Regioithe cost of mood disorders and anxiety in the European Union

Ad | o62dzi wmT ne oifethis XatyaboudS0¥ ok BdjoNdbpressivaslare
untreated WHO, 2012 and current pharmacotherapies help many patients, but there

are still high rates of a partial response or no response to antidepressant therapies. MDD

is characterized by depressed ntbor dysphoria, but in addition to this core experience,

there are several other symptoms, including loss of interest in activities, sleep and
appetite changes, guilt and hopelessness, fatigue, restlessness, concentration problems,

and suicidakhoughts (Kanter et al., 2008)Clinicians find a standard criteria for the
classification of mental disorde’sy WQ¢ KS S5 Al 3y MandahddMdntgiR  { G (.
5AaA2NRSNEQQ 65{ a0 Lz f A aKS R(Kankrefiak, 3008) Y SNR O
The criteria to categorize the state and severity of depresarm@based on a diagnostic

interview by the psychologist, indicating that this diagnosis is not based on concrete
pathophysiological evidences. Improving treatment of depression requires properly
organized treatment progms, regular patient followap and monioring of treatments

(Schulberg et all998). Understanding the pathophysiology of depression is necessary,

given the clinical heterogeneity MDD, to obtain a more indidual treatment response

andnovel treatment strateges (Heshmatiand Russo, 1993)

1.1.1 Susceptibity to depression

A variety of genetic, epigenetic, endocrine and environmental factors may be risk factors
of this diseasefigure 1from Duman et al. 2016)For example, susceptible individuals

exposed to traumat or stressful life events may develop depression. Among the factors


https://en.wikipedia.org/wiki/Classification_of_mental_disorders

that can trigger a depressive phenotype are: an abnormal function of the hypothalamic
pituitary-adrenal (HPA) axis, neurotrophic factors, sex steroids, and metabolic and/or
inflammatory gtokines that can lead to alterations in neurotransmitters, intracellular
signalling, gene transcription, and epigenetic changes that can contribute to-tenort

and longlasting imbalances of neuronal function and behaviour. These systems lead to

an inceased incidence of depression, as well as to comorbid iliIn¢Bsesan et al. 2016)

N

Brain systems: Gene polymorphisms:
HPA axis and cortisol increased vulnerability

Innate immune system:
inflammatory cytokines,
monocytes and microglia

<« A\ / Cardiovascular:
Y ) (SN VEGF
h
_),.

Depression and anxiety Gl system and adipose:

Sex steroids: grehlin, leptin and microbiome
estrogen and

progesterone Comorbid illnesses:

Obesity, diabetes and
cardiovascular disease

Figure 1. Factors influencing susceptibility to depressioifhe heterogeneity of depression
results from one or more pathological determinanggtivation of the HPA axis and tigol, the
innate immune systemand inflammatory cytokines, fluctuations of ovarian steroids, the
gastrointestinasystem, adipose tissue améelated peptidesthe microbome, the cardiovascular
systemand gene polymorphismaayinfluence vulnerabilityffrom Duman et al. 2016)

1.2 Neurocircuitry of depression: brain areas implicated in depression

Variations in hormoas levels and the stress response have been studied in patients with
a depressive phenotype. Abnormalities in the HPA axis have been analysed by
psychiatriss and researches in order to understand the biology of depression. The HPA
axisconsists of a feedback circuits including the hypothalamus, pituitary and adrenal

glands(figure 2. The hippocampus, amygdala, bed nucleus of the stria terminalis and

12



Introduction

paraventricular nuclefPVN)also participates in the regulation of this axis. Duritrgss,

the HPA axis is activaté¥arghese and Brown, 200Zhe hypothalamus secretes two
hormonesccorticotropinreleasing hormone (CHR) and arginine vasopressin {#\4®)

act on the pituitary to increase the release of adrenocorticotropin hormone k) @vat

will be carried to the blood circuitry to interact with receptors on adrenocortical cells that
finally will stimulate the release of cortisol in humans or corticosterone in other animals.
Cortisol levels will influence the pituitary and hypothalasnand with this negative
feedback the loop is completgarghese and Brow2001)

Elevated levels of cortisol habeen found in depressiveatients, this is the reason why
thoseelevated levels may be involved in the etiology of mood disorders. Increased CHR
levels after stressful eventsi.e. maternal deprivationor in experimental conditions
when this hormone is adinistered to animals, give rise to a depressive phenotype

(Varghese and Brow2001)

Hippocampus and Other
Brain Regions

()

Y

Y

Hypothalamus

(+) CRiH, AVP

() Combined
- N DEX/CRH
> Pituitary C('f)H Test
“DEX DST

l
(+) ACTH
v

Adrenal glands
!

(—) Cortisol
Abbreviations: ACTH = adrenocorticotropic hormone,

AVP = arginine vasopressin, CRH = corticotropin-releasing hormone,
DEX = dexamethasone, DST = dexamethasone suppression test.

Figure2. Hypothalamicpituitary-adrenal (HPA) axiand regulation(from Varghese an@rown,
2001)

The hippocampus is another brain structure that has been extensively studied due to its
implications in depression and with regard to the actions of stress and antidepressant

actions in this areéCzeh et al. 2001)his structure plays a critical role in learning and
13



memory (Sapolsky 2015) Some imaging studies in humans have revealed that the
hippocampus undergoes keetive atrophy by reducing its volume in strestated
neuropsychiatric disorder&Czeh et al. 2001)

Other areas that integrates sensory information in humans are the orbital PFC, the medial
PFC (mPFC) and the infralimbic PFC in rodents. These areas integrate information and
modulate visceral reactions that are related to emotional processes throughipbeu
outputs to other brain regionsDuman et al. 2016)like hippocampus nucleus
accumbens, ventral tegmental area and amygdala (AMY), that are part of the mesolimbic
reward circuit together with the PREleshmatiand Russo, 1993)n patient with mood
disorder,the medial prefrontal network and related regions have been shown to contain
alterations in gray matter volume, cellular elements, neurophysiological activity, receptor

pharmacology(Price and Drevet2010)

1.3 Etiopathogenesis of depression

Many studies have tried to explain the etiology of depressimule 3. These are some

of the hypothesis:

Monoamine hypothesis.Monoamines are neurotransmitters that contain one amino
group connected to an aromatic ring by a twarbon chain, some monoamines in the
brain are serotonin, noradrenaline and dopamine. Some nesiithiat use monoamine
neurotransmitters, are involved in the regulation of processes such as emotion. Under
pathological conditions, like MDD there is a deficiency of brain monoaminergic activity.
Different antidepressants work by increasing the availabibf brain monoamines
(Elhwuegi 2004)

Glutamatergic hypothesis. Dysfunction of glutamatergic neurotransmission is
increasingly considered to be a core feature of stnedated mental illnesses. Both
stressors/glucocorticoid treatments acutely increase glutamate release in $aie
areas as PFC and amygdala. For exampMyomicrodialysis studies have shown that
exposure of rats certain stress: tgihch, restraint or forcedswim stress induces a
marked and transient increase of extracellular glutamate levels in the[Po{Eoli et al.
2012)

14
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Neurotrophic hypothesisMDD results from decreased neurotrophic support, leading to
neuronal atrophy, decreased hippocampal neurogenesis and loss of glial ce
Antidepressant treatment blocks or reverses this neurotrophic factor deficit, and thereby
reverses the atrophy and cell loss. Some studies have demonstrated that stress and
depression decreasbkrain-derived neurotrophic factorBDNIF expression and function

in the PFC, hippocampus and in the blood of subjects with depression. It is known that
BDNF infusion is sufficient to produce an antidepressant response in animal models, and
that BDNF is required for a response to antidepresseedtiment (Duman and |.2012;
Duman et al2016)

Immunological hypothesisThe body activates an immune response against a threat to
0 KS & dzo-esteéni Stesserssafe known to activate key inflammatory pathways in
peripheral blood, e.g. increasing circulating levels of-ipfammatory cytokines, like
interleukin6 (IL.-6). On the contrary, the greater the inflammatory response to a
psychosocial stressor, the more probable the subject is to develop depression over time.
In this way, individuals at high risk of developing depression xamele, e.g. after early

life trauma) show increased inflammatory responses compared withriskvindividuals
(Miller and Raison 2016Normal bain function requires low levels of inflammatory
cytokines, therefore elevated levels contribute to damage, atrophy and loss of spine
synapses in response to stress and depresgiors. Duman et al. 2016)

Glia cell hypothesisReduction in astrocytic proteing glial fibrillary acidic protein
(GFAR, connexind), aquaporin 4AQP4)glutamate transporter GL) and glutamine
synthetasg GS)in frontolimbic brain areas from depressive peopl@astmortenstudies
revealed that glial cell disruptions can be implicated in MDD. Moreover studies with
animal models and imaging studies of patients with depression have shown lthkat g
dysfunction is implicated in thg@athophysiologyof MDD and decreased astroayt

function is necessary and sufficient to trigger depressive symp{&ias et al. 2016)

15
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Figure3. Scheme of some hypothesis dépression.In each plot there is a summary of the most
characteristic changes found in samples from MDD samples or animal niid&dszyna 2015)

1.4 Cellular changes in depressidrsorder

Some studies have elucidated thgathophysiology of mood disorders, providing
evidence for cell atrophy and loss in relevant limbrain structures. Some of the cellular
changes that have been found in limbic regiansdepressive phenotypare the
following. Morphological studies that have been made after repeated stress in rodents,
and brain imaging angdostmortem studiesfrom people suffering MDIDemonstrate a
reduction in the volume of hippocampus and PFC, and a reduittithre size or loss of
neurons and glial celidiu and Aghajanian 200Buman and Li 2012Yhe influence of
repeated stress on rats has been showrptoduce dendritic atrophy pyramidal neurons

in the mPFCin particular decreasedpical dendritic branch length and spine density in
distal brancheg¢Radley et al., 200%;iu and Aghajanigr2008) A retraction in dendritic
material inCA3 area of the hippocampus was also found after chronic stressfactor

for the later development of depression(Christian et al. 2011)Inhibition of
neurogenesis in the adult hippocampus or loss of preexisting hippocampal neurons after
neurotoxicity has been describeg@apolsky2001) In depressed subjects it has been

16
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observed a hippocampal volume reduction that can be partially explained by dendritic
retraction and reduced cell proliferation that has been found in animal maod&teh et

al. 2001)

The impairment of several glial functions are likely to contribute to the pathophysiology
of depression. Astrocytes have been found to be modified in frontolimbic regions, and
those changes are associated with depression. Most studies anglgséthortembrain
samples from adult individuals with major depressive disorder conclude that there is a
decreased number of astrocytiike elements in those areas, an alteration of astrocytic
morphology and density of different astrocytic markers, such as GERFcalcium
binding proteini (S100 0, AQR, etc(Rial et al. 2016)Other studies propose that
microglia are morphologically altered in frontolimbic regions of depressed patients with
hypertrophic cell bodiegRial et al. 2016)On the other hand, MDD patients do not
present prominent astrogliosis or glial scar formati@ossi, Vasile, and Rouach, 2018)

It is still a matter of discussion whether the altered number aratphology of glial cells

may be the cause or consequence of glial dysfuction in mood disorders.

1.5 Astrocytes

Astrocytes are defined as a highly heterogeneous class of neural cells of ectodermal,
neuroepithelial origin that sustain homeostasis and prosidier defence of the central
nervous systenfVerkhratsky et al. 2017Astrocytes were first described by Virchow in
1846 and were originally thought to be cells which function to support neuiGhaboub

and Deneen 2012)or many years astrocytegere consideedto be passive supporters

of neurons bunowadayshey are known tglay an important role in the brain being an
important component of theripartite synapseThis definition refers to theiinteraction

with neurons andtheir participaion in the regulation of synaptic neurotransmission
(Araque et al. 1999)In the human neocortex astrocytes accounts for 28980,
oligodendrocytes for 8% 75% and microglia for 5960% of the total glial population
The total number ofastrocytes in rodents is around 420% of total cells in the brain
(Verkhratsky et al. 2017A\strocytes are closely associated with synapses, it is estimated

that a single human astrocyte may contact and integrate around 2 million of synapses

17



residing intheir territorial domains, whereas rodent astrocytes cover 20€1D.000

synaptic contact§Verkhratsky et al. 2017)

1.5.1 Orignh of astrocytes

The embryonic neuroepithelium is composed of a heterogeneous mix of progenitors that
produce different neural subtypes within specific spatiotemporal boundaries. During
embryonic development, radial glia cells (RG) derived frormtheoepithelium are the
primary neural stem cells that produce neurons and glia throughout the Iffigure 4).
Astrocytes are first detected aroureinbryonic day 1616, however, the vast majority

of astrocytes are produced during the first month ofspmatal developmen{Bayraktar

et al. 2019)

M ' 16

Eﬁ i -
=
CP 8
glial o]
progenilor e
pm
e ‘°
y E12 - .

PPL ‘T—T—p SVZ/INZ 2 VICR)G

1 ,r/
VZ VZ
RG (|DRG VZ/ependyma \ \
layer-1 astrocyte protoplasmic astrocyle iy, 1q astracyte o o
T =X —( e
_ﬁ ventral 3
telencephalon

Figure4. Heterogeneity of astrocytes and their origirProduction and final positioning of the
astrocytes during development. Arrows with solid linedicate the cell lineages confirmed by
lineage tracing experiments. Arrows with broken lines show the hypothetic cell lineages by
histological investigations. E, embryonic day; P, postnatal day; Gi,ngatter; WM, white
matter; M, meninges or pia mattePPL, primordial plexiform layeyZ, ventricular zone; SVZ,
(embryonic or postnatal) subventricular zone; 1Z, intermediate zone; CP, cortical plate; BV, blood
vessel (Modified fronTabata 2015)
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1.5.2 Neurogenesis, astrogeneasd synaptogenesis

In the cortex neurogenesis is being produced before astrogenesis and synapses only begin
to form after astrocytes have been generated, concurrent with neuronal branching and
process elaborationThe generation of cortical neurons in mibegins at embryonic day
(E1®11). At birth (PO) cortical neurogenesis has finished, but it is not until postnatal day
(P7) when the arrangement of neurons into defined cortical layers is completed. Then,
the axons of newly generated neurons extend talftheir future postsynaptic partners,

and dendrites begin to form the protrusions that mark potential postsynaptic sites, after
their interaction synapses will be formd&arhyTselnicker and Allen 2018)strocytes

are generated from the same progenitor cells which gave rise to neurons at birth E18/PO.
These progenitors undergo a potency switch from a neurogenic to a gliogenic
differentiation program and differentiate into astrocytgdiller and Gauthier, 20Q7
FarhyTselnicker and Allen 201&strocytes, as they have mito properties, continue to
expand in number through the end of the first month of life, stablishing then a mature
morphology (with fine processes that will contact with neuronal synaps&isce then,

they are set in particular, neaverlapping domaingarhyTselnicker and Allen 2018)
Although neurons send out projections before birth, synapses only begin to form during
the first week ofpostnatal development, concurrent with the appearance of astrocytes,
indeed very few synapses are formed in the absence of glial cells and the ones that are
present are functionally immatur@Jllian et al. 2001)Astrocytes play an importanble

in promoting synaptogenesis. The formation of chemical synapses begins during the first
postnatal week, peaks at P14, and stabilizes at P21 to P28, concurrent with synapse

elimination and the refinement of circuitfigure 5 FarhyTselnicker and\llen, 2018).
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Figureb. Overview of astrocyte, neuron and synapse generation and developmniarthe rodent
cortex. Timeline from neurogenesis, astrogenesis, synaptogenesis, maturation and stabilization
of synapses. Timeline for astrocytes is markedard for neurons in purpl¢FarhyTselnicker

and Allen, 2018)

1.5.3 Morphologicacharacterization

Identification and visualization of astrocytes in the nervous tissue relies on the
morphological criteria and expression of specific mark@ferkhratsky et al. 2017)
Astrocytes have been categorized into two broad morphologies: protoplasmic astrocytes,
found in the grey matter, associated with both synapses and endothelial cells and directly
participating int KS Wy SdzNRP @ 4 O0dzf F NJ dzy A Qd ¢K2aS LINE
processes near neurons and are known to be closely associated with synapses being
responsible of modulating synaptic functions. The processes of two adjacent
protoplasmic astrocytes are unually exclusive, and occupy nowerlapping domains
(Bushong et al. 2002)0n the other hand, fibrous astrocytes, located in the white matter
express higher levels of GFAP, with short and highly branched extensions, may patrticipate
in myelination but their functions need to be further studi¢@haboub and Deneen,
2012)
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1.5.4 Astrocytic markers and receptors

A common approach to identify astrocytes is via the expression of diverse markers. Some
of the markers include: GFAP, vimen®100, glutamate transportergexcitatoryamino

acid transportes 1 and 2 EAATL) and (EAAT2); known in rodents asGLutamate
ASpartate Transporter (GLAST and GI1T respectively)GS inward rectifying Kir4.1
channels, water channel&QP4, Cx30 and Cx43, aldehyde dehydrogenase 1 family
member L1 (ALDH1L1), fructode 6bisphosphate aldolase (or aldolase C), and
transcription factor SOX@/erkhratsky et al. 2017)ntermediate filaments are a highly
dynamic part of the cytoskeleton of cells and their expression is highly cell type specific.
Astrocytes express 10 different isoforms of GFAP, together with vimentin, nestin, and
synemin(Hol and Pekny2015) In the juvenile hippocampus afBFAP staining reveals
80% of all astroglia whereas in other regions of the healthy brain only20%©of cells

are positive for GFA®/erkhratsky et al. 2017Pn the other hand, GFAP staining reveals
only the main processes of astrocytes, with labellingof perisynaptic and peripheral
processes osmall endfeet(part of the astrocytic processes that interact witlotd
vesselsp { mnni Aa Iy 2 n&i&NG ldbel Asivoyyes:; & is fozd Sidfamily

of calcium binding proteins and usually labet8 2imes more astroglial compartments
than GFAP. None of these markers, however, labels all astrocytes throughout the brain
(Verkhratsky et al. 2017)The GLiiL and GLAST astroglial transporters are glutamate
transporters mainly involved in maintaining physiological extracellulartamate
concentrations and protecting neurons against excitotoxididerego et al. 2000)
Astrocytes express all receptors of the major neurotransmitters including glutamatergic,
GABAergiq! -aminobutyric aciyl adrenergic, purinergic, serotonergic muscarinic and
opioid receptors. Other receptors for growth factors, chemokines, and steroids have also
been found in astrocyte@orter and Arthy 1997 Receptors that mediate phagocytosis
are also found in astrocytesMultiple EGHike-domains 10(MEGF1D and Proto-
oncogene tyrosingrotein kinase MERMERTKfunction as engulfment receptors by
NEO23ayAT Ay3 WSI G YS aidllfsynapses end tebris BLRnQ thé S a

development and in the adult mammalian nervous sys{€hung et al2013)
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1.5.5 Functions of astrocytes

Astrocytes have different functions during the development to facilitate the formation of
neural networks. Astrocytes are closely associated to neurons and synapses, they form
the so calledripartite synaps€Araque et al. 1999Neural circuits are staishedthrough

a complex process of synaptogenesis, maturation and synaptic pr@Bosyvorth and

Allen, 2017).

Astrocytes promote synaptogenesis. The differentiation and maturation of astrocytes
occurs at the same time that synaptogenesis. During the second and third postnatal week
astrocytes participate in the formation of excitatory synapses by secretictpria as
thrombospondins (TSP), glypicans 4 and 6 (Gpc4 and Gjest), andsecreted protein
acidic and rich in cystein8PARE {1 dzY 2 NJ y S O NP &Asasfarilag¥iodthNd b 0 ¢ b
F I OG 2 NU Farhygelicker and Allen, 2018)SPs induce ultrastructuraifyormal
synapses that are presynaptically active but postsynaptically silent. Astrocyte condition
media (ACM) and the presence of astrocytes exhibits the same ability to induce synaptic
puncta compared to the presence of neusoalone, furthermore TSdne of the factors
released by astrocytes and present in the A@Ms sufficient to induce synaps@dllian

et al. 2001; Christopherson et al. 2008)ther astrocytesecreted signals are Gpc4 and
Gpc6. Those molecules are sufficient to induce functional synapses between retinal
ganglion cell neuronisy increaing the clustering and surface levelGttamate receptor

1 (GluA) subunit of h-amino-3-hydroxy5-methyk4-isoxazolepropionic acid receptor
(AMPA receptor thereby inducing the formation of postsynaptically functioning synapses
(Allen et al. 2012)Hevin is sufficient to induce the formation of synapses between
culturedretinal ganglion cellsRGCgand SPARC is unable to induce synapse formation,
but strongly inhibitsHevinrinduced synapse formatiom vitro (Kucukdereli et al. 2011)
¢bCh Aad LINRPRdJzOS o0& 3ItAlLf OStta FyR Aa Foft$S
expression of AMPA receptors, paipating in the control of synaptic strength at
excitatory synapsefBeattie et al. 2002)TGF is secreted by glia and is expressed in the
embryonicand postnatal brain during the synaptic period and induces the formation of
functional synapses involvingd@rine(Diniz et al. 2012)

Astrocytes also support excitatory synaptic maturation. During development neural

activity and synaptic competition induce the transition of immature filopodia to mature
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stubby/mushroom spines. Hevin apart from being a synaptogenic factor, also assembles
glutamatergic synapses by bridging neuretinand neuroliginli , two isoforms that do

not interact with each other, this modulation in the adhesion of these proteins is critical
for the formation and plasticity of thalamocortical connections in the devielgvisual
cortex (Singh et al. 2016)Astrocytes swihesize cholesterol that contributes to the
refinement and maturation of hippocampal synapses by enhancing the efficacy of
synaptic transmission at glutamatergic presynaptic termifds Deijk et al. 2017T.he
synthesis of cholesterol is elevated duriihg peak of synaptogenesis under the control

of sterol regulatory element binding proteins (SREBPS). It was seen that diminishing
SREBP activity in mouse astrocytey deletion of SREBP cleavagivating protein
(SCAR)resulted in decreased cholestdrand phospholipid secretion by astrocytes.
Moreover, SCAP mutant mice showed more immature synapses, lower presynaptic
protein SNARS levels as well as reduced numbers of synaptic vesicles, indicating

impaired development of the prgynaptic termina{van Deijk et al. 2017)

1.6 Phagocytosis and MEGF10 receptor

Astrocytes can contribute to the refinement of neural circtiitsough synaptic pruning.
Astrocytes participate in the eventual elimination of synapses of redundant and
nonspecific synaptic contacts in two ways. Astrocytes mediate pruning directly through
phagocytosis and indirectly by mediating the neuronal expression afgtytic markers
recognized by microglia. Synapses are eliminated in order to refine neuronal circuits,
inappropriate or weaker connections are tagged for eliminatiBosworth and Allen
2017) The elimination of synapses has been mostly studied in the developing visual
system when astrocyte morphogenesis and maturation occur concomitantly with
synaptic deviempment. Stevens and colleagues showed that the classical complement
cascade, which is part of thenate immune systemparticipates in synapse elimination.

An astrocytederived signal triggersomplement componentlq (€19 upregulation in
postnatal neurons and it is localized in synapses, followpg#asecascade and finally
leading to the deposition of the downstream complemeaamponent 3 C3, that can
directly activate C3 receptos on macrophagesor microglia thereby triggering

elimination byphagocytosislf C1q or C3 are absent in the brain of mice, those animals
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present large sustaed defects incentral nervous systemCN$ synapse elimination
(Stevens et al. 2007)

In the developing and adult brain, astrocytes are able to eliminate synapses through
MEGF10 and MERTK pathways. Those molecules play critical role in synapse remodelling
underlying neural circuit refinemerfChung et al. 2013)n a transcriptome data analysis

for astrocytes, it was founthat they are enriched in MEGF10 and MERTK genes, genes
for phagocytic pathways in astrocytes, suggesting they are involved in phagocytosis
(Cahoy et al. 2008)'he phagocytic pathway were first describedmosophilaglia cells

and Caenorhabditis elegarengulfingcells, where the orthologues of MEGFdDraper

and CEEL respectively meditates axon pruning or phagocytosis of apoptotic cells
(MacDonald et al. 2006; Zhou, Hartwieg, and Hon#@01) suggesting the cellular
machinery promoting phagocytosis of corpses of apoptotic cells is well conserved from
worms to mammalgfigure 6). In nematodescedl encodes a transmembrane protein
similar to human SRE&#&vengeReceptor fromEndothelialCells). The CED protein is
localized in the surface of cell membranes that senses cell death signals and resogniz
neighbouring cell corpses, possibly by recognizing a phospholipid ligand on their surface.
It also clusters at the phagocytic cups and initiates pseudopod exten&drou,
Hartwieg, and Horvitz 2001CEEL-dependant phagocytosis involves other CED proteins
(such as CEB helpingto control the delivery of vesicles to phagocytic cups and
phagosomesand CEEY recognizing engulfment signals of cell corpses cognizing
engulfment signals of cell corpsé3hen et al. 2009)n the olfactory system of flies, glia
upregulate expression of the engulfmemetceptorDraper and undergo dramatic changes

in morphology, and rapidly recruit celar processes toward severed axons, after axonal
injury is produced. In thdrapermutants, the axons are not cleared properly due to glia
fail to respond morphologically to axon injuiMacDonald et al. 2006).0 activate Draper
some other molecules pddipates in the pathwayShark, a nomeceptor tyrosine kinase
binds Draper through an immunoreceptor tyrosihased activation motif (ITAM) in the
Draper intracellular domain. Moreover, the Src family kinase (SFK) Src42A can markedly
increase Draper phosprylation and is essential for glial phagocytic activity. In order to
explain the signalling cascade it was proposed that ligdgmkendent Draper receptor

activation initiates the Src42dependent tyrosine phosphorylation of Draper, the
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association of Shila and the final activation of the Draper pathwéylacDonald et al.
2006)

The function of MEGF10 requires other proteins, such as GULP16(Qf#ivlog) and
ABCA1 (CED ortholog;Chen et al. 2009)ABCAL is aAdenosine triphosphat¢éATH
binding cassette transporter. Hamon and colleagues proposed a model to explain the
MEGF1ABCAL1 interactionst the site of engulfment, ABCA1 molecules are activated,
by yetunknown mechanisms, and then enter the catalytic cycle. The binding of ATP
induces assembly into complex oligomers containing ABCAL1 multimer. ATP hydrolysis at
the nucleotide binging domaitniggers local remodelling of lipid composition, such as the
ABCA1l dependent externalization of phosphatidylserine and disassembly of the
oligomeric complexes into individual components. This new membrane configuration
could favour the shuttling of the coponents to MEGF10 in order to help in the
engulfment function. Some cytoskeletal scaffolds like dynamin are able to drive MEGF10
along the forming phagosom@&lamonet al. 2006)In other study, the expression of Jedi

1 or MEGF10 in fibroblasts facilitated the engulfment of neuronal corpses, and by
knockingdown either protein in glial cells or overexpressing truncated forms inhibited
engulfment of apoptotic neuras This suggest that these receptors may converge on a

common pathway or even form a compl@X/'u et al. 2009)

Draper

CED-1

Jedi-1

@ EMI domain EGF-like domain Ig/MHC signature domain 1 NIM domain

|TM | Transmembrane domain O NPXY ® YXXL @D Proline-rich domain
Figure 6. Schematic representation of the modular architecture of Draper, CGERnd
mammalian homologsThree mammalian proteins, MEGF10, MEGF11 andlJedire identified

as being highly homologous to Draper and @&Bing BLASTP (National Center for Biotechgolog
Information).Modified fromWu et al., 2009
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On the other hand, synapse elimination mediated by astrocytes involves an astrocytic
[C&"] elevation dependnt on inositol 1,4,8risphosphate receptor (IP3R). The IP3R type

2 knockout ftpr2> ¥ mice showed an impaired somatic?Csignalling in astrocytes, giving
rise to impaired developmental elimination of synapses in the ventralgrostedial
nucleus. This impairment was also found in fR2ry®< P'mice, where the purinergic
receptor was ablated. Even though there was an impairment in pruning in those animals,
synapse elimination was still found between P7 and P16 suggesting that #inere

multiple mechanisms for controlling synapse eliminatf¥iang et al. 2016)

1.7 Astrocytes heterogenait

Different regions of the adult brain contain astrocytes with vastly different morphologies.
Some studies havieied to underlie the expression pattern of astrocytes from different
areas finding that astroglia from each region are molecularly distinct. Those studies were
performed with highdensity RNA microarray profiling on astrocytes from optic nerve,
cerebellun, brainstem, and neocortex during development, it was found that each
population contained both common and unique cohorts of gef¥ésh et al. 2009)
Astrocytes from different regions demonstrate heterogeneity in their expression of ion
channels and coupling molecules. For example,ctkannel, Kir4.1lis enriched in
astrocytes of the ventral horn of the spinal cord compared to those of the dorsal horn
(Chaboub and Deneen, 201Eunctional NMDA receptors have been reported in cortical
and spinal cord astrocytes am®rgmann glia of the cerebellum but not in other areas as

in the hippocampus. @3 and 30 are more pronounced in the barrel field of rodents
compared to other cortical regior{f€haboub and Deneen, 2018lutamate trasporters

have different cellular dynamics of expression; GL$ expressed mostly in the cortex,
grey matter areas of the hippocampus, and spinal cord of mice while GLAST was
expressed in the cerebellum, dentate gyrus of the hippocampus, and spina{Regan

et al. 2007) All those findings provide molecular egitce for CNS astroglial cell
heterogeneity.

During development, synaptogenesis is determingsiough multiple mechanisms

influenced by the astrocyte population, brain region, and neuron type. Here we can see
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some examples using vitro approaches. fie protein Hevin is necessary for the
establishment of thalamocortical synapses in the primary visual cortex, by stabilizing the
trans-synaptic connection between presynaptic neurexin and postsynaptic neuroligin,
but has no role in the establishment of intatical synapse¢Singh et al. 2016)in
another stud/, theheterogeneity of the synaptogenic profile of astrocytes from different
brain regions was studied by looking at the effect of astrocyte conditioned medium (ACM)
from different areas on primary neurons. In summary, they found that different
populatiors of astrocytes have different gene expression profile in some of their
synaptogenic factors (e @pat is more enriched in the cerebellum whiBp® is more
abundant in the hippocampudievin is also more expressed in the hippocampus but
SPARC present higthexpression in cortical astrocytes). This heterogeneity found in the
astrocyte population may be relevant for the astrocggnapse interactions and might
impact neuronal connection even{8uosi et al. 2017)0n the other hand, Farmer and
colleaguedound that astrocytes depend on cues from mature neurons to control their
complex molecular profilen viva They focused on the cerebellar cortex, which contains
two specialized astrocyte types, Bergmann glial (BGs) -tledls enwrap Purkinje cell
dendrites and synapsesand velate astrocytes (VA)hat surround granule cells and
mossy fibers Those astrocytes share comparable expression of some genes like GFAP,
Sox9 and GLT1 but also display distinct molecular profiles. BGs are enriched in AMPA
receptors GIUAl and GluA4, and GLAST, while VAs are known to have low amounts of
those genes and large amounts of the AQP4. Sonic hedgehog signal (Shh) that regulate
cell specification, axon guidance, and cell proliferation, drives specific molecular and
functiond changes in BGs but not in VAs. Genetically manipulating an increase in the Shh
pathway in VAs allowed those cells to obtain an mRNA profile resembling that of BGs.
This is one of the mechanisms that create and maintain differences among astrocytes
(Farmer et al. 2016 Another study has related astrocyte subpopulations in healthy brain
with analogous populations across a cohort of hurhanors. They identified five distiic
astrocyte subpopulations present across three brain regions (olfactory bulb, cortex and
brainsteam) by using an intersectional fluoresceacéivated cell sorting (FAGBased
strategy. Moreover, they identified correlative populations in mouse and hugtiama,

those specific subpopulations emerged during tumor progression corresponded with the

onset of seizures and tumor invasi@ohn Lin et al. 2017All those resultsshow the
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molecular and functional heterogeneity of astrocytes in the nervous system,
demonstrating that astrocytes are able to exert particular synaptogenic effects in specific
synapses, and revealing that neurons can also control the diyeskigistrocytes in the

brain.

1.8 Astrocytes in depression

Numerous studies have revealed that MDD is a disorder with prominent pathological
astrocytic alterations, which affect density, morphology, protein expression and
membrane channel functions of astrocytes as | will describe here. Many of the studies
have ben performed onpostmortem brains and it has been observed prominent
decreases in astrocyte number and packing density in MDD subjects compared-to non
psychiatric controls. Numerous studies with animals have revealed that a depressive
phenotype can be tggered when the astrocyte function is disrupted or diminish. For
example, glial ablation in the PFC of adult rat by targeting the astroayitds L-" -
aminoadipic acids sufficient to trigger a depressii&ke phenotype similar to chronic
stress (Banasr ahDuman 2008Lima et al. 2014 On the other hand, there are some
studies in which the functional activity of astrocytes has been inhibit, as a result the
animals develop a depressiige phenotype. ATP is known to be a key factor involved in
astrocytic functions, low ATP amounts were found in the brains of mice that were
susceptible to chronic social defeat. Likewise, the transgenic blockage of vesicular
gliotransmission, by suppression of the expression of theSNARE domain of
synaptobrevin 2, inducedeficiencies in astrocytic ATP release, causing deprekiséve
behaviours that could be rescued via the administration of fJ&b et al. 2013)Gap
junctional channels are composed of connexin proteins. Impaired gap junctional
intercellular communication in astrocytes results in altered neuronal function. Animals
exposed tochronic unpredictable stres<C{5 and that had behavioural deficits in
sucrose preference test and novelty suppressed feeding test exhibited significant
deaeases in the diffusion of a special chanpetmeable dye and expression of Cx43.
Moreover, those alterations were reversed and/or blocked by treatment with typical
antidepressantqSun et al. 2012)AQP4 is the main aquaporin isoform expressed by
astrocytes in the CNS. Lack of AQP4 exacerbated deprdé&siveehaviours in chronic
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corticosterone subcutaneous injection model of depression, this was rebdeby
performing the forced swimming test (FST) and tail suspension test, mice knockout for
AQP4 showed longer immobility times compared to dng et al. 2014)Astrocytes
regulate glutanate levels by removing glutamate from the synapse via glutamate
transporters. By inhibiting GLITin the PFC, with a particular inhibitor dihydrokainic acid
(DHK), was sulfficient to produce anhedonia, a core symptom of depression (dohts
etal. 2012)

In human studies, changes in the previous describedepns have been also described.

A decrease in Cx43 occurs in the dorsolateral PFC of people who ¢edsuaiicide and

in the locus coeruleus, orbitofrontal cortex and hippocampus of MDD patignssi,
Vasile and Rouach 2018jessenger RNATRN) transcripts involved in glial syncytial
function, potassium channel Kir4.1 and AQP4, are downregulated in hippocampus of
MDD subjects compared to contrdsledina et al. 2016)The coverage of blood vessels

by endfeet of AQP4astrocytes was reduced by 508%MDD patientdRajkowska eal.
2013)This indicates that MDD subjects have an alterédri€l water homeostasis. They
may have disrupted integrity of the BBB and may not work as effective as in healthy
condition. On the other hand, reductions in the mMRNA expression of GFAP amd S1Q y
the locus coeruleus, source of extensive noradrenergic innervation, were found in MDD
patients compared to control@Bernard et al. 2011)n the serum of depressed people
KAIKSNI £ S@St a ZSehrdeteretml. 20@ghiiBcoutd 2edrttia leakage
from the astrocyte to extracellular compartment®ossi, Vasile and Roua@®18) Post
mortemsamples of patients who had AD treatment have been studied bgraégroups.
Those histopathological studies in humans have also revealed changes in the amount and
morphology of glial cells, Rajkowska and colleagues found decreased cortical thickness
and reduction of glial densities in the upper and lower layers efdtbito-frontal region,

and reduction of density and size in the dorsolateral prefrontal coffajkowska et al.
1999)

A reduction in the expression of synapstated genes is another characteristic of this
disorder, some of them are classified as regulators of synaptic vestelesodulin 2,
synapsin, regulators of dendritic spine formatieRab3A, Rab4Band mediatorsof
axonal outgrowth and regeneratiofeta-tubulin 4- are known to be decreased in MDD

subjectsCUSnodels also have a decreased in the expression of synapsin I, calmodulin 2,
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Rab3A, and Rab4B, although not bataulin 4 in the PF(Kang et al. 2012 his data
may suggest that the decreased levels of these synagiséed genes in MDD result from

chronic stress exposure that could contribute to depressive behav{fiargg et al. 2012)

1.9 Antidepressardact on the brain, focused on their action in astrocytes and
synaptic plasticity

Most ADs have been created based on the monoamine hypothesis of depression. They
work increasing the availability of one or more neurotransmitter in the (3d8ildkraut,
1965) ADs impact these systems through either primary or secondary pharmacological
mechanisms. The delay response of some patients to ADs suggest thrasg¢bendary
actions might involve changes in gene expression and/or synaptic plasticity contributing
to their therapeutic mechanism@®rice and Drevef2010) The mechanisms of action are
the inhibition of the reuptake of norepinephrine NB and/or serotonin &-
hydroxytryptamine(5-HT) into the presynaptic terminal from the synapse (tricy@ios
(TCAs), selective serotonin -KB) reuptake inhibitors (SSRIs) andH{®B and
norepinephrine (NE) duaituptake inhibitors (SNRIs)); the inhibition of the monoamine
oxidase, the enzyme that degradesH3, NE, and dopamine (DA) in the presynaptic
terminal (MAOIs); and the blockade or stimulation of presynaptic and/or postsynaptic
monoamine neurotransmitter receptorgHoltzheimer andNemeroff, 2008) For this
study five different ADs corresponding to the different classes were used: Desipramine
(tricyclic AD), Mirtazapine (tetracyclic AD), Fluoxetine (SSRI), Reboxetine (NRI) and
Venlafaxine (SNRI).
The negative effects of stress areuroplasticity contribute to a disease phenotype,
treatment with ADs affect then similar mechanism and are predicted to have opposite
effect (Pittenger and Dumar2008) Those ADs also increase synaptic plagtat several
levels. Classic@lDsincrease the expression of some molecules associated with neuronal
plasticity such asBNFafter chronic treatment(Nibuya Morinobu and Duman1995)
BDNF in blood is found in platelets and is released upon their activation; serotonin is
known to be taken by platelets through the serotonin transporter, although uptake of
serotonin to platelets is reduced in depressionti®ats have also low levels of BDNF in
serum that can be rescued by treatment. Otherwise, BDNF does not pass through the
blood-brain barrier, but plasma BDNF could influence brain regions where the -blood
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brain barrier is leakyCastrén and Rantaméki, 2008) addition to enhancing functional
neuroplasticity, ADs enhanced structural plasticity affecting number of synapses, spines
and dendrites. ADs have been seen to increase the number of synapses, for instance 5
days treatment with FLX produces a robustregase in pyramidal cell dendritic spine
synapse density in the hippocampal CA1, while CA3 areas are required of 14 days to have
similar change¢Hajszan, MacLusky and Leranth, 20@8%0 in hippocampal areas, the
reduction of dendritic complexity caused by stress can be reversed by chronic
admnistration of tianeptine, but not FL¥Magarifios, Deslandes and McEwen 1999)
Signalling pathways are implicatedtime development of mood disorders and can be
target of pharmacological treatmen{Czéh and Di Benedetto, 2013)he ERK/MAPK
pathway, involved in cell survival and plasticity, can be target of ADs, for instance long
term treatment of FLX activates the extracellular signedulatedprotein kinase (Erk)

and p38 mitogerassociated protein (MAP) kinase cascades. Several classes of ADs have
been applied to animal or cells. Short term treatments in primary culture of astrocytes
showed an upegulation of downstream genes like BDNF and GMfcier & al. 2004)

In the C6 glioma cell line (used as an in vitro model to study astrocytes), some
antidepressants like RBX and norquetapine activate ERK1 and ERK2 molecules with a
consequent increased release of GOMFBenedetto et al. 2012)

ADs also induce transcriptional and translational changes in glial cellorown
regulation of GRP ,AQR!, vimentin and upregulation @43 in the PFC upon chronic FLX
treatment has been seen in the brain of experimental anin{&atemi et al. 2008)
Astrocytes also express serotonergic transporters. The uptake-tdT By rat brain
astrocytes through a Nadependent, FLXensitive highkaffinity transporter has been
documented bebre (Dave and Kimelberg 1994pointed out that SSRIs inhibit glial
serotonin transporters as well. FLX has relatively high affinity for Gg/11 proteipled

5-HT; receptors and causes an increase in cytosolic calcium concentratioti]ij{@ad
phosphorylation of ERK1/2 in astrocytes vitro (Li et al. 2008) Regulation of ion
homeostasis, such as K+ buffering, is an important astroglial function, mediated by Na+,
K*-ATPase. Accumulated K+ is released by an inwardly rectifying Kir4.1 channel. This
channel is blocked by SSRIs and TCAsnmigi alter astrocyteneuron interactions in

K+ homeostasis, neuronal excitability and be implicated in the pathophysiology of mood

disorders(Ohno et al. 2007Su et al. 2007)By knocking down AQP4 in mice, the water
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homeostasis can be disrupted and the chronic -fextment-induced hippocampal
neurogenesis is abolished as well asidepressant effectgKong et al. 2009ndicating

the proper stability othe BBB is important for AD action. Studies have shown that MDD
is accompanied by an activation of the inflammatory response system and an increase in
some cytokines like TNFnd 11-6 in depressed subjects compared with control subjects.
Those cytokine lels can be normalized after antidepressant treatm@nowlati et al.
2010) The structural changefound in glial cells in depressive people can play an
important role in the progression of the disease but it is not known if they are the cause
or consequence of the pathology of depression. In a study, animal models etelong
psychosocial stress wersubjected to daily oral administration of FLX. AD treatment
prevented the stresénduced numerical decrease of astrocytes. Any AD effect was found
in control animalgCzéh et al. 2006 ADs may work by restoring the deleterious effects
of stress or influencing cell proliferation by affecting glia cell number. Regarding this
effect, Czéh and colleagues have observed endargliogenesis in the PFC of mice
subjected to chronic social stress after treatment with HC¢éh et B 2007)
Morphological changes can be observed in vitro and in vivo, cells treated with imipramine
exhibited a rouneshaped cell body with long, thin procesg€abras et al. 2010yvhile

in another study treatment with FLX reduced astrocytic somal volumes. Those changes i
structural plasticity of astrocytes can reflect functional changes within the;géakonal
interaction, for instance reduced hippocampal volumes found in depressive phenotype
could be related with stressduced reduction of astroglia size and numif§€zéh et al.
2006) Nonetheless the therapeutic response of MDD people toraBsires still several
weeks of treatmenthhat is why new therapeuticesponse targets need to be identified

to be able to access to more rapid and efficacious treatnfBuoiman et al. 2016)

In the last years more studies about the action and efficacy of fast acting AD have
emerged. Fast acting AD as ketamine can be effective in treating MDD. It is-a non
competitive antagonist oN-methylD-aspartate (NMDAYeceptor, at subanaesthetic
dose canproduce a rapid response that is sustained about 1 week, even in patients
considered treatmentesistant. Ketamine induces a rapid and transient increase of
glutamate release, which stimulates presynaptic metabotropic glutamate receptors
(mGIuRs). The aegation of mGluRs induces a lelagting decrease of glutamate release

that possibly compensates the impaired astrocytic glutamate clearance in MDD
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(Sanacora, Treccarand Popoli 2012)Ketamine activates mTOR pathway, leading to
increased synaptic signalling proteins and increased number and function of new spine
synapses in the prefrontal cortex of rgtget al 2010)

Electroconvulsive therapy (ECT) is another antidepressant therapy currently used that
result and effective therapy for some treatmerdgsistant depressed patients. This
therapy induces normalization of aberrant hippocampal connectivity and increased
hippocampl volumes in as a clinical response. It has a slightly faster onset of action than
typical ADs medication®uman and .2012;Abbott et al. 2014)

The exact cellular mechanism by which ADs exerts their therapeutic effect is not fully
understood; apart from their capacity to inhibit the neuronal reuptake of serotonin. As it
has been previously described we should not forget how ADs have a direct effec

astrocytes as well, with consequences for the plasticity of the whole brain.

1.10 Animal models of depression

Animal models have been developed based on evidences that link stressful events with
depressive phenotype. Animal models of psychiatric disardee usually discussed with
regard to three criteria first proposed by Willner in 1984. It is important to validate an
animal model and see how well the symptoms observed in animals resemble to the ones
in patients suffering the disease. The presenca sfmilar pathophysiology is known as
face validity. How well animals respond to any kind of treatmerst antidepressive
treatment- compare to how humans would do it, is known as predictive validity. How well
the mechanism used to induce the disease phgpe in animals reflects a similar
biological dysfunctions/etiology between the human and animal model is known as
construct validity. Those criterions that relies on etiological and symptomatic aspects and
have a pharmacological correlation should beilfelfl by the animal model in order to be
considered relevant for human patholo@elzung and Lemoin2011) Some models of
depression are based on the exposure to various types of acute or chronic strgseins

et al. 2001) To understand the neurobiology of depression, valid animal models have
been studied learned helplessness model, chronic stress model, social defeat stress and
early life stress models among the most important ones. THearned helplessness

model,those animals develop a state of helplessness after being exposed to direct acute
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stress, likeanescapable electric shocks, resulting in increased escape latency or failure to
escape.Chronic mild stresshis paradigm involves the application of a variety of
intermittent physical stresses over a prolonged time peifidshnan and Nestle2011)

Social defeat stresshis model is obtained after a prolonged social streBse chronic
social defeat stress nael repeatedly exposes young adult male mice to a series of
antagonistic encounters with an older and more aggressive male mouse, resulting in a
range of depressiotike phenotypesn the young micéHeshmati and Russo, 201Barly

life stress modsl typically applied in the form of maternal separation during early
postnatal developmental periods give rise to cognitive and emotional changes that
persist through adulthoodKrishnan and Nestlge2011)

For this study rats with an endogenous depressive phenotype have been usddighhe
Anxietylike Behaviour(HAB) rat breeding line is a type of Wistar rats bred for high
anxietyrelated behaviour after their performance on the elevated pinaze. Those ta,
extremes in anxiety, should spend less than 5% of the time on the open arms of the maze
to be classified inside this group and be used for further breeding and less than 10% to
be used for experimental purposes. This test is a-vgtiblished test thacreates a
O2yFt A00 06SisSSy GUKS ylFGdzNIf FyAYFT Q& OdzNA 2
and the avoidance of open and brightly spa@ésumann et al. 2011HAB rats also show

a depressive phenotype in thEST, were theylisplay a more passive coping style
predominant with higher immobility and less struggling. This test probes the coping
mechanism of rodents under a complex situation, i.e. the animal cannot escape from a
water-filled cylinder, he starts moving with actimeovements, then swimmingtruggling

as a scape behaviour, and a final immobile posture that indicates a behavioural loss of
hoping. This change to immobility is believed to reflect behavioural despair due to a
failure to a directed behaviour to keep es@ag or a passive behaviour to cease active
forms of coping to the stressful stimullhe acute administration of ADs in this test
increase the time that rodents spend in escagieected behaviou(Slattery and Cryan,
2014) These animals have been also tested in a broad variety of test for amzlatgd
behaviour such as open field, ligtiark box, holeboard and fear conditiognwhere a
highly anxious phenotype has been descrilldumann et al. 2011With respect to the
neuroendocrine system, the HPA axis is one of the major stress systems. It is regulated

by the release of CRH and AVP from the PVNth#opituitary, which stimulates the
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secretion of ACTH into the bloodstream. ACTH, in turn, triggers the adrenal release of
glucocorticoids which facilitate physiological and behavioural adaptations to a stressor at
multiple peripheral and brain levels. &g have seen before, the dysregulation of the
HPA axis has been linked to anxietyd depressionrelated disordersThis line share an
elevated HPA axis responsiveness, when exposed to somal stressor, e.g. a novel
environment, HAB rats show a mopgonounced ACTH and corticosterone secretory
response and elevated neuronal responsiveness in the PVN, the medial preoptic area and
the locus coeruleugNeumann, Veenema and Beiderbeck, 201@®) terms of gene
expression, AVP and CRH mRNA expression from hypothalamus and PVN respectively are
upregulated in HAB raf®Neumann et al2011) Chronic treatment with paroxetineSSRI

AD- or infusion of an AVP receptor antagonist directly into the PVN has been shown to
successfully reverse the passive stregping style in HAB males accompanied by a
reduction in hypothalamic AVP expsésn(Slattery and Neumanr2010;Neumann et al.

2011) At the cellular levels, previous work from our laboratory described a reduction of
coverage of blood vessels in the adult PFC of HAB rats by analysingw@Rbreactive
astrocyte processes, confirming the data found within the RFQVDD patients,
indicating that the integrity of the BBB could be perturb@i Benedetto et al. 2016)
Previous studies from our group validatdHAB rats at the cellular level as a mottel

study MDD. A significant decrease in astrocyte denswas foundin HAB rats when
compared to normal anxietyrelated behaviour (NAB) ratsThese alterations are
consistent with the observed reduction of glia cells, especially astrocytesstmortem
fronto-limbic brain regions of MDD patien{®ajkowska and Miguélidalgo, 2007)
Furthermore, an increase in global abundance of H3K4(mre®ethylation at the 4th

lysine residue of the histone K3vas found in HAB rats, when compared to NAB,
particularly, a specific cetype was affected, the astrocytes. H3K4me3 is necgska
packaging DNA in eukaryotic cells by increasing the accessibility of DNA. Thus, changes in
abundance of these methylation markers strongly affects accessibility of genomic regions
for the initiation of transcription. A similar alteration of H3K4nte® seen in HAB rats,

and in depressive patien{€ruceanu et al. 2013)n conclusion, HAB a weHlestablished
animal model with robust behavioural and cellular phenotype that mimics many

symptoms of humamnxiety and depression related disorders.
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TheWistargKyoto(WKY) rat strain has been proposed as an animal model of endogenous
depression. They show hyperresponsbahavioural and endocrine responses to stress
that exceed normal controls, distinct neurochemical profiles and enhanced depressive
like behaviours in a variety of test§osselin et al. 2009)n the second day of the FST,
WKY rats were more immobile compared to controls, indicating a passive behaviour and
reflecting two functional characteristics related to depressiareater psychomotor
retardation as well as enhanced learned helplessness. In the social interaction
assessment, WKYs also showed greater social avoidance, avoiding both male and female
stimulus rats. Interestingly, WKYs did not avoid novel objects in this paradigm. Ude ha
enlarged adrenbglands and hearts relative to other straifddam etal. 2014) WKY rats
exhibit a delayed activation of the HPA axis, followed by an over stimulation, and altered
neuroendocrine stress responses, including increased plasma corticosterone and ACTH
levels (Rittenhouse et al. 2002)Treatment with different AD drugs attenuated
depressivdike behaviour in those animals. This was seen byedestng immobility and
increasing swim time in the FYTejaniButt, Kluczynski and Paré 20033lial cell
characteristics have been studied in the context of depressive phenotype. Specific
astrocytic deficits in GFAP expression have been found in cdirtibac areas (PFC,
basolateral amygdala @CA3 andlentate gyrusfrom hippocampus) in WKY rat brain.

This data may be a general correlate of depreskkes behaviour in animal models
(Gosselin et al. 2009)



Introduction

1.11 Aim

Major Depressiv®isorder(MDD)has become the leading cause of disability worldwide.
Although several treatment options exist, the latesan of beneficial effects and a high
rate of nonresponder patients still represent a huge problem. To ¢d#te molecular
underpinnings of MDD are not completely understood. Therefore, it is important to
identify new targets to treat this disease.

| havefocused my study in the interaction of astrocytes with neurand synapseafter

AD treatment Both cell types have beatescribed to bemplicated in depressiorlThe
importance of balanced synaptic function and plasticity becomes evident when
consideringthat synaptic dysfunctions have been ascribed to various psychiatric brain
disorders Therefore, some hypothesis have proposedisrupted interactionbetween
astrocytes with the synapsasthe underlying cause of those disorders.

For this project] haw investigatedother pharmacological targets of antidepressants
(ADs)I could observe thaADswere able to target specific synapses in an early time point
and only in the presence of cortical astrocytes. For this reasgripauswas on the study

of astiocytic molecules that werdighly related with the synapseThe molecule |
investigated wasMEGF10, a membrane bound protein which pap@ates in synaptic
pruning, being therefore a promising candidate responsible for the reduction in
excitatory synapticensities observed after acute AD treatment.

Thosestudies were performed in naive animais order to not interfere with other
physiological changes produckgthe disease itselfFurthermore,ongoingexperiments

are focused on the study of synapses and the MEGF10 receptor in animal models of
depression. | hypothesize that changes in the MEGF10 pathway, probably during
development may have a negative influencenoneuronal circuits If this is truean
improper remoddling of neuronal circuits takes place duriegrly development,and

could be thecauseof neuropathologies in adulthood.
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2.1 Animals

All animal experimerstwere approvedoy the government of the Oberpfalz (Germany)
For the next study, all animals were kept under standard housing conditions {BRIF@2
humidity 55%, 12h light/dark cycle with lights on at 6:00 a.m., water and pelletddod
libitum). Forthe experimentsn which cells from pups were required, animai€18 stage

and pups at P@ were used. The mothers were purchased from Charles River.

For experiments with adult animalsdult male Wistar rat§Charles River, Sulzfeld,
Germany, 31@ 340 g body weightyvere housed under standard laboratory conditions

in groups of3. After one weelof habituation they werenjected intraperitoneally (i.p.)

with fluoxetineor saline for 48hFluoxetine was prepared fresh every day and diluted in
water. Rats received an i.p. injgon of either salineor 10 mg/kg in 0.5 ml twice per day

for two days.On day 3, animals were anaesthetized with CO2 and perfused with 4%
paraformaldehyde (PFA, Sigma Aldrichphiosphate buffered salinéPB$. Brains were
removed and postixedovernight O/N) at 4°C, cryomtected in 25% sucrose in PBS and
cut coronally at 40>m on a cryostat. Sections were preserved in a solution with 25%
ethylene glycol, 25% glycerol in PBS &0°C until further processed for

immunofluorescencemmunohistochemistrylf¢IHQ.

The experimats were approved by the government of the Oberpfalz, Germany, and
performed in accordance with the Guide for the Canel &Jse of Laboratory Animadé
the Government of Oberpfaland recommendations from the NIH. All efforts were made

to minimize the nurber of animals used and their suffering
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2.2 Drugs

Desipramine (DMJ) Mirtarapine (MTZ) (#M0443)Fluoxetine (FLDX (#132) and
Venlafaxine (VLX#V72649 were purchasedrom Sgma Reboxetine (RBX#Cay15038)
from Biomol.For stock solutions DMI, MTZ aR@8X were dissolved in 100 % DMSO, FLX
and VLX in #0. U0126 (Promega, Madison,,MV112) was dissolved in 100% DMSO.

2.3 Preparation of neurons

Primary cortical neurons of Wistar Rat were isolated on E18. In brief, the dam was
euthanize/sacrificed usin€@0O2, and the embryos were removed from the embryonic
sack. The embryos were then decapitated and the skull was opened. The meninges were
carefully removed from the brain, and the cortex, our area of interest, was dissected.
Dissected cortex was placed telO2f R | . { { o1 | y 1 & QbydHerdmb y OSR
Fischer#192109 and then fragmented into small pieces. The cortex was washed with
Neurobasal media, mixed with Trypd#DTA for 20 minutes at 37°C for proper digestion
and finally after washing againitv Neurobasal media, the cortex was homogenized
using fire polished Pasteur pipette. Last step of the procedure is the centrifugation of the
dissociated cells 5 minutes at 900 rpm. Supernatant was aspired and cells were
resuspended in neurcespecific medim (Neurobasal A mediwhhermofishey
#10888022, supplemented with B27 #175044 and Glutamine #25030024Before
seeding, CultureOne supplement (Thermofisher, #A332D)2was added to avoid the
growing of glial cellells were seeded in on lamirtoaed (Sigma, #2020) over 24

well plates at density of 40.000 cells/wePure neuronal cultures were allowed to grow

for 3 weeks. Half of the medium per well was change every 7 days.

2.4 Preparation of astrocytes

Primary cortical astrocytes were isolatedtween POP4 from cortical areas from NAB rat
brains. Astrocytes were taken from cortical areas following the same protocol than for

neurons ¢ee 2.3). In the last step, cells were resuspedda warm astrocyte growth
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medium DMEM, supplemented with 10ftal calf serum, 1% antibiotigntimycotic, 15
sodium pyruvate, 1%HEPES 1M, 1% MEMeassential amino acids. Cells homogenates

were plated on polD-lysine coated T75 chilasks.

2.5 Preparation of ca&ultures

Primary cortical astrocyte derived from NABsravere used. Cells were seeded on PDL
Coated cover glasses in astrocgi®wth medium. Astrocytes were allowed to growth for

4 daysin vitro (DIV), and then medium was changed to neurspecific medium shortly
before isolated neurons were plated on top thfese astrocytes. The emltures were
allowed to growth for 1DIV. Half of the neuron specific medium was changed once per
week. The absence of unwanted cells such as microglia was analyzed by terms of

immunofluorescence in every preparation.

2.6 Antidepessant treatment

The different five ADs were added to the cafio-cultureto a concentration of 1M

for the experiments of the argsis of the synaptic densitied0126 was administered 30

minutes before the respective apeatments at a final02 y OSy (i NI MaRigh 2 F H N
elicits the maximal inhibitory effectAt 14 DIV, co-cultures were treated with the
antidepressants (DMI, MTZ, FLX, RBX and VLX) toou48 (hjwith the presence or

absence of U012@r for 120h.

2.7 Harvestingastrocytedor westernblot

When finishing the treatment, medium containing ADs was discarded, single cultures
were washed withic®® 2t R t . { = ™ n asadded fothe diferank iellsarttT ¥ S NJ &

the samples were placed on eppendorfs and storeeBaf until furthe processing.
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2.8 Western blot experiments

For western blot experiments primary cortical neurons were seeded in 24pledds at

a concentration of 4@00-50.000cells/well (medium changed one per week) uliVv
18-21. After treatment with ADs (25 uM) cells were harvested, as described before. Cells
in lysis buffer were stored i¥80 or-20°CBCA protein concentration estimation (Thermo,

#23227) was performed on all protein samp(égure 7).

B @ a) Albumin standards in
e e = e _ A - duplicates

Samples

Figure 7. BCA test in a 96 well plat@) Diluted albumin standards in duplicates. The gradient of
colors, from green to purple, indicate a lower and higher amount of proteins, essential for the
preparation of the standard curve. The BSA concentration goes from 0 to 2000 ppB8amples

with 200 pg of protein/ml approximately.

According to the concentrations, specific amounts of Laemmli buffer was added to them.
10 mg of total proteins/sample were denatured at 99°C for 4 min, quickly spun down and
loaded on a SD&crylamide gel at 10% or 12%el run was performed for 1.5h, 90V at

RT in running buffer (25mM Tris, 190mM Glycine (Sigma, #G8898) and 0.1% SDS in
distilled water pH 8.3). After full separation of all the proteins, the gel was transferred to

a blotting chamber. Polyvinylidene fluorid®VDF) membranes (Merck, #IPVH00010)
were used for the transfer. Proteins were blotted for 2h, 90V at 4°C. To maintain a stable
temperature environment the transfer buffer (20mM Tris, 140mM Glycine, 20%
Methanol (Merck, #M79090) in distilled water, pH Bvwas precooled at 4°C. Membrane

41



was blocked in bovine serum albumin (BSA, Roth, #8076.4) for 1h and then incubated
with the next primary antibodie¢seetable 1) in 5% BSA in 1xBST for 24hTo enable
chemiluminiscencent anylisis, secondary antibodiesre used. Membranes were
incubated with secondg antibody in % BSAN T-BST at RT rotating for 2h. Membrane

were washed 3x 10min in TBST and incubated with SuperSignal West Pico
Chemiluminiscent Substrate (ThermoScientific #RE23269632airl. Chemilminiscent

reaction was visualized with ImageQuant LAS4000 (GE Healthcare Life Sciences, Freiburg,

Germany).

MEGF10 experiments

Antibody and company Concentr Corresponding Concentration
ation secondary AB

Rabbit antMEGF10 1:500 Goatanti-rabbit 1:1000

(ThermoFisher BA5

76556

a2dza S -ActhiCall i| 1:200 anti-mouse 1:3000

Signalling #3700

Pre and postsynaptic experiments

Antibody and company Concentr Corresponding Concentration
ation secondary AB

Mouseanti-PSD95 1:2500 anti-rabbit 1:2500

(Sigma ¥MAB1596

a2dza S -Acth{Cell i| 1:4000 anti-mouse 1:4000

Signalling #3700)

Antibody and company Concentr Corresponding Concentration
ation secondary AB

Rabbit anti 1:50 anti-rabbit 1:1000

SynaptophysinAbcam

#ab52636

Rabbit antiCofilin (Cell 1:1000 anti-mouse 1:1000

Signalling#51759
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Tablel. Primary and secondary antibodies for western blot analysis

2.9 Protein expression quantification

C2NJ 0KS lylrteaAraxs CA2A LYIF3IASW gl & dzaSR® DSt
The region of interest (ROI) was selected with the rectangle and consecutive lines/ROls

were selected in the option AnalygeGel#y, Select next lingfigure 8).

File Edit Image Process Analyze Plugins Window Help

8 olc|o| 4N Al oA fmlw]s|s]a] |»

Developer Menu Click here to search

ol 20190116_1446_2.gel (33.3%) e
11.26x7 51 cm (307 2x2048); 16-bit (inverting LUT); 12MB
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-
a a L} @ @ [ @ g @m @ - & -
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Figure 8 Analysisof the bandsfrom western blot.

After that, the Plot line option was chosen in order to have the plots from all the lines

(figure 9).
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Figure 9 Analysisof the bands western blotGel optiorwas chosen in order to get the plisines
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From every plot, theiarea was closed using the straight line dhen selected using
the wand tool(figure 10.

— F (Fii Is Just) Image! = 1
L) (Fiji Is Just) Image) - Fie Edt lmage Process Analze Plugins Window Help

File Edit Image Process Analyze Plugins Window Help | |
o clo|c|of [l Al 0@ ofswsls]a] |-
EL‘Q‘Q‘U,?‘L"’:‘\‘AP“““ Dwvls'“v‘wv“y‘/‘&‘ "’ %=132, y=394, value=255 Glick here to search

*Straight*, segmented or freehand lines, or amows (fight click to switch) ~ Ciick here fo search

S — 7 =

Figure 10 Selection of region of interest (ROI) referring to the area of a particular
band.

After selecting the areajata from the area and percentage was obtained and used for
the analysis. All lines were normalized to the corresponding total amount of housekeeper
protein (protein of interest/housekeeper protein= normalized results). First, the mean of
all controls wagalculated in % (results normalized x 100/ mean of controls). Then the

value of the different conditions was calculated accordingly.

2.10 Immunofluorescenceprocedure and analysis

Immunofluorescence of excitatory synages To terminate the treatment, singlena co
cultures were washed with ieeold PBS and fixed with 48araformaldehydeRFA Roth,
#0335.2)in PBSor 20 mins, then washed 3 times every 5 mins with cold FBSthe
immunostaining of synapsethe cells were washed thoroughly in PBS (3x 10 min), the
day of the immunostaining procedure and blocked in R#S (Linaris, #S1000),
supplemented with 0.1% Tritek100 in PBS, for 20 min at RT. After washing, staining
was performed by incubating the ¢elwith different combinations of primary antibodies,

O/N at 4°C, diluted in the aforementioned solution with gentle shakiaigie 2). On the
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second day, cells were washed (3x 10 min in PBS) to get rid of unbound primary antibody

and incubated for 1h witlthe corresponding secondary and tertiary antibodies.

Antibody and | Specificity Concen| Corresponding | Concen| Corresponding | Concen
company tration | secondary AB | tration | tertiary AB tration
Rabbit anti Excitatory Biotinr'SR  goat Streptavidin
synaptophysin | pre-synaptic | 1:500 | anti-rabbit 1gG| 1:500 | AF647 1:1000
(Abcam marker (Dianova #1141 (Invitrogen
#ab52636) 065003 #S2137%
Mouse anti Excitatory Anti-mouse Cy3
PSD95 (Biolegen( postsynaptic | 1:500 (Sigma #C2181) 1:500
MMS-5182) marker
Microtubule- Anti-chicken
Chicken anti associated AF488
MAP2(Acris protein 2. 1:1000 | (Invitrogen #A | 1:1000
#CH22108 Neuron 11039)
marker

Table2. Primary and secondary antibodider immunofluorescence.

To label nuclei in all {€xperiments DAPIL(1000, Sigma#32670) was usedit the end
of the procedure, cells were washed (3x 10 min in PBS) and mounted on specimen slices

using agueous mounting medium (Abcam, #ab128982) for confocal analysis.
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Immunofluorescence oinhibitory synapsesThe same protocol dsmmunofluorescence

of excitatory synaptic densiti@gas usedvith the following antibodiegtable 3).

Antibody and | Specificity Concen| Corresponding | Concen| Corresponding Concen
company tration | secondary AB | tration | tertiary AB tration
Rabbit anti VGAT| Inhibitory pre Biotin-SP goat Streptavidin
(Synaptic Systen| synaptic 1:1500 | anti-rabbit IgG | 1:500 AF647 (Invitrogen 1:1000
#197 863) marker (Dianova #1141 #S2137%
065-003)
Mouse Anti Inhibitory
Gephyrin postsynaptic | 1:1000 | Anti-mouse Cy3| 1:500
(Synaptic System marker (Sigma #C2181]
#197 862
Microtubule- Anti-chicken
Chicken anti | associated AF488
MAP2 (Acris | protein 2. 1:1000 | (Invitrogen #A | 1:1000
#CH22108 Neuron 11039)
marker

Table3. Primary and secondary antibodies fammunofluorescence.
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synphys/LAMP1! in astrocytes The same protocol dsnmunofluorescence of excitatory

synaptic densitiesvas usedwith the following antibodieqtable 4) and DAPI for DNA
staining (nuclei).

Antibody and | Specificity Concen| Corresponding | Concentr | Corresponding | Concen
company tration | secondary AB | ation tertiary AB tration
Rabbit anti Lysosomal Biotin-SP goat Streptavidin
LAMP1(Abcam associated 1:100 anti-rabbit IgG | 1:500 AF647 1:1000
#Ab24170 membrane (Dianova #1141 (Invitrogen
protein 1 065-003) #S2137%
Calcium

az2dzasS vy binding 1:1000

(Abcam # protein. Anti-mouse Cy3| 1:400
ab11178) Astrocytic (Sigma #C2181]
marker
1:400
Mouse anti GFAR - i fibrillary
(Sigma acidic protein.
#G3893 Astroglia
marker
Chicken anti Excitatory Anti-chicken
synaptophysin pre-synaptic | 1:500 AF488 1:500

(sysy #101006) marker

Table4. Primary and secondary antibodies fanmunofluorescence.

Immmunofluorescence microglialhe presence of microglia wasaminedn co-cultures
of astrocytes and neurons. The same protocahamunofluorescent of synaptic densities

was used with the followingorimary and secondarantibodies (table 5 and DAPI
(1:1000) as tertiary
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Antibody and | Specificity Concentration | Corresponding | Concentration

company secondary AB
lonized calcium binding Anti-rabbit
Rabbit anti Iba 1 adaptor molecule 1. AF488
(Wako Microglia/macrophage 1:1000 (Invitrogen 1:300
#01919741) specific protein #A-11008

a2dzaS | y| Calcium binding protein.
(Abcam # Astrocytic marker 1:1000
ab11178) Anti-mouse Cy3| 1:400
(Sigma #C2181
Mouse anti GFAR i) fibrillary aidic protein.
(Sigma

#G3893

Astroglia marker 1:400

Tableb. Primary and secondary antibodies fanmunofluorescence.

2.11 Confocal microscopy

To analyzémmunofluorescencemmunocytochemistrfl~ICGQ, micrographs were taken
using a Leica SP8 confocal microscope (Leica, Wetzlar, Germany). The appropriate lasers
for detection of the fluorochromes were sglted and settings were adjusted based on
the highest fluorescent signal. The following settings were adjusted and kept constant
throughout the experiments: objective and digital zoom, range of wavelengths, pinhole,
gain/offset, line average and number pixels per picture (512x512). To ensure an
appropriate recording of entire seoims Zstack acquisition was use and the sequential
acquisition mode was used in order to avoid blebtbugh between different channels.
The beginning and the end point were foled before taking the picture. For the
guantification ofsynapsesMAP2 was used as a reference to identify secondary branches.
For both IHCC excitatory and inhibitogynapses10-12 cells per coverslip, using a 60x

oil immersion objective and at 1&oom, were analyzed in any of thed3ndependent

experiments
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2.12 Quantitative analysis

Acquired images were saved by the confocal microscope software as .lif, then this file was
open by the Bid=ormatimporter plugin in Fiji. To open the images, the neptions were
chosen: stack viewing: hyperstack; metadata viewing: display metadata; color options:
default color mode and autoscal&or the quantification of synaptic densities single
presynaptic (synaptophysinignd single postsynaptic (PSD95a1) singe VGAT and
gephyrirt and colocalizing puncta were counted withe extra plugin Cell CountefFor
guantification synaptophysin/LAMRIhe plugin Spots colocalization (ComDefs used

in ImageJ.
Quantification of excitatory and inhibitory markers

Adquiredimages were saved by .lif files, which contained the relevant metadata. The .lif
FAES 461 a 2LISYSR @AF RNIIQYQRNRLIP ¢2 2LISy S
option in BieFormat Import Option was choseBy choosing to open all the series of

images at once, the single stacks of every picture are open individually. Single channels

could be selected by using the C slider and to go through the stack of images, the Z slider

was used. Every single image was merged by binding-¢t@ck. All the channglcan be

seen in the same image by choosing the Infag€hannel tood ColorA Composite

option. A ROI of 10um of dendrite was cut in the picture.

For the analysis of the single channels, one channel at a time was selected. The plugin
Cell Countety Cell Counted, allows you to count the ROIs of every chghgete 11 and
12).
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Figure 12 Analysis inlO umof dendrite.

| choose different counter types to analyze every single channel individually.
Synapthopysihand PSD9%unctaon the dendrites were quantified with counter 1 and

3 respectivelyfigure 13. Furthermore for the analysis of the merged channels, three
channetat a time were selected and the colocalization of the two puncta in threldee

wasquantifiedwith the counter 5.
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Figure 13 Quantification of pre and possynaptic markers using cell counter plugim 10 pm
dendrite.

Smilar analysis was performed in 20n of dendrite for the inhibitory marker¥ GAT+

and gephyrin+
Quantification ofsynaptophysin/LAMP1":

Adquired images were saved by .lif files, which contained the relevant metadata. The .lif
FAES 41 & 2 LISy S Rfterdsingle stacksl ol WP RidlReldde open
individually zstacks were made to seledKS whL FyR aA1S 2F {(KS
GFAP/LAMP1/synphys) and to quantify lysosomes and synaptic markers and their
colocalization (AMP1/synphys). A reduced number of-gtack was chosen to avoid

synphy$ particles in dendrites on top of some astroegt With he plugin Spots
colocalization (ComDetparticles were selected by size and intensity thresi{olthnnel

1: synphy¥ channel 2: LAMPYL For the colocalization theistance between spots'

centerswasdefined by 1 pixeffigure 14).
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Detect Particles

=

Detection parameters:

I include larger particles?:

¥ Segment larger particles (slow)?

Channel 1:

chia: Approximate paricle size |6.00 pixels

ch1s: Intensity threshold (in SD):  |5.00 around (3-20)

Channel 2:
ch2a: Approximate paricle size  |6.00 pixels

ch2s: Intensity threshold (in 3D):  |5.00 around (3-20)

Colocalization analysis:

¥ Calculate colocalization?
Max distance between colocalized spots  |1.00 pixels

I+ Plot detected particles in both channels?

Add to ROI Manager: [Nathing |

[~ Preview detection..

oK Cancel

Figure 14 Selected setting for the pluginSpots colocalization (ComDetParticles were
guantified attending to a 6 pixels size and certain intensity of the signal. The markers were
consideedto be colocalized when the maximum distance between spots was 1 pixel.

2.13 Sholl analysis

Following two weeks of culture, cells were fixed in 4% PFA for 20 mi@ClRvas

performed as previously described with chicken @adAAP2 as primary antibody, goat
anti-chicken Ig&Alexa 488 as secondary antibody and DARI to 14 cell§Srom one
O2QO0SNRBRfALI 6SNBE NIyR2Yf& OK2aSy dzaiAy3a I O2y ¥
step size, zoom 1). Images of labelled oslise imported into Fiji and a-grojection of

the stack with maximum intensity was performed. The channels wditeasyl the image

showing the stained neuroMAPZ2 was saved as-Bit file. Neurites were traced using

the semtautomated plugin Simple Neurite TexcVersion 3.1.6 (Longair et 2011). The

common starting point of alpaths was defined as soma centd?ath length and

distribution of dendritic branches over increasing distances from the soma were revealed

by Sholl analysis froné same plugin (Ferreira et 2014).
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Materials and methods

2.14 Short interfering RNAs (siRNAs)tf@ downregulation of MEGF10

| designed siRNAs mplementary to the mRNA sequence of MEGF10 in rat (NCBI

Reference Sequence: NM_001100657.1) using the siDesign Center (Dharmacon Research,

Lafayette, Co, USA). Four different siRNA were chosen and synthesized, taken into

account the next parameters: lowaontent of GC islands, higher score, not required

sense modifications and different start positions in the sequdtatde 6). The sequences

were also submitted to a BLAST search in order to virdyspecific targeting of the

siRNAs to MEGF10 in rat,tbe lack of targeng for any sequence for the Scr (Scramble)

sequence.
Name SenseS |j dzZSy-©8 p Q| %GC Starting position
siRNA1 GGACUGUACUGUAAUGBAY 37 1194
siRNA2 GGAAGAAUUCUGAGUAGBA 37 3049
SiRNA3 GGUUAUCAAUGCAGACUAU 37 2717
SiRNA4 CCAACAGGAGSUCUAUGAUU 42 3226

Table6. Sequences for siRNA

A nontargeting Scr & S lj dzS y-OCIAAGEUUAAGUCGCCGUW g I &

dza

negative control. The siRNA was resuspended incieasefree water for a final

concentration of 100 uM.

Transfection of primaryrat astrocytes was performed using Lipofectamine 2000

O0CKSNY2FAAKSNE

transfection, the medium was change to medium without antibiotics. The appropriate

|l MMCCYNHTO

I OO2NRAY 3

02

amount of siRNA was diluted im®MEM | Reduced Serum (Thermofisher, #31985070)

to work with a final concentration of 50nM or 100nM siR{igure 15. Lipofectamine

2000 was diluted in OptMEM | Reduced Seruamd incubated atoom temperature R7)

for 5 mirutes. Afterwards, the mix oLipofectamine and siRNA was incubated at RT for

20 minand added to the cellAstrocyteswere allowed to growth foB or 5 additional
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days.Afterwards, cells were washed with cold PBS and harvested in Eppendorf tubes until

they wereused for Western Blot

I~ I~ N NG N
C 1 Scr [ sil n si2 p1 si3 pl si4
B (
100 nM %}J\\/% AN
c Q
= N N N N
C Scr sit [ si2 [ si3 [] si4

Figure 15Layout of primary astrocytes culture for the transfection with siRNA

As we were interested in longagerm MEGF10 reduction, mosfficient siRNA sequences
+ Lipofectamine were added to NABrticalastrocytes in ordeanalyzedhe interaction
of the transfected astrocytesogether with cortical neurongfter 14DIV In the end of

this incubation, cells were treated with 10 pM REigure 19.

5 6

AV
w
(@]
=

S siz Y sia ] TIOHMFLX

° C/uuU\JU

Figure 16 Layout of cecultures neurons growing on astrocytes afteéhe transfection with
siRNA and the following FLX treatment
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Materials and methods

2.15 RNA isolation, reverse transcription ajRlCR

Isolation of RNA from singlultured astrocytes (DIV 7) grown on six well plates was
performed based on the suggested protocol from Merck. Briefly, 1 ml of TRI Reagent
(Sigma, T942400ml) was added to each well. After a short incubation for 5 atiroom

temperature, the solution containing the lysed cells was transferred to 1.5 ml reaction
GdzoSasx wnn >f 2F OKf2NRBFT2NXY 46l a | RRSR FyR i
to ensure phase separation during the subsequent 15 min centrifugatiormsted2 000

xg at 4°C (Centrifuge: Eppendorf 5415R, Rotor:- 24E1l1). The aqueous phase,
O2ydFAYAY3 wb!3X 41 & GNIYaAaFSNNBR Aydu2 I ySg
isopropanol. RNA was precipitated overnight20°C. The next day, after aspiragithe

supernatant, pelleted RNA (30 min, 12 000 xg, 4°C) was washed with 808idie¢hanol

by centrifuging for 30 min (12 000 xg, 4°C). Afterwards, the liquid was removed, and the

pellet was air dried and then resuspended in an appropriate amount as&fkee water

and stored at80°C.

For reverse transcriptiorhe following kits were used: QuantTech Reverse Transcription
Kit, Qiagen, Cat. Nr. 205311. QuantiTect SYBR Green PCR Kit, Qiagen, Cat. Nr. 204143

Genomic DNA elimination was conducted for 2 min at 4@s{tg following mix of

reagents fable 7).

Reagents Volume/Reaction
gDNA Wipeout Buffer (7x) 2>

template RNA Up to 1>g

RNase; free water Up to final volume
Total 14>

Table7. Reagentgequired for ggnomic DNA elimination

Thennm >3 2F A&2tlF 0SSR wb! &1 & Y XoE®BRcDMA (G K NI y
synthesistable 8).
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Reagents Volume/Reaction

Quantitative reverse Transcriptase 1>

Quantitative RT Buffer(5x) 4>

RT primer mixfinal 1>

concentration: 1I>M)

Total 6 >l

Name of primers {SjdzSEOH pQ

rMEGF1@ 90 F GGG CTG GAC AGA AG
TAC AT

rMEGF1@ 90 R CGAGCTGCTTAG GGAA
AG

rHPRTX 115 F CAG GCCAGACTT TGT T(
AT

rHPRTX 115 R TCC ACT TTC GCT GAT G
AC

Table8. Reagents and primers (from Metabion) required for cDNA synthesis.

For reverse transcription the sample was incubated for 30 min at 42°C, then the reaction
was stopped by heat inactivation at 95°C for 3 min. Complementary DNA (cDNA) was
storedat -20°C.

Primer were designed as intron spanning, in that way ensuring cDNA sequence specificity.
The amplicon length of the target gene was 90 bp. Reactions were prepared as following
Ay wmn table9idz Sa o6

Reagents Volume/Reaction
2x Rotor gen&YBR GredPCR MM 5>]
1>M Primer forward 1>l
1>M Primer reverse 1>
RNase free water 2>
cDNA (50-g) 1>

Table9. Reagents foQuantitative Real Time Polymerase Chain Reaction

A mixture without cDNA was used as Aemplate control for each primeQiagen cycler

RotorGene Q was programmed as belowt{yation/Denaturation 45 cyclegable 10).
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Materials and methods

Activation 95 °C 5 min
Denaturation 95 °C 15 sec
Primer annealing and 60°C 30 sec
elongation

Tablel0. Program inQiagen cycler RoteGene Q

Cycle threshold (Ctyalue was manually set in the linear phase of the amplificatiarve.
Ctvalues of the analygl target gene were normalized to reference gene HPRT, using
subsequent formula: (Eciency (HPRT)“ct(HTRP)}f{&ency target gene”ct(target

gene)) All efficiencies werassumed as 2.

2.16 Statistical analysis

For selection of the appropriate statistical test, theQ! 32 a0 Ay 2 YR t S| N&?2
normality test was performed for each data set. Date plotted as mean + Standard

error of the mean (SEM)lwo-tailed Studentst-test wasused when comparing two
groups.One&g | @ ! bh+! 3 F2f @ Bukeldomparisbripgsfids tesian a

two-way ANOVAvere used when comparing more than two groups. Differences were

consider to be sigificant, when the pvalue was qual or less than 5% (p<0.05 *), 1%

(p<0.01**), 0.1% (p<0.001***)0.01% (p<0.001****). All graphs were obtained and

data analyzed in GraphPadi$?n version 8.1 for Windows, GraphPad Software, San

Diego, California, USA.
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3 wS &dz G

3.1 Astrocytes as targets of antidepressant (AD) drugs

3.1.1 pERK protein expression in primary astrocytes

Some studies perform gain or loss of function mutations by genetic tools, pharmacology,
chemogenetic and optogenetic experiments to get some insights in the role of some
genes, proteins or molecules in diseaseésevious work from our laboratory described
that norepinephiine, a reuptake inhibitoractivates both ERK1/2 (pERK1/2) in C6 cells.
Those cells belongs ta cell line which shares similar ERK activation patterns with
astrocytes in response to ADs and might therefore be used as astrocytic modelyseana

an ADdependent modulation of ERK activatiidi Benedetto et al. 2012)n other study

with C6 cells, it was seen that treatment of amitriptyline, a tricyclic antidepressant,
rapidly increased extracellular sigralgulated kinase (ERK) acti\iyisaoka et al. 2007)
Therefore, the activation of ERK1/2 in astrocytes with other ADs treatment was analysed.
2S F2dzyR GKIFIG !'5a 2F RAFFSNByid OfldasSa AyRo
in pERK activitin astrocyteqfigure 17. This indicated that the activation of ERK1/2 in

astrocytes is specific for all the analysed ADs.
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Results

Figure 17 Specific pERK1/2 modulation in astrocytes upon AD treatmeajtAstrocytes were
treated with differentantidepressantsirugsshowing an activation of both ERK1/ERK2 only after
AD administration. (N=3: ERK1: * p< 0.05, ** p< 0.01, *** p< 0.0ERK2: ++ p< 0.p0WNValues

are plotted as means + 95% CI (Confidence Interval at 9§%epresentative Western blots
show changes in relative amounts of pERK1/2 with respect to an internal control protein (HPRT)
and to their respective control sampld3ata provided by Di Benedetidab.

3.2 Synaptic remodelling

3.2.1 Analysiof synaptic densitiem vitroandin vivo

A synapse assay may be useful to determine the effect of either astrsegreted
molecule or membrane bound proteins on synapse formation and remodelling. The
distribution of glutamatergic and GABAergic synapses around neutendtite or whole
neuron can be visualized by using a combination of presynaptic and postsynaptic marker
proteins. Within this analysis, the colocalization of presynaptic and postsynaptic puncta
reveals structurally accomplishedtrue synapses, which like contribute to network
connectivity(Ippolito and Eroglu2010) For the next analysis synaptophysin (synphys
and postsynaptic density protein 95 (PSD9%ere used to visualize excitatory pand
post-synaptic terminals while vesicular GABAergic transporter (V)G#id gephyrin
(gephyrirt) were used to see inhibitory synaptic terminals. Synapses are indeed miniature
structures, with a typical size range of 20800 nm in diameter, based onegltron
microscopy datdDzyubenko et al. 2016)ere we quantified synaptic densities in a total

of 10-12 secondary and tertiary branches from different neurons from each condition.

3.2.2 Excitatorysynaptic densities in a monoculture model

In the MAPK/ERK pathway, the phosphorylation of pERK1/2 molecules will activate
transcription factors that control the expssion of genes that are requirefdr cell
growth, differentiation and surviva(Kim and Bafagi 2004)ERK1/2also regulates
astrocyte morphology(Rossi et al. 2011; Fields et al. 201Bue to astrocytes are
modulators of synapses, it is proposed that changetheir plasticity and interaction

could further affect the number and density of synapges. that reasonfiwas examind

weather 48h ADs treatment was accompanied by &@hang in neuronal synaptic
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densities.First experiments were conducted in single primary neuron to see the direct

and acute effecbf ADs on those cell®rimary cortical neurons from NAB rats grew for

three weeks and were treated with fiveftirent ADs (DMIMTZ, FLX, RBX avidX). After
treatments with 10 uM ADs for 48h, immunocytochemistry staining with specific
antibodies for the preand postsynaptic marker were used. To asses synapse density,

the number of preand postsynaptic puncta of mature excivay synapses, synphyand

PSD95 respectively, as well as docalisation of both markers was analysed.- Co
localization of both markers reflects a true synapse as it has been described with these
and other markers. Synapses were quantified in secondangrntiary branches from

different dendrites, specifically on 10 um of dendrite. However, no differences in the
number of excitatory synaptic densities after 48h ADs were foundingle cortical
neurons figure 18 Synphys: C: n=3, 9.25 £ 0.30; DMI: n=3, 8.10 £ 0.51; MTZ: n=3, 8.62

+ 0.08; FLX: n=3, 8.17 + 0.44; RBX: n=3, 8.53 + 0.35; VLX: n=3, 8.27 = 0.45.
Synphy$/PSD95: C: n=3, 5.71 £ 0.14; DMI: n=3, 5.03 + 0.44; MTZ: n=3, 5.42 £ 0.36; FLX:
n=3, 5.49 = 0.32; RBX: n=3(G* 0.28; VLX: n=3, 5.37 £ 0.B&D95 C: n=3, 10.59 +

0.69; DMI: n=3, 9.90 £ 0.69; MTZ: n=3, 9.58 + 0.40; FLX: n=3, 9.16 = 0.16; RBX: n=3, 8.98
+ 0.60; VLX: n=3,8.60 + 0.80dinaryoneg | & ! bh+! F2ff26SR o0& 5dzy

comparisons test).
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Figure 18 Synaptic densities are not affected by any AD treatment in neurons alone
Quantitative analysis gfresynapticpuncta ynphys, postsynaptic punct@®SD95and their co-
localizationsynphy4d/PSD95 representing trueexcitatory synapse@vhite dotsand circlek Scale

bar 1um.n=3 (1012 dendrites per treatment grouppll data are represented as meanSEM.

Ordinaryoneg @ ! bh+! GgAGK o0& 5 dzyypBsiho&ést. Ydzf GALE S O2 YL

Statistics:

Parameter ADs effects
C vs. treatment for synphy's F (5, 12) = 1.212, p=0.3611
C vs. treatment for synphy#PSD95 F (5, 12) = 0.4083, p=0.8341
C vs. treatment for PSD95 F (5, 12) = 1.417, p=0.2866
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3.2.3 Inhibitory synaptic densities in a monoculture model

Inhibitory synaptic densities were analysed in primary cortical neurons in order to see
whether they could be also affected by AD treatment. VG&Id Gephyrih puncta,
corresponding to inhibitory markers in the psgnaptic bottom or possynaptic terminal

were anaysed. The quantification was made on 20 um of the dendrite. No differences
were found between the control and differérireatments after 48h ADsfigure 19

VGAT: C: n=3, 12.66 + 1.52; DMI: n=3, 12.51 + 0.50; MTZ: n=3, 11.86 + 1.43; FLX: n=3,
11.01 £ 0.79; RBX: n=3, 11.63 £ 0.87; VLX: n=3, 12.89 ¥GAY/ Gephyrin: C: n=3,

8.34 + 1.56; DMI: n=3, 8.40 £ 0.14; MTZ: n=3, 8.26 + 0.93; FLX: n=3, 5.49 + 01233,RBX:

7.21 £0.39; VLX: n=3, 8.54 + 0Béphyrin: C: n=3, 16.84 + 1.59; DMI: n=3, 16.57 £ 0.21;

MTZ: n=3, 15.90 + 0.95; FLX: n=3, 13.55 +1.17; RBX: n=3, 14.95 + 0.98; VLX: n=3, 16.79 +
1.49.0rdinaryoneg & ! bh+! F2ff26SR o0& dhsmwsy.SGdQa Yd
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Figure 19 Number of inhibitory synapses is kept after ADs treatment anmonoculture of

cortical neurons Quantitative analysis of VGAdnd Gephyrih -presynaptic and postsynaptic

elements respectivelyand their colocalization representing true inhibitory synapgesite

circles) Scale bar 2um=4, 1012 dendrites per treatment groufAll data are represented as

mean+SEM. Ordinaryong I @ ! bh+! GgAGK o0& 5 dzy ypBsiho&xést Y dzft (0 A LI ¢

Statistics:
Parameter ADs effects
C vs. treatment foVGAT F (5, 12) = 0.4268, p=0.8214
C vs. treatment for VGATgephyrin F (5, 12) = 0.7437, p=0.6057
C vs. treatment foVGAT F (5,12) = 1.252, p=0.3450
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3.2.4 Excitatory synaptic densitiesarcoculture model after 48h and 120h
continuous AD treatment

Neurons interact with a number of glial cells in the brain. Our particular interest was to
study the interaction of cortical astrocytes on neurangitro, and see how AD treatment

could affect this interaction. Interactions between corticaheurons ceculture with

primary cortical astrocytewere analysedThese cells in eculture grew for two weeks.

After this timepoint, they were treated with 10 uM ADs for continuous 48h and 120h.
Immunofuorescent immunocytochemical staining of excitatory synaptic markers was
performed. Interestingly in this case, a reduction in synaptic densities after 48h
continuous ADs treatmentas observedThe significant difference was found with the

five differert ADs, in terms of the preynaptic and possynaptic marker but what is more
important in thenumber of true synapsg$igure 20 Synphys: C: n=4, 10.98 + 0.87; DMI:

n=4, 7.89 + 0.38; MTZ: n=4, 8.07 £ 0.82; FLX: n=4, 7.44 + 0.86; RBX: n=4, 7.24 + 0.58; VLX:
n=4, 7.12 + 0.365ynphy¥/PSD95: C: n=4, 7.34 + 0.53; DMI: n=4, 4.8 £ 0.47; MTZ: n=4,
5.01 £0.23; FLX: n=4, 4.43 + 0.45; RBX: n341#4).23; VLX: n=4, 4.67 £+ 0B3D95 C:

n=4, 10.94 + 0.30; DMI: n=4, 8.47 + 0.81; MTZ: n=4, 8.33 + 0.56; FLX: n=4, 8.32 + 0.33;
RBX: n=4, 8.27 = 0.41; VLX: n=4, 8.28 £ 0.52. Ordinarwayn&NOVA followed by
5dzyySiidQa Ydz GALX S O2YLI NRazya G§Sadoo

Catrarily to 48h treatment of ADs, 120loitinuous AD treatment did not exedny

effect on excitatory synaptic densities. Indeed the number of excitatory synapses after

120h ADs went back to baseline levdigure 21, Synphys: C: n=3, 10.28 + 0.28; DMI:

n=3, 10.72 =+ 0.69; MTZ: n=3, 10.19 + 0.64; FLX: n=3, 9.76 + 0.49; RBX: n=3, 10.18 + 0.55;
VLX: n=3, 9.82 + 0.35ynphy4/PSD95: C: n=3, 6.99 + 0.15; DMI: n=3, 6.95 + 0.86; MTZ:

n=3, 6.49 + 0.50; FLX: n=3, 5.59 = 0.09; RBX: n=3, 6.15 + 0.23; VLX:8n£3).B23

PSD95 C: n=3, 9.91 £ 0.41; DMI: n=3, 10.77 £ 0.40; MTZ: n=3, 10.13 + 0.68; FLX: n=3,
9.62 £ 0.11; RBX: n=3, 9.78 + 0.32; VLX: n=3, 9.48 + 0.46. OrdinargayoANOVA
F2fft26SR 0@ 5dzyySiaiQa YdzZt GALX S O2YLI NANaz2ya
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Figure 20 Reduction of excitatory synaptic densities in cortical neurons growing with cortical
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astrocytes.Quantitative analysis of presynaptic puncta synphgestsynaptic puncta PSD@Hhd
their colocalization synphy#PSD95, representing trueexcitatory synapses (white dotnd
circleg in 10 um ofdendrite fromcortical neurons growing with cortical astrocytes:3, 1012
dendrites per treatment groupAll data are represented as meaiSEM. * p<0.05; ** p<0.01; ***

p<0.001. Ordinary ong | &

Statistics

' bh=zx!

Parameter

g AGK

0e

5 dzy ypSsiHocést Y dzt G A LX S

ADs effects

C vs. treatment for synphy's
C vs. treatment for synphy&2SD95

Cvs. treatment for PSD95

F (5, 18) = 4.926, p=0.0051**
F (5, 18) = 8.049, p=0.0004***
F (5, 18) = 4.177, p=0.0107*
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Figure 21 No effects in excitatory synaptic densities in cortical neurons growing with cortical
astrocytesafter 120h continuous AD treatmentQuantitative analysi®f presynaptic puncta

synphys, postsynaptic puncta PSD9&nd their colocalization synphyBSD95, representing

true excitatory synapses (white dots) in 10 um of dendrite from cortical neuronsiggowith

cortical astrocytesn=3, 1012 dendrites per tatment group All data are represented as mean

+SEM. Ordinaryong | @ ! bh+! gAGK 0@ 5dzyySaGiQa. YdzZ GALX S O

Statistics:
Parameter ADs effects
C vs. treatment for synphy's | F (5, 12) = 0.436, p=0.8150
C vs. treatment for synphy#?SD95 \ F (5, 12) = 1.454, p=0.2750
C vs. treatment for PSD95 | F (5, 12) =1.124, p=0.3986



Results

3.2.5 Analysis of inhibitory synaptic densities ircatiure model

An alteration in the balance between excitatory and inhibitory neurotransmission could
be one of the reasons behind the development of psychiatric disor@ubenstein and
Merzenich, 2003Selten, van Bokhoven and Nadif Kasri, 20E8) that reason and in
order tosee which type of synapses are target of AD treatment, inhibitory synaypses
guantified in the ceculture model Neither VGATGephyrirt co-localization nor analysis
of single markers reflectbany change after AD treatme(iigure 22 VGAT: C: n=39.31

+ 0.5Q0 DMI: n2, 7.85 + 0.47MTZ: n=310.54 + 1.48FLX: n=3.15 % 1.36; RBX: n=3,
9.66 + 0.74; VLX: n=3, 9.18 £ OV&AT/Gephyrin*: C: n=3, 4.12 £ 0.4DMI: n2, 4.13
+0.24; MTZ: n=3, 4.63 £ 0.76; FLX: n=3, 3.52 =+ 0.52; RBX: n=3, 4.0Y>Q.h53, 3.67
+ 0.53 Gephyrirt: C: n=313.30+£ 0.31, DMI: n2, 12.49+ 0.73; MTZ: n=312.25+ 031,
FLX: n=311.37+ 162, RBX: n=3,1.14 £ 1.42VLX: n=311.53% 112. Ordinary oneway

lbh+! F2ff{2¢SR o6& 5dzyySiiaQa vYdzt GALX S O2YLJ N
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Figure 22 Number of inhibitory synapses is not changed after ADs treatment in the presence

of cortical astrocytes. Quantitative analysis of VGAT+ and Gephyrin+, presynaptic and
postsynaptic elements respectively and theirlooalization representing true inhibitory synapses

on 20 pm of cortical neurons growing with cortical astrocytes3, 1012 dendrites per treatrant
group. All data are represented as meanSEM. Ordinaryong @ ! bh+! GAGK o0&
multiple comparisongost hoc test

Statistics:
Parameter ADs effects
C vs. treatment foVGAT F (5, 11) = 0.8573, p=0.5384
C vs. treatment foWGAT/ gephyrin F (5, 11) = 0.6160, p=0.6906
C vs. treatment foigephyrin® F (5, 11) =0.5692, p=0.7225
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3.2.6 Examination amount of microglia in-coltures

Microglial cells are the brairesident macrophages. The presence of those cells in eur co
culture model couldnfluence the results and interpretation of the data due to microglia
are able to phagocyte debris and synapses. For this reasacroglial cells were
quantified in areas obtained at 20x magnification to get a larger approach, and 63x as it
is the same mgnification as the analysis of synaptic densitigs maddfigure 23. The
proportion microglia varies from 5% to 12% in different areas of the {taiwson et al.

1990) In our ceculture a 2% of cells was quantified to be Iha microglial rarker.

a) 20x 63X

Figure 23. Representative images (
astrocytes on the bottom of the
coverslip from cecultures neurons
and astrocytes at 20x or 63
magnification. a) Astrocytes (red)
might grow with other glial cells suc
as microglia (green), but the
percentage of those cells remair
very low in all the analysec
expaiments. b) Astrocytes (red) on
the bottom growing with neurons ir
the absence of microglial cellScale
bars 50um.
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3.2.7 EXxcitatory synaptic densities in a monoculture madtie presence of
Astrocyte Neuron Condition Media (ANCM)

Factors released from astrocytes or neurons (i.eSH glypicans) may influence
synaptogenesis or synapse refinement and may mediate AD effjCacistophersoret

al., 2005;Allenet al., 2012) For that reason, it was examined whether administration of
astrocyteneuron ADBconditioned media (ANCM) to neurons alone would be sufficient to
induce the reduction in thexxitatory synaptic density. ANCM + ADs were extracted from
co-cultures and added to neurons alone. No differences were found after AD treatment
compared to control when the ANCM waslded for short term (48hfigure 24a,

Synphys: C: n=3, 9.89 + 0.93; DME3, 9.75 + 0.77; MTZ: n=3, 9.26 + 1.43; FLX: n=3, 8.72
+0.71; RBX: n=3, 9.25 + 0.38; VLX: n=3, 9.22 15y@phy4/PSD95: C: n=3, 6.50 + 0.87;

DMI: n=3, 6.23 £ 0.54; MTZ: n=3, 6.39 + 0.25; FLX: n=3, 5.66 + 0.56; RBX: n=3, 6.20 + 0.49;
VLX: n=3, 6.0% 0.46.PSD95 C: n=3, 11.14 £+ 1.00; DMI: n=3, 11.17 £ 0.96; MTZ: n=3,
11.38 + 1.03; FLX: n=3, 10.39 £ 1.20; RBX: n=3, 10.81 + 0.66; VLX: n=3, 11.90 + 0.92). No
differences were founth the presence of ANCM awadter longer term treatmentg120h;

figure 24b, Synphys: C: n=3, 11.20 £ 0.52; DMI: n=3, 10.81 £+ 0.42; MTZ: n=3, 11.61 +
0.38; FLX: n=3, 10.78 £+ 0.33; RBX: n=3, 10.44 + 0.55; VLX: n=3, 10.70 + 0.53.
Synphy$/PSD95: C: n=3, 7.80 £ 0.20; DMI: n=3, 7.57 £ 0.29; MTZ: n=3, 7.96 £ 0.26; FLX:
n=3, 7.33 £ 0.08; RBX: n=3, 7.58 + 0.56; VLX: n=3, 7.92 £ 0.52. p=R232.C: n=3,

12.63 £ 0.70; DMI: n=3, 12.03 £ 0.97; MTZ: n=3, 12.32 + 0.26; FLX: n=3, 11.48 + 0.58; RBX:
n=3, 11.37 £ 0.55; VLX: n=3, 13.14 + 0®Alinary oneway ANOVA followed by
5dzy y SGGQa Ydzf GALIX S O2YLI NRaz2ya GSadqoe Ly
in the number of synaptic densities after 48h continuous ADs treatment. These results
indicate that a membrandound protein may be mediating those effects after AD

treatment.
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ANMC+AD 48hr ANCM+AD 120hr
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Figure 24 Factors found in ANCM are not sufficient to reduce the number of synaptic densities

in a primary culture of neuronsQuantitative analysis ofysphys and PSD95 presynaptic and

postsynaptic puncta respectivelgnd their celocalization representing true excitatory synapses

on 10 pum of dendrite. Neurons grew alone until reaching a mature state and ANCM+ADs were
addedfor short (48h) or long time points (120m=3, 1012 dendrites per treatment grouata

are represented as meas SEM. Ordinary ong @ ! bh+! gAGK o0& 5dzyySi
comparisongost hoc test

Statistics:
Parameter ANCM+ADs for 48h ANCM+ADs for 120
C vs. treatment for F (5,12) = 0.4670, F (5, 12) = 0.7927,
synphys p=0.7937 p=0.5750
C vs. treatment for F (5, 12) =0.2658, F (5, 12) =0.4421,
synphys/PSD95 p=0.9232 p=0.8110
C vs. treatment for F (5,12) = 0.2715, F (5,12) = 1.302,
PSD95 p=0.9201 p=0.3264
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3.2.8 Analysis synaptic densities ex vivo in the rat BF@ptic signal intensity

Next step was to analyse what happens with synaptic densities after AD treatmiet

brain of rats, in which the effects of ADs in the ibr@an be related to more real
conditions. As it has been previously described by our group, ADs inhibit neuronal
PERK1/2 in the prefrontal cortex (PFC) of adult mice shortly after drug treat(®ent
Benedetto et al. 2013)Next it was evaluated whether ADs induced synaptic remodelling
in adult rat brains, as in our emulture experimentsNAB ratsvereinjected i.p.with FLX

for 48h after this time point, they were killed and brains processed for
inmmunofluorescence.y@aptic signal intensity in terms of the quantification of thepre
synaptic marker was analysed. Interestingly, FLX treatment significantly reduced synaptic
density in the PFC after 48 hodrug treatment(figure 25, whereas both the CA1 and
CA3 regions of the hippocampus were not affedffieglire 26. This data may suggest that

the origin/location of astrocytes might be more relevant for the remodelling effect
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Figure 25FLX treatment for 48h induces a synaptamodelling ex vivoin the adult rat PFC with

the highest dose (D2pf FLXPictures showing MAP2endriteshelped in the normalization of

data acrossections; synphysirsignalindicatespre-synapticsignal intensity{ OF £ S o1 N¥Y wmn >
n=4, data are expressed as meaSEM. *p< 0.050ne-way ANOVA followed Dunnéta G Sad o1 &
used for the statistical analysis.
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Figure 26 FLX treatment for 48ldo not induceany change irsynapticsignal intensity in the rat
hippocampus(areas CA1 and CAFx vivoexperimentsshov MAPZ dendritesand synphysiti
labellingpre-synaptic signal intensity=4, data areepresentedasmeant SEMOne-way ANOVA

followed DunnetQad G Sad 61 & dzaSR F2NJ GKS adGFdAadAort |yl

73



3.2.9 Analysisynaptic markersx vivo in the rat PFC

A semiquantitative analysis was algmerformed with the PFC samples from the rats
whichhad saline and FLX treatment. By means of western blot | could observe a reduction
in the relative amount of the presynaptic marker, synaptophyigufe 27b, control n=5,

1 + 0.02; FLX n=5, 0.6680.10, andin the relative amount othe postsynapticmarker
PSD9%figure 27c, control n=6, 1 = 0.@; FLX n=5, 08t 011).

a) Control FLX Control FLX
Synphys - . PSD95
(38KDa) W= - e & o= S &S &= == (95D
i1 Od
ili — —— — . —  —
- I
. 15 T 150
b) 5 £
@ = * ° *
[ ] 2]
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S a 4 & @0 _
xz 10 = . 59 100 é;:— .
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— @ .
SN Bu £ 2
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e 054 °9 50
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Figure 27 Western blot data from the rat PFC after saline (control) or FLX treatmeajt
Representative western blot of synaptophygaynphysand PSD95 with their internal controls.

b) Relative amounbf synaptophysirexpressio (alsoin %)normalized to cofilin and relative to
control levels.c) Relative amounbf PSD95 expressid@also in %) 2 N | f A-AcBrRandi 2 |
relative to control levelsa=5-6 animals Data araepresentedas meant SEM. Studenttest was

used for the statistical analysis.
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Statistics:
Parameter Statistic data
Synphys - Te= 3166, p=00133*
PSD95 | To= 2302, p=0.068*

3.2.10 Excitatory synaptic densities in the presence of hippocampal astrocytes

| decided to check in our eculture modeln vitrowhat is the interaction between cortical

or hippocampal neurons ecultured with hippocampal astrocyteghein vitromodel will

help to understand the role of different type of astrocytes originated ffedent areas.

As it has been previously described both cell types grew together for two weeks and were
treated with ADs for 48h. After this time point, excitatory synaptic densities were
analysed in 1Qum of dendrite but no effect in the number of synaptiensities was
observed in the presence of hippocampal astries (for cortical neuronfigure 28a,

Synphyé: C: n=3, 8.11 + 0.41; DMI: n=3, 8.53 £ 0.71; MTZ: n=3, 8.61 £+ 0.49; FLX: n=3, 8.39
+ 0.30; RBX: n=3, 9.35 + 0.04; VLX: n=3, 8.37 1 3ydphy4/PSD95: C: n=3, 5.71 £ 0.23;

DMI: n=3,5.76 £ 0.48; MTZ: n=3, 6.11 + 0.33; FLX: n=3, 5.96 + 0.03; RBX: n=3, 6.24 + 0.12;
VLX: n=3, 5.89 £ 0.1RSD95 C: n=3, 11.88 * 0.46; DMI: n=3, 11.97 £ 0.26; MTZ: n=3,
11.02 £ 0.18; FLX: n=3, 11.13 £+ 0.44; RBX: =383 + 0.90; VLX: n=3, 11.63 +40.6or
hippocampal neurondjgure 28b, Synphys: C: n=3, 9.32 + 0.46; DMI: n=3, 9.38 £+ 0.37;

MTZ: n=3, 9.01 + 0.39; FLX: n=3, 9.44+ 0.45; RBX: n=3, 9.59 + 0.29; VLX: n=3, 9.74 + 0.32.
Synphy$/PSD95: C: n=3, 6.41 £ 26; DMI: n=3, 6.30+ 0.25; MTZ: n=3, 6.26 £ 0.32; FLX:
n=3, 6.45 = 0.12; RBX: n=3, 6.52 + 0.21; VLX: n=3, 6.80 PB295 C: n=3, 11.84 +

0.431; DMI: n=3, 11.93 + 0.33; MTZ: n=3, 11.93 £ 0.27; FLX: n=3, 12.47 + 0.26; RBX: n=3,
12.24 + 0.17; VLX: n=31.92 + 0.77. Ordinary or@ I &8 ! bhzx! F2ff2¢SR 08
multiple comparisons test). This data goes in parallel with resgxltgvo, indicating our

in vitro model is a validated model useful to study the interaction between astroeytes

neurons.
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Figure 28 Synaptic densities are not affected by any AD treatment when cortical neurons a) or
hippocampal neurons b) are growing with hippocampal astrocyt€3uantitative analysis of

Synphysand PSD95 presynaptic and postsynaptic puncta respectively and their colocalization

on 10 pm dendrites when cortical neuroks) or hippocampal neurongb) are growing with

hippocampal astrocytes1=3, 1012 dendrites per treatment groufAll data are representeds

mean+SEM. Ordinaryong I @ ! bh+! GgAGK o0& 5 dzy ypBsiho&xést Ydzft (0 A LI ¢

Statistics:
Parameter ADs effects (a) ADs effects (b)
C vs. treatment for F (5,12) = 0.8647, F (5,12) =0.4138,
synphys p=0.5320 p=0.8303
C vs. treatmenfor F (5, 12) = 0.5757, F (5, 12) = 0.6603,
synphys/PSD95 p=0.7181 p=0.6603
C vs. treatment for F (5, 12) =0.5399, F (5,12) =0.3670,
PSD95 p=0.7429 p=0.8615

76



Results

3.3 Evidencesf the astrocyte-dependent remodelling cfynapse

3.3.1 Analysis MEGFXXpression in the rat PFC

As we found a decrease synaptic signal intensity in the rat PFC after short AD treatment,

we then looked at the effects of ADs on astrocytes. FLX also increased MEGF10 expression

in astrocytes of the PFC thereby confirming pecificity of the drug effect in this cell
type (figure 29.
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*
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Figure 29 FLX treatment induces an increased MEGF10 expression in astro®tesititative
analysis of the pixel intensity for MEGF10 (green) in the astrocytes (red) of the rat PFC after FLX
injections for 48h. Increased expression of MEGF10 phagocytic protein in astrocytes is marked
with arrows. Scale barbn  >Data are represented as meanSEM; n=3Unpaired ttest
*p<0.05.

3.3.2 Analysis oMEGF10 protein amouimnt PFC

Next, the total relative amount of MEGF10 was measured in the RBE@eatment for
48hincreased MEGF1frotein level(figure 3Q control n=6, 1 £ 0.06; FLX n=6, 1.68 +
0.22. As to conclude, the reduction of synaptic signal intensity obsenvedtro andin

vivo correlates with an increase in expression of the phagocytic receptor MEGF10 in

astrocytes
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Figure 30. Western blot data fromthe rat PFC after saline (control) or FLX treatmea).
Representative western blot of MEGFD).Relative amounbf MEGF10 expressidalso in %)
y 2 N | £ A-ActnhRanditetativée to control levels. n=bata arerepresentedas meant SEM.
Student ttest was used for the statistical analysis.

Statistics:
Parameter Statistic data
MEGF10 \ t10=2.922 p=0.0152*

3.3.3 Analysis of MEGF10 in primary cortical astrocytes

Chung and colleagues found that MEGF10 is a receptor in astrocytes that work as
mediator ofastrocytedependent synaptic pruning in young and adult brains. Expression
of the membranebound receptor MEGF10 is thought to be restricted to astrociyteise

CNS It is particularly highly express during development in order to refine neuronal
circuits but less prominent afterward€hung et al. 2013)Iherefore, we investigated
whether this protein might be a pharmacological target oDA. Immunofluorescent
immunocytochemical staining was performed in a primary culture of cortical astrocytes.
FLX treatment for &h increased MEGF10 expressmimary cortical astrocyteffigure

31), suggestinghat a higher expression of MEGF10 could bealated with a decrease

in the number of synaptic densities.
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Figure 31 FLX treatment induces an increased MEGF10 expression in a primary culture of
astrocytes.A_Xtreatment induced an increased expression of MEGF10 (green) per astrocytes in
a primary culture after 48 hrs drug treatmei8cale bar7n  >Déta are represented as mean
SEMevery symboltepresensthe number of astrocytes in the analysignpaired ttest**p<0.01.
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3.3.4 Analysis of MEGF10 protein amount in astrocytes from cortical regions

Next it was analysed whether an increase of MEGKd® found in a primary culture of

astrocytes after 1uM ADs treatmentf(gure 32, C: n=13, 100 + 4.75; DMI: n=12, 115.9 =

8.60; FLX: n=14, 1186 + 824. @k & ! bhzt! F2ff2¢SR 08& 5dzy
comparisons test). This drug treatment showed variable results in the total amount of

MEGF10, but neither DMI nor FLX did not change thgression of this protein

significantly.
a) b) 9
C DMI FLX c
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Figure 32 Western blot data from primary cortical astrocytes after 1M DMI or FLX

treatment. a) Representative western blot of MEGF10 on primary cortical astrocytes from NAB.

b) Percentage of MEGF10 expressjp@ NJY | f A-Acthfandiefativé to control levela=13

14. Data are represented as meanSEM.Ordinary oneg | @ ! bh+! F2fft2¢gSR o0&
multiple comparisons test.

Statistics:
MEGF10 levels cortical astrocytes ADs effects
C vs. DMI F (2,36)=1.862, p= 0,2460
Cvs. FLX F (2,36)=1.862, p&,1402

3.3.5 Evidences MEGF10 is mediating the astredgfeendent remodelling of
synapses

The next experiments were performed in order to see whether a blockade in the
signalling pathway triggering the induction of MEGF1€hergenetic downregulation of
MEGF1@ould have an effect in the remodelling of synapses mediated by astrocytes and
uponAD treatment. Furthermorghe MEGF10 phagocytic pathway could be implicated,
therefore experiments that could reveal the participation of astrocytes in phagocytosis

were performed.

3.3.6 Effects of inhibitor U0126 on the number of synapses

Given that MEGF1@ induced by ERK1/2 activation in glia cells, we next examined the
significance of astrocytic ERK1/2 inhibition and therefore MEGF10 inhibition for synaptic
reduction (Napoli et al. 2012)In order to see if the remodelling effect on synapses
depends on ABlependent ERK1/2 activation in astrocytes, the RP®Inhibitor was
administered 30 minutes before AD treatment. This inhibitor is a synthesized organic
compound that inhibit the kinase activiths seen irfigure 20,uponAD treatmentthere

is a reduction in preand postsynaptic markers, as well astime number of synapses
(figure 33 coloured barsSynphys: N=3, C: 10.13 £ 0.33; DMI: 7.71 £ 0.47; MTZ: 7.25
0.09; FLX: 6.69 + 0.69; RBX: 6.78 £ 0.50; VLX: 7.31 $yhpBy4/PSD95: N=3, C: 6.82
+0.18; DMI: 4.72 £ 0.66; MTZ: 4.83 + 0.22; FLX#01%2; RBX: 4.16 + 0.22; VLX: 4.94 +
0.27.PSD95 N=3, C: 10.66 + 0.13; DMI: 7.74 + 0.49; MTZ: 7.96 £+ 0.59; FLX: 8.10 £ 0.34,
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RBX: 8.03 + 0.48; VLX: 8.00 = 0.61). On the other hand, it can be observed that in the
presence of the inhibitor the effect of D’ are gonefigure 35striped bars Synphys:

N=3, C: 10.63 £ 0.33; DMI: 12.02 £ 0.47; MTZ: 9.67 £ 0.09; FLX: 10.72 = 0.69; RBX: 9.93
0.50; VLX: 9.66 £ 0.48ynphy$/PSD95: N=3, C: 6.76 £ 0.158; DMI: 7.00 £ 0.50; MTZ:

5.91 + 0.68; FLX 6.65 + 0.36; R®E&7 + 0.89; VLX: 6.12 £ 0.PED95 N=3, C: 10.63

0.86; DMI: 9.93 + 0.46; MTZ: 9.13 + 0.51; FLX: 9.32 + 0.59; RBX: 10.59 *+ 0.54; VLX: 10.36

+ 0.63. Ordinaryong | @ ! bhx! F2f{f26SR o0& 5dzyySiaQa v
There is not reduction in tanumber of synapses in the presence of astrocytes when they

are pretreated with U0126.
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Figure 33 The pharmacological inhibition of ERK1/2 activation with U0126 prior AD treatment

is sufficient to hamper drug effects on synapses in-@dture. In the left part of every graph

(coloured bars)the number of synaptic densities after the effects of different Alas be

observed ADs triggesr reduction in the number of excitatory synapses (as sedigune 20. In

the right part (striped bars)it can be seen the effects of U0126 on the astroeytediated

remodelling of synapsedll data are represented as meanSEM; n=3 (102 dendrites per

condition group). * p<0.05; ** p<0.01. Ordinaryogel &8 ! bh+! F2ff26SR 068& 5dzy
comparisons tes

Statistics:
Condition Parameter ADs effects

C vs. treatment for synphys F (5, 12) = 7.149=0.0026**

-U0126 C vs. treatment for F (5, 12) = 6.275, p=0.0044**
synphy&¥PSD95
C vs. treatment for PSD95 F (5, 12) = 5.396, p=0.0079**
Cvs. treatment for synphys F (5, 12) = 2.042, p=0.1443

+U0126 C vs. treatment for F (5, 12) = 0.5006, p=0.7704
synphy¥/PSD95
C vs. treatment for PSD95 F (5, 12) = 1.099, p=0.4102
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3.3.7 MEGF10 knockdown via siRNA

| designed siRNA against MEGF10 mRNA (seed)abled transfected NAB astrocytes for

3 and 5 DIV. Two concentrations that were added to the cells, 50 nM and 100 nM, for 3

and 5 days in order to have preliminary results about the efficacy of knockdown of
MEGF10. The lowest concentration showed the highest reduction in the expression of
MEGF10 (122 kDa) by means of western blottiiguie 34 relative MEGF10 protein

after 50nM 3DIV C: n=5, 1.0 £ 0.06; Scr: n=5, 0.99 + 0.04; sil1: n=5, 0.59 * 0.06; si2: n=5

0.45 £ 0.02; si3: n=5, 0.54 + 0.08; si4: n=3, 0.43 £ Bdi8e 35 relative MEGF10 protein

expression after 50nM 5 DINC: n=4, 1.0 £ 0.06; Scr: n=4, 0.88 + 0.19; sil: n=4, 0.84 +

0.12; si2: n=4, 0.58 + 0.07; si3: n=4, 0.46 = 0.10; si4: n=4, 0.83.©6eway ANOVA

gAOGK 08 5dzyy Si i Q3osyhdr tasiATaBinGthiHAtY ihtth addount? tyica

of the best siRNA sequences were chosen for triggering a reduction in MEGF10 in future
experiments. On the other hand, with the highest concentmat{@0OnM) a reduction in

MEGF10 was not achievdeigure 36relative MEGF10 protein expression after 100nM

5DIV C: n=2, 1.0 £ 0.03; Scr: n=3, 1.01 + 0.04; sil1: n=4, 0.95 £ 0.10; si2: n=3, 0.87 £ 0.02;

si3: n=3,0.96 £ 0.17; si4:n=4, 1.88 +0@%ewa® ! bh+! HAGK 0& 5dzyySi
comparisongost hoc test Besides these evidences, several reports indicate that SIRNA

O2y OSYyuUNY GA2ya 2F Xmnnya AY YFEYYLFEALFY OdzZ Gd
in gene expression and the use of lower concatibns appears to minimize those effects

(RNAI research guide, Ambion).
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Figure 34 Western blot data from transfection 50 nM siRNA for MEGF10 3. IMRelative
a9DCmMn LINRGSAY SELNRBGER® b)2PErcenfayeNMMEGKI0 Skpressich |
normalize to -Actin and relative to control levels. Western blot analysis showed that astrocytes
transfected with siRNA had a reduction around 50 to 60% total amount of MEG@Hi<€0.001;
**+*%p<0.0001. n=3-5. Data are represented as meaSEM Ordinary oneway ANOVA with by

5 dzy' y S (i iple éompadgbng post hoc test.
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Figure 35. Western blot data from transfection 50 nM siRNA for MEGF10 5 [dYy.
Representative western blatf MEGF10 on primary cortical astrocytes from NBBRelative

a9DCmn LINRGSAY SELNBERA k)2PgrcenfageNdf IMEGHLE &pre§spn |

y 2 NI | £ JAdtiSandirglative to control levels. Western blot analysis showed that astrocytes
transfectedwith siRNA had a reduction around 40 to 60% total amount of MEGHi€0.05.

n=4.Data are represented as mearSEMOrdinaryoneg € ! bh+! gA(Ktipled 5dzyy S
comparisons post hoc test.
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Figure 36 Western blot data from transfection 100 nM siRNA for MEGF10 5 R)\Relative

a9DCmn LINRGSAY SELINBGER b)2PércenfapeNdf IMEGHI® &predsbon |

Yy 2 NY I £ A-Acth aid2relative to control levels. Astrocytes transfected with SiRNA at
concentration 100nM did not present any reduction in the total amount of MEGIEI®4. Data

are represented as meas SEM Ordinary oneg @ | bh+! gAGK tpe 5dzyySi
comparisons post hoc test.

As we want to study the interactions between neurons and astrocytes in a mature state,

siRNA was transfected in astrocytes that werecirture with neurons for 14 DIV

afterwards After this period of time MEGF10 protein level was also seen to be reduced

(figure 37, relative MEGF10 protein expression at 14 DI n=4, 1.0 =+ 0.06; Scr: n=6,
0.83+0.15; si2: n=6,0.57 + 0.06; si4: n=4,0.46 +0.0460n& ! bh+! GAUK 0& 5
multiple comparisongost hoc testand two of the best siRNA sequences wdresen

for further experiments.
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Figure 37 Western blot data from transfection 50 nM siRNA for MEGF10 for 14. )V
Representative western blot of MEGF10 on primary cortical astrocytes from iNA®&:lative
a9DCmMn LINRGSAY SELNBGEA E)2PgrcentaBeNdf IMEGHL® &prefsbn |
y 2 NI I £ HAdtiSandirélative to control levels. Western blot analysis showed that astrocytes
transfected with siRNA had a reduction around 40 to 60% totalarhof MEGF10. * p<0.05; **
p<0.01.n=46. Data are represented as mearSEMOrdinaryoneg @ ! bh+! gA (K
multiple comparisons post hoc test.

0é& 5 d:

Statisticsfrom figures 3437.

SIRNA for MEGF10
F (5, 22) = 17.59, p<0.0001****

Parameter
50nm siRNA for 3 DIV

50nm siRNA for 5 DIV

F (5, 18) = 3.991, p=0.0130*

100nm siRNA for 5 DIV

F (5, 13) = 2.166, p=0.1215

50nm siRNA for 14 DIV

F (3, 17) = 4.969, p=0.0118*
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3.3.8 Analysis of excitatory synaptic densities ingresence of knockdown MEGF10
astrocytes

ThesiRNA sequenceaghich triggeredhe higher reduction in MEGF10 protein expression

were used for further analysis. Neurons growing ircatiure andtreated with FLX for
48hdisplayeda reduction in the number of excitatory synapses (see white figuse 38

¢, C+FLX and SCr+FLX) wielerons growing with MEGF10 knockout astrocyd&snot

show any change in the number of synaptic densitg&e®e grey barfigure 38c, si2 and

si4. Figure 38 Synphys: N=3, C: 12.29 * 0.26; Scr: 10.82 + 0.63; C+FLX: 8.90 + 0.35;
Scr+FLX: 8.49 + 0.50; si2: 12.80 + 0.58; si2+FLX: 14.18 + 0.91; si4: 14.11 + 1.13; si4+FLX:
13.79 + 1.28Synphy$/PSD95: N=3, C: 8.22 + 0.18; Scr: 7.77 + 0.29; C+FLX: 5.76 + 0.20;
Scr+FLX: 5.72 + 0.31; si2: 8.54 + 0.18; si2+FLX: 9.04 + 0.49; si4: 9.20 + 0.92; si4+FLX: 8.81
+ 0.63PSD95 N=3, C: 13.53 £ 0.53; Scr: 12.22 +£ 0.58; C+FLX: 10.91 £ 0.31; Scr+FLX: 10.96
+ 0.09;si2: 13.26 = 0.47; si2+FLX: 13.82 + 0.46; si4: 13.59 + 1.04; si4+FLX: 13.58 + 0.83.
Ordinary oneg I & l bhz! F2ft26SR o0& S5dzyySiaQa vYd
Furthermore neurons together wittknockdown MEGF10 astrocytasd treated with FLX

did not show ag reduction in synphy#?SD95colocalizationsee grey bars with stripes

figure 38c, si2+FIx/si4+fIx)This data indicates FLX cannot target MEGF10 and mediate
synaptic remodellingvhen it is reducedas compared to whait happens with control
astrocytes after treatment with FLX for 48h. For this experiment, normal astrocytes
(control) and astrocytes transfected with néargeting sequence (Scr) were used as
controls. Even if there is a small reduction in synploysPSD95puncta with the Scr

sequencethis is not refécting any significant differenaeith the principal control.
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Figure 38 Excitatory synaptic densitiesn neurons are not affected after knocking down
MEGF10n astrocytesand following 48h FLX treatmenta) Representative images with the
guantification of synapses in control conditions and in the presence of siRNA2 and siRNA4
transfected astrocytesh) Representatig images with the quantification of synapses when the
AD FLX was added f68h and in the presence of SIRNA2 and siRNawdsfected astrocytesc)
Quantification of excitatory synapses in @ of dendrite. Bath control and control cells
transfected with Scshow a reduction in synaptic densiti@dhose results are rescued by knocking
down MEGF10 with RNA and SRNAL. The AD treatment of cells transfected with siRNA does
not show any reduction in the number of synapses. All data are represented astBedy n=3
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