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Nederlandse samenvatting 
Ondanks de grote verbetering in de kwaliteit van leven tijdens de laatste decennia, komen 
traumatische gebeurtenissen nog vaak voor in onze samenleving. Vooral trauma tijdens 
de vroege jeugd, in de vorm van bv misbruik, verwaarlozing of ondervoeding, heeft een 
forse impact en vaak levenslange consequenties. Individuen die aan vroege stress (ES) of 
vroeg trauma blootgesteld zijn, ontwikkelen bv op latere leeftijd vaker problemen met hun 
lichamelijke gezondheid, maar hebben ook een hogere kans op psychiatrische stoornissen, 
en mogelijk ook om eerder dementie (AD) te krijgen. Dit wordt ‘programmering’ door 
vroege stress genoemd. 

Hoe precies vroege stress de latere gezondheid beïnvloedt, is echter niet goed begrepen. In 
dit proefschrift hebben we daarom enkele mogelijke achterliggende mechanismen nader 
bestudeerd. We onderzochten allereerst in muizen hoe vroege stress de hersenstructuur 
en -functie op latere leeftijd beïnvloedt, en welke mogelijke substraten hierbij betrokken 
zijn. Tevens bestudeerden we in vroeg-gestresste dieren of hun immuunrespons en de 
samenstelling van hun synapsen veranderen, als ze op latere leeftijd blootgesteld werden aan 
ziekte-gerelateerde verstoringen (hier; een ontsteking of Alzheimer (amyloid) pathologie). 

We testen hiermee de hypotheses dat; 1) vroege stress leidt tot een andere ontwikkeling 
en veranderde plasticiteit van het brein, en 2) dat deze veranderingen de reactie op latere 
ziekteprocessen mede beïnvloeden.

Om muizen bloot te stellen aan ES werd het ‘limited nesting and bedding’ (LBN) model 
gebruikt, waarin moeders en hun pups in een kooi met weinig nestmateriaal worden 
geplaatst tijdens de eerste week van leven. Zowel; 1) wildtype muizen werden gebruikt, met 
of zonder tweede stimulus of ‘challenge’ (immuun activatie), als ook; 2) transgene zgn. APP 
muizen, een veelgebruikt diermodel voor AD. We onderzochten de consequenties van ES op 
verschillende tijdpunten later in het leven, m.b.v. diverse typen moleculaire-, cellulaire-, en 
gedrags-experimenten. 

In hoofdstuk 1, worden de verschillende projecten binnen dit proefschrift uiteengezet. Ik 
bespreek de centrale concepten en achtergronden van onze experimenten. Hierbij komt de 
ontwikkeling van de hippocampus en de “quad-partite synapse” aan bod. Met dit laatste 
wordt het geheel van pre- en post-synaptische neuronen bedoeld, die samen met astrocyten 
en microglia in hun directe nabijheid functioneren.

In hoofdstuk 2 hebben we onderzocht of ES veroudering beïnvloedt. Hierbij bekeken we 
biologische variabelen die met veroudering veranderd zijn, zoals cognitie, neurogenese, 
neuro-inflammatie en de telomeren in de hippocampus van 20 maanden oude muizen. 
Hoewel veel variabelen wel waren veranderd met de leeftijd, bleken ze niet verder 
beïnvloedt te worden door ES. Mogelijk liggen hier zgn. ‘floor’ of ‘plafond’ effecten aan 
ten grondslag. Ook kan ES leiden tot een veranderde kwetsbaarheid, die weliswaar onder 
normale omstandigheden niet zichtbaar is, maar die wel na extra ‘uitdagingen’ van het 
systeem, tot uitdrukking zou kunnen komen. Alternatieve verklaring is dat ES andere 
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systemen beïnvloedt waar we nog niet naar gekeken hebben. In hoofdstuk 3 hebben we 
daarom nog een ander aspect van moleculaire veroudering bestudeerd, nl. de expressie 
van Lamin-B1, een eiwit wat met veroudering verlaagd is. We zagen dat ES leidt tot een 
vroege verlaging van dit eiwit, vooral in astrocyten, maar deze veranderingen werden niet 
gevonden in oudere muizen.

In hoofdstuk 4 hebben we verder onderzocht of en hoe ES de reactie op ontstekingsprocessen 
beïnvloedt. Het immuunsysteem speelt een belangrijke rol in het brein, o.a. bij psychiatrische 
stoornissen en AD. We richtten ons hier op hoe ES de microglia verandert, dat zijn de 
immuun cellen in het brein. We onderzochten dit zowel onder basale als geactiveerde 
toestand, in pups na ES en ook in volwassen muizen, waarvan een deel ook geïnjecteerd 
werd met lipopolysaccharide (LPS), een component van bacterie, wat ontstekingsreacties 
veroorzaakt. 

ES bleek de genexpressie in microglia te veranderen in de volwassen muizen, maar niet in de 
pups. De betrokken genen reguleren o.a. processen zoals ubiquitinatie van eiwitten. Tevens 
vonden we sterke veranderingen in de genexpressie van microglia van pups en volwassen 
muizen in de controle groep. Er werden verschillende pathways gevonden in microglia, 
die exclusief zijn voor controle (CTL, b.v. TNF) en voor ES (b.v. TGFβ) tijdens ontwikkeling. 
Wanneer muizen bovendien met LPS geïnjecteerd werden, laten microglia een verhoogde 
cytokine reactie en een verlaagde autofagocytose zien, een andere set van genen was juist 
verhoogd in expressie in microglia van ES muizen na een LPS injectie.

Om de functionele betekenis van onze resultaten beter te begrijpen, hebben we m.b.v. 
ex vivo cytometrie bestudeerd hoe ES de fagocytose capaciteit van microglia beïnvloedt. 
We hebben microglia van CTL and ES dieren en van pups en volwassen muizen geïsoleerd. 
Daarna bieden we ze hippocampale synaptosomen aan van CTL en ES muizen van 
vergelijkbare leeftijd. De microglia eten de synaptosomen vervolgens op, wat we als maat 
voor synaptic pruning hebben gebruikt. Net als in de transcriptome data zien we dat in 
volwassen muizen, maar niet in pups, ES microglia slechter zijn in fagocytose. Ook blijkt de 
herkomst van de aangeboden synapsen belangrijk, en wel voor beide leeftijden; synapsen 
die uit ES muizen geïsoleerd worden, worden minder gefagocyteerd dan synapsen van CTL 
muizen. Vervolgens hebben we een translationele link gelegd en hersenweefsel van mensen 
bestudeerd die als kind misbruikt waren. Hierin vonden we, net als in onze muizen studies, 
ook een verandering in GAS6 expressie in microglia, wat belangrijk is voor fagocytose.

Deze fagocytose data laat zien dat ES langdurige effecten op synapsen heeft, mogelijk 
door verandering in de interacties met microglia. Om dit verder te onderbouwen, hebben 
we in hoofdstuk 5 het proteome van de hippocampale synapsen van volwassene muizen 
bestudeerd. Omdat er in AD al op vroege leeftijd synaptische veranderingen optreden, 
bestuderen we synapsen als mogelijk substraat om het effect van ES op de kwetsbaarheid 
voor AD te verklaren. We hebben onderzocht wat ES doet met de compositie van eiwitten 
in de synaps door een transgeen muizen model voor AD (TG) te bestuderen, tijdens zowel 
vroegere als latere fasen van de ontwikkeling van AD pathologie in deze dieren. We vonden 
dat op 4 maanden oude leeftijd, wanneer de dieren vroege AD pathologie laten zien, dat de 
synaptosomen van TG dieren na ES, dan relatief meer eiwitten bevatten die gerelateerd zijn 
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aan mitochondria, en minder eiwitten die betrokken zijn bij actin dynamics. Op deze leeftijd 
had ES geen andere effecten op de eiwitten in TG synaptosomen. 

Omdat mitochondriën veranderd leken te zijn, hebben we vervolgens hun aantal en 
morfologie m.b.v. electronen microscopie in hippocampale synapsen nader onderzocht. We 
vonden weinig mitochondria in TG pre-synapsen en in ES post-synapsen, wat een aanwijzing 
vormt voor netto tekorten aan energie homeostase in beide groepen. Omdat ES het aantal 
eiwitten in de synapsen van TG dieren niet lijkt te veranderen, denken we dat er mogelijk 
een convergentie is tussen beide factoren op deze leeftijd. 

Op een leeftijd van 10 maanden zijn er meer veranderingen in het proteome van TG muizen, 
die gerelateerd zijn aan pre-synaptiche vesicle release en post-synaptische receptor cycling. 
Terwijl ES op deze leeftijd niet veel effecten heeft op wildtype synapsen, vonden we aan 
de andere kant sterke effecten in TG synapses wanneer deze muizen ook zijn blootgesteld 
aan ELS. Deze eiwitten zijn belangrijk voor astrocyten en (mitochondriale) lipid synthese. 
Dit hebben we bevestigd met immunocytochemische kleuringen voor sommige belangrijke 
eiwitten (HADHA en FASN). Deze effecten ondersteunen verder ons idee dat de breinen 
van ES muizen verschillende reacties laten zien na een additionele, externe (en in dit geval 
pathologische) gebeurtenis.

We onderzochten daarna in hoofdstuk 6 hoe ES de morfologie en genexpressie van 
astrocyten op verschillende leeftijden beïnvloedt. We vonden effecten van ES op astrocyt 
reactiviteit, gemeten met GFAP kleuringen, en vonden een verhoging van GFAP expressie 
in ES pups, een beeld wat weer omgekeerd was in 10 maanden oude ES muizen. ES muizen 
van 4 maanden oud lieten ook een verhoogde expressie zien van het lipid metabolisme 
gene FASN. Verder werden veranderingen gevonden in de expressies van Aqp4, Gfap en 
Vim in TG muizen, wat we eerder ook gevonden hebben in hetzelfde TG model. Omdat 
ES geen effecten had op het astrocyt profiel van TG muizen, speculeren we, gebaseerd op 
de verhoogde hoeveelheid amyloid-beta plaques in ES muizen, dat er mogelijk wel andere 
functionele veranderingen aan de orde kunnen zijn in de astrocyten van TG muizen die waren 
blootgesteld aan ES (b.v. in synapsen zoals we in hoofdstuk 5 gezien hebben). Momenteel 
kunnen we dit met onze huidige technieken niet zien. 

In hoofdstuk 7 presenteren we voorlopige data over een ander mogelijk substraat via 
welke ES astrocyt functie kan beïnvloeden, namelijk via de bloed-brein barriere (BBB). 
Deze structuur heeft veel directe interacties met astrocyten, maar ook met de rest van 
de zgn. ‘quad-partite’ synapse. We vonden dat ES muizen verschillen laten zien in hun 
vasculatuur na een korte ‘restraint’ stress, die gekenmerkt werden door veranderingen in 
een CD31 kleuring. Ook zagen we veranderingen in de expressie van het ‘tight junction’ 
eiwit, nl Claudin-5, afhankelijk van de hippocampale (sub)regio. Het is dus mogelijk dat ES 
leidt tot een verschillend BBB-profiel, wat gevolgen heeft voor de functie, maar we moeten 
toekomstige experimenten afwachten om dit met zekerheid vast te kunnen stellen. 

In hoofdstuk 8 beschrijven we ons werk om de implementatie van het LBN model verder te 
verbeteren. We hebben namelijk meer non-invasieve  metingen nodig om de consistentie 
over verschillende experimenten en cohorts van muizen te bevestigen. Hiervoor hebben we 
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nieuwe parameters gevonden, waaronder; het gedrag van de moeder, en de temperatuur 
van de muizen tijdens ES. De hoeveelheid tijd die ES moeders spenderen op hun nesten zijn 
anders dan die van CTL moeders. We hebben ook een nieuw protocol gemaakt, waarmee de 
huid-temperatuur van moeders en pups met een infraroodcamera gemeten kan worden. Dit 
was niet veranderd tussen CTL en ES nesten. 

Tenslotte, in hoofdstuk 9 bediscussieer ik de data verzameld in dit proefschrift, en bespreek 
wat het toevoegt aan ons begrip over de effecten van ES op neurobiologische substraten 
tijdens verschillende leeftijden. Omdat ES leidt tot kleine veranderingen in de substraten 
die we hier gestudeerd hebben tijdens de vroege postnatale periode, stel ik voor dat de 
langdurige effecten van ES op latere leeftijd niet direct komen door de veranderingen op 
zich, maar vooral door de daaropvolgende interacties (zoals dysregulatie van astrocyte-
microglia communicatie, wat weer gevolgen kan hebben voor functies als fagocytose ). 

Ik stel verder voor dat, vergeleken met een systeem dat is niet blootgesteld, dat ES kleine 
veranderingen veroorzaakt in de quad-partite synapse, welke met de leeftijd verder vergroot 
kunnen worden, en uiteindelijk kunnen leiden tot een verzwakt systeem op volwassen 
leeftijd. Hoewel dit een speculatief model is, levert dit wel toetsbare vragen op die in het 
model nader getest kan worden. Deze experimenten zouden kunnen helpen verklaren hoe 
ES de gezondheid beïnvloedt tijdens veroudering en kunnen aanwijzingen opleveren over 
hoe de effecten van ES behandeld zouden kunnen worden.
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English summary
Despite the overall improved quality of life during the past decades, many people still 
experience trauma and adversity, especially during their formative years and (early) 
childhood. This includes individuals who experience e.g. abuse, neglect and/or malnutrition. 
Unfortunately, the effects of such negative events during the early-life period often persist 
and are still present long after the end of the actual trauma itself. Individuals exposed to 
early trauma, e.g., often face lasting health, cognitive, and metabolic problems later in life, 
and are in a way ‘programmed’ by these events. Indeed, individuals with a history of early-
life stress (ES) show increased rates of psychiatric disorders and even dementias, such as 
Alzheimer’s disease (AD), later in their lives.

In this thesis, we tried to better understand the mechanisms through which ES lastingly 
programs later-life health and increases the risk to develop AD. We studied both how ES 
impacted brain structure and function at different ages, and how likely substrates, such 
as the neuroimmune system and synapses, respond to later-life secondary challenges (as 
induced here via e.g., LPS injection or the accumulation of amyloid beta). We tested the idea 
that ES exposure programs the brain and 1) leads to a different developmental trajectory 
of various forms of brain plasticity, and 2) that such alterations might contribute to the 
increased risk that ES-exposed individuals have for later-life disorders.

We modeled ES exposure in mice via the limited bedding and nesting (LBN) model, which 
involves housing mother and pups in ‘impoverished’ conditions by limiting the amount of 
cage materials they receive during the first week of life. Specifically, we exposed i) wildtype 
mice with or without a secondary challenge in adulthood (e.g. immune activation), as 
well as; ii) a transgenic mouse model of AD to ES, and studied the consequences of such 
exposures across the life course (i.e., early in life during the first postnatal week, as well as 
at various ages during adulthood) using molecular, cellular, and behavioral readouts.

In chapter 1, I introduce the projects within the thesis, explaining the main concepts 
and rationale. In particular, I provide background information regarding the concept of 
“developmental trajectories”, as well as an overview of the components of the hippocampal 
“quad-partite synapse” (i.e., pre- and post-synaptic neurons, astrocytes, and microglia), 
which is at the core of this PhD thesis.

In chapter 2, we focus on how ES affects the aging process by studying the aging-associated 
parameters of cognition, as well as hippocampal neurogenesis, neuroinflammation, and 
telomere length, of ES-exposed mice at the advanced age of 20 months. Although we found 
that these measures, especially when compared to adult mice at younger ages, exhibited 
expected aging-associated changes at 20 months of age, these were not further affected 
by ES. This might be due to either age-associated (maximal) deficits in control (CTL) mice, 
resulting in ‘ceiling’ or ‘floor’ effects, meaning that no additional effects of ES on top of those 
can be detected. This does not exclude that potentially latent ES effects exist at this age, that 
might need additional challenges to be uncovered, or might be due to ES impacting other 
aging-associated neurobiological processes. To follow this up, we investigated in chapter 3 
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molecular aging in the hippocampus through the expression of the senescence associated 
protein Lamin-B1. We found that ES does lead to early changes of this protein, especially in 
astrocytes, although this was again not evident at advanced ages.

Next, in chapter 4, we investigated if and how ES impacts the later-life response to various 
secondary challenges in the context of the neuroimmune system, a key component in 
psychiatric disorders and AD.  We addressed the impact of ES exposure on microglia, the 
resident immune cells of the brain, under basal and immune challenged conditions. We 
studied the transcriptomic profiles of ES-exposed microglia at two ages (in the postnatal 
period right after ES exposure and in adulthood) at a basal state, and how this changes 
in response to an acute infection caused by injecting the bacterial cell wall component 
lipopolysaccharide (LPS). We found differential gene expression, e.g. in those related 
to protein ubiquitination, in adult, but not pup, ES microglia. We also detected a strong 
“developmental” signature in gene expression between pup and adult microglia, along with 
distinct pathways expressed by adult CTL (e.g. TNF) and ES (e.g. TGFβ) microglia. When 
adult mice were injected with LPS, their microglia expressed genes that were typical of 
the neuroimmune response (e.g. upregulation of cytokine response, downregulation of 
autophagy), although we also found a cluster of genes further upregulated in ES microglia 
after an immune challenge.

To understand the functional implication of such ES-induced transcriptome changes, 
we next studied how ES affects microglial phagocytosis capacity using an ex vivo flow 
cytometric approach. We fed CTL and ES microglia from both pups and adults with age-
matched synaptosomes from CTL and ES mice, which could reflect a proxy for synaptic 
pruning. Similarly to before, we found deficits in adult, but not pup, ES microglia in taking 
up synaptosomes. Interestingly, we also saw that the source of the synaptosomes had an 
effect: at both ages, those enriched from ES mice were taken up less than those from CTL 
animals. Importantly, we demonstrated that the ES-associated effects on phagocytosis/
pruning capacity might have translational relevance, and differential microglial expression 
of the phagocytosis-related gene GAS6 was found in a post-mortem cohort of individuals 
with a history of childhood abuse.

Our phagocytosis data indicated that ES might lastingly alter synapses, likely via differential 
programming of microglia properties. To follow up on this idea, we characterized in 
chapter 5 the proteome of hippocampal synaptosomes in adult ES mice. Because synaptic 
alterations are an early pathological hallmark of AD, we also wanted to investigate its 
relevance as a substrate for ES programming of AD vulnerability. We therefore investigated 
whether ES would alter synaptic composition of AD-transgenic (TG) mice at both early and 
advanced stages of amyloid pathology. We found that, at 4 months (representing early 
pathological stages), both ES and TG synaptosomes were marked by a downregulation 
of proteins involved in actin dynamics, and an upregulation of mitochondrial proteins. 
Notably, ES-exposure did not further alter TG synaptosomes at this age. We then focused 
on understanding the impact of ES on mitochondria by characterizing mitochondrial counts 
and morphology at the ultrastructural level via electron microscopy of hippocampal CA1 
synapses and astrocytes. We found mitochondrial loss in the presynapses of TG hippocampi, 
and in the postsynapses of ES hippocampi, indicating net deficits in energy homeostasis in 
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both groups. This, along with the lack of differentially expressed proteins when CTL and ES 
TG synapses are compared, suggests that ES and TG effects at hippocampal synapses might 
be convergent at this age.

At 10 months of age (representing more advanced pathological stages in the AD-TG mice), 
amyloid beta (Aβ)-overexpression led to pronounced effects on synaptic proteins, especially 
on those related to synaptic vesicle release and neurotransmitter receptor cycling. While 
ES did not have much effects on wildtype synapses at this age, we found massive changes 
in the synaptic proteins in TG synapses that were ES-exposed, which seemed to involved 
astrocytes and (mitochondrial) lipid metabolism, as we confirmed via immunofluorescence 
of some of the key proteins involved (HADHA and FASN). These effects seem to support the 
idea of a differential trajectory in ES brains after a strong, in this case pathological challenge, 
as we hypothesized.

In line with the age-dependent alterations to astrocytic processes in WT and TG synapses 
after ES exposure, we studied, in chapter 6, how ES affects astrocytic morphology and gene 
expression at different ages. We found age-dependent ES effects on GFAP immunoreactivity, 
with increased GFAP coverage in ES pups, no difference at 4 months, and decreased GFAP 
coverage by 10 months. ES also led to an increased expression of the lipid metabolism gene 
Fasn at 4 months. We also found increased GFAP immunoreactivity and gene expression 
of Aqp4, Gfap, and Vim in 10-month-old TG mice, in line with earlier described changes to 
astrocytic reactivity in this mouse model. While the astrocytic profiles of ES-exposed TG 
mice at these ages were not different per se from those of CTL-TG mice, we speculate, based 
on the fact that we had previously found higher Aβ plaque load in tissue from the same 
mice, that there might be other functional consequences in ES-exposed TG astrocytes (e.g. 
in synaptic support as we saw in chapter 5), that we do not detect with our current tools and 
would require further functional and/or molecular characterization.

In chapter 7, we present preliminary data on how ES might impact another aspect of 
astrocytic function in wildtype mice, i.e. the blood-brain barrier (BBB). This structure closely 
interacts not only with astrocytes, but also with the rest of the quad-partite synapse. We 
found that ES mice have a different vascular response to a restraint stress, as evidenced 
by changes in CD31 immunoreactivity. Given that we also found evidence for hippocampal 
subregion-specific ES effects on the expression of tight junction proteins (e.g. Claudin-5), 
this might imply the formation of a differential BBB profile after ES, which awaits follow up 
studies.

In chapter 8, we present our work to improve the implementation of the LBN model in our 
experiments. In particular, there is a need also for non-invasive readouts and measurements 
to confirm whether ES exposure was similarly effective and thereby to ensure comparability 
of data across cohorts. In this work, we focus on identifying new parameters of maternal 
care behavior and nest surface temperature during ES exposure. We demonstrate how the 
proportion of behaviors performed by dams off nest is consistently different between CTL 
and ES nests, and that it can complement other currently available metrics to validate ES 
implementation. Next, we established a new protocol to measure surface temperature (as 
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measured by an infrared camera) in dams and pups, finding that these are not different 
between CTL and ES nests at the start and end of the experimental treatment.

Lastly, in chapter 9, I discuss the data presented in this thesis, and how they contribute 
to understanding ES effects on neurobiological substrates of interest across different ages. 
Because ES mostly only modestly affected each substrate studied during the early postnatal 
period, I argue that long-term ES effects might instead arise from (mal)adaptive interactions 
between different cell types (e.g. dysregulation of astrocyte-microglia communication, which 
might have implications for phagocytosis). I propose that ES effects on each component of 
the quad-partite synapse induces small changes in how they function within the systems 
they are embedded in, and that these would eventually accumulate and can result in adult 
biological systems that are both different from non-stressed systems both in the basal state, 
and in their response to later-life challenges. While this model is speculative in nature, I also 
mention some outstanding, testable questions that it predicts, which will hopefully shed 
more light on how such early experiences become relevant for later-life health, and thus 
provide insights for how to fix the trajectories that ES-exposed individuals take.
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Maikling buod (Tagalog)
Bagamat umuunlad ang ating lipunan, marami pa rin ang namumuhay sa kundisyon ng 
kahirapan. Mahalagang aralin at intindihin ang epekto ng ganitong kalagayan, lalo na sa mga 
kabataan. Ang paksa ng thesis na ito ay ang early-life stress (ES), na kung saan nabibilang 
ang karanasan ng mga batang inaabuso, pinapabayaan, hindi nakakakain (nang tama), atbp. 
Maraming pang-matagalang epekto ang ganitong karanasan, na siyang madalas nananatili pa 
rin sa paglaki ng mga indibidwal. Nakakadulot ang ES, halimbawa, sa pagtaas ng kaso ng mga 
sakit tulad ng Alzheimer’s disease (AD).

Sa nakaraang limang taon, nakibahagi ako sa iba’t ibang klaseng pananaliksik na may layong 
intindihin ang mga mekanismong nakakaambag ng ganitong epekto ng ES. Tinanong namin 
kung ano ang ginagawa ng ES sa proseso ng pagtanda ng mga indibidwal, at kung nababago ba 
ng ES ang pagtugon nila sa iba’t ibang biyolohikal at pisyolohikal na hamon. Ipinalagay namin na 
ang ganitong pagbabago ay maaaring may mahalagang papel sa pagkakasakit nila.

Inaral namin ito gamit ang mga daga, sa pamamaraang tinatawag na “limited bedding and 
nesting (LBN) model.” Sa modelong ito, ang mga ina at kanilang tuta ay inilalagay sa kulungan na 
kung saan hindi sapat ang materiyales upang bumuo ng pugad. Ihinahambing ang modelong ito 
sa nangyayari sa lipunan, kung saan naaapektuhan ng stress ang kapasided ng mga magulang 
upang alagaan ang kanilang mga anak. Dumanas ng ES ang mga daga sa unang linggo ng 
kanilang buhay (mula sa ikalawa hanggang ika-siyam na araw), at sila ay siyang inimbestigahan 
pagkatapos.

Gumamit kami dito ng mga wildtype (WT, o kung tutuusin ay “normal”) na daga, pati na mga 
transgenic (TG) na daga (na umiipon ng amyloid-beta (Aβ) sa kanilang utak, tulad ng nagyayari 
sa mga pasyenteng may AD). Sinuri namin ang utak nila sa iba’t ibang edad, mula sa pagtapos ng 
ES (9 na araw), hanggang sa kanilang pagtanda (20 buwan). Ninais naming unawain ang epekto 
ng ganitong karanasan sa hippocampus, isa sa mga mahahalagang bahagi ng utak sa pag-isip 
at pag-alala. Kasama sa mga sinuri namin ang mga synapse (o koneksyon ng mga neurons, na 
siyang pangunahing tipo ng selula sa utak), at ang mga selula sa paligid nila (hal., microglia at 
astrocytes), na siyang nakiki-ugnay at sumusuporta sa kanila. Idenatalye at pinangatwiranan ko 
ang mga eksperimentong isinagawa namin sa unang kabanata. Kasama na rito ang konsepto ng 
developmental trajectory, o proseso ng pagtanda, na hininala naming binabago ng ES.

Bagamat maraming pagkakatulad ang epekto ng ES sa pagbabago ng organismo sa pagtanda, 
hindi kami nakahanap ng ebidensya na napapabilis ng ES ang pagtanda ng mga daga (ikalawang 
kabanata). Batay ito sa pagsulit ng kognisyon, pati na ang pagsuri ng kanilang neurogenesis 
(pag-buo ng bagong neurons), neuroinflammation (aktibasyon ng immune system) at telomere 
length (bahagi ng DNA ng mga selulo na umiiksi sa pagtanda). Tiningnan rin namin ang lebel ng 
Lamin-B1, isang protinang nababawasan sa utak habang tumatanda. Nakita namin sa ikatlong 
kabanata na napa-aga ng ES ang pagbawas nitong protina, lalo na sa mga astrocytes. Bagamat 
nawala ang epektong ito sa mga dagang pinalaki hanggang 20 buwan, pinapahiwatig nito na 
maaari ngang nababago ng ES ang trayekto ng pagtanda ng ilang piling sistema.
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Ang immune system ay isa sa mga sistemang humihina sa pagtanda. Upang intindihin ang 
epekto ng ES dito, lalo na sa utak, sinuri namin ang mga gene na pinapahayag ng microglia mula 
sa tuta at matatandang mga daga (ika-apat na kabanata). Samantalang nabago nga ng ES ang 
paghayag ng mga gene sa microglia ng matatandang daga, hindi ito naapektuhan ang microglia 
ng mga tuta. Nakakita rin namin kami ng pagkakaiba sa pagtanda ng microglia na mula sa ES 
na daga. Kaakibat nito, may pagkakaiba rin ang pagtugon ng microglia mula sa may kasaysayan 
ng ES sa impeksyong dulot ng pag-inik ng LPS, na komponento ng mga bakterya. Naipakita rin 
namin sa kabanatang ito ang posibleng epekto ng ES sa kapasidad ng microglia sa phagocytosis 
(o pagkain) ng mga synapse.

Upang lalong intindihin ang epekto ng ES sa mga synapse, sinuri rin namin ang proteomic profile 
nila, o ang bilang ng mga protinang matatagpuan sa mga synapse (ikalimang kabanata). Dahil 
laganap sa AD ang mga pagbabago sa synapse, inaral rin namin kung dito rin ba napapalala 
ng ES ang patolohiya sa TG na daga. Sa 4 na buwang mga daga, edad na kung saang kaunti pa 
lang ang patolohiyang dulot ng Aβ, nakita namin na magkatugma ang epekto ng ES at TG sa 
mga protina sa synapse (na may kinalaman sa mitokondriya at actin). Walang lalong pinagkaiba 
ang mga protina sa synapse mula sa TG na dagang nakaranas ng ES. Sa 10 buwang mga daga, 
edad na kung saang laganap na ang mga Aβ plaque na nakikita sa pasente ng AD, nagdulot 
ng maraming pagbabago ang ES sa mga protina sa synapse ng TG (ngunit hindi WT) na daga. 
Kasama na rito ang maraming protinang may kinalaman sa mitokondriya at metabolismo ng 
mga lipido. Dahil dito, mukhang interesanteng target nga ang mga synapse upang intindihin 
ang epekto ng ES. 

Upang busisihin ang pagbabago ng ES sa synapse, lalo na sa mga TG na daga, inimbestigahan rin 
namin ang epekto nito sa mga astrocyte, na mahalaga rin sa pag-suporta ng mga neuron (ika-
anim na kabanata). Inaral namin ang hugis at dami ng astrocyte gamit ang marker na GFAP, at 
natagpuan namin na paiba-iba ang epekto ng ES (napaparami sa mga tuta, walang epekto sa 4 
at 6 na buwan, at mas kaunti sa 10 buwan). Samantalang hindi naapektuhan ng ES ang GFAP sa 
mga TG na daga, sa tingin namin, base rin sa naunang datos sa grupo namin, na maaaring may 
ibang epekto ito sa natatanging aspeto ng pag-gana ng mga astrocyte. Isang halimbawa nito 
ang pamamahala nila ng blood-brain barrier, na mukhang nababago ng ES, base sa panimulang 
datos namin (ikapitong kabanata).

Bukod sa koseptwal na pagsuri ng epekto ng ES, pinagpasya rin naming imbestigahan ang 
wastong paggamit ng LBN model sa mga eksperimento namin (ikawalong kabanata). 
Mahalagang paniguraduhin ang ma-igi at pare-parehong pagtupad ng ES sa iba’t ibang 
eksperimento. Iminungkahi namin dito na ang tagal ng oras na nasa pugad ang inang daga ay 
isang simpleng at epektibong pagsukat ng wastong pag-modelo ng LBN na ES.

Kulang ang limang taon upang tunayang maintindihan ang epekto ng ES sa mga indibidwal, at 
ito ay lalong hindi sapat upang makahanap ng paraan na matulungan silang iwasan ang mga 
sakit tulad ng AD. Gayunpaman, umaasa akong ang nilalaman ng thesis na ito ay makakatulong 
kahit paano sa paghimay ng mga mekanismo ng ES. Binigyang-pansin namin ang pagtanda ng 
mga dagang pinalaki pagkatapos ng ES. Ang mga implikasyon nito ay sinibukan kong talakayin 
sa ikasiyam na kabanata. Dahil di-hamak na mahirap kamitin ang lipunang walang nakakaranas 
ng ES, mahalagang unawain ito para sa kapakanan ng mga nakaranas at makakaranas nito. 
Nawa’y naka-ambag rin ang pagpupunyagi namin dito.


