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GLIAL CELLS OF THE CNS  

The central nervous system (CNS), comprising the brain and the spinal cord, is essential 

for integrating and processing all information, from and to the body. The CNS contains 

numerous different cell types. In vertebrates, two main cell types are present: nerve cells 

(neurons) and glial cells. Glial cells have been first described in 1858 by Rudolf Virchow 

[1]. At that time, glial cells were considered to be connective tissue that holds neurons 

together, serving only passive functions. This is reflected in the term ‘glia’, derived from 

Greek, meaning ‘glue’. The discovery of cellular histology techniques led to the identification 

of different forms of glial cells, based on cell morphology, by Camillo Golgi, Santiago 

Ramon y Cajal and colleagues [2]. Currently, it is widely accepted that in the vertebrate 

CNS three classes of glial cells exist: astrocytes, microglia and oligodendrocytes. Astrocytes 

and oligodendrocytes, also categorized as macroglia, are derived from neuroepithelial 

stem cells [3], whereas microglia originate from progenitors in the embryonic yolk sac 

[4]. Although macroglial cells originate from the same neural stem cells as neurons, their 

different cellular properties and functions became increasingly clear during the beginning 

of the 20th century when cell electrophysiological techniques were developed. Using 

these techniques, neurons were distinguished from glial cells based on their electrical 

activity, i.e., neurons were defined as electrically excitable cells, whereas glial cells did not 

respond to electrical stimulation. This supported the notion that glial cells were passive 

elements and therefore less important than neurons, leading to a shift in the field where 

neurons became the main focus. Over the last few decades, glial cells received increased 

attention. Using advanced imaging techniques, it was discovered that glial cells are 

excitable, but in a fundamentally different way than neurons. In particular, elevation of 

intracellular calcium levels in astrocytes are an important way for intrinsic signaling and 

communication with neurons [5]. Moreover, electron microscopy revealed a physical 

interaction between astrocytes and neurons. These discoveries, among many others, led 

to the current perception that glial cells are active elements that contribute to numerous 

essential functions in the healthy and diseased brain. 

Astrocytes: more than passive cells

Astrocytes, named after their irregular and star-shaped cell bodies, are the most abundant 

cell type in the mammalian CNS. They comprise a heterogeneous cell population and vary 

in morphology and physiology [6]. In the 19th century, astrocytes were divided into two 

classes based on their morphology: protoplasmic and fibrous astrocytes. Protoplasmic 

astrocytes, complex cells with many thin processes, are found in the grey matter of the CNS, 

whereas fibrous astrocytes exhibit fewer branching and are observed in the white matter. In 

addition, specialized astrocytes in different areas of the brain were defined, each with distinct 
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morphologies and functions: Müller glia in the retina and Bergmann glia in the cerebellum 

[7]. Most astrocyte subtypes are however characterized by the expression of glial fibrillary 

acidic protein (GFAP), a major intermediate filament, which is generally used as a marker 

for immunohistochemical identification of astrocytes. Astrocytes share a broad range of 

biological functions [8]. The same Golgi stainings that categorized astrocytes into either 

protoplasmic or fibrous astrocytes revealed that astrocytes are tightly attached to blood 

vessels. We now know that astrocytes play an important role in maintaining the blood-brain 

barrier (BBB), by allowing selective transport of molecules and nutrients. Astrocyte end-

feet are in direct contact with endothelial cells that form the BBB and by secreting factors, 

such as transforming growth factor-β (TGFβ) and glial-derived neurotrophic factor (GDNF), 

astrocytes are able to modulate BBB permeability [9]. Furthermore, astrocytes directly 

interact with neurons in the brain, involving bidirectional communication essential for 

neuronal functioning. For instance, they control water and ion homeostasis by taking up ions 

from the extracellular space to maintain an optimal environment for neuronal functioning 

[10]. Moreover, CNS metabolism is tightly regulated by astrocytes. Given that the brain is a 

high energy-consuming organ, it is required that glucose and other brain energy substrates, 

such as glutamate, glutamine and lactate, have a high turnover [11]. Astrocyte processes, 

in contact with both capillaries and neurons, take up glucose from blood vessels and break 

it down into energy-carrying substrates that are transferred to neurons. Astrocytes are also 

known to play a key role in the neuron-astrocyte lactate shuttle, in which astrocytes take 

up glutamate from the extracellular space, convert it into lactate that is released and can 

be used as an energy source for neurons [11,12]. Furthermore, astrocytes regulate neuronal 

functioning by responding to changes in neuronal activity by secreting factors that 

modulate the properties of synapses. This bidirectional communication, together with the 

finding that astrocytes are directly associated with neuronal synapses, led to the concept 

of the tripartite synapse [13]. This concept emphasizes that astrocytes contribute to the 

structure and function of neuronal synapses [14].

Astrocytes: the third component of the tripartite synapse

The concept of the tripartite synapse was introduced two decades ago by Alfonso Araque 

and colleagues [13]. They proposed that pre- and postsynaptic terminals are tightly 

ensheathed by astrocyte processes, thereby allowing bidirectional communication. New 

labeling techniques that visualize the fine processes of astrocytes revealed that a single 

hippocampal astrocyte is able to contact up to a thousand synapses from one or multiple 

neurons [15], with over 50% of hippocampal synapses being covered by astrocytic processes 

[16]. Astrocytes form non-overlapping territories representing functional synaptic islands: a 

single astrocyte that covers many synapses, allowing the synchronization of neuronal firing 

and coordination of synaptic networks [17]. 
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Given that astrocytes are closely associated with pre- and postsynaptic terminals, they are 

in the right place to monitor and regulate synaptic activity. Upon neuronal stimulation, 

neurotransmitters are released from the presynaptic terminal into the synaptic cleft. 

Astrocytes respond to these neurotransmitters by elevating internal calcium levels, 

leading to a wave of calcium oscillations through neighboring astrocytes that induce the 

release of various substances, the so-called gliotransmitters [14,18]. Gliotransmitters such 

as glutamate [19], ATP [20] and D-serine [21] are released by astrocytes and are known 

to modulate synaptic transmission at a seconds to minutes timescale [22]. How factors 

secreted by astrocytes regulate pre- and postsynaptic processes will be discussed in the 

section below.

Astrocyte-secreted factors in synapse formation and function

The close interaction of astrocytes with pre- and postsynaptic terminals is relevant for their 

regulation of synapse development. With the development of in vitro culture systems, the 

identification of astrocyte-secreted factors that induce the formation of neuronal neurites 

and synapses increased exponentially (reviewed in [23]). These culture systems led to the 

discovery of at least three classes of astrocyte-secreted factors: 1) those that promote the 

formation of structurally normal but postsynaptically silent synapses, 2) those that facilitate 

presynaptic activity by enhancing the probability of neurotransmitter release, 3) and those 

that facilitate postsynaptic function by stimulating the insertion of glutamate receptors [24].

Biochemical analysis of astrocyte-conditioned medium revealed that the extracellular 

matrix protein thrombospondin (TSP), secreted by astrocytes primarily during development, 

promotes the formation of structurally normal synapses with active presynaptic and silent 

postsynaptic terminals, as they lack functional postsynaptic glutamatergic α-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors [25]. Supplementing retinal 

ganglion cells with TSPs increases the number of synapses to the same extent as the 

supplementation of astrocyte-conditioned medium does, indicating that TSP is an essential 

astrocyte-secreted factor in the induction of synapse formation [24,25]. In addition, Hevin, 

secreted by astrocytes during development and adulthood, induces structurally normal but 

postsynaptically silent synapses in vitro and regulates synapse size in vivo [26]. Furthermore, 

it was found that glypicans, a family of heparan sulphate proteoglycans, are secreted 

by astrocytes and promote glutamate receptor clustering to induce the formation of 

functional excitatory synapses [27]. The astrocyte-secreted transforming growth factor β 

(TGF-β) induces the formation of functional synapses when added to neuronal cultures by 

increasing the release of the N-methyl-D-aspartate (NMDA) receptor co-agonist D-serine 

[28]. D-serine itself was previously found to enhance NMDA receptor activation and induces 

long-term synaptic plasticity in vitro [21]. Finally, astrocyte-derived cholesterol enhances 

synapse formation and function by increasing synapse number and presynaptic function in 
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vitro [29]. In vivo evidence is still lacking but will be examined in this thesis.

Taken together, these studies demonstrate that various astrocyte-secreted factors play key 

roles in controlling synapse formation, regulating presynaptic function and modulating 

the response of the postsynaptic neuron to neurotransmitters. With the putative role of 

astrocyte-derived cholesterol in synapse formation, I will focus below on the regulation of 

astrocyte-lipid metabolism and the role of lipids in synapse formation and function.

LIPID SYNTHESIS IN THE CNS

The CNS is highly enriched in lipids [30]. Because the BBB prevents many lipids, such as 

fatty acids and lysophospholipids, from the periphery to enter the brain [31], the brain 

is considered to be highly autonomous in lipid metabolism. Lipids are building blocks 

of neuronal membranes, such as neurite membranes, synaptic membranes and myelin 

sheaths. Neurons themselves are inefficient in lipids synthesis and therefore rely on the 

uptake of lipids from the external environment [32]. Astrocytes are known to be highly 

active in lipid metabolism, and considered to supply lipids to neurons [33,34]. In vitro 

studies showed that lipids are transported from astrocytes to neurons by apolipoproteins 

[29,33–35]. Lipids, containing both a hydrophilic and hydrophobic region, are complexed to 

apolipoproteins forming a lipoprotein complex in order to be transported through aqueous 

environment, as in blood or extracellular fluid. Apolipoprotein E (ApoE) is one of the most 

abundant apolipoproteins in the brain and functions as a receptor ligand [36]. The secretion 

of ApoE, predominantly by astrocytes, is mediated by the ATP-binding cassette transporter 

A1 (ABCA1) [37] and the ApoE-containing lipoprotein complexes are primarily targeted to 

neurons by binding with high affinity to low-density lipoprotein (LDL) receptors localized 

on neuronal plasma membranes [36]. This shows that astrocytes, via ApoE-containing 

lipoproteins, might contribute to neuronal lipid homeostasis. In the following section, I will 

elaborate on the role of brain lipid metabolism in the formation and function of neuronal 

synapses.

Lipids in synaptic function

Lipids in presynaptic function

Presynaptic function involves the trafficking and secretion of synaptic vesicles, known as the 

synaptic vesicle cycle. During synaptic transmission, synaptic vesicles undergo exocytosis, 

followed by endocytosis and recycling to ensure vesicles to refill with neurotransmitters 

[38,39]. These rapid and repeated rounds of neurotransmitter release require continuous 

membrane reshaping [39,40]. The synaptic vesicle cycle therefore heavily depends on the 

lipid composition of synaptic membranes and the interaction of membrane lipids with 

presynaptic proteins and signaling molecules [40,41]. It was shown that lipids actively 
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participate in presynaptic function in several ways. For instance, cholesterol was found to 

modulate vesicle exocytosis by regulating the clustering of syntaxin-1A, a constituent of the 

soluble NSF attachment protein receptor (SNARE) complex that is essential for exocytosis. 

Cholesterol removal from PC12 cell cultures resulted in disintegration of syntaxin-1A clusters 

and a strong reduction in the frequency of exocytotic events [42]. Cholesterol has also been 

associated with the synaptic vesicle cycle through stimulation of the biogenesis of synaptic 

vesicles via the interaction with the presynaptic protein synaptophysin [43]. The finding that 

phosphoinositides bind several proteins that are involved in vesicle endocytosis [44,45] is 

another example of how lipids, via their interaction with presynaptic proteins, are involved in 

presynaptic function. Interestingly, many endocytic proteins contain lipid-binding domains 

which are crucial for the surface localization of these endocytic proteins during the different 

steps of vesicle endocytosis (reviewed in [45]). Finally, the shape, the fatty acid saturation 

state and the head group charge of membrane lipids directly affect membrane curvature 

and fluidity. For instance, polyunsaturated fatty acids (PUFAs) have a high conformational 

flexibility because of their multiple double bonds and are highly enriched in synaptic 

vesicles, as the exceptionally flexible PUFAs facilitate fast protein movement and membrane 

bending [46]. These published findings demonstrate that membrane lipid organization 

underlies the synaptic vesicle cycle, and therefore presynaptic function, showing that brain 

lipid homeostasis is crucial for synaptic neurotransmission. 

Lipids in postsynaptic function

Besides their role in presynaptic function, lipids are important regulators of postsynaptic 

function. Neurotransmitters that are released from the presynaptic terminal bind 

postsynaptic receptors leading to the activation of signaling cascades. The strength of 

this postsynaptic response is related to the availability of receptors that are present in the 

membrane. Most of the postsynaptic receptors are localized in so-called lipid rafts. These 

specialized membrane microdomains contain high levels of cholesterol and sphingomyelin 

and are associated with several postsynaptic proteins, such as PSD-95 and AMPA receptors 

[47]. Removal of cholesterol or sphingolipids from cultured hippocampal neurons, causing 

raft depletion, resulted in enhanced AMPA receptor internalization and a decrease in 

spine density [47], showing that lipid rafts rely on cholesterol and sphingolipids for the 

formation and function of neuronal synapses. Lipids rafts were also found to be essential 

for proper clustering and stabilization of acetylcholine receptors (AChR), as proteins that 

are necessary for AChR translocation and accumulation are located in lipid rafts [48]. This, 

together with the finding that many G proteins that are involved in signal transduction are 

localized in lipid rafts, shows that lipids can affect neurotransmitter signaling by regulating 

the clustering of postsynaptic receptors as well as components of receptor-activated 

signaling pathways [49].
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SCAP-SREBP-mediated lipid biogenesis 

Important transcriptional regulators of glial lipid homeostasis are the sterol regulatory 

element-binding proteins (SREBPs). The importance of SREBPs in lipid synthesis was 

demonstrated in many cell types in the periphery, such as liver cells, fibroblasts, adipocytes 

and Schwann cells [50–52]. SREBPs belong to the family of basic helix-loop-helix leucine 

zipper (bHLH-Zip) transcription factors that directly activate the expression of genes 

involved in fatty acid and cholesterol synthesis [53]. The SREBP family consists of three 

isoforms: SREBP-1a, SREBP-1c and SREBP-2, which activate different subsets of lipogenic 

genes [54,55]. SREBP-1c preferentially regulates the transcription of genes involved in 

fatty acid metabolism, whereas SREBP-2 enhances transcriptional regulation of cholesterol 

metabolism. SREBP-1a activates both the fatty acid and cholesterol synthesis pathway [53].  

Before SREBP can act as a transcription factor in the nucleus, it must undergo post-

translational activation by the SREBP cleavage-activating protein (SCAP) (Figure 1). SCAP 

is a sterol sensor and escorts SREBPs from the endoplasmic reticulum (ER) to the Golgi 

apparatus when the sterol levels are low. In the Golgi apparatus, SREBPs are sequentially 

cleaved by two membrane-bound proteases, e.g., the serine protease S1P and the zinc 

metalloproteinase S2P. As a result, SREBP becomes transcriptionally active and translocates 

to the nucleus where it binds sterol response elements (SREs) in the promoter/enhancer 

regions of genes that mediate cholesterol and fatty acid synthesis [50,53]. We recently 

showed that astrocytes express all three SREBP isoforms and that deletion of astrocyte SCAP 

resulted in downregulation of SREBP expression and activity, leading to reduced astrocyte 

lipid synthesis [56].

Role of astrocyte SCAP-SREBP lipid synthesis in neuritogenesis and 

synaptogenesis

Lipids are highly enriched in neuronal membranes and are therefore essential for the 

formation and development of dendrites, axons and synapses. Many in vitro studies 

examined the role of astrocyte-secreted fatty acids and cholesterol in the formation 

and outgrowth of neurites as well as the formation and maturation of synapses. For 

instance, it was demonstrated that oleic acid, a monounsaturated fatty acid (MUFA) that 

is synthesized and secreted by astrocytes, induced neuronal differentiation by stimulating 

neurite outgrowth and neuronal clustering [57,58]. High levels of PUFAs and cholesterol are 

present in synaptic membranes [59,60]. Therefore, it is not surprising that supplementation 

of these lipids has been associated with enhanced synapse formation and function. 

Supplementation of docosahexaenoic acid (DHA) to primary hippocampal neuron cultures 

resulted in enhanced neurite growth, increased formation of synapsin-positive presynaptic 

terminals and enhanced glutamatergic synaptic function [61]. Although many PUFAs are 

obtained through the diet, it is suggested that glial cells are also involved in local PUFA 
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synthesis. Astrocytes actively elongate and desaturate fatty acid precursors in order to 

synthesize and release long-chain PUFAs, such as DHA and arachidonic acid (AA). Neuron-

astrocyte co-culture experiments showed that astrocyte-derived DHA and AA were readily 

incorporated into neuronal membranes [62,63], which may have a major influence on lipid 

packing and membrane fluidity [45].

The finding that cholesterol is secreted by astrocytes and is important for neuronal 

functioning comes from in vitro studies that supplement astrocyte-conditioned medium to 

neuronal cultures [29,64,65]. The lab of Frank Pfrieger was the first to show that cholesterol, 

complexed to ApoE-containing lipoproteins, is the active component in astrocyte-

conditioned medium that enhanced synaptogenesis in retinal ganglion cell (RGC) cultures 

[29]. Supplementing cholesterol to autaptic retinal ganglion cells increased the number 

of synapsin1-positive puncta and quantal content, indicating that both synapse number 

and presynaptic vesicle release were increased [29]. Consistent with these findings, release 

efficacy was enhanced after cholesterol treatment of autaptic RGC cultures as measured 

with paired-pulse ratio experiments [65]. Cholesterol supplementation did, however, not 

enhance the number of mature synapses, which were characterized by co-localization of 

presynaptic marker synaptotagmin and postsynaptic marker PSD-95 [25]. 

Taken together, the above-described in vitro experiments suggest that astrocyte-secreted 

lipids play an important role in synaptic transmission by facilitating presynaptic activity 

through enhancing the probability of neurotransmitter release. An increasing number of 

in vitro studies has focused on the mechanism that underlies the regulation of presynaptic 

function by phospholipids and cholesterol, although the direct role of astrocytes, especially 

in vivo, remains unclear.

IMPLICATION OF ASTROCYTE LIPID METABOLISM  
IN NEUROLOGICAL DISEASES 

Compromised astrocyte lipid metabolism has been associated with several neurological 

disorders characterized by impaired synaptic function. For instance, phospholipid and 

cholesterol dysregulation has been linked to Alzheimer’s disease (AD) [66,67], a progressive 

neurodegenerative disease characterized by synaptic dysfunction during the early stages of 

disease pathology [68]. There is strong evidence that astrocytes play an important role in the 

development and progression of AD, as astrocytes are a major player in lipid synthesis in the 

brain and highly express the lipid carrier ApoE [69,70], which is one of the most prevalent 

genetic risk factors for AD. It has been demonstrated that ApoE deficiency results in altered 

membrane lipid composition [71], synaptic deficits and impaired long-term potentiation 

and memory (reviewed in [72]). In addition, impaired cholesterol metabolism has been 

associated to Huntington’s disease (HD), where a 50% reduction of transcriptionally active 

SREBP was found in HD cells, leading to decreased levels of cholesterol in the brain [73], which 
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suggests a direct role of SREBP activity in neurological disorders. Interestingly, HD astrocytes 

synthesize reduced levels of cholesterol and therefore secrete less ApoE-bound cholesterol, 

which resulted in lower spontaneous synaptic activity, possibly due to a loss of synaptic 

contacts [74]. Lastly, the neurodegenerative disorder Niemann-Pick disease type C (NPC) is 

caused by loss of function of the NPC1 protein, an endosomal transmembrane protein that 

is predominantly present in perisynaptic astrocyte processes [75]. NPC1 deficient neurons 

have defective cholesterol trafficking and impaired synaptic vesicle cycle and synaptic 

transmission [76,77]. These findings demonstrate the role of astrocyte lipid metabolism in 

the pathophysiology of neurological disorders that are characterized by impaired synaptic 

function. Interestingly, recent studies showed that dietary lipid treatment successfully 

improved synaptic dysfunction in several of these neurological diseases, as discussed below. 

Lipid dietary treatments to improve neuronal function

The last decades, alterations in brain lipid metabolism became a potential target 

for intervention strategies. We recently showed that a high fat diet (HFD), containing 

elevated levels of saturated fatty acids (SFA) and MUFAs, improved impaired motor 

function [56] and hypomyelination in mice with reduced astrocyte-restricted lipid 

synthesis [78]. Lipid treatment was also found to successfully improve synaptic 

function in a mouse model of HD [79]. Systemic injections with cholesterol bound to 

nanoparticles, allowing cholesterol delivery and release in the brain, enhanced the levels 

of PSD-95 and NMDA receptor subunits and ameliorated synaptic activity in HD mice 

[79]. Moreover, dietary cholesterol supplementation has become standard treatment 

for patients with Smith-Lemli-Optitz syndrome (SLOS), an autosomal recessive disorder 

caused by a deficiency in the cholesterol biosynthetic pathway [80]. In these patients, it 

was reported that dietary cholesterol supplementation improved behavioral deficits and 

cognitive impairments [81], although more recent studies showed contradictory results 

[80]. In addition, nutritional approaches to enhance synapse formation and function 

have gained increasing attention. It is shown that phospholipids, key components of 

neuronal membranes, are synthesized from the precursors DHA, uridine and choline 

via the Kennedy pathway [82,83]. The specific nutrient combination Fortasyn Connect 

(FC), comprising phospholipid precursors and cofactors needed for the synthesis and 

maintenance of neuronal membranes, was designed to improve synaptic dysfunction in 

early AD patients. Dietary supply of FC was shown to enhance hippocampal phospholipid 

levels as well as the levels of presynaptic proteins synapsin-1 and postsynaptic protein 

PSD-95 in healthy rats [84]. Moreover, the medical food Souvenaid, containing FC, 

increased brain connectivity and improved memory performance of early AD patients, 

possibly by influencing functional connectivity [85–87]. 

Taken together, dietary lipid supplementation may be an interesting strategy to treat 



19

General introduction

1

neurological diseases associated with defective lipid synthesis and impaired synaptic 

functioning.

AIMS AND OUTLINE OF THIS THESIS

Given that lipids are the building blocks of neuronal membranes and that neurons 

themselves are inefficient in lipid synthesis, neurons rely on lipids secreted by astrocytes. 

Accordingly, in vitro studies emphasize the importance of lipids in neurite outgrowth, 

synapse formation and function, however, in vivo evidence is lacking. It also becomes 

increasingly clear that lipid-enriched diets are able to improve synaptic function under 

conditions of compromised lipid metabolism. The primary aim of the studies described 

in this thesis is to determine how lipids derived from astrocytes (Chapter 3-5) and diet 

(Chapter 2, 4) modulate synapse formation and function (Figure 1).

In Chapter 2, we developed a new method of analysis for neuronal developmental processes, 

such as neuronal survival, neurite morphology, synapse formation and maturation, in 

primary neuron-astrocyte co-cultures. We used automated confocal microscopy in the 

Opera High Content Screening system to study the effect of Fortasyn Connect, a specific 

nutrient combination containing phospholipid precursors and cofactors. 

In Chapter 3, the role of astrocyte lipid metabolism in hippocampal synapse formation 

and function in vivo is described. Lipid metabolism in astrocytes was inactivated during 

embryonic development and the outcome on synapse maturation and ultrastructure, as 

well as short- and long-term synaptic plasticity was studied.

In Chapter 4, we investigated the mechanisms that underlie the regulation of synapse 

formation and function by astrocytic lipids. We furthermore examined whether synaptic 

dysfunction could be rescued by a specific lipid-enriched diet, containing cholesterol and 

Fortasyn Connect.

In Chapter 5, we examined the effects of postnatal inhibition of astrocyte lipid metabolism 

on myelination and synapse ultrastructure. To accomplish this, we generated and analyzed 

an inducible mouse model that expresses the tamoxifen-inducible CreERT2 under 

transcriptional control of the astrocyte-specific Glast promoter.

In Chapter 6, the distinct roles for astrocyte lipids in the formation and function of neuronal 

synapses by inactivating astrocyte lipid metabolism during embryonic and postnatal 

development are discussed. In addition, the implications of lipid-enriched diet-specific 

effects on myelination and synaptogenesis are covered. Lastly, future experiments and 

perspectives are presented.
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Figure 1. Model of the role of astrocyte lipid metabolism on synapse formation and function. 

In astrocytes, the transcription factor sterol regulatory element binding protein (SREBP) regulates the 

synthesis of fatty acids and cholesterol. SREBP is post-translationally activated by the sterol sensor SCAP. 

When sterol levels are low, SCAP transports SREBP from the endoplasmic reticulum (ER) to the Golgi 

apparatus, where SREBP is sequentially cleaved by two membrane-bound proteases, e.g., the serine 

protease S1P and the zinc metalloproteinase S2P. This results in a transcriptionally active SREBP that 

translocates to the nucleus where it binds sterol response elements (SREs) in the promoter/enhancer 

regions of genes that mediate cholesterol and fatty acid synthesis. In this thesis, we examined the 

effect of these astrocyte-secreted lipids on the formation and function of hippocampal synapses. 

Model of the sterol-mediated proteolytic release of SREBP is adapted from [53].


