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Vanishing white matter in patients

Vanishing white matter (VWM) is one of the more prevalent inherited child-
hood white matter disorders [1]. Still, VWM is a rare disease with an incidence 
of approximately 1-2 patients per 100,000 live-born children in the Netherlands 
(approximately 2-3 new patients per year) [2]. The disease is initially diagnosed 
using MRI. The MRI shows diffuse abnormality of the cerebral white matter, 
increasing amounts of abnormal white matter are replaced by fluid at later dis-
ease stages [3]. The grey matter structures are relatively spared. The diagnosis 
is confirmed by genetic testing. 

The onset and the clinical severity of the disease are variable. Onset and 
severity are correlated: earlier onset is in general associated with more severe 
disease [4, 5]. Clinical phenotypes have been classified into three groups based 
on age of onset [6, 7]. The classical phenotype is associated with an early child-
hood onset between two and six years [7]. The severe phenotype is observed 
in patients with a disease onset before the age of two years (antenatal or infan-
tile onset) [7]. The third group comprises patients with a relatively mild pheno-
type, characterized by a late-childhood, adolescent or adult onset [7]. 

Patients with VWM have chronic as well as episodic neurological deterioration. 
They develop ataxia and spasticity and become wheelchair-dependent [8]. 
The episodic deteriorations are provoked by stresses such as infections with 
fever. These episodes may end in an unexplained coma, which in some cases 
leads to the death of the patient [7]. Some patients have epilepsy [9]. Patients 
with the severe phenotype may also show dysfunction of other organs such as 
eyes, kidney and liver [10]. Ovarian failure is observed in female patients of any 
disease severity [11]. Currently, there is no curative treatment for patients and 
the disease is fatal. 

The four major cells types in the brain are neurons, astrocytes, oligodendro-
cytes and microglia [12]. The brain consists of grey and white matter. The grey 
matter contains the neuronal cell bodies and the white matter contains the ax-
ons, which are myelinated by oligodendrocytes [12]. Myelin is high in fat, which 
makes the myelinated parts of the brain appear white. Myelination of axons 
increases the speed of signal conduction along the axon and saves energy [12]. 

In VWM the white matter of the brain is predominantly affected. In VWM 
patients, myelin and axons are not maintained properly and the white matter 
literally vanishes. Neuropathological examination of post-mortem patients’ 
brains shows an abnormal morphology of white matter astrocytes and oligo-
dendrocytes. Some oligodendrocytes look foamy and astrocytes have fewer, 
thicker and shorter processes than cells from controls [13, 14]. Astrocytes 
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appear to be less mature in VWM patients than in healthy controls [13, 15, 16]. 
In addition, there is an increased number of oligodendrocyte precursor cells 
(OPCs) in the brain tissue of the patients in comparison with healthy controls 
[13, 14]. Astrocytes can promote or inhibit OPC maturation and myelination by 
secreted factors such as cytokines [17]. There is evidence that astrocytes inhibit 
OPC maturation In VWM [18]. 

VWM is caused by bi-allelic mutations in genes encoding eIF2B 

VWM has an autosomal recessive mode of inheritance. A genetic linkage study 
was done to find the gene mutated in a group of Dutch VWM families living 
in the east of the Netherlands [19]. This study linked VWM for these patients 
to a locus on chromosome 3 (3q27) [19]. Sequence analysis in this group of 
VWM patients showed a mutation in the gene EIF2B5 encoding eukaryotic 
initiation factor 2Bε (eIF2Bε), i.e. the Thr91Ala mutation [20]. Next, all other 
VWM patients in our database were tested for mutations in EIF2B5 and more 
mutations in EIF2B5 were associated with VWM. The factor eIF2B consists of 
five non-identical subunits (a-µ) encoded by five different genes, EIF2B1-5. 
From the patients without mutations in EIF2B5 another group of patients from 
the southern part of the Netherlands was selected for second linkage study. 
This study identified the mutation Glu213Gly in eIF2Bβ to cause VWM [20]. 
The patients without mutations in EIF2B2 or EIF2B5 had bi-allelic mutations in 
the genes EIF2B1, EIF2B3 or EIF2B4 [21]. In conclusion, mutations in any of five 
genes encoding the subunits of eIF2B (α-ε) cause VWM. Other groups of pa-
tients with founder mutations in eIF2B were described in the North American 
Cree population (eIF2Bε; Arg195His) and in China (eIF2Bγ; Ile346Thr) [22, 23]. 
The Arg195His mutation identified in the Cree population is associated with 
a severe phenotype. These patients are diagnosed at an age of three to nine 
months and all patients die before an age of 21 months [24]. In different coun-
tries patients with mutations in any of the five subunits have been found [25]. 
At the moment more than 150 different mutations are known to be associated 
with VWM [25, 26]. Almost two thirds of the patients have mutations in EIF2B5 
and only a few patients have mutations in EIF2B1 [25]. Most mutations are 
missense mutations. Frameshift or nonsense mutations are compound hetero-
zygous with missense mutations [25]. Patients with two mutations that totally 
abrogate the production of the encoded subunit have not been reported. 

eIF2B is essential for protein synthesis 

eIF2B is a decameric protein complex consisting of two pentamers with an α, β, 
γ, δ and ε subunit [27, 28]. There are three different domains described within 
the eIF2B complex. The core catalytic domain is located in eIF2Bε and is essen-
tial for the function of eIF2B [29, 30]. Two additional domains important for 
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eIF2B function are found in eIF2Bγ and eIF2Bε. The first domain has sequence 
similarities with nucleotidyl transferases (NT domain) and the second has se-
quence similarities to acyl transferases and contains repeats with approximate 
hexad spacing (gap of 6 amino acids) of hydrophobic branched amino acids 
(isoleucine, valine and leucine). The latter domain is called the I-patch domain 
[30]. 

eIF2B is a key regulator of protein synthesis in all eukaryotic cells (Fig. 1). eIF2B 
functions as a guanine exchange factor, which catalyses the exchange of GDP 
for GTP on eIF2 [31]. Active eIF2-GTP is necessary to start translation and forms 
a ternary complex with methionine-charged initiator tRNA (Met-tRNAMet

i). 
eIF2 consists of 3 subunits: α, β and γ. eIF2α can be phosphorylate to inhibit 
eIF2B activity, eIF2β can bind to eIF2B and eIF2γ can bind to GTP and Met-tR-
NAMet

i [32]. Translation initiation requires the formation of a 43S pre-initiation 
complex. This complex consists of the ternary complex, eIF1, eIF1A, eIF3, eIF5 
and the 40S ribosomal subunit [33]. Prior to the start of translation initiation, 
a protein complex consisting of eIF4A, eIF4G and eIF4E binds the 5’ end of an 
mRNA via direct interaction between the cap structure of the mRNA and eIF4E. 
This complex recruits the 43S pre-initiation complex to form the 48S initiation 
complex. The initiation complex scans the mRNA, until Met-tRNAMet

i recognizes 
the start codon (in most cases this is a methionine-encoding AUG codon). eIF4B 
mediates the binding of the 60S subunit to the 40S subunit to get a functional 
80S subunit [34]. Simultaneously, the GTPase eIF5 promotes hydrolysis of the 
GTP to GDP on eIF2 and eIF2-GDP is released from the ribosome. After the re-
lease of eIF2-GDP also eIF1 and eIF3 are released [34]. eIF2 needs reactivation 
by eIF2B to start a new round of translation. 

The initiation phase of the translation of an mRNA into a protein is followed by 
the elongation phase and subsequent termination phase. During the elongation 
phase the ribosome is moving over the mRNA and forms polypeptide bonds 
between amino acids delivered by tRNAs. The elongation phase is regulated by 
elongation factors (EFs) [34]. The termination phase follows after recognition 
of the stop codon by the ribosome at the end of the open reading frame. The 
ribosome is released from the mRNA and the synthesized protein is released 
from the ribosome [34]. 



11

General introducti on

Figure 1. Overview of the functi on of eIF2B in protein synthesis. Ternary complex 
(eIF2-GTP-Met-tRNAMet

i) recognizes the start codon and translati on is started. GTP on 
eIF2 is hydrolysed to GDP when the 80S ribosome is formed and the eIF2-GDP complex 
is released. Translati on elongati on follows unti l the stop codon of the open reading 
frame (ORF) is recognized and translati on stops. To regenerate eIF2-GTP, GDP is ex-
changed for GTP by eIF2B. 

5’UTR: 5’ untranslated region (upstream of start codon); 3’UTR: 3’ untranslated region 
(downstream of stop codon); ORF: open reading frame. 

Translati on regulati on by mRNA features 

Translati on effi  ciency of individual mRNA is mostly regulated by features up-
stream (5’ untranslated region (UTR)) and downstream (3’UTR) of the coding 
region of the mRNA (Fig. 1) [35, 36]. The 3’UTR regulates translati on effi  ciency 
by containing specifi c sequences, which are able to bind proteins and microR-
NAs [36]. Therefore, the 3’UTR sequence aff ects mRNA localizati on, stability 
and turnover [36, 37]. The 5’UTR regulates translati on effi  ciency in various 
ways. Firstly, length as well as thermodynamic stability (ΔG) of the 5’UTR nega-
ti vely correlate with translati on effi  ciency [38]. Secondly, translati on effi  ciency 
is greatly infl uenced by the nucleoti des fl anking the start codon; the most opti -
mal sequence has been reported by Kozak [39]. Within this Kozak consensus se-
quence a purine at the -3 and a guanine at the +4 positi on relati ve to the AUG 
start codon most positi vely aff ect translati on initi ati on [39, 40]. In additi on, up-
stream open reading frames (uORFs) within a 5’UTR mostly inhibit translati on 
from the main open reading frame (mORF) [38]. The uORF inhibitory capacity is 
determined by its Kozak consensus sequence, its length and distance from the 
mORF [35, 38]. Aft er translati on of short uORF the ribosome is more likely to 
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continue scanning than after translation of a longer uORF and a longer distance 
between the end of the uORF and the mORF increases the change of transla-
tion of the mORF [41, 42]. 5’UTRs with more than one uORF are reported for 
mRNAs [43]. Translation of mRNAs with such 5’UTRs is sensitive to the available 
levels of ternary complex, regulated by eIF2 and eIF2B, especially when a short 
uORF is followed by a downstream uORF that overlaps with the mORF [35, 38]. 
When ternary complex levels are limited, translation of the downstream uORF 
is decreased favoring translation of the mORF resulting in increased synthesis 
of the mORF-encoded protein [35, 38] (Fig. 2). A prototypic example of such a 
regulated protein is ATF4, which is translated with increased efficiency during 
cellular stress [44, 45]. A decrease in eIF2B activity can thus increase the trans-
lation of specific proteins, despite a global reduction of translation levels. 

uORF1 uORF2
ATF4

uORF1 uORF2
ATF4

normal eIF2B activity

low eIF2B activity

AAAA

AAAA

Figure 2. mRNA translation of ATF4 during normal and reduced eIF2B activity. mRNA 
translation starts at the first short uORF (uORF1). Because of the short uORF1 length, 
ribosomes remain associated with the mRNA after uORF1 is translated. During normal 
eIF2B activity and sufficient levels of ternary complex the ribosome finds a ternary 
complex before it encounters uORF2. This uORF2 is translated and therefore ribosomes 
bypass the mORF (ATF4 as example). When ternary complex levels are low (e.g. due 
to low eIF2B activity) translation of uORF2 is reduced as the ribosome does not bind a 
ternary complex before reaching the uORF2 start codon and the ribosome continues 
scanning. The chance of ribosomes binding a ternary complex before reaching the 
mORF start codon is higher, resulting in an increased translation of the mORF and pro-
duction of the ATF4 protein.

Physiological regulation of eIF2B activity 

eIF2B activity is physiologically regulated in various ways such as by eIF2B phos-
phorylation and eIF2α phosphorylation at Ser51, of which the latter is most 
studied [46]. eIF2B can be phosphorylated by insulin, growth factors and glu-
cose [46]. eIF2α is phosphorylated during the integrated stress response (ISR) 
[47, 48]. The ISR is activated by either of four different kinases: double-strand-
ed RNA-dependent protein kinase (PKR), PKR-like endoplasmic reticulum (ER) 
kinase (PERK), general control non-derepressible 2 (GCN2) and heme-regulated 
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inhibitor (HRI) (Fig. 3, [47]). PERK is activated by unfolded proteins accumu-
lating in the ER; PKR is activated by viral double stranded RNA, cytokines and 
bacteria; GCN2 is activated by uncharged tRNAs that accumulate when amino 
acids are limited; and HRI is activated during heme deprivation and oxidative 
stress [47, 49]. 

Phosphorylated eIF2 binds tightly to eIF2B and acts as a competitive inhibitor 
of eIF2B resulting in a general decrease of mRNA translation (Fig. 3). Howev-
er, some proteins, such as ATF4, are translationally induced. The transcription 
factor ATF4 induces the transcription of many mRNAs including DDIT3 and EIF-
4EBP1 [50]. CHOP, the transcription factor translated from DDIT3, together with 
ATF4 induces transcription of other genes (e.g. GADD34 and TRIB3). GADD34 
is a cofactor for phosphatase 1, which together dephosphorylate eIF2 and 
constitute a negative feedback loop of the ISR [51]. The ISR initiates a protec-
tive mechanism that via the inhibition of protein synthesis and the induction of 
specific proteins helps cells to cope with the stress [52]. Han et al. showed that 
increased expression of ATF4 and CHOP lead to increased protein synthesis, 
probably due to increased expression of GADD34 and consequent decreased 
eIF2α phosphorylation [50]. This increased protein synthesis results in de-
creased ATP levels and increased oxidative stress [50]. A temporarily decreased 
protein synthesis may therefore be protective against oxidative stress. 

One of the ISR-inducing kinases, PERK, is a sensor for one of the three branches 
of the unfolded protein response (UPR). The UPR is activated upon accumu-
lation of unfolded and misfolded proteins in the ER during cellular stress [53, 
54]. The other two UPR sensors are ATF6 and IRE1α. Activation of these sensors 
induces the accumulation of specific transcription factors. PERK activates the 
ISR resulting in translation of transcription factors such as ATF4 that induces 
transcription of many mRNAs [55, 56]. ATF6 migrates to the Golgi, where it is 
cleaved into an active transcription factor ATF6-c, which induces the transcrip-
tion of many mRNAs including PDIA4 [55]. IRE1α induces the splicing of the 
XBP1 mRNA, which is translated into a transcription factor XBP1s [56]. All three 
branches together regulate a pro-adaptive, pro-survival response that becomes 
pro-apoptotic if the ER stress is long-lasting. For example, the UPR inhibits pro-
tein synthesis and induces mRNA breakdown to decrease protein folding in the 
ER [53]. The UPR also induces the production of chaperones that fold proteins 
[53]. Although each branch induces its own transcriptional response, cross-talk 
between the branches has been described (reviewed in [57]). For example, 
XBP1 and ATF6 can heterodimerize to induce a separate batch of targets [58]. 
PERK deficiency hampers activation of ATF6 as ATF4 is needed for ATF6 tran-
scription and transport to the Golgi [59]. Another cross-talk between branches 
is that PERK-mediated eIF2α phosphorylation stabilizes XBP1s mRNA, while 
microRNAs downstream of PERK decrease XBP1 mRNA levels [60-62]. 
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Figure 3. Overview of ISR and UPR pathways. Different stressors activate kinases that 
phosphorylate eIF2α at Ser51. Phosphorylated eIF2 tightly binds eIF2B and inhibits 
its activity. Consequently, the general protein synthesis rate is decreased. Translation 
of mRNAs for specific proteins such as ATF4 is induced during the ISR. ATF4 induces 
transcription of genes encoding proteins such as CHOP, GADD34 and TRIB3. Activation 
of the UPR by ER stress also induces an ISR as well as cleavage of ATF6 and splicing 
of XBP1. Cleaved ATF6 induces transcription of mRNAs such as PDIA4. Spliced XBP1 
(XBP1s) is also a transcription factor for specific mRNAs. All three UPR branches induce 
specific gene expression in order to help cells to cope with ER stress. Figure adapted 
from [63].
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VWM and eIF2B function 

Mutations in eIF2B can affect eIF2B activity with and without affecting the 
stability of the eIF2B complex and also the interaction with other proteins in-
cluding its substrate eIF2 [64]. There is a clear genotype-phenotype correlation 
described for VWM: specific mutations cause a severe phenotype while other 
mutations cause a mild phenotype [4, 8]. Although mutations in VWM patients 
occur in all five genes encoding the eIF2B subunits, the catalytic domain in 
eIF2Bε is relatively spared [25]. The few mutations in the catalytic domain most 
likely affect the formation of this domain but not the catalytic activity directly 
[64, 65]. These observations support the essential function of eIF2B in protein 
translation. Yeast is not viable without the expression of either the eIF2B β, γ, 
δ, or ε subunit [66]. In absence of the eIF2Bα subunit, yeast loses its ability to 
respond to cellular stresses that induce eIF2α phosphorylation [66]. In addition 
VWM patients with bi-allelic null mutations are also not observed. 

A biochemical assay for measuring eIF2B activity is available that follows the 
release of GDP from eIF2 in time. This reaction is generally accepted to mimic 
regeneration of eIF2-GTP [64, 67-70]. When these biochemical assays were 
performed with recombinantly expressed mutated eIF2B or with VWM pa-
tients’ cell extracts, most pathogenic mutations decreased GDP release from 
eIF2 [64, 67-70]. Still, global protein synthesis rates were not affected in patient 
lymphoblasts, indicating that this degree of decreased eIF2B activity is not 
rate-limiting for protein synthesis in these cultures [68]. Moreover, the residual 
eIF2B activity in patient fibroblasts and lymphoblasts as measured with the 
GDP release assay did not correlate with disease severity suggesting that there 
might be other factors that determine disease severity [67]. 

VWM and ISR 

eIF2B is key in ISR induction as described above and in [46]. Interestingly, inves-
tigation of the brains of VWM patients indicated activation of the UPR [71, 72]. 
Possibly the ISR is activated in the brain of VWM patients due to the decreased 
eIF2B activity. Activation of the UPR might be a consequence of cross-talk 
between the branches. Another possibility is that the UPR activation in patient 
brains is an indirect effect of the eIF2B mutations through factors such as tissue 
damage. Multiple studies have investigated the UPR response in cultures of 
patient-derived cells [68, 73, 74] and in cell lines with eIF2B mutations [75-78]. 
Some studies indicated a hypersensitive ISR [74-76, 78] while others did not 
[68, 73, 77]. 
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Febrile infections may induce deterioration in VWM patients 

Many patients experience episodes of rapid neurological deterioration during 
febrile infections [7]. The ISR could become further activated via PKR and/or 
GCN2. PKR activation could occur as this kinase responds to immune activation 
that is likely present during febrile infections in VWM patients. GCN2 activation 
could occur, as patient usually stop eating and may vomit during this febrile 
infection, which might result in decreased amino acid levels. This decreased 
food intake could also regulate eIF2B activity via decreased glucose/insulin 
levels [46]. Insulin increases eIF2B activity by glycogen synthase kinase 3 beta 
(GSK3β) induced phosphorylation of eIF2Bε [46, 79]. It is not known if and how 
the ISR in brains of VWM patients is modulated during febrile infections and 
what its role is in the neurological deterioration. 

Mouse models 

In 2010 the first mouse model for VWM, homozygous for the Arg132His (corre-
sponding to Arg136His in patients) mutation in the ε subunit of eIF2B, was re-
ported [80]. The mutation is linked to a classic phenotype in patients [74]. The 
mutant mice at three weeks of age displayed affected motor skills, an increased 
number of OPCs and decreased number of astrocytes in brain. These parame-
ters normalized over time indicating a delayed brain development. These mice 
do, therefore, not recapitulate the neurological phenotype that is observed in 
patients [7, 80]. Follow-up studies with this mouse model showed time- and 
function-specific changes at the mRNA level that may delay brain development 
and myelination [81]. Molecular changes suggestive of a decreased eIF2B 
activity were not found: the Arg132His mouse model did not show activation of 
the ISR/UPR nor changes in proteins that are translationally regulated by eIF2B 
activity [80, 82, 83]. 

Recently, two transgenic mutant mouse models have been developed to study 
VWM [18]. The 2b4ho mice are homozygous for the Arg484Trp mutation in the 
δ subunit of eIF2B; the 2b5ho mice are homozygous for the Arg191His mutation 
in the ε subunit of eIF2B. Both corresponding mutations in patients (Arg483Trp 
and Arg195His) display a severe clinical phenotype [4, 10]. Different experi-
ments show that the mouse models are representative for the chronic human 
disease. The mice display a chronically deteriorating disease course. If they 
replicate the episodic deterioration has not been investigated. 2b4ho and 2b5ho 
mice develop ataxia at the age of 7 months and 5 months, respectively [18]. 
The 2b5ho mice were euthanized at 7-10 months of age when they reached 
humane endpoint [18]. These VWM mice show myelin vacuolization. Astro-
cytes and oligodendrocytes have an abnormal morphology in both genotypes 
throughout the disease course and the astrocytes are positive for immaturity 
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markers the 2b5ho mouse model [18]. Astrocytes were found to be primarily 
affected using a co-culture with OPCs [18]: 2b4ho astrocytes inhibit maturation 
of wildtype (wt) OPCs, while 2b4ho OPCs cultured with wt astrocytes mature 
normally. 

Aim of this thesis 

So far research showed that eIF2B activity is reduced by mutations in eIF2B. 
However, no reduction in protein synthesis was found in cell cultures. The rela-
tionship between reduced eIF2B activity and VWM brain pathology remained 
unclear. Post-mortem brain from VWM patients was found to be positive for 
some ISR and UPR markers and abnormal activation of the ISR and UPR was 
suspected as underlying disease mechanism, making patients hypersensitive 
for further activation of cell stress pathways by stress-inducing factors. Such hy-
persensitivity could perhaps explain why patients respond with acute and rapid 
deterioration to external factors as febrile infections. However, such mecha-
nism would not explain the selective involvement of the brain white matter, 
specifically astrocytes. To explain such selective vulnerability, we needed to find 
cell specific changes. We considered that while reduced eIF2B activity would 
reduce mRNA translation rates in general, the translation of specific mRNAs 
might even be increased, for instance mRNAs with upstream open reading 
frames (Fig. 2). 

The goal of the thesis is to improve understanding of molecular disease mech-
anisms. We reasoned that understanding could be improved by open screens 
that identify and quantify changes in expression of mRNAs and proteins linked 
to VWM. We therefore profiled genome-wide translational changes in astro-
cyte cultures and brains of control and mutant mice (chapter 3 and 4). The 
results from these genome-wide screens are complemented with three studies 
that address the stress-sensitive nature of the disease (chapter 2, 5 and 6). 

Each chapter in this thesis addresses an individual research question that is 
further explained below. 

Chapter 2. Are the ISR kinetics and dynamics affected in 2b5ho astrocyte cul-
tures? 

Neuropathological examination of VWM patient and mouse brain tissue 
suggests that astrocytes are primarily affected. We hypothesized that VWM 
astrocytes are selectively hypersensitive to ISR induction, resulting in a height-
ened response. We cultured astrocytes from wt and 2b5ho mice and investi-
gated the ISR in assays that measure transcriptional induction of stress genes, 
protein synthesis rates and cell viability (chapter 2). We investigated the effects 
of short- and long-term stress as well as stress recovery. 
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Chapter 3. Which proteins are synthesized with a different rate by primary 
astrocytes from 2b5ho mice? 

In chapter 3, we investigated which proteins have an altered translation rate 
due to the mutation in eIF2B. To measure newly synthesized proteins we used a 
combination of azidohomoalanine (AHA) pulse-labeling with stable isotope-la-
belling by amino acids in cell culture (SILAC) [84]. AHA, a methionine analogue, 
is incorporated into newly synthesize proteins in combination with SILAC-labels 
containing heavy amino acids (C13, N15 isotopes) or medium amino acids (C13 
isotope). The SILAC labels allow distinction between proteins synthesized in wt 
and 2b5ho primary astrocyte cultures (Fig. 1 chapter 3). Click-It chemistry was 
used to purify the newly synthesized AHA-labelled proteins from the already 
existing proteins [85]. 

We investigated specific features of the differentially synthesized candidates, 
including protein localization, protein function and 5’UTR features in the candi-
date-encoding mRNAs 

Chapter 4. Which mRNAs are differentially translated in 2b5ho mouse brain? 

We investigated genome-wide translational differences of mRNAs in 2b5ho 
mouse brain using polysomal profiling (chapter 4). Polysomal profiling is a tech-
nique that separates mRNAs bound to ribosomes (polysomes) from mRNAs not 
bound to ribosomes (subpolysomal fraction) in a cell or tissue lysate [86-88]. 
The polysomal fraction contains the mRNAs that are being translated [89]. 

The distribution between the polysome and subpolysome fraction was deter-
mined for each mRNA in brains of wt and 2b5ho mice (Fig. 4). A change in distri-
bution between the two fractions indicates altered translation efficiency of the 
mRNA in 2b5ho brain. The candidate mRNAs were validated for various disease 
stage at the mRNA and protein level and confirmed in post-mortem brain tissue 
from VWM patients. 
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Figure 4. Polysomal profi ling set up. Cytoplasmic lysates from wt and 2b5ho mouse 
brain were separated in polysomal and subpolysomal fracti ons on a sucrose gradi-
ent by ultracentrifugati on. The more ribosomes att ached to a mRNA the heavier the 
mRNA. Heavier mRNAs travel further to the bott om of the sucrose gradient (15-32%) 
during centrifugati on. The polysome profi le was recorded by ultraviolet (UV) light to 
discriminate the subpolysomal fracti on from the polysomal fracti on. The fracti ons were 
collected and mRNA identi ti es and quanti ti es within both fracti ons were determined 
with a microarray.

Chapter 5. Does ISR contribute to the disease phenotype and brain pathology 
of the 2b5ho mice? Does a low protein diet accelerate disease progression?

In chapter 5, we fed wt and 2b5ho mice an isocaloric low protein diet. We hy-
pothesized that reduced protein intake could accelerate disease progression in 
mice and may model episodic neurological deteriorati on in VWM pati ents. This 
model would allow us to investi gate the contributi on of the ISR to the disease 
phenotype. Amino acid levels were determined in brain ti ssue. The ISR was 
investi gated in the central nervous system, liver, kidney and skeletal muscle. 

Chapter 6. Does LPS injecti on in 2b5ho mice mimic the rapid neurological dete-
riorati on observed in pati ents during a fever? 

We investi gated if 2b5ho mice show a rapid deteriorati on in response to LPS 
treatment, as is observed in VWM pati ents upon febrile infecti ons (chapter 
6). LPS was used to trigger an immune response in mice mimicking fever. We 
investi gated acute immune responses in blood and measured food intake and 
body weight during the experiment. Brain and spinal cord were investi gated 
two weeks aft er LPS injecti on for changes in mRNA levels of immune cell-, 
astrocyte-, oligodendrocyte- and ISR-markers. 
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