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Chapter 7

The goal of the work reported in this thesis has been to increase insight into 
the molecular disease mechanism of vanishing white matter (VWM). VWM is a 
genetic brain white matter disorder [1]. The disease is caused by mutations in 
any of the five genes encoding the subunits of eIF2B [2]. eIF2B is essential for 
mRNA translation initiation and is part of the integrated stress response (ISR) 
[3]. Pathological findings in brain include white matter degradation and imma-
ture astrocytes and oligodendrocytes [4]. The mechanism, by which mutations 
in eIF2B lead to this pathology, is not yet understood. VWM patients clinically 
show chronic deterioration as well as subacute deterioration in response to 
stresses such as febrile infections [1]. This stress-sensitive aspect of the disease 
resulted in the hypothesis that eIF2B mutations lead to hypersensitivity to ISR 
activation in vivo and in vitro. We and others investigated this hypothesis in 
patient-derived lymphoblasts and fibroblasts [5-8] and (non-)human cell lines 
[9-12]. These experiments were not conclusive regarding the eIF2B-mutation 
medicated hypersensitivity to the ISR in vitro. One conclusion drawn from 
these experiments was that non-neural cells do not sufficiently replicate the 
stress-sensitive disease process to be a useful disease model. Considering the 
evidence that brain astrocytes are prominently affected [4, 13], this cell type 
may constitute a better disease model and help to get a better understanding 
of VWM disease mechanism in the chronic as well as subacute deterioration. 

In this thesis VWM mouse models [14] have been used to study the chronic 
effect of eIF2B mutations on protein synthesis and mRNA translation in vi-
tro in astrocyte cultures and in vivo. We aimed to mimic the subacute rapid 
deterioration observed in patients during a febrile infection using ISR inducing 
compounds in astrocyte cultures (in vitro) as well as a low protein diet and LPS 
injection in VWM mice (in vivo). 

ISR induction and recovery is similar between wild-type and 2b5ho 
astrocytes 

To investigate the effect of eIF2B mutations on the dynamics and kinetics of the 
ISR we cultured astrocytes from the brain of the 2b5ho VWM mouse model. We 
induced the ISR with various compounds that activate any of the four kinases 
of eIF2α (chapter 2). We found that the compounds induced similar responses 
in wild-type (wt) and 2b5ho astrocyte cultures including decreased protein syn-
thesis, ISR mRNA marker expression, cell viability and recovery from stress. In 
conclusion, we did not find a difference in ISR induction and recovery between 
astrocytes from both genotypes. Apparently, cultured astrocytes undergoing 
ISR activation are not a representative model to investigate stress-sensitivity 
and subacute deterioration as observed in VWM patients. 
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Possible endoplasmic reticulum deregulation in cultures of 2b5ho 
astrocyte cultures 

eIF2B regulates the rate of general protein synthesis, but affects the translation 
of specific mRNAs into proteins differentially [3]. We aimed to identify these 
specific mRNAs and proteins and studied the translational differences in wt 
and 2b5ho astrocyte cultures using an AHA-SILAC approach (chapter 3). 1240 
proteins were detected in mass spectrometry, of which 80 were synthesized at 
significantly different rates between the genotypes, of which 72 were increased 
and 8 were decreased. The mRNAs encoding these 80 proteins harbor rela-
tively long 5’ untranslated regions (5’UTRs) and possibly increased numbers 
of upstream open reading frames (uORFs). Typically, translation on mRNAs 
with uORFs shifts from the uORF towards the main ORF when eIF2B activity is 
reduced, resulting in increased production of proteins [15, 16]. Relatively long 
5’UTRs harboring uORFs may explain why the candidate mRNAs are sensitive 
to mutations in eIF2B reducing its activity, although we should be careful not to 
overinterpret. For instance, it is unknown which mRNA isoforms are expressed 
in the cultured astrocytes and what their true 5’UTR sequences are. In general, 
proteins can be translated from several mRNA isoforms, some of which differ in 
5’UTR sequences with varying 5’UTR lengths or number of uORFs. In chapter 3 
we used the weight average of the known mRNA isoforms per protein to per-
form the in silico mRNA analyses. This approach may have negatively impacted 
finding 5’UTR features that underlie the differential protein synthesis rates in 
wt and mutant astrocytes measured with AHA-SILAC screen. It is also unknown 
if the modelled uORFs, predicted on the basis of the Kozak sequence, are actu-
ally regulating the translation of the main ORF. 

A functional annotation tool (DAVID) indicated an enrichment of secreted and 
membrane-bound proteins going through the secretory pathway for the 80 
proteins compared to the 1160 non-regulated proteins. These proteins that mi-
grate through the secretory pathway are folded and potentially modified in the 
endoplasmic reticulum (ER). The metabolome of the 2b5ho astrocytes showed 
increased levels of 6P-gluconate, a metabolite of the pentose phosphate path-
way (PPP), and a transient decrease in NADPH. We proposed that the increased 
accumulation of these metabolites indicates an altered use of NADPH. Interest-
ingly, NADPH is necessary for the folding and protein modification processes 
in the ER. Together the results from the proteomic and metabolomics screen 
point to a deregulated ER in 2b5ho astrocytes. Despite the evidence for ER de-
regulation in this study, the studies described in chapter 2 and 3 did not show 
differences in expression of ER stress markers between wt and 2b5ho astrocytes. 
This normal expression level suggests that ER functions are successfully com-
pensated in 2b5ho astrocytes in culture. 
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Polysomal profiling of VWM mouse brain reveals deregulation of 
the ISR in astrocytes 

The studies in chapter 2 and 3 indicate that adult VWM mouse astrocyte 
cultures do not display a clear eIF2B-related phenotype. In chapter 4, we 
profiled translational changes of genome-wide mRNAs in VWM mouse brain. 
This approach revealed a differential polysome association for 176 mRNAs 
in 2b5ho brain. 64 of these mRNAs are regulated by transcription factor ATF4 
[17]. Moreover, a functional annotation tool (GO-Elite) indicated changes in 
pathways that are regulated by ATF4. We showed that the expression level of 
ATF4-regulated transcriptome correlates with the age of the VWM mice and 
disease severity. The ATF4-regulated transcriptome is expressed in VWM cen-
tral nervous system (CNS). By contrast, we observed that the phosphorylation 
of eIF2 is decreased, which enhances eIF2B activity and thus may in part com-
pensate for the decreased activity of mutant eIF2B. These observations suggest 
in VWM mouse brain the ISR is deregulated. Possibly, the Arg191His mutation 
in the 2b5ho mouse is the sole reason for the expression of the ATF4-regulated 
transcriptome, although other options of eIF2B deregulation, such as eIF2B 
phosphorylation, have not been investigated [3]. The ATF4-regulated transcrip-
tome is selectively expressed in astrocytes in the gray and white matter of the 
VWM brain. If and how this aberrant expression contributes to the pathology 
of VWM remains to be further investigated. Possibly expression of ISR markers 
in astrocytes leads to their dysfunction, which in turn hampers differentiation 
of oligodendrocytes in the brain of VWM patients and VWM mice. This differ-
entiation impediment might occur via the antioxidant glutathione (GSH), as 
GSH synthesis is upregulated by ATF4 [18]. Increased levels of GSH may induce 
reductive shifts in the steady-state redox potential. Such reductive shifts have 
been shown to interfere with proliferation and maturation of oligodendrocyte 
precursor cells [19-21]. 

We compared the findings on translational differences obtained with polyso-
mal profiling on brain tissue (chapter 4) with the findings of chapters 2 and 3 
concerning molecular studies in astrocytes cultures. The de novo proteomics 
study in wt and 2b5ho astrocyte cultures showed 80 eIF2BεArg191His-regulated can-
didates, which showed minimal overlap with the polysomal candidates in VWM 
mouse brain. Moreover, the 2b5ho astrocyte cultures did not show a differential 
ISR induction or recovery compared to wt cultures. Therefore the astrocyte 
cultures do not recapitulate the differential expression of the ATF4-regulated 
transcriptome, which were detected in grey and white matter astrocytes in 
brain of VWM versus wt mice. This discrepancy suggests that when astrocytes 
are removed from the brain and placed into culture, ATF4 expression in wt and 
mutant astrocytes becomes similar. The astrocyte cultures can therefore not be 
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used to study the effects of ISR deregulation on astrocyte function and pathol-
ogy. Possibly, the interaction among different cell types in brain is required for 
the differential ATF4 expression and consequently VWM phenotype. To gain 
further insight into the disease mechanism, in vivo studies in the VWM mouse 
models will probably give more representative outcomes than in vitro studies 
with cell cultures. In chapters 5 and 6 we therefore studied the link between 
the abnormal expression of the ATF4-regulated transcriptome and VWM 
phenotype and pathology in 2b5ho mice. We used a low protein diet and LPS 
treatment to modulate the ISR and study the subacute changes in the clinical 
phenotype and the pathology of the VWM. 

Manipulating the ISR in VWM mouse brain using a low protein 
diet 

Results in chapter 4 showed that the ATF4-regulated transcriptome is consti-
tutively expressed in VWM mouse brain. In chapter 5 we studied the effect 
of a low protein diet for three weeks on ISR induction and clinical phenotype 
in wt and 2b5ho mice. A low protein diet was expected to reduce the levels of 
available amino acids and activate the ISR and consequently increase expres-
sion of ATF4-regulated transcriptome [22, 23]. Body weight and food intake 
were not affected by the low protein diet in wt and 2b5ho mice. The amino 
acid concentrations in brain were not decreased by the low protein diet. In 
accordance with this finding, eIF2α phosphorylation in brain and the expres-
sion of ATF4 and several regulated mRNAs in the CNS remained unaffected 
by the low protein diet. These results indicate that the brain was relatively 
protected against this low level of dietary protein intake. Interestingly, the low 
protein diet induced an ISR in liver of wt mice but not of 2b5ho mice. Our study 
revealed a mild expression level of the ATF4-regulated transcriptome in 2b5ho 

liver, kidney and skeletal muscle independent of the protein concentration in 
the diet. Apparently, the ATF4-regulated transcriptome is not only differentially 
expressed in the CNS but also in other organs. The expression of the ATF4-reg-
ulated transcriptome in these others organs may explain the ISR deregulation 
in liver of the 2b5ho mice in response to the low protein diet. Severely affected 
patients showed abnormalities in other organs than the brain [24-26]. Investi-
gation of these tissues from patients for ISR marker expression would improve 
knowledge of the potential ISR deregulation outside the CNS. 

Lipopolysaccharide-induced inflammatory response does not trig-
ger episodic deterioration in 2b5ho mice 

VWM patients sometimes show rapid worsening of their disease during febrile 
infection [1]. Their motor functions rapidly decline and they may end up in a 
coma [1]. In chapter 6, wt and 2b5ho mice were injected with lipopolysaccha-
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rides (LPS) to mimic a febrile infection and assessed for signs of rapid deterio-
ration. None of the 2b5ho mice became comatose or showed signs reminiscent 
of episodic deterioration as observed in VWM patients. The CNS of wt and 
2b5ho mice did not show LPS-mediated differences in expression of immune, 
oligodendrocyte and ISR mRNA markers. However, astrocyte markers Gfap-α 
and -δ mRNA were increased by LPS in wt but not in 2b5ho mice, suggestive of 
impaired astrogliosis in 2b5ho mice in response to LPS injection. Interestingly, 
also VWM patients show lack of astrogliosis in their brain [27]. 

Transient differences in LPS-induced cellular and molecular responses between 
wt and 2b5ho mice may have occurred, which were not detected anymore two 
weeks after injection or were not convincingly determined by the limitations 
of the qPCR assay. To investigate early effects of the LPS, wt and 2b5ho mouse 
brain need to be investigated one to three days after injection. LPS injection 
into wt mice increases expression of ATF4 and its transcriptome within 1-3 
days in various organs (Chapter 6 and [28-31]). Additional experiments with 
qPCR and IHC could give insight into the role for the ATF4-regulated transcrip-
tome in an acute immune response in brain. Both astrocytes and microglia are 
involved in the brain immune response and their response may be affected by 
the mutation in eIF2B [32]. Initial follow-up studies could focus on the question 
if the induction of the ATF4-regulated transcriptome in response to LPS differs 
between wt and 2b5ho mice within these cell types. For instance, such study 
could show if reactive astrocytes (GFAP+) and activated microglia (Iba1+, CD40+, 
CD68+) in LPS injected wt and 2b5ho mice express ATF4-regulated proteins (4E-
BP1 or ATF4 itself). These experiments may provide further insight into what 
happens in the brain of VWM patients during or shortly after a febrile infection 
resulting in the observed neurological deterioration [1]. 

In conclusion, none of the LPS-injected 2b5ho mice showed the subacute and 
rapid deterioration as observed in patients during a febrile infection. This LPS 
model is not suitable to study the acute and rapid deterioration in VWM pa-
tients. A better understanding of the molecular and cellular changes in patients 
during these episodes or coma may help to develop a representative model. 

Comparison of various VWM mouse models 

Next to the mouse models studied in this thesis there are two other models 
for VWM. The first mouse model is homozygous for a mutation in the ε subunit 
of eIF2B (Arg132His corresponding to Arg136His in patients) [33]. The second 
mouse model was described with overexpression of activated PERK specifically 
in oligodendrocytes [34]. 

The Arg132His mice showed subtle motor problems from 6 weeks of age 
onwards in Rotarod tests and open field studies. These motor problems were 
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stable over time, while the 2b5ho mice showed progressive worsening of motor 
skills between 2 and 5 month of age [14, 33]. The Arg132His mice did not show 
a reduced lifespan in contrast to the 2b4ho, 2b5ho and the 2b4ho2b5he mice [14, 
33]. At the age of three weeks the Arg132His mice showed abnormal expres-
sion of certain brain myelin proteins and GFAP, which normalized over time 
[33]. The 2b5ho mice showed decreased levels of the same myelin proteins 
throughout their life [14]. A micro-array study with the Arg132His mouse 
model at P3 and P21 did not indicate increased expression of ATF4-regulated 
mRNAs [35]. In contrast to studies with the Arg132His mouse model, we found 
an ATF4-regulated transcriptome expressed in the CNS and possibly other 
organs in the 2b4ho, 2b5ho, 2b4ho2b5he mouse models studied (detected at an 
age of 4 weeks in 2b5ho brain tissue), as well as in the brain of patients [36, 37] 
(and chapter 4 and 5). Due to the age difference of the Arg132His mice versus 
the 2b4ho, 2b5ho, 2b4ho2b5he mice at the time of investigation, the differential 
expression of the ATF4-regulated transcriptome may have been missed in 
the Arg132His mice. To summarize, the Arg132His mouse model has a subtle 
clinical phenotype and mild and transient neuropathology and appears to lack 
increased ATF4-regulated transcriptome expression. There is one overlapping 
finding: the Arg132His mice when injected with LPS showed a lack of reactive 
astrocytes [38], consistent with the observations in LPS-injected 2b5ho mice 
(chapter 6). Apparently, the Arg132His mouse model and the 2b5ho mouse 
model share deregulated reactive gliosis in response to LPS. These combined 
findings suggest that the ATF4-regulated transcriptome contributes more to the 
chronic pathology than to the deregulated reactive gliosis in response to LPS. 
There are other mechanisms than the ATF4-regulated transcriptome that play a 
role in the impaired reactive gliosis. 

The second model showed that PERK activation in young mice (P10) induced a 
tremoring phenotype, modest hypomyelination and early death, which were 
not observed with PERK activation in adult mice (P28) [34]. Both young and 
adult mice with PERK activation showed increased expression of ISR markers 
such as CHOP specifically in oligodendrocytes. Astrocytes were not investigated 
in this model, so at the moment it is unclear if these cells function normally or 
not in the PERK mouse model. The brain pathology of these mice showed signs 
of myelin abnormality, as observed for instance in mouse models with the ex-
pression of mutant myelin proteins such as MBP (shiverer) [39] or PLP (Jimpy) 
[40]. Furthermore, the mouse model with PERK activation had increased eIF2α 
phosphorylation in oligodendrocytes, while the 2b5ho mice and VWM patients 
showed reduced eIF2α phosphorylation in brain lysates compared to control 
brain tissue. It remains unclear whether eIF2B inhibition is the only factor for 
determining hypomyelination in the PERK mouse model, especially since PERK 
also impacts on substrates other than eIF2 (e.g. the transcription factor NRF2) 
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[41]. We did not find altered expression of NRF2-regulated transcripts (data 
not shown). This finding in combination with reduced eIF2α phosphorylation 
in VWM brain lysates argues against PERK activation in 2b5ho mice. Finally, in 
the PERK mouse model the ISR is specifically activated in oligodendrocytes, 
while the mouse models and patient brains studied in this thesis express the 
ATF4-regulated transcriptome in astrocytes and not in oligodendrocytes (chap-
ter 4). Also, astrocytes are primarily affected in VWM mouse [34]. 

Overall conclusions of the thesis 

The aim of this thesis has been to gain insight in the molecular mechanism by 
investigating changes in translation between wt and VWM astrocyte cultures 
and mice using genome-wide screens. The results, obtained with both astro-
cyte cultures and mouse brain tissue, suggest deregulation of the redox poten-
tial in VWM astrocytes. We detected an increased expression of the ATF4-regu-
lated transcriptome and also other translationally deregulated mRNAs in VWM 
mouse brains. How the translation of these other mRNAs is deregulated is not 
yet investigated. After finding a correlation between the ATF4-regulated tran-
scriptome and the chronic disease pathology we tried to manipulate the ISR 
using a low protein diet and LPS in VWM mice. Neither intervention induced 
subacute neurological deterioration nor did we detect changes in ATF4-regulat-
ed mRNA expression in VWM mouse brain. Therefore at the moment we have 
mouse models that replicate the chronic disease, but we do not have a model 
to study episodes of subacute deterioration. The causal role of the ISR in the 
subacute and chronic phenotype remains to be identified. 

Future perspectives 

Increasing insight in translation deregulation in mouse brain and organs 

In this thesis we identified mRNAs that were differentially translated in 2b5ho 

astrocyte cultures and brain. We also detected differential expression of ISR 
mRNA markers in various organs including brain, spinal cord and liver of 2b5ho 

mice. These findings indicate that the Arg191His mutation in eIF2Bε affects 
translation in these cells and organs (chapter 3, 4 and 5). In this thesis trans-
lation rates were investigated with pulsed labeling proteomics and polysomal 
profiling. Pulsed labeling proteomics detects newly synthesized proteins and 
polysomal profiling measures which mRNAs are translated but does not fully 
identify which region of the mRNA is translated. To obtain further insight into 
the mechanism of translation deregulation in VWM a combination of cap anal-
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ysis gene expression (CAGE) and ribosomal profiling can be exploited. 

CAGE is a technique that quantifies and determines the 5’ terminal nucleo-
tide sequences of all mRNAs in a sample and is used to identify transcription 
start sites in a cell or tissue sample [42]. This technique helps to identify which 
mRNA isoforms are expressed in wt and 2b5ho organs and if the mRNA isoforms 
differ between the genotypes. This assay would allow a more precise uORF 
analysis than performed in chapter 3, as the actual instead of predicted 5’UTRs 
can be used for the analysis. 

Ribosomal profiling is a genome-wide expression profiling method that identi-
fies and quantifies ribosome footprints: mRNA sequences of approximately 30 
nucleotides that are protected by translating ribosomes. This technique allows 
the identification of uORFs that are translated in fresh tissue samples from 
VWM mouse or patients [43]. This type of genome-wide profiling may give 
insight in how many and which mRNAs are differentially translated and what 
kinds of uORFs are affected by eIF2B mutations. These CAGE and ribosomal 
profiling analyses may determine if differential uORF translation underlies 
translation deregulation in VWM. 

In addition, a pulsed labeling proteomic approach can be used to study differ-
ences in synthesis rates of individual proteins between wt and 2b5ho brains. To 
investigate this, newly synthesize proteins can be labeled in wt and 2b5ho mice 
with azidohomoalanine (AHA). For this purpose, mice can be fed a diet contain-
ing AHA instead of methionine for 2-6 days or by injecting them with AHA once 
a day for 2 days as described [44, 45]. The relative number of AHA-labeled pro-
teins to non-labeled proteins is an indication for the protein synthesis rate and 
can be determined for individual proteins. The ratio of AHA-labeled proteins 
between wt and 2b5ho brain indicates a difference in translation rate of specific 
proteins. The AHA labeling time is important for the outcome of the experi-
ment, as long labeling intervals interfere with measurements of newly synthe-
sized proteins. During these long intervals differences in protein degradation 
and AHA-specific effects on the protein synthesis rates may influence the 
results [45]. Protein degradation is of special importance to take into account 
as this process has been reported to be affected in VWM [46]. Shorter labeling 
times will minimize side effects at the cost of assay sensitivity. Improvement 
of the sensitivity of the mass spectrometry is expected and may overcome this 
issue. 

Differentially expressed mRNAs and proteins found in the genome-wide 
screens can be validated in other VWM mouse genotypes (2b4ho, 2b4ho2b5he) as 
well as in VWM patients (as described in chapter 3 and 4). Translational chang-
es that affect the disease phenotype most likely result in a steady state change 
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of the protein accumulation, which can be verified using western blots and 
immunohistochemistry (as described in chapters 3 and 4). The VWM mouse 
models that differ in disease severity can be used to study the link between the 
candidate protein accumulation and the disease severity. 

The genome-wide expression profiling techniques (CAGE, riboprofiling and 
pulsed labeling proteomics) cannot only be used to investigate translation dif-
ferences in various organs, but also changes in response to disease modifying 
triggers such as a viral infection or a starvation. These techniques will help to 
understand which proteins are directly regulated by eIF2B, how and when. For 
instance, we may find an answer to the question if translation on uORF-con-
taining mRNAs is truly sensitive to mutations in eIF2B or we may identify 
alternative initiation mechanisms that are depending less on eIF2B than the 
canonical initiation mechanism (e.g. regulated by eIF4A of eIF3) [47]. 

Modulation of the ISR to delineate the role of ISR deregulation in the disease 
phenotype 

ISR deregulation might be at the core of VWM pathology. Modulation of the 
ISR can give insight into the role of the ISR in the disease phenotype of VWM. 
The ISR can be modulated genetically or pharmacologically. Genetic knock-
out of ATF4 is fatal and the contribution of this key component in the ISR to 
pathology cannot be assessed in VWM mice in this approach [48]. Studying 
the effect of genetic ablation of CHOP, TRIB3 and GADD34 on the VWM phe-
notype is possible, because mice lacking CHOP, TRIB3 or GADD34 do not have 
a phenotype [49-52]. The effects of CHOP deficiency and GADD34 deficiency 
have been studied in various neurological diseases, in which the unfolded 
protein response (UPR) is activated [53-59]. The outcome of these studies 
varies substantially, implying that modulation of the ISR in mouse models of 
neurological disease has disease-specific effects. CHOP or GADD34 deficiency 
in Charcot Marie Tooth disease (caused by a P0 glycoprotein mutation (S63del)) 
rescued the motor deficits and reduced active demyelination [53, 54]. Similarly, 
reducing GADD34 activity in a mouse model for amyotrophic lateral sclerosis 
(ALS, SOD1 mutation Gly85Arg) delayed disease onset and prolonged survival 
[55]. By contrast CHOP deficiency worsened the disease outcome in a model 
for Pelizaeus-Merzbacher disease (PMD, PLP mutations): appearance of sei-
zures, increased apoptosis in brain and reduced life span were linked to genetic 
knock out of the CHOP-encoding gene in PMD mice [56]. Disease symptoms 
of a mouse model for multiple sclerosis (MS, EAE model) were not affected by 
CHOP deficiency [57]. CHOP or GADD34 deletion did not improve the pheno-
type of mice after spinal cord injury [58, 59]. How deletion of CHOP, GADD34 
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or TRIB3 affects clinical signs in 2b5ho mice, will reveal if the deregulated ISR is 
beneficial or harmful in VWM. 

Pharmacological modulation of the ISR will address the question if the lSR is 
a suitable target for VWM therapy. Three different compounds have been de-
scribed to modulate the ISR in vivo: guanabenz, Sephin1 and ISRIB. Guanabenz 
and its analogue Sephin1 modulate the ISR via binding to GADD34 and selec-
tive inhibition of eIF2α dephosphorylation [60, 61]. Guanabenz is an FDA-ap-
proved drug, which was originally used as a compound against hypertension in 
patients because of its activating effect of the α2-adrenergic receptor and has 
therefore already been tested for (side-)effects in humans [62][63]. Sephin1 
is only investigated for its effects in mice (described below). Guanabenz in wt 
mice reduces blood pressure and locomotor activity due to sedative effects 
[64]. Sephin1 targets GADD34 and does not activate the α2-adrenergic recep-
tor and therefore does not affect blood pressure or locomotor activity [61]. 

In vitro, guanabenz and Sephin1 prolong eIF2α phosphorylation, increase cell 
viability, prolong reduction of protein synthesis and reduce expression of ISR 
markers ATF4 and CHOP in the presence of UPR activator tunicamycin [60, 61]. 
Interestingly a recent in vitro study showed that guanabenz and Sephin1 do not 
increase phosphorylation of eIF2α [65]. The mechanism, by which guanabenz 
and Sephin1 modulate the ISR is not completely clear and remains under de-
bate [65-67]. 

In vivo, guanabenz has been tested in several mouse models for neurological 
diseases to modulate the ISR such as MS (EAE model), ALS (SOD1 mutation 
Gly93Ala), traumatic brain injury and spinal cord injury [59, 68-72]. All studies 
showed at least increased eIF2α phosphorylation or decreased ISR markers. 
Most studies showed an improved neurological phenotype [68-70, 72], while 
two studies did not [59, 71]. For example, the study in ALS mice with negative 
outcome [71] used a pump to constantly inject guanabenz while the two stud-
ies with a positive outcome injected the mice of the same ALS genotype every 
other day or three days a week [69, 70]. Together the studies are not conclu-
sive on the beneficial effects of guanabenz in neurological diseases in which 
the ISR is activated. 

The other eIF2α modulating compound, Sephin1, was investigated in mouse 
models for Charcot-Marie-Tooth 1B (P0 glycoprotein mutant (P0S63del)) and 
ALS (SOD1 mutation Gly93Ala) [61]. In both models Sephin1 prevented the 
pathological defects and decreased ISR activation (BIP, CHOP). 

ISRIB, the third compound, increases eIF2B-mediated eIF2·GDP release in 
biochemical assays [73, 74]. The compound binds eIF2B directly, stabilizes 
decamerization and inhibits expression of the ATF4-regulated transcriptome in 
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vitro and in vivo without affecting eIF2α phosphorylation [73, 74]. Nevertheless 
ISRIB is quite insoluble in water and this insolubility needs to be overcome to 
guarantee sufficient bioavailability. The absorption of ISRIB into the blood may 
be limited but the solubility in fat makes it relatively easy to pass the blood 
brain barrier and enter the brain. In vitro, ISRIB decreased expression of ISR 
markers (ATF4, CHOP and GADD34) without affecting eIF2α phosphorylation 
levels upon ER stress [75]. In vivo, ISRIB reduced ATF4 expression in a mouse 
model for prion disease without affecting eIF2α phosphorylation [76]. ISRIB 
decreased prion-related symptoms and increased the survival of the prion-in-
fected mice [76]. 

ISRIB, Sephin1 and guanabenz are of interest to investigate in the VWM mouse 
models in vivo. Brain tissue of VWM mice treated with any of the three com-
pounds can be compared to placebo-injected mice to investigate their effect 
on ISR mRNA expression, neurological phenotype and white matter pathology 
including maturation of astrocytes and oligodendrocytes. Treatment with the 
individual compounds may help to identify whether the expression differences 
between wt and VWM mouse brain (chapter 4) are caused by the deregulated 
ISR. Guanabenz showed already promising results on brain pathology in 2b5ho 

mice [77]. ISRIB has been tested in vitro to study its effect on protein synthesis 
during cellular stress in human fibroblasts and mouse astrocytes with VWM 
mutations (data not shown). ISRIB rescued protein synthesis similarly in these 
cultures of control and VWM cells. Dose-response curves need to be tested to 
identify subtle mutation-related changes in ISRIB sensitivity because ISRIB di-
rectly binds to eIF2B and the VWM mutations may affect ISRIB binding. Indeed, 
a recent paper shows that ISRIB is more effective at enhancing the activity of 
eIF2B with the Arg483Trp mutation (2b4homouse model) than eIF2B with the 
Arg191His mutation (2b5ho mouse model) or wt eIF2B [78]. 

ISRIB, guanabenz, Sephin1 and the VWM mouse models together with the 
molecular tools can help us to investigate transcriptomes as well as proteomes 
to understand the molecular mechanism underlying VWM and help to develop 
therapies for patients. 

The ISR has been implicated to play a protective role in inflammatory responses 
[28-31, 81]. Therefore ISR-targeting therapies could interfere with the normal 
immune response, as others have suggested [82, 83]. One concern may be that 
these therapies do not prevent the subacute deterioration observed in patients 
in response to febrile infections or even negatively affect disease outcome. Ac-
tually two studies investigating guanabenz in mice showed decreased lethality 
in response to ISR- and inflammation-inducing agents [80, 84]. ISRIB or Sephin1 
have not been investigated in these models and their effect on ISR, inflamma-
tion or lethality in such models is unknown. The mouse models using ISR- and 
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inflammation-inducing agents are not easily translated to VWM patients with 
febrile infections, as they are too diverse in steady state levels of ISR markers. 
To investigate how ISR-targeting therapies influence the subacute deterioration 
a model is needed that mimics this disease parameter in patients. 
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