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Loss of premyelinating oligodendrocytes
during early neurodevelopment is a prob-
lem of great importance because the effects
are long lasting. Approximately 60,000 in-
fants are affected yearly in the United
States with some type of white matter in-
jury (Osterman et al., 2015). By school
age, some of these infants develop cogni-
tive impairments and learning disabilities
(Counsell et al., 2003). These impairments
have been reported to continue into
adulthood (Allin et al., 2011). Exposure to
hypoxia before myelination leads to the
loss of premyelinating oligodendrocytes,
which results in diffuse white matter in-
jury (DWMI) in infants born between 23
and 32 weeks of gestation (Clayton et al.,
2017). Hypoxic conditions in the develop-
ing brain can be caused by reduced oxygen
from underdeveloped lungs or neural vas-
culature (Volpe, 2009). As the care of pre-
mature infants is improving and imaging
techniques are advancing, the prevalence
and ability to detect DWMI are increas-
ing (Cooke, 1999; Heuchan et al., 2002).
Currently, there are no therapies to treat
DWMI. For therapeutic progress to be

made, it is imperative to elucidate the
mechanisms that make the developing
brain more vulnerable to DWMI.

Previous work has suggested that the
integrated stress response (ISR) is involved
in protecting oligodendrocytes from dam-
age (Lin et al., 2007). The ISR is an elaborate
signaling pathway that is activated when
cells are exposed to physiological changes or
to pathological conditions, such as hypoxia.
The ISR is an important cellular response
that controls translation and mounts pro-
tective reactions. Central to the ISR is the
activation of the � subunit of eukaryotic
translation initiation factor 2 (eIF2�) by
phosphorylation of serine 51. This kinase
is an early responder to disturbances in
cellular homeostasis, and once activated,
it triggers a decrease of most protein syn-
thesis, which allows translation of specific
genes. There are four members of the
eIF2� kinase family, including protein ki-
nase RNA-activated-like endoplasmic re-
ticulum (ER) kinase (PERK), which is in
the ER where it is thought to be activated
by stress, such as hypoxia.

A recent study published in The Journal
of Neuroscience by Clayton et al. (2017)
investigated whether the ISR has a protec-
tive role in DWMI. They hypothesized
that the PERK arm of the ISR may protect
premyelinating oligodendrocytes from hyp-
oxia. In support of this hypothesis, the
authors found that, by inhibiting ISR in
primary mouse oligodendrocyte precur-
sor cells, they were more susceptible to

damage from hypoxia than controls.
Furthermore, deletion of PERK increased
hypoxia-induced damage in cultured oli-
godendrocyte precursor cells. In contrast,
results from two in vivo mouse models of
DWMI, mild chronic hypoxia (MCH) and
severe acute hypoxia (SAH), were inconsis-
tent with a role for the ISR in protecting oli-
godendrocyte precursor cells from hypoxia.
Although hypoxia increased phosphoryla-
tion of eIF2� in these models, no down-
stream components of the ISR were affected.
Indeed, the levels of one of the genes acti-
vated by eIF2�, transcription factor 4,
which aids in cell survival and recovery
(Pakos-Zebrucka et al., 2016), were de-
creased in the CNS after MCH and SAH.
Moreover, loss of PERK did not affect
damage induced by MCH or SAH. Fur-
thermore, when the authors enhanced
components of the ISR by increasing lev-
els of activating growth and arrest DNA
damage 34 (GADD34) and transcription
factor, CAAT enhancer binding protein
homologous protein (CHOP), there was
no protection provided to animals with
MCH and SAH. Based on these results,
the authors concluded that the PERK arm
of ISR is not a promising target for treat-
ing DWMI (Clayton et al., 2017).

Even though PERK does not appear to
be beneficial in DWMI, other compo-
nents of the ISR may be involved in pro-
tecting premyelinating oligodendrocytes
from hypoxia. Clayton et al. (2017) re-
ported that reduced levels of PERK in
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mouse models of DWMI resulted in higher
levels of phosphorylated double-stranded
RNA-dependent protein kinase (PRK),
another member of the eIF2� kinase fam-
ily. PRK is activated by double-stranded
RNA during viral infections in mammals
(Pakos-Zebrucka et al., 2016); it can also be
activated by oxidative and ER stress
(Shimazawa and Hara, 2006; Lee et al.,
2007). Furthermore, PRK can be stimu-
lated by caspase activity during early cell
death processes potentially playing a role
in protein synthesis during this process
(Saelens et al., 2001). This may be of im-
portance when it comes to premyelinating
oligodendrocytes, as it is a part of the ISR,
which has been implicated in DWMI.
More investigation into the role of PRK
arm of the ISR in hypoxic cell death of
premyelinating oligodendrocytes is there-
fore warranted.

To promote the survival of premyelinat-
ing oligodendrocytes, creating an environ-
ment that promotes cell survival within the
premature brain may be key for future ther-
apeutic development. One avenue that might
bepursuedis reducing the free-radical attack
on premyelinating oligodendrocytes, in-
cluding microglial, by decreasing oxida-
tive stress and replenishing antioxidant
defenses. There is a high amount of
microglial activation after hypoxia in the
premature brain, and these immune cells
generate a significant amount of reactive ox-
ygen species (Haynes et al., 2003). Micro-
glial activation in combination with the
reduced antioxidant defense system that is
present in the premature brain may create
an environment detrimental to survival of
premyelinating oligodendrocytes (Khwaja
and Volpe, 2008). Reducing microglial acti-
vation in the premature brain may be a
potential target for reducing death of pr-
emyelinating oligodendrocytes; however,
further investigation is required.

Excitotoxicity may be another pathway
through which premyelinating oligoden-
drocyte cell death occurs in the premature
brain. There are a few avenues through which
exocytotic cell death may occur, first, through
high levels of the main excitatory neu-
rotransmitter, glutamate. It has been re-
ported that high levels of glutamate are
present because of reduced glutamate up-
take in the premature brain after hypoxia
(Matute et al., 2001). Additionally, AMPA
receptors are overexpressed in the devel-

oping brain specifically in premyelinating
oligodendrocytes (Talos et al., 2006), and
their activation could lead to excitotoxic
cell death. Last, the NMDA receptors are
highly expressed on oligodendrocytes,
and these receptors are permeable to cal-
cium (Salter and Fern, 2005). High levels
of calcium in the cell are known to result
in exocytotic cell death. As the prevalence
of DWMI is increasing, research in the
field needs to focus on therapeutic targets.
The study by Clayton et al. (2017) reports
important negative results that contribute
to the development and investigation of
potential therapies for DWMI.

Within the biomedical field, there has
been a low rate of reproducibility of re-
search possibly because of the push to
publish significant results (Joober et al.,
2012), which has triggered many clinical
trials to fail (Song et al., 2012). The study
by Clayton et al. (2017) does indeed move
the field of DWMI therapeutic forward,
but by presenting negative results that
eliminate the PERK component of the ISR
as a potential therapeutic target. These
data have advanced the field in that other
signaling pathways can be targeted to for
future therapeutic development.
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