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The vicious interplay between
disrupted sleep and malignant
brain tumors: a narrative
review

Malignant brain tumors are among the most aggressive
human neoplasms. One of the most common and se-
vere symptoms that patients with these malignancies ex-
perience is sleep disruption. Disrupted sleep is known to
have significant systemic pro-tumor effects, both in pa-
tients with other types of cancer and those with malignant
brain lesions. We therefore provide a review of the current
knowledge on disrupted sleep in malignant diseases, with
an emphasis on malignant brain tumors. More specifically,
we review the known ways in which disrupted sleep ena-
bles further malignant progression. In the second part of
the article, we also provide a theoretical framework of the
reverse process. Namely, we argue that due to the sever-
al possible pathophysiological mechanisms, patients with
malignant brain tumors are especially susceptible to their
sleep being disrupted and compromised. Thus, we further
argue that addressing the issue of disrupted sleep in pa-
tients with malignant brain tumors can, not just improve
their quality of life, but also have at least some potential
of actively suppressing the devastating disease, especial-
ly when other treatment modalities have been exhausted.
Future research is therefore desperately needed.
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The annual incidence of tumors of the central nervous
system (CNS) is little over 22 per 100000 in the general
population (1). Around a third of these lesions are malig-
nant. Among the malignant tumors, gliomas are by far the
most common type, constituting over 80% of the number.
Among gliomas, the most aggressive type (glioblastoma)
is the most common one, making up over a half of all new-
ly diagnosed gliomas (2,3). The five-year survival of patients
with malignant CNS tumors is around 30%, with patients
being diagnosed a glioblastoma having a five-year survival
rate of less than 5%. All this goes to show how malignant
CNS tumors are some of the most aggressive human ma-
lignancies today. It also shows how the vast accumulated
knowledge on the disease origin and progression still has
not translated into significant improvement of the overall
survival of these patients. New treatment modalities are
therefore desperately needed.

Besides the devastating diagnosis of a malignant brain tu-
mor, these patients often experience a wide variety of se-
vere symptoms, which significantly diminish their quality
of life (4). There has been an increasing awareness of the
importance of supportive and palliative care in patients
suffering from malignant brain tumors, especially those in
whom other treatment modalities have been exhausted
(5-7). One of the most commonly reported symptoms is
sleep disturbance (4,8-12).

Sleep is a recurrent, physiological phenomenon, which
consists of many measurable factors (12) and is ubiquitous
throughout the natural world (13-16). It is a highly active,
easily reversible process, which is crucial not only for the
physical and mental well-being of all living organisms, but
also for the very concepts we as humans have of ourselves
and the world around us (17). There are many theories re-
garding the possible function of sleep, ranging from the
physiological explanations such as rest of individual cells
(18) to behavioral explanations of why a biological system
needs periodic inactivity (19). There is a growing under-
standing of how the modern lifestyle disrupts the natural
circadian rhythm in humans, consequences of which are
still not sufficiently explored (20).

Sleep disruption has a well known detrimental role for an
organism. Indeed, patients with disrupted sleep have been
found to have a higher prevalence of several diseases, such
as cardiovascular disorders (21), cognitive impairment (22),
various metabolic disorders and obesity (23,24), and sys-
temic and local inflammation (25,26). Furthermore, sleep
can be impaired in many ways. The current classification

of sleep disorders consists of several clinical entities such
as insomnia, parasomnia, hyper-somnolence, sleep-related
movement disorders, etc (27). However, this article refers to
all of this broad pathology as “sleep disturbance,” primar-
ily for clarity and simplicity sake. In addition, research on
disrupted sleeping patterns in patients with malignant le-
sions usually also encompasses all of these entities into this
broader term (28,29).

DISRUPTED SLEEP IN PATIENTS WITH A MALIGNANT
DISEASE

An emerging field of interest in sleep disruption in pa-
tients suffering from malignant diseases has recently
gained much attention (11,29). Indeed, it has been shown
that disrupted sleep is one of the most common com-
plaints in patients undergoing oncological treatment,
with patients suffering from malignant brain tumors be-
ing especially susceptible (4,10). Furthermore, the risk of
developing several different neoplasms can be directly
correlated with various sleep disturbances (30-33). On the
other hand, patients suffering from various types of neu-
rological disorders very often also suffer from some sort
of disrupted sleeping pattern (34,35), indicating that pa-
tients with CNS pathology are very susceptible to sleep
disruption.

Research into the complex relationship which malignant
brain tumors could have with disrupted sleep is quite
scarce. It usually addresses the severity and frequency
with which disrupted sleep occurs as a symptom in these
patients (8,9,36) as well as the effects of the oncological
treatment on sleeping patterns (8), but usually does not
explore in detail the possible pathophysiological mecha-
nisms by which disrupted sleep could actually detrimen-
tally affect patients’ ability to fight off the disease, or the
ways in which malignant brain lesions themselves could
actually impair sleep.

The aim of this article was therefore to review the cur-
rently available research concerning sleep in patients with
malignant brain tumors. More specifically, we provide a re-
view of the known consequences of disrupted sleep on
the malignant progression and connect it to the currently
available research regarding malignant brain tumor pa-
thology. The secondary aim, which is explored in the sec-
ond part of the article, was to provide theoretical frame-
work for the possible pathophysiological effects that a
malignant brain lesion itself could have on the brain’s
ability to sleep.

www.cmj.hr
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SYSTEMIC EFFECTS OF DISRUPTED SLEEP

Alongside other detrimental effects stated above, there
have been several proposed mechanisms of the possi-
ble pro-tumor effects of disrupted sleep (2,30). As men-
tioned earlier, however, these reports focus on many
other types of malignant diseases, but usually leave out
patients with brain tumors, a fact already noted else-
where (8,28). We will therefore explore several possi-
ble mechanisms of the pro-tumor effects of disrupted
sleep that have been linked to other malignancies and
determine the possible correlation it could have to ma-
lignant brain tumors. These mechanisms include phase
shifts, reduced anti-oxidant levels, immunosuppression,
metabolic changes, melatonin depletion, cognitive im-
pairment, and epigenetic changes. All of these systemic
changes have in turn been linked to a worse prognosis
in patients with malignant brain tumors, indicating dis-
rupted sleep as a possible exacerbating factor of tumor
progression. This connection has been differently prov-
en for various factors and we tried to note them here in
descending order, starting from the ones with the most
clinical proof.

Disrupted sleep and phase shift

Disrupted sleeping patterns have been found to signifi-
cantly influence the transcription of the so-called clock
genes (37). These genes, alongside the circadian “master
clock” in the suprachiasmatic nuclei of the brain, govern
the rhythmic circadian synchronization of almost all of the
physiological processes within the body (2).

The physiological circadian clock functions as a tumor sup-
pressor at the systemic, molecular, and cellular levels. In-
deed, these circadian rhythms have been found to be so
important that their various disruptions lead to the so-
called phase shifts, which have been linked to both tum-
origenesis and tumor progression (2,38). In fact, there is a
growing awareness of how chronotherapy could improve
the efficacy of cancer treatment and the quality of patients’
lives (38,39).

Malignant brain tumors have been found to rely heavily

on the expression of clock genes, namely in their growth

(40), cellular proliferation (41), and migration (42). It is

therefore very likely that the disruption of various circa-

dian sleep-wake cycles further impairs the physiologi-

cal circadian rhythms, thus having crippling pro-tu-
mor effects.

www.cmj.hr
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Disrupted sleep and reduced antioxidant levels

Excess production of free radicals (or oxidative stress) plays
an important role in the metabolism of all living aerobic or-
ganisms, including humans. These free radicals, also called
reactive oxygen species, induce oxidative damage to cer-
tain cellular macromolecules, and this damage has been
linked to many common human diseases including cancer
(43). Several protective cellular mechanisms have evolved
to counter this damage, namely in the form of various anti-
oxidant molecules and antioxidant enzymes (44). Of these,
glutathione has been found to be the most important
mammalian cellular antioxidant molecule, with a crucial
role in cell protection against oxidative stress (44).

Glutathione is a well-known antioxidant molecule with a
significant protective role against oxidative free-radicals
and carcinogens (45). However, glutathione levels are not
constant. They actually strongly depend on the circadian
rhythm. More specifically, they are significantly elevated
during sleep (46). Thus, due to the disruption of sleep
cycles, physiologically elevated levels of glutathione are
diminished, making cells more susceptible to oxidative
damage.

The therapeutic potential of glutathione is highly complex
and controversial. Indeed, beside its protective role, gluta-
thione also significantly influences the response to therapy
of the tumor cells themselves, namely it allows these cells
to suffer less damage from oncological therapy (47,48).
Bansal and Simon (45) offer a more in-depth analysis of the
immensely complex dual role which glutathione plays in
cancer patients. The knowledge of these complex systems
and mechanisms is still insufficient, and further research is
desperately needed.

Beside glutathione reduction due to the lack of sleep,
there is also another mechanism that diminishes glutathi-
one levels and that occurs in patients with malignant brain
tumors. It involves glutamate metabolism and is explored
in greater detail in the section regarding chemical sleep
disruption.

Disrupted sleep and immunosuppression

[tis well-known that patients with malignant brain tumors
experience a significant local and systemic immunosup-
pression (49,50). This is an area of intense recent interest
with regard to potential therapeutic options (51). While the
exact mechanisms of this suppression are unclear, one pos-



Oreskovié et al: The vicious interplay between disrupted sleep and malignant brain tumors CM l'

sible explanation could be that the tumor alters sleeping
patterns, which in turn influences immunosuppression.

[t has been shown that disrupted sleep can impair the sys-
temicimmune response both in animals (52) and in humans
without (53,54) and with (55) malignant disease. In patients
with malignancies, disrupted sleep seems also to negatively
affect the immune system, primarily by disrupting the func-
tioning of natural killer cells and cytokine production (55).

It therefore seems possible that future treatments target-
ing the immune response of patients will have to account
for disrupted sleep as well.

Disrupted sleep and metabolic changes

Even short-term sleep loss has been shown not only to
disrupt the physiological functioning of various metabolic
processes such as glucose regulation or cortisol and insu-
lin secretion, but also to lead to an increased appetite and
caloric intake (20). Chronic sleep disruption has also been
linked to severe complications such as cortisol and insulin
dysregulation, obesity, and diabetes mellitus (20,56).

These alterations to various aspects of metabolic syndrome
have on the other hand been consistently connected to a
worse prognosis in patients with cancer (57), as well as with
malignant brain tumors (58,59). Our own preliminary re-
search on patients with meningiomas (60) and patients with
glioblastomas (61) showed that at least some patients with
primary intracranial malignancies could actually have signifi-
cantly disrupted chronic blood glucose levels. Even on the
cellular level, it has been shown that genes coding for vari-
ous glucose transporters (GLUT1 for example) are differently
expressed in the sleeping brain than in the awake one (46).

It seems therefore likely that the metabolic changes
linked with disrupted sleep further impair the metabol-
ic status of patients with brain neoplasms, leading to a
WOrse prognosis.

Disrupted sleep and melatonin depletion

Melatonin is a pineal hormone that is involved in the circa-
dian regulation and facilitation of sleep (62). Besides in the
pineal gland, melatonin is also synthesized in various other
organs, tissues, and cells, also in a circadian fashion, with a
high rhythm amplitude and a prominent nocturnal maxi-
mum. In the extrapineal sites, secretion oscillations have
considerably lower amplitudes. Some of the extrapineal

sources are, according to current knowledge, of particular
importance, either in quantitative terms, such as the gas-
trointestinal tract, which contains several hundred times
more melatonin than the pineal gland or, with regard to
functional aspects, some areas of the central nervous sys-
tem and several leukocytes.

Melatonin is also often called a hormone of darkness since
all of the body’s melatonin is secreted at night-time (63).
Melatonin has been shown to have various anti-tumor ef-
fects, both in malignant brain tumors (64,65) and in other
cancers (63,66). Besides this protective role in malignant
brain tumor patients, melatonin also has many other pos-
sible anti-tumor mechanisms, which link it to points men-
tioned earlier. These include such diverse effects as the
ones on the systemic immune response, its antioxidant
role, its effect on glucose regulation, etc (67,68).

The modern, industrialized lifestyle with its dependency
on light disrupts significantly the synthesis and the secre-
tion of melatonin (63,69). Even different diets have been
found to affect the melatonin levels in the organism (70). It
has also been found that disrupted sleeping schedules sig-
nificantly further diminish melatonin secretion (63,71).

Melatonin levels are therefore likely altered in patients with
malignant brain tumors due to their impaired sleeping
schedules, thus diminishing the many possible anti-tumor
effects of the hormone. And while melatonin is currently
successfully administered in the treatment of restoring the
diurnal rhythm (72), its complex metabolism has repeated-
ly been suggested as a possible therapeutic target in onco-
logical treatment (73,74). This type of research is still unfor-
tunately in its infancy and further investigation is needed.

Disrupted sleep and cognitive impairment

Sleep disruption has been shown to severely diminish the
quality of life in patients and their families through various
mood disorders, memory impairment, increased demen-
tia risk, etc (20). Cognitive impairment is also known to be
connected to a worse survival in patients with malignant
brain tumors (75). Therefore, it is possible that disrupted
sleep at least partially exacerbates the cognitive impair-
ment of these patients, also leading to a worse prognosis.

Disrupted sleep and epigenetic changes

There is a growing awareness of the significant effects
of sleep disruption on the epigenome (76). Epige-
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netic changes have on the other hand been found to have
a crucial role in the modern understanding of brain malig-
nancies and their classification (77). It is therefore possible
that disrupted sleep alters in some way various epigenetic
environments in malignant brain tumor patients, a current-
ly underexplored field with significant potential.

TUMOR EFFECTS ON SLEEP

Having discussed the possible ways in which disrupted
sleep as a common symptom can influence the tumor
progression, we will now focus on the effects of the tumor
itself on the brain’s ability to sleep.

Physical effects

Direct physical effects

Sleep disturbances are a very common symptom of pa-
tients with brain tumors (4,10). The exact causes of these
disturbances are still largely unknown, with several articles
mentioning various possible explanations (8). The authors
here include the patients' comorbid conditions, concurrent
symptoms, environmental stressors, prescribed medication,
as well as neuropsychiatric effects. The authors also mention
the so-called direct tumor effects, namely pituitary/hypo-
thalamic involvement and anhedonia. We however feel that
additional possible mechanisms could be put into the latter
category that the authors do not explore. Indeed, we feel
that these direct effects of the tumor make patients even
more susceptible to subsequent environmental mecha-
nisms mentioned earlier. Although the research into this area
has unfortunately been limited, sporadic reports show that
sleep could actually be impaired even before chemo- and
radiotherapy or other external factors (78). This is also true in
our preliminary research (data currently unpublished).

Direct disruption in the sleep-wake circuitry

This mechanism is straightforward and has been men-
tioned in previous research. It seems fairly obvious that a
malignant lesion that destroys the neural projections or
the structures involved in the sleep-wake circuitry (the
hypothalamus for example) would disrupt the sleeping
patterns. It has indeed been reported that patients with a
malignant tumor in these regions could have severely im-
paired sleeping cycles (79).

Lesions in parts of the brain not directly involved in sleep-
wake regulation

The brain function inevitably relies on its structure. And,
as mentioned earlier, one of the mostimportant brain

www.cmj.hr
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functions is sleep. Therefore, it is likely that the complex
changes occurring during sleep are not limited to certain
cerebral areas, but are instead function of the entire brain
(80). It would follow then that any disruption in the cere-
bral structure can impair sleep to a greater or lesser degree.
More specifically, even malignant lesions in the brain re-
gions that are not usually considered to be crucial for sleep
could mechanically disrupt the complex cerebral structure
and its function. Indeed, sleeping is disrupted in many oth-
er neurologic pathological conditions that compromise the
general brain structure (35,81). Also of note is that the grow-
ing intracranial mass can cause many other non-specific
symptoms (such as headaches) during sleep and thus fur-
ther impairing the sleeping schedule of a patient.

Indirect physical effects

A growing intracranial mass can cause a variety of non-
specific symptoms. This is especially true for highly prolifer-
ative malignant tumors, where the compensatory mecha-
nisms of an organism are rapidly rendered insufficient due
to the fast and infiltrative tumor growth. The most com-
monly reported indirect physical effect of a malignant le-
sion on brain function is disruption in a patient’s breathing
patterns.

Breathing is a highly complex physiological phenomenon.
It is tightly controlled in several distinct control points,
namely the central control at the level of the brainstem,
effector control (respiratory muscles for example), and
sensory control. The central breathing control is primar-
ily performed by three large neuron groups in the pons
and medulla (82,83). Disruption or damage in these neu-
rons and neuron groups can lead to severe breathing dis-
orders and even death (Ondine’s curse). Beside malignant
lesions, such damage can occur in other types of neuropa-
thology as well, such as in multiple sclerosis (84). Breath-
ing is also controlled at a higher level, namely through
corticobulbar and corticospinal pathways (82). This supra-
pontine control allows for voluntary respiration modifica-
tion. Destruction of these pathways can also lead to severe
breathing disorders (85). Another possible mechanism by
which malignant brain tumors can compromise breathing
is through elevated intracranial pressure, which arises due
to the growing lesion. This in turn can cause an indirect
compression of the breathing centers, similarly to what oc-
curs in patients with Chiari malformation (86).

All of the mechanisms described above can compromise
breathing and breathing patterns of a patient, causing
various types of dyspneas and apneas, especially during
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sleep. Indeed, it has already been recognized that sleep-
disordered breathing has a much higher prevalence in pa-
tients with neurologic disorders such as stroke and epilep-
sy (87). While these sleeping disorders have been labeled
highly prevalent and grossly under-recognized (88), they
have also not been sufficiently investigated in patients
with malignant brain tumors. This seems remarkable since
it has already been shown that apneas and insomnias lead
to a functional reorganization of the brain (89,90). More-
over, this type of sleep disruption has been connected to
a worse outcome and prognosis in several diseases, in-
cluding malignant ones (91). Furthermore, when different
effects of acute, chronic, and cyclic hypoxia were investi-
gated with regards to tumor aggressiveness, it has been
shown that cyclic hypoxia (such as the one occurring in
patients with sleep apneas) actually significantly enhances
tumor cell aggressiveness by altering various cancer hall-
marks, such as angiogenesis, metastasis, cell proliferation,
and/or inflammation (92). Although these findings have
not yet been tested on brain tumor cells, it seems possible
that similar effects could take place in them as well.

Knowing how common and often undetected various
breathing disorders are in the general population (87,93),
and taking into account the pathophysiological mecha-
nisms described above, it is likely that patients with brain
tumors are also susceptible to this type of pathology. Un-
fortunately, research is still fairly limited and warrants fur-
ther effort into deciphering the complex relationship
which brain tumors, sleeping, and breathing have with
each other.

Chemical sleep disruption

Alongside all of the aforementioned mechanisms by
which malignant brain tumors can disrupt sleeping patters
of a patient through their physical interaction with normal
brain tissue, there is also another important way in which
this disruption can occur. The disruption in question is a
chemical one, through glutamate.

Glutamate is not only the predominant excitatory neu-
rotransmitter in the central nervous system, but it also has
a crucial role in regulating sleep-wake cycles (94). More
specifically, it has a significant excitatory role in promoting
and maintaining wakefulness. This is in fact true whether
the molecule is located in the intra-synaptic (95) or extra-
synaptic space (96). Besides this physiological role, cellular
glutamate metabolism has gained much interest recently
due to its apparent crucial role in the survival of malignant

cells, especially in their cellular growth and proliferation
(97).

Glutamate is mostly secreted into the synaptic cleft by
the cysteine-glutamate transporter (system x°), which ex-
changes it with extracellular cysteine. Glutamate cannot
passively diffuse back to the intracellular space, nor can
it be metabolized by extracellular enzymes. It is therefore
transported into the intracellular space primarily by mol-
ecules known as the excitatory amino acid transporters
(EAATSs) (98). Glutamate release and uptake to and from the
synaptic cleft are both tightly regulated through the afore-
mentioned molecules. If this tight control is disrupted, it
leads to glutamate accumulation and causes detrimental
excitotoxicity (99,100). This type of damage can also occur
in the presence of necrosis, which causes the intracellular
glutamate to leak into the extracellular space, damaging
cells, and causing a cascade of neurotoxocity (100) and fur-
ther cellular decay (101). This over-abundance of extracel-
lular glutamate is detrimental not only to the surrounding
cells, but also to the cellular ability to cope with reactive
oxygen radicals. This happens since the abundance of ex-
tracellular glutamate impairs the system x, which normal-
ly exchanges it with extracellular cysteine. The deficiency
of this transporter leads to an intracellular lack of cysteine,
which in turn causes a complex cascade in which cellular
cysteine and subsequent glutathione production are im-
paired (100), therefore disabling the anti-oxidative proper-
ties of glutathione (see earlier).

The abundance of glutamate in malignant brain tumors
is well-known (102-104). And even though in the past it
has been proposed that this abundance is caused primar-
ily by tumor cells necrosis (thus being merely a side-effect
of necrosis), it has since been repeatedly shown that ma-
lignant cells express a significant upregulation of system
x_as well as a significant downregulation of EAAT mol-
ecules. Both of these changes of genetic expression allow
for a higher extracellular glutamate concentration (100).
This would therefore imply an important role that extra-
cellular glutamate has in the survival of malignant cells.
Knowing the positive effect that disrupted sleep has on
tumor cells, it seems likely that at least one of the func-
tions of this active glutamate secretion is actually chemi-
cally disrupting sleep.

CLINICAL IMPLICATIONS

The currently standardized treatment of patients with
malignant brain tumors consists of surgery, che-
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motherapy, and radiotherapy. Diagnosis and treatment of
sleep disorders in these patients is seldom considered. As
mentioned earlier, many researchers have already noticed
this fact (4,8,10,28,30,105), thus we will not go into this is-
sue in depth. Suffice to say that the cited articles include
several methods on how to measure and diagnose sleep
disorders, as well as how to treat them, with a special em-
phasis on the evaluation of treatable underlying causes of
sleep disorders, as well as the importance of sleep hygiene
alone or in addition to pharmacological management.

The fact that disrupted sleep is such a common symptom
and so crippling to the quality of life of patients with ma-
lignant brain tumors is well known. Thus, the currently fre-
quent disregard of the problem in the oncological treat-
ment increasingly seems insensible and misguided. The
added benefit of actively recognizing and addressing this
problem is that it has at least some potential in actively
suppressing the vicious disease. We would therefore en-
courage all centers treating patients with malignant brain
tumors to actively include somnologists into the multidis-
ciplinary teams, and to actively address the disrupted sleep
that these patients likely suffer from.

CONCLUSIONS

In this article, we tried to raise two main issues. The first
one is that considering the current knowledge of the re-
lationship between sleep disruption and malignant dis-
eases, it is quite possible that disrupted sleep is not just
a common symptom but actually a possible factor in the
disease progression. We thus argue that addressing the is-
sue in patients with malignant brain tumors cannot only
be a palliative measure that has the potential to improve
the quality of life of these patients but can also prove to
be a possible therapeutic approach in limiting the disease
progression, especially when other treatment modalities
have been exhausted. Worth noting however, is that all of
this research is still in its theoretical stage, and treatment
of sleeping schedules should not be considered as a ther-
apeutic approach against a malignant brain tumor until
further research is conducted. The second issue we tried
to raise is that patients with malignant brain tumors are
especially susceptible to these impaired sleeping sched-
ules. Not just because of the oncological treatment they
receive, but also due to the innate properties of malignant
cerebral lesions and their specific interactions with the
healthy brain. Indeed, we feel that this area of interest
is currently underexplored and merits further research
into the subject.

www.cmj.hr

Croat Med J. 2021;62:376-86

Funding None.
Ethical approval Not required.

Declaration of authorship DO, VJ, and DC conceived and designed the
study; AK, DM, and MM acquired the data; MR, NP, DT, and TM analyzed and
interpreted the data; DO, NP, DM, MM, and DT drafted the manuscript; AK,
MR, DD, VJ, TM, and DC critically revised the manuscript for important intel-
lectual content; all authors gave approval of the version to be submitted:; all
authors agree to be accountable for all aspects of the work.

Competing interests All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References

1 Barnholtz-Sloan JS, Ostrom QT, Cote D. Epidemiology of brain
tumors. Neurol Clin. 2018;36:395-419. Medline:30072062
doi:10.1016/j.ncl.2018.04.001

2 FritschiL, Glass DC, Heyworth JS, Aronson K, Girschik J, Boyle T,
et al. Hypotheses for mechanisms linking shiftwork and cancer.
Med Hypotheses. 2011;77:430-6. Medline:21723672 doi:10.1016/j.
mehy.2011.06.002

3 Wirsching HG, Galanis E, Weller M. Glioblastoma. Handb Clin
Neurol. 2016;134:381-97. Med|ine:26948367 doi:10.1016/B978-0-
12-802997-8.00023-2

4 Armstrong TS, Vera-Bolanos E, Acquaye AA, Gilbert MR, Ladha
H, Mendoza T. The symptom burden of primary brain tumors:
evidence for a core set of tumor- and treatment-related symptoms.
Neuro-oncol. 2016;18:252-60. Medline:26289592 doi:10.1093/
neuonc/nov166

5  Batash R, Asna N, Schaffer P, Francis N, Schaffer M. Glioblastoma
multiforme, diagnosis and treatment; recent literature review. Curr
Med Chem. 2017;24:3002-9. Medline:28521700 doi:10.2174/09298
67324666170516123206

6  Braun K, Ahluwalia MS. Treatment of glioblastoma in older adults.
Curr Oncol Rep. 2017;19:81. Medline:29075865 doi:10.1007/
$11912-017-0644-z

7 Perrin SL, Samuel MS, Koszyca B, Brown MP, Ebert LM,
Oksdath M, et al. Glioblastoma heterogenity and the tumour
microenvironment: implications for preclinical research and
development of new treatments. Biochem Soc Trans. 2019;47:625-
38. Medline:30902924 doi:10.1042/BST20180444

8  Armstrong TS, Shade MY, Breton G, Gilbert MR, Mahajan A,
Scheurer ME, et al. Sleep-wake disturbance in patients with brain
tumors. Neuro-oncol. 2017;19:323-35. Medline:27286798

9  Jeon MS, Dhillon HM, Agar MR. Sleep disturbance of adults with
a brain tumor and their family caregivers: a systematic review.
Neuro-oncol. 2017;19:1035-46. Medline:28340256 doi:10.1093/
neuonc/nox019

10 Kim BR, Chun MH, Han EY, Kim DK. Fatigue assessment and


www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30072062&dopt=Abstract
https://doi.org/10.1016/j.ncl.2018.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21723672&dopt=Abstract
https://doi.org/10.1016/j.mehy.2011.06.002
https://doi.org/10.1016/j.mehy.2011.06.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26948367&dopt=Abstract
https://doi.org/10.1016/B978-0-12-802997-8.00023-2
https://doi.org/10.1016/B978-0-12-802997-8.00023-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26289592&dopt=Abstract
https://doi.org/10.1093/neuonc/nov166
https://doi.org/10.1093/neuonc/nov166
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28521700&dopt=Abstract
https://doi.org/10.2174/0929867324666170516123206
https://doi.org/10.2174/0929867324666170516123206
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29075865&dopt=Abstract
https://doi.org/10.1007/s11912-017-0644-z
https://doi.org/10.1007/s11912-017-0644-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30902924&dopt=Abstract
https://doi.org/10.1042/BST20180444
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27286798&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28340256&dopt=Abstract
https://doi.org/10.1093/neuonc/nox019
https://doi.org/10.1093/neuonc/nox019

Oreskovi¢ et al: The vicious interplay between disrupted sleep and malignant brain tumors

1Al

12

13

14

15

16

17

18

19

20

21

22

23

24

rehabilitation outcomes in patients with brain tumors. Support
Care Cancer. 2012;20:805-12. Medline:21533813 doi:10.1007/
s00520-011-1153-5

Rha SY, Lee J. Symptom clusters during palliative chemotherapy
and their influence on functioning and quality of life. Support Care
Cancer. 2017;25:1519-27. Medline:28032218 doi:10.1007/s00520-
016-3545-z

Redeker NS, Pigeon WR, Boudreau EA. Incorporating measures
of sleep quality into cancer studies. Support Care Cancer.
2015;23:1145-55. Medline:25510361 doi:10.1007/500520-014-
2537-0

Cirelli C, Tononi G. Is sleep essential? PLoS Biol. 2008;6:€216.
Medline:18752355 doi:10.1371/journal.pbio.0060216

Kim JA, Kim HS, Choi SH, Jang JY, Jeong MJ, Lee SI. The importance
of the Circadian Clock in Regulating Plant Metabolism. Int J Mol
Sci. 2017;18. Medline:29232921 doi:10.3390/ijms 18122680
Miyazaki S, Liu CY, Hayashi Y. Sleep in vertebrate and invertebrate
animals, and insights into the function and evolution of sleep.
Neurosci Res. 2017;118:3-12. Medline:28501499 doi:10.1016/j.
neures.2017.04.017

Villafuerte G, Miguel-Puga A, Rodriguez EM, Machado S, Manjarrez
E, Arias-Carrion O. Sleep deprivation and oxidative stress in
animal models: a systematic review. Oxid Med Cell Longev.
2015;2015:234952. Medline:25945148 doi:10.1155/2015/234952
Hong CC, Fallon JH, Friston KJ, Harris JC. Rapid eye movements in
sleep furnish a unique probe into consciousness. Front Psychol.
2018;9:2087. Medline:30429814 doi:10.3389/fpsyg.2018.02087
Vyazovskiy VV, Harris KD. Sleep and the single neuron: the role of
global slow oscillations in individual cell rest. Nat Rev Neurosci.
2013;14:443-51. Medline:23635871 doi:10.1038/nrn3494

Field JM, Bonsall MB. The evolution of sleep is inevitable in a
periodic world. PLoS One. 2018;13:0201615. Medline:30080877
doi:10.1371/journal.pone.0201615

McEwen BS, Karatsoreos IN. Sleep deprivation and circadian
disruption: stress, allostasis, and allostatic load. Sleep Med Clin.
2015;10:1-10. Medline:26055668 doi:10.1016/j.jsmc.2014.11.007
Tobaldini E, Constantino G, Solbiati M, Cogliati C, KaraT, et

al. Sleep, sleep deprivation, autonomic nervous system and
cardiovascular diseases. Neurosci Biobehav Rev. 2017; 74(Pt B):
321-329.

Lowe CJ, Safati A, Hall PA. The neurocognitive consequences

of sleep restriction: A meta-analytic review. Neurosci Biobehav
Rev. 2017;80:586-604. Medline:28757454 doi:10.1016/j.
neubiorev.2017.07.010

Potter GD, Skene DJ, Arendt J, Cade JE, Grant PJ, Hardie LJ.
Circadian rhythm and sleep disruption: causes, metabolic
consequences, and countermeasures. Endocr Rev. 2016;37:584-
608. Medline:27763782 doi:10.1210/er.2016-1083

St-Onge MP. Sleep-obesity relation: underlying mechanisms and

consequences for treatment. Obes Rev. 2017;18 Suppl 1:34-9.

25

26

27

28

29

30

31

32

33

34

35

36

37

CM) 383

Medline:28164452 doi:10.1111/0br.12499

Irwin MR. Why sleep is important for health: a
psychoneuroimmunology perspective. Annu Rev Psychol.
2015;66:143-72. Medline:25061767 doi:10.1146/annurev-psych-
010213-115205

Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep
duration, and inflammation: a systematic review and meta-
analysis of cohort studies and experimental sleep deprivation.
Biol Psychiatry. 2016;80:40-52. Medline:26140821 doi:10.1016/j.
biopsych.2015.05.014

Sateia MJ. International classification of sleep disorders-third
edition. Chest. 2014;146:1387-94. Medline:25367475 doi:10.1378/
chest.14-0970

Armstrong TS, Gilbert MR. Practical strategies for management of
fatigue and sleep disorders in people with brain tumors. Neuro-
oncol. 2012;14 Suppl 4:iv65-72. Medline:23095832 doi:10.1093/
neuonc/nos210

Howell D, Oliver TK, Keller-Olaman S, Davidson JR, Garland

S, Samuels C, et al. Sleep disturbance in adults with cancer: a
systematic review of evidence for best practices in assessment and
management for clinical practice. Ann Oncol. 2014;25:791-800.
Medline:24287882 doi:10.1093/annonc/mdt506

ChenY, Tan F, Wei L, Li X, Lyu Z, Feng X, et al. Sleep duration

and the risk of cancer: a systematic review and meta-analysis
including dose-response relationship. BMC Cancer. 2018;18:1149.
Medline:30463535 doi:10.1186/512885-018-5025-y

Kakizaki M, Inoue K, Kuriyama S, Sone T, Matsuda-Ohmori

K, Nakaya N, et al. Sleep duration and the risk of prostate
cancer: the Ohsaki Cohort Study. Br J Cancer. 2008;99:176-8.
Medline: 18542076 doi:10.1038/sj.bjc.6604425

Kakizaki M, Kuriyama S, Sone T, Matsuda-Ohmori K, Hozawa

A, Nakaya N, et al. Sleep duration and the risk of breast

cancer: the Ohsaki Cohort Study. Br J Cancer. 2008;99:1502-5.
Medline:18813313 doi:10.1038/sj.bjc.6604684

Thompson CL, Larkin EK, Patel S, Berger NA, Redline S, Li L. Short
duration of sleep increases risk of colorectal adenoma. Cancer.
2011;117:841-7. Medline:20936662 doi:10.1002/cncr.25507
Castriotta RJ, Murthy JN. Sleep disorders in patients with
traumatic brain injury: a review. CNS Drugs. 2011;25:175-85.
Medline:21062105 doi:10.2165/11584870-000000000-00000
Provini F, Lombardi C, Lugaresi E. Insomnia in neurological
diseases. Semin Neurol. 2005;25:81-9. Medline:15798940
doi:10.1055/5-2005-867074

Yavas C, Zorlu F, Ozyigit G, Gurkayanak M, Yavas G, Yuce D, et

al. Health-related quality of life in high-grade glioma patients:

a prospective single-center study. Support Care Cancer.
2012;20:2315-25. Medline:22160582 doi:10.1007/s00520-011-
1340-4

Heyde |, Kiehn JT, Oster H. Mutual influence of sleep and

circadian clocks on physiology and cognition. Free Radic

www.cmj.hr


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21533813&dopt=Abstract
https://doi.org/10.1007/s00520-011-1153-5
https://doi.org/10.1007/s00520-011-1153-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28032218&dopt=Abstract
https://doi.org/10.1007/s00520-016-3545-z
https://doi.org/10.1007/s00520-016-3545-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25510361&dopt=Abstract
https://doi.org/10.1007/s00520-014-2537-0
https://doi.org/10.1007/s00520-014-2537-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18752355&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18752355&dopt=Abstract
https://doi.org/10.1371/journal.pbio.0060216
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29232921&dopt=Abstract
https://doi.org/10.3390/ijms18122680
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28501499&dopt=Abstract
https://doi.org/10.1016/j.neures.2017.04.017
https://doi.org/10.1016/j.neures.2017.04.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25945148&dopt=Abstract
https://doi.org/10.1155/2015/234952
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30429814&dopt=Abstract
https://doi.org/10.3389/fpsyg.2018.02087
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23635871&dopt=Abstract
https://doi.org/10.1038/nrn3494
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30080877&dopt=Abstract
https://doi.org/10.1371/journal.pone.0201615
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26055668&dopt=Abstract
https://doi.org/10.1016/j.jsmc.2014.11.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28757454&dopt=Abstract
https://doi.org/10.1016/j.neubiorev.2017.07.010
https://doi.org/10.1016/j.neubiorev.2017.07.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27763782&dopt=Abstract
https://doi.org/10.1210/er.2016-1083
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28164452&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28164452&dopt=Abstract
https://doi.org/10.1111/obr.12499
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25061767&dopt=Abstract
https://doi.org/10.1146/annurev-psych-010213-115205
https://doi.org/10.1146/annurev-psych-010213-115205
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26140821&dopt=Abstract
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.1016/j.biopsych.2015.05.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25367475&dopt=Abstract
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.1378/chest.14-0970
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23095832&dopt=Abstract
https://doi.org/10.1093/neuonc/nos210
https://doi.org/10.1093/neuonc/nos210
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24287882&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24287882&dopt=Abstract
https://doi.org/10.1093/annonc/mdt506
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30463535&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30463535&dopt=Abstract
https://doi.org/10.1186/s12885-018-5025-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18542076&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18542076&dopt=Abstract
https://doi.org/10.1038/sj.bjc.6604425
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18813313&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18813313&dopt=Abstract
https://doi.org/10.1038/sj.bjc.6604684
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20936662&dopt=Abstract
https://doi.org/10.1002/cncr.25507
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21062105&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21062105&dopt=Abstract
https://doi.org/10.2165/11584870-000000000-00000
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15798940&dopt=Abstract
https://doi.org/10.1055/s-2005-867074
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22160582&dopt=Abstract
https://doi.org/10.1007/s00520-011-1340-4
https://doi.org/10.1007/s00520-011-1340-4

384

REVIEW

38

39

40

41

42

43

a4

45

46

a7

48

49

50

51

52

Biol Med. 2018;119:8-16. Medline:29132973 doi:10.1016/j.
freeradbiomed.2017.11.003

Fu L, Lee CC.The circadian clock: pacemaker and tumour
suppressor. Nat Rev Cancer. 2003;3:350-61. Medline:12724733
doi:10.1038/nrc1072

Sulli G, Lam MTY, Panda S. Interplay between circadian clock

and cancer: new frontiers for cancer treatment. Trends Cancer.
2019;5:475-94. Medline:31421905 doi:10.1016/j.trecan.2019.07.002
Dong Z, Zhang G, Qu M, Gimple RC, Wu Q, Qiu Z, et al. Targeting
glioblastoma stem cells through disruption of the circadian

clock. Cancer Discov. 2019;9:1556-73. Medline:31455674
doi:10.1158/2159-8290.CD-19-0215

Yu M, Li W, Wang Q, Wang Y, Lu F. Circadian regulator NR1D2
regulates glioblastoma cell proliferation and motility. Oncogene.
2018;37:4838-53. Medline:29773903 doi:10.1038/541388-018-
0319-8

Li A, Lin X, Tan X, Yin B, Han W, Zhao J, et al. Circadian gene

clock contributes to cell proliferation and migration of glioma

and is directly regulated by tumor-suppressive miR-124. FEBS
Lett. 2013;587:2455-60. Med|ine:23792158 doi:10.1016/j.
febslet.2013.06.018

Cacciapuoti F. Oxidative stress as “mother” of many human
diseases at strong clinical impact. J Cardiovasc Med Cardiol 3(1):
1-6.

Matschke V, Theiss C, Matschke J. Oxidative stress: the lowest
common denominator of multiple diseases. Neural Regen Res.
2019;14:238-41. Medline:30531003 doi:10.4103/1673-5374.244780
Bansal A, Simon MC. Glutathione metabolism in cancer
progression and treatment resistance. J Cell Biol. 2018;217:2291-8.
Medline:29915025 doi:10.1083/jcb.201804161

Aaling NN, Nedergaard M, DiNuzzo M. Cerebral metabolic
changes during sleep. Curr Neurol Neurosci Rep. 2018;18:57.
Medline:30014344 doi:10.1007/s11910-018-0868-9

Kumar A, Dhull DK, Gupta V, Channana P, Singh A, Bhardwaj M, et
al. Role of glutathione-S-transferases in neurological problems.
Expert Opin Ther Pat. 2017;27(3):299-309.

Zhu Z,Du S, DuY, Ren J,Ying G, Yan Z. Glutathione reductase
mediates drug resistance in glioblastoma cells by regulating redox
homeostasis. J Neurochem. 2018;144:93-104. Medline:29105080
doi:10.1111/jnc.14250

Sowers JL, Johnson KM, Conrad C, Patterson JT, Sowers LC. The role
of inflammation in brain cancer. Adv Exp Med Biol. 2014;816:75-
105. Medline:24818720 doi:10.1007/978-3-0348-0837-8_4

Waziri A. Glioblastoma-derived mechanisms of systemic
immunosuppression. Neurosurg Clin N Am. 2010;21:31-42.
Medline:19944964 doi:10.1016/j.nec.2009.08.005

Wilcox JA, Ramakrishna R, Magge R. Immunotherapy

in glioblastoma. World Neurosurg. 2018;116:518-28.
Medline:30049046 doi:10.1016/j.wneu.2018.04.020

Everson CA, Toth LA. Systemic bacterial invasion induced

www.cmj.hr

53

54

55

56

57

58

59

60

61

62

63

64

65

Croat Med J. 2021;62:376-86

by sleep deprivation. Am J Physiol Regul Integr Comp

Physiol. 2000;278:R905-16. Medline:10749778 doi:10.1152/
ajpregu.2000.278.4.R905

Aguirre CC. Sleep deprivation: a mind-body approach. Curr
Opin Pulm Med. 2016;22:583-8. Medline:27583670 doi:10.1097/
MCP.0000000000000323

Hurtado-Alvarado G, Dominguez-Salazar E, Pavon L, Veldzquez-
Moctezuma J, GGmez-Gonzalez B. Blood-brain barrier disruption
induced by chronic sleep loss: low-grade inflammation may be
the link. J Immunol Res. 2016;2016:4576012. Medline:27738642
doi:10.1155/2016/4576012

Bovbjerg DH. Circadian disruption and cancer: Sleep and
immune regulation. Brain Behav Immun. 2003;17 Suppl 1:548-50.
Medline:12615186 doi:10.1016/50889-1591(02)00066-1

Deng T, Lyon CJ, Bergin S, Caligiuri MA, Hsueh WA. Obesity,
inflammation, and cancer. Annu Rev Pathol. 2016;11:421-49.
Medline:27193454 doi:10.1146/annurev-pathol-012615-044359
Font-Burgada J, Sun B, Karin M. Obesity and cancer: the oil that
feeds the flame. Cell Metab. 2016;23:48-62. Medline:26771116
doi:10.1016/j.cmet.2015.12.015

Barami K, Lyon L, Conell C. Type 2 diabetes mellitus and
glioblastoma multiforme: assessing risk and survival: results

of a large retrospective study and systematic review of the
literature. World Neurosurg. 2017;106:300-7. Medline:28698089
doi:10.1016/j.wneu.2017.06.164

Chambless LB, Parker SL, Hassam-Malani L, McGirt MJ, Thompson
RC. Type 2 diabetes mellitus and obesity are independent risk
factors for poor outcome in patients with high-grade glioma.

J Neurooncol. 2012;106:383-9. Medline:21833800 doi:10.1007/
s11060-011-0676-4

Oreskovi¢ D, Almahariq F, Maji¢ A, Sesar P, Zivkovi¢ M, Marakovi¢
J, etal. HbA1c in patients with intracranial meningiomas

WHO grades | and II: A preliminary study. [UBMB Life. 2020.
Medline:32134566 doi:10.1002/iub.2268

Oreskovi¢ D, Raguz M, Predrijevac N, Rotim A, Romic¢ D, Maji¢ A,
et al. HbA1c in Patients With Glioblastomas - A Preliminary Study.
World Neurosurg. 2020. doi:10.1016/j.wneu.2020.05.231

Costello RB, Lentino CV, Boyd CC, O'Connell ML, Crawford CC,
Sprengel ML, et al. The effectiveness of melatonin for promoting
healthy sleep: a rapid evidence assessment of the literature. Nutr J.
2014;13:106. Medline:25380732 doi:10.1186/1475-2891-13-106
Blask DE. Melatonin, sleep disturbance and cancer risk. Sleep
Med Rev. 2009;13:257-64. Medline:19095474 doi:10.1016/j.
smrv.2008.07.007

Neamati F, Asemi Z. The effects of melatonin on signaling
pathways and molecules involved in glioma. Fundam Clin
Pharmacol. 2020;34:192-9. Medline:31808968 doi:10.1111/
fcp.12526

Zheng X, Pang B, Gu G, Gao T, Zhang R, Pang Q, et al. Melatonin

inhibits glioblastoma stem-like cells through suppression of


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29132973&dopt=Abstract
https://doi.org/10.1016/j.freeradbiomed.2017.11.003
https://doi.org/10.1016/j.freeradbiomed.2017.11.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12724733&dopt=Abstract
https://doi.org/10.1038/nrc1072
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31421905&dopt=Abstract
https://doi.org/10.1016/j.trecan.2019.07.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31455674&dopt=Abstract
https://doi.org/10.1158/2159-8290.CD-19-0215
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29773903&dopt=Abstract
https://doi.org/10.1038/s41388-018-0319-8
https://doi.org/10.1038/s41388-018-0319-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23792158&dopt=Abstract
https://doi.org/10.1016/j.febslet.2013.06.018
https://doi.org/10.1016/j.febslet.2013.06.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30531003&dopt=Abstract
https://doi.org/10.4103/1673-5374.244780
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29915025&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29915025&dopt=Abstract
https://doi.org/10.1083/jcb.201804161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30014344&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30014344&dopt=Abstract
https://doi.org/10.1007/s11910-018-0868-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29105080&dopt=Abstract
https://doi.org/10.1111/jnc.14250
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24818720&dopt=Abstract
https://doi.org/10.1007/978-3-0348-0837-8_4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19944964&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19944964&dopt=Abstract
https://doi.org/10.1016/j.nec.2009.08.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30049046&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30049046&dopt=Abstract
https://doi.org/10.1016/j.wneu.2018.04.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10749778&dopt=Abstract
https://doi.org/10.1152/ajpregu.2000.278.4.R905
https://doi.org/10.1152/ajpregu.2000.278.4.R905
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27583670&dopt=Abstract
https://doi.org/10.1097/MCP.0000000000000323
https://doi.org/10.1097/MCP.0000000000000323
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27738642&dopt=Abstract
https://doi.org/10.1155/2016/4576012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12615186&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12615186&dopt=Abstract
https://doi.org/10.1016/S0889-1591(02)00066-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27193454&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27193454&dopt=Abstract
https://doi.org/10.1146/annurev-pathol-012615-044359
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26771116&dopt=Abstract
https://doi.org/10.1016/j.cmet.2015.12.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28698089&dopt=Abstract
https://doi.org/10.1016/j.wneu.2017.06.164
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21833800&dopt=Abstract
https://doi.org/10.1007/s11060-011-0676-4
https://doi.org/10.1007/s11060-011-0676-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32134566&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32134566&dopt=Abstract
https://doi.org/10.1002/iub.2268
https://doi.org/10.1016/j.wneu.2020.05.231
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25380732&dopt=Abstract
https://doi.org/10.1186/1475-2891-13-106
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19095474&dopt=Abstract
https://doi.org/10.1016/j.smrv.2008.07.007
https://doi.org/10.1016/j.smrv.2008.07.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31808968&dopt=Abstract
https://doi.org/10.1111/fcp.12526
https://doi.org/10.1111/fcp.12526

Oreskovic et al: The vicious interplay between disrupted sleep and malignant brain tumors

66

67

68

69

70

71

72

73

74

75

76

77

78

79

EZH2-NOTCH1 signaling axis. Int J Biol Sci. 2017;13:245-53.
Medline:28255276 doi:10.7150/ijbs.16818

Reiter RJ. Mechanisms of cancer inhibition by melatonin. J Pineal
Res. 2004;37:213-4. Medline: 15357667 doi:10.1111/j.1600-
079X.2004.00165.x

Claustrat B, Leston J. Melatonin: Physiological effects in humans.
Neurochirurgie. 2015;61:77-84. Medline:25908646 doi:10.1016/j.
neuchi.2015.03.002

Hardeland R. Neurobiology, pathophysiology, and treatment of
melatonin deficiency and dysfunction. ScientificWorldJournal.
2012;2012:640389. Medline:22629173 doi:10.1100/2012/640389
Touitou Y, Reinberg A, Touitou D. Association between light at
night, melatonin secretion, sleep deprivation, and the internal
clock: Health impacts and mechanisms of circadian disruption.
Life Sci. 2017;173:94-106. Medline:28214594 doi:10.1016/j.
1fs.2017.02.008

Chaput JP. Sleep patterns, diet quality and energy balance.
Physiol Behav. 2014;134:86-91. Medline:24051052 doi:10.1016/j.
physbeh.2013.09.006

Huang CT, Chiang RP, Chen CL, Tsai YJ. Sleep deprivation
aggravates median nerve injury-induced neuropathic pain

and enhances microglial activation by suppressing melatonin
secretion. Sleep (Basel). 2014;37:1513-23. Medline:25142572
doi:10.5665/sleep.4002

Pfeffer M, Korf HW, Wicht H. Synchronizing effects of

melatonin on diurnal and circadian rhythms. Gen Comp
Endocrinol. 2018;258:215-21. Medline:28533170 doi:10.1016/j.
ygcen.2017.05.013

Reiter RJ, Mayo JC, Tan DX, Sainz RM, Alatorre-Jimenez M, Qin L.
Melatonin as an antioxidant: under promises but over delivers.

J Pineal Res. 2016;61:253-78. Medline:27500468 doi:10.1111/
jpi.12360

Reiter RJ, Tan DX, Galano A. Melatonin: exceeding expectations.
Physiology (Bethesda). 2014;29:325-33. Medline:25180262
Johnson DR, Wefel JS. Relationship between cognitive function
and prognosis in glioblastoma. CNS Oncol. 2013;2:195-201.
Medline:25057978 doi:10.2217/cns.13.5

Gaine ME, Chatterjee S, Abel T. Sleep deprivation and the
epigenome. Front Neural Circuits. 2018;12:14. Med|ine:29535611
doi:10.3389/fncir.2018.00014

Gusyatiner O, Hegi ME. Glioma epigenetics: From subclassification
to novel treatment options. Semin Cancer Biol. 2018;51:50-8.
Medline:29170066 doi:10.1016/j.semcancer.2017.11.010

Mainio A, Hakko H, Niemeld A, Koivukangas J, Résanen P. Insomnia
among brain tumor patients: a population-based prospective
study of tumor patients in northern Finland. J Psychosoc Oncol.
2013;31:507-16. Medline:24010529 doi:10.1080/07347332.2013.82
2048

Stahl SM, Layzer RB, Aminoff MJ, Townsend JJ, Feldon S.

Continuous cataplexy in a patient with a midbrain tumor: the limp

80

81

82

83

84

85

86

87

88

89

90

91

92

93

CM) 385

man syndrome. Neurology. 1980;30:1115-8. Medline:6252510
doi:10.1212/WNL.30.10.1115

Murillo-Rodriguez E, Arias-Carrion O, Zavala-Garcia A, Sarro-
Ramirez A, Huitron-Resendiz S, et al. Basic sleep mechanisms: an
integrative review. Cent Nerv Syst Agents Med Chem. 2012;12:38-
54. Medline:22524274 doi:10.2174/187152412800229107
Tesoriero C, Del Gallo F, Bentivoglio M. Sleep and brain infections.
Brain Res Bull. 2019;145:59-74. Medline:30016726 doi:10.1016/j.
brainresbull.2018.07.002

Corne S, Bshouty Z. Basic principles of control of breathing. Respir
Care Clin N Am. 2005;11:147-72. Medline:15936688 doi:10.1016/j.
rcc.2005.02.011

Newton K, Malik V, Lee-Chiong T. Sleep and breathing. Clin

Chest Med. 2014;35:451-6. Medline:25156761 doi:10.1016/j.
ccm.2014.06.001

Braley TJ, Boudreau EA. Sleep disorders in multiple sclerosis. Curr
Neurol Neurosci Rep. 2016;16:50. Medline:27068547 doi:10.1007/
s11910-016-0649-2

Discolo CM, Akst LM, Schlossberg L, Greene D. Anterior cranial
fossa gliolastoma with sleep apnea as initial manifestation. Am

J Otolaryngol. 2005;26:327-9. Medline:16137531 doi:10.1016/j.
amjoto.2005.01.014

Leu RM. Sleep-related breathing disorders and the Chiari 1
malformation. Chest. 2015;148:1346-52. Medline:26158759
doi:10.1378/chest.14-3090

Foldvary-Schaefer NR, Waters TE. Sleep-disordered breathing.
Continuum (Minneap Minn). 2017;23(4, Sleep Neurology):1093-
116.

Ramar K, Olson EJ. Management of common sleep disorders. Am
Fam Physician. 2013;88:231-8. Med|ine:23944726

Khazaie H, Veronese M, Noori K, Emamian F, Zarei M, Ashkan K,

et al. Functional reorganization in obstructive sleep apnoea and
insomnia: A systematic review of the resting-state fMRI. Neurosci
Biobehav Rev. 2017;77:219-31. Medline:28344075 doi:10.1016/j.
neubiorev.2017.03.013

Urrila AS, Artiges E, Massicotte J, Miranda R, Vulser H, Bézivin-Frere
P. Sleep habits, academic performance, and the adolescent brain
structure. Sci Rep. 2017;7:41678. Medline:28181512 doi:10.1038/
srep41678

Bonsignore MR, Biaimonte P, Mazzuca E, Castrogiovanni A, Marrone
O. Obstructive sleep apnea and comorbidities: a dangerous liaison.
Multidiscip Respir Med. 2019;14:8. Medline:30809382 doi:10.1186/
s40248-019-0172-9

Saxena K, Jolly MK. Acute vs. chronic vs. cyclic hypoxia: their
differential dynamics, molecular mechanisms, and effects on
tumor progression. Biomolecules. 2019;9. Medline:31382593
doi:10.3390/biom9080339

Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive
sleep apnea: a population health perspective. Am J Respir Crit

Care Med. 2002;165:1217-39. Medline:11991871 doi:10.1164/

www.cmj.hr


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28255276&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28255276&dopt=Abstract
https://doi.org/10.7150/ijbs.16818
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15357667&dopt=Abstract
https://doi.org/10.1111/j.1600-079X.2004.00165.x
https://doi.org/10.1111/j.1600-079X.2004.00165.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25908646&dopt=Abstract
https://doi.org/10.1016/j.neuchi.2015.03.002
https://doi.org/10.1016/j.neuchi.2015.03.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22629173&dopt=Abstract
https://doi.org/10.1100/2012/640389
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28214594&dopt=Abstract
https://doi.org/10.1016/j.lfs.2017.02.008
https://doi.org/10.1016/j.lfs.2017.02.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24051052&dopt=Abstract
https://doi.org/10.1016/j.physbeh.2013.09.006
https://doi.org/10.1016/j.physbeh.2013.09.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25142572&dopt=Abstract
https://doi.org/10.5665/sleep.4002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28533170&dopt=Abstract
https://doi.org/10.1016/j.ygcen.2017.05.013
https://doi.org/10.1016/j.ygcen.2017.05.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27500468&dopt=Abstract
https://doi.org/10.1111/jpi.12360
https://doi.org/10.1111/jpi.12360
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25180262&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25057978&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25057978&dopt=Abstract
https://doi.org/10.2217/cns.13.5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29535611&dopt=Abstract
https://doi.org/10.3389/fncir.2018.00014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29170066&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29170066&dopt=Abstract
https://doi.org/10.1016/j.semcancer.2017.11.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24010529&dopt=Abstract
https://doi.org/10.1080/07347332.2013.822048
https://doi.org/10.1080/07347332.2013.822048
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6252510&dopt=Abstract
https://doi.org/10.1212/WNL.30.10.1115
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22524274&dopt=Abstract
https://doi.org/10.2174/187152412800229107
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30016726&dopt=Abstract
https://doi.org/10.1016/j.brainresbull.2018.07.002
https://doi.org/10.1016/j.brainresbull.2018.07.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15936688&dopt=Abstract
https://doi.org/10.1016/j.rcc.2005.02.011
https://doi.org/10.1016/j.rcc.2005.02.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25156761&dopt=Abstract
https://doi.org/10.1016/j.ccm.2014.06.001
https://doi.org/10.1016/j.ccm.2014.06.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27068547&dopt=Abstract
https://doi.org/10.1007/s11910-016-0649-2
https://doi.org/10.1007/s11910-016-0649-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16137531&dopt=Abstract
https://doi.org/10.1016/j.amjoto.2005.01.014
https://doi.org/10.1016/j.amjoto.2005.01.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26158759&dopt=Abstract
https://doi.org/10.1378/chest.14-3090
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23944726&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28344075&dopt=Abstract
https://doi.org/10.1016/j.neubiorev.2017.03.013
https://doi.org/10.1016/j.neubiorev.2017.03.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28181512&dopt=Abstract
https://doi.org/10.1038/srep41678
https://doi.org/10.1038/srep41678
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30809382&dopt=Abstract
https://doi.org/10.1186/s40248-019-0172-9
https://doi.org/10.1186/s40248-019-0172-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31382593&dopt=Abstract
https://doi.org/10.3390/biom9080339
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11991871&dopt=Abstract
https://doi.org/10.1164/rccm.2109080

386

94

95

96

97

98

99

100

REVIEW

rccm.2109080

Holst SC, Landolt HP. Sleep-wake neurochemistry. Sleep Med Clin.
2018;13:132-46. Medline:29759265 doi:10.1016/j.jsmc.2018.03.002
Pedersen NP, Ferrari L, Venner A, Wang JL, Abbott SB, Vujovic N,

et al. Supramamillary glutamate neurons are a key node of the
arousal system. Nat Commun. 2017;8:1405. Medline:29123082
doi:10.1038/541467-017-01004-6

Pal B. Involvment of extrasynaptic glutamate in physiological and
pathophysiological changes of neuronal excitability. Cell Mol Life
Sci. 2018;75:2917-49. Medline:29766217 doi:10.1007/s00018-018-
2837-5

Maus A, Peters GJ. Glutamate and a-ketoglutarate: key

players in glioma metabolism. Amino Acids. 2017;49:21-32.
Medline:27752843 doi:10.1007/s00726-016-2342-9

Danbolt NC. Glutamate uptake. Prog Neurobiol. 2001;65:1-105.
Medline:11369436 doi:10.1016/50301-0082(00)00067-8

Nicholls D, Attwell D. The release and uptake of excitatory amino
acids. Trends Pharmacol Sci. 1990;11:462-8. Medline:1980041
doi:10.1016/0165-6147(90)90129-V

Noch E, Khalili K. Molecular mechanisms of necrosis in
glioblastoma: The role of glutamate excitotoxicity. Cancer Biol Ther.

2009;8:1791-7. Medline:19770591 doi:10.4161/cbt.8.19.9762

www.cmj.hr

102

103

104

105

Croat Med J. 2021;62:376-86

Louis DN. Molecular pathology of malignant gliomas. Annu Rev
Pathol. 2006;1:97-117. Medline:18039109 doi:10.1146/annurev.
pathol.1.110304.100043

Corsi L, Mescola A, Alessandrini A. Glutamate receptors and
glioblastoma multiforme: an old ,route” for new perspectives. Int J
Mol Sci. 2019;20. Medline:30978987 doi:10.3390/ijms20071796
Majos C, Alonso J, Aguilera C, Serrallonga M, Coll S, Acebes JJ, et al.
Utility of proton MR spectroscopy in the diagnosis of radiologically
atypical intracranial meningiomas. Neuroradiology. 2003;45:129-
36. Medline:12684713 doi:10.1007/500234-002-0933-5

Monleon D, Morales JM, Gonzalez-Darder J, Talamantes F, Cortes
O, et al. Benign and atypical meningioma metabolic signatures

by high-resolution magic-angle spinning molecular profiling. J
Proteome Res. 2008;7:2882-8. Medline:18507434 doi:10.1021/
pr800110a

Chen D, Yin Z, Fang B. Measurements and status of sleep quality

in patients with cancers. Support Care Cancer. 2018;26:405-14.
Medline:29058128 doi:10.1007/s00520-017-3927-x


https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1164/rccm.2109080
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29759265&dopt=Abstract
https://doi.org/10.1016/j.jsmc.2018.03.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29123082&dopt=Abstract
https://doi.org/10.1038/s41467-017-01004-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29766217&dopt=Abstract
https://doi.org/10.1007/s00018-018-2837-5
https://doi.org/10.1007/s00018-018-2837-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27752843&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27752843&dopt=Abstract
https://doi.org/10.1007/s00726-016-2342-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11369436&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11369436&dopt=Abstract
https://doi.org/10.1016/S0301-0082(00)00067-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1980041&dopt=Abstract
https://doi.org/10.1016/0165-6147(90)90129-V
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19770591&dopt=Abstract
https://doi.org/10.4161/cbt.8.19.9762
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18039109&dopt=Abstract
https://doi.org/10.1146/annurev.pathol.1.110304.100043
https://doi.org/10.1146/annurev.pathol.1.110304.100043
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30978987&dopt=Abstract
https://doi.org/10.3390/ijms20071796
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12684713&dopt=Abstract
https://doi.org/10.1007/s00234-002-0933-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18507434&dopt=Abstract
https://doi.org/10.1021/pr800110a
https://doi.org/10.1021/pr800110a
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29058128&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29058128&dopt=Abstract
https://doi.org/10.1007/s00520-017-3927-x

