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Author

Objectives

Subjects

Sample size  Type of

exercise

Main
findings

Main
limitations

Elyazed etal
(2018)*

RCT

van der Kolk
etal. 2019)*

Amaraetal,
(2020*

Cristini etal.
(2021)

MA

Johansson et al.

(2022)

Yang etal.
(2022)

Ernstetal.
(2023)

Marino etal.
(2023)

Evaluation of PE as a
therapeutic strategy to
counteract insomnia and
depressive symptoms in
D

Assessment of home-
based PE intervention as
anonpharmacological
treatment to counteract
‘motor manifestations
inPD

Evaluation of the effects
of RT on objective sleep

quality measurements

Assessment of sleep
quality improvement in
people with PD.
undergoing PE programs

Evaluation of neural
mechanisms underlying
motor control

improvement in people

with PD undergoing AE

Evaluation of the
effectiveness of different
types of PE interventions
on attenuating motor
and nonmotor
manifestations in people
with PD

Individuation of which
type of PE programs give
the greatest benefits on
motor manifestations
and quality of life in
people with PD

Evaluation of the
capacity of PEto
counteract pathological
and clinical progression

in synucleinopathies

65-70-year-old
adults with PD

Park-in-Shape trial:
30-75-year-old adults
with PD. Hoehn &
Yahr stage <2

245-year-old adults
with PD, Hoehn &
Yahr stage 2-3, not
ina regular PE

program

18-year-old adults
with PD

People recruited in
the Park-in-Shape
trial

(as in van der Kolk
etal, 2019)

People diagnosed
with PD

People diagnosed
with PD

Rat model of
synucleinopathy
obtained through
intrastriatal PFF

injection (PFF rat)

15 AE + physical

therapy vs. 15 AE
physical therapy
65 AE s, 65
AE
stretching
27RT vs. 28 no-
RT
exercise
12 studies ST.RT, AF, BT,
(690 people) TMD, dance
23 AEvs.31
AE
stretching
250 studies
(13,011 people)
10 studies ST.RT, AE, BT
(452 people) MCE, T™D,
reporting sleep AQE, dance
quality
measurements
ST, RTET, AE,
156 studies BT MCE, TMD,
(7,939 people) AQE, dance,
gaming

29 AE trained PFF
rats vs. 20
sedentary PFF rats
v5.30 AE trained

controls vs. 29

sedentary controls

Reduction of
insomnia severity

index

Amelioration of
off-state motor
‘manifestations

severity

Increased total
sleep time and
sleep efficiency,
prolonged SWS
duration.
Enhanced
subjective sleep
quality assessed
through PSQI, not
observed by

appl
sleepiness scale

Epworth

Overall
improvement of
subjective sleep

quality

Increased cortico-
putaminal and
right frontoparietal
network
connectivity,
reduced brain
atrophy and
enhanced motor

control

Benefits from
different PE
programs on motor
symptoms, muscle
strength, anxiety,
depression and
cognitive function
Sleep quality
improvement in
people undergone
RT (2 trials), no
significant
improvement with
other exercise
protocols (8 trials)
Moderate benefit
from dance (high
confidence), AQE,
BT and MCE (low
confidence) on
‘motor signs; Large
benefit from AQE
(high confidence),
moderate benefit
from ET and small
from BT and MCE
(low confidence)
on overall quality
oflife

Attenuated
dopaminergic
degeneration,

rescue of striatal

neurons plasticity
and dendritic spine
density, improved
motor and
cognitive

performance

No information
about clinical stage
of PD and
concomitant
therapeutic

interventions

Adherence to PE
programs was
assessed through

questionnaires

PSG assessment
performed only on
one night for each

time point

Overall effect was
evaluated by
considering different
exercise protocols

altogether

Adherence to PE
programs was
assessed through

questionnaires

Takes no
consideration of the
training period

duration and a

intensity

Selected evidence from experimental studies on the effectiveness of different physical exercise programs in ameliorating clinical and pathological aspects of PD and experimental
synucleinopathy. AE, acrobic exercise; AQE, aquatic exercise; BT, Balance training; MCE, multicomponent exercise; PE, physical exercises PSG, polysomnographics RT, resistance training:

RCT, randomized control trial; ST, strength training; TMD, traditional movement disciplines, comprising Yoga, Qigong, and

Cristini etal. (2021) for the evaluation of subjective sleep quality improvement.

hi,

*These studies are also included in the metanalysis from
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Function Phenotypes of gene Human diseases

mutant mice

Defects in photoreceptor outer

Hereditary sensory and

segment biogenesis autonomic neuropathy type
Rx-Cre RPC Singh etal. (2017)
« Impaired retinal pigment 1E, (HSANT
Maintenance of DNA epithelium morphology OMIM#614116)
DNMT1
methylation « Autosomal dominant
+ Abnormal differentiation
cerebellar ataxia, deafness,
Chx10-Cre RPC of photoreceptors and narcolepey (ADCADN; | K€€tk (2012)
+ Defective cell cycle progression OMIMssoA121)
«+ Tatton-Brown-Rahman
syndrome (TBRS;
OMIM#615879)
+ Leukemia, acute
De novo DNA|
DNMT3A Rx-Cre RPC myelogenous (AML;
methylation
OMIM#601626)
-+ Diminished outerplesformlayer oo
« Absence of outer segments syndrome (HESIAS,
+ Disorganization of —— Singh etal. (2017)
synaptic terminals.
« Global hypomethylation :
nstability and
facial anomalies syndrome
De novo DNA
DNMT3B Rx-Cre RPC 1 (ICF1; OMIM#242860)
methylation
+ Facioscapulohumeral
muscular dystrophy 4
(FSHD4; OMIM#619478)
+ Males were sterile Mouse-specific gene, not
De novo DNA
DNMT3C Germline ESC + Defectin transposon silencing  directly associated with human | Barau et al. (2016)
methylation cofactor
during spermatogenesis diseases
+ Unable to establish imprinting
No direct association with
in females
DNMT3A/3B human diseases, involved in
DNMT3L Germline ESC « Fail to establish methylation Hata et al. (2002)
cofactor epigenetic regulation in germ
imprints in the oocytes
cells.
« Male sterility
+ Massive global losses of
DNMT1
'UHRF1 Germline ESC DNA methylation Felle etal. (2011)
cofactor
+ Embryonic lethality
+ Developmental defects in
chimeric embryos Dawlatyetal.
TET1 DNA demethylation  Germline ESC
+ Females had smaller ovaries and (013)
reduced fertility
« Polycythemia vera (PV;
OMIM#263300);
« Myelodysplastic
+ Increased hematopoietic stem cell | syndrome (MDS;
TET2 DNA demethylation  Germline ESC
self-renewal OMIM#614286)

+ Immunodeficiency-75 with
Iymphoproliferation (IMD75; | Gy et al. (2011)
OMIM#619126)

Female mice with Tet3 depletion in
the germ line show

TET3 DNA demethylation  Germline ESC reduced fecundity

Paternal genome underwent active
DNA demethylation

DNMT, DNA methyltransferase; RPC, retinal progenitor cell; ESC, embryonic stem cell
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Disease

Predominant cell types

affected

Susceptible
genes

Effects of DNA methylation on
mechanism

Pathological
Characteristics

Treatment strategies

AMD

Glaucoma

Photoreceptor and retinal pigment
epithelium

Photoreceptor and retinal vascular
endothelial

Retinal ganglion cell GABAergic
neurons

GABAergic neuron

Striatal and cortical neuron

Hippocampal and cortical neuron

GSTMI, GSTM5

MMPY

ECM1

HSP70

GDF7

GAD67

HTT

APP, PSEN1, PSEN2

Hypermethylation of the GSTM1 and GSTMS
promoters contributed to AMD by reducing their
protein expression and increasing retinal sensitivity to
oxidative stress.

MMP9 hypomethylation led to mitochondrial damage
and accelerated apoptosis in capillary cells

Low methylation of ECM1 promoted retinal
neovascularization

Hypermethylation of the HSP70 gene is correlated with
decreased HSP70 protein expression, which may
weaken the cellular stress response and thereby
promote the development of glaucoma in patients with
pseudoexfoliation syndrome

‘TET enzymes maintained hypomethylation of the
GDF7 promoter; leading to trabecular meshwork
fibrosis and aqueous humor outflow obstruction in
primary open-angle glaucoma

Increased GADG7 promoter methylation reduces its
expression, decreasing inhibitory neurotransmission
and impacting excitatory neuron activity

Abnormal DNA methylation in mutant huntin
induced neurotoxicity downregulated DNA repair
pathway genes (APEX1, BRCAL, RPAL, and RPA3) and
contributed to cell death

Abnormal DNA methylation of the APP, PSEN1, and
PSEN2 genes disrupted their expression, leading to
disturbances in the APP metabolic pathway. This
disruption contributed to the formation of amyloid
plaques and resulted in neurotoxicity

+ Irreversible central blindness
Choriocapillaris loss in areas
underlying intact retinal pigment
epithelium cells

Vascular dropout;

Decreased vascular density

Visual impairment and blindness
Microaneurysms and intraretinal
‘microvascular abnormalites,
capillary blockage and retinal
ischemia

Loss of the neuroretinal rim and
widening of the cup in the

optic disk

Optic nerve head loss of the
neuroretinal rim

Enlargement of the optic cup
Deepening of the optic cup

« “Thinning of the retinal nerve fiber
layer and optic disk hemorrhages

« Positive Symptom
Negative Symptom
Cognitive impairment
Disorganization syndrome

Involuntary choreic movements,
behavioral changes, and
cogitive impairment
Degeneration of neurons in the
striatum and the decper layers of
the cerebral cortex

Memory impairment, aphasia,
apraxia, agnosia, visuospatial
slls impairment, executive
dysfunction, and personality and
behavioral changes

Cognitive impairment

Intravitreal aflibercept injections

Laser therapy

« Anti-VEGE therapies: ranibizumab,
aflibercept, bevacizumab, brolucizumab
Emerging therapies: Targeting the
complement system

Systemic therapy:
+ Lipid-lowering therapy

+ Multifactorial intervention
Ocular therapy:

+ Surgical intervention

+ Anti-VEGF therapies

+ Focal laser coagulation

+ Intraoeular steroids

Open-angle glaucomas:

+ Laser therapy

« Surgical intervention

« Drug Treatment: (e.g, latanoprost,
tafluprost)

Chronic open-angle glaucom:

+ Drug Treatme olol,
latanoprost, br

Primary angle-closure glaucoma:

« Peripheral laser iridotomy

onidine)

+ Surgical intervention: (e.g. goniotomy or
trabeculotomy)

« Dopamine receptor-blocking drugs
Psychological intervention
Cognitive behavioral therapy

. tetrabenazine,

Drug Treatmer
deutetrabenazine)

Drug Treatment:
+ Aducanumab, Lecanemab, Donanemab

+ ACREL: tacrine, donepezil,rivastigmine,
galantamine

NMDA receptor antagonists: memantine

Hunter etal. (2012)

Sohn etal. (2019) and
Fleckenstein et al.
(2021)

Mohammad and
Kowluru (2020)

Cai etal. (2024)

Jonas etal. (2017)

Hayat etal. (2020)

Wan etal. (2021)

Grayson and Guidotti
(2013) and Jauhar et .
(2022)

Mollica et al. (2016)

Fetahu etal. (2019)
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Similar symptoms

Related
disease

References

Affected
‘mental abilities
and social
skills

Abnormal
muscle
movements
(including
myocardial
and skeletal

muscles)

Forgetfulness/
memory loss
Speech and
language
difficulties
Motor

abnormalities

Uncontrollable

‘movement

Muscle weakness

and atrophy

Abnormal
‘myocardial

‘motion

Dementia

Alzheimer’s

disease

Parkinson’s
disease
Microcephaly
and intellectual

difficulty

Autism spectrum
disorder (ASD)
Gilles de la
Tourette
syndrome (GTS)
Neuroleptic-
induced tardive
dyskinesia (TD)
Amyotrophic
lateral sclerosis
(ALS)

Spinal and
Bulbar Muscular
Atrophy (SBMA)
Ventricular

fibrillation

Lin etal. (2020) and
Cacace etal. (2019)

Lin etal. (2020,
2022)

Lietal. (2

4)

Liao etal. (2013)

Marshall et al.
(2008)
Prontera et al.
(2014)

‘Tanaka et al. (2013)

Van Es etal. (2008)
and Sareen et al.
(013)

Sahashi etal. (2015)
and Sheila (2019)

Postema etal. (2011)
and Bergeman et al.
(2023)
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Identification of studies via databases and registers

Records identified from:

PubMed/Medline (15), Scopus
(24), Science Direct (155);
Embase (28).
Databases (n =4)
Registers (n = 222)

Records removed before
screening:

Duplicate records removed

(n=72)

Records marked as ineligible

by automation tools (n =0)

Records removed for other

reasons (n = 0)

!

Records screened
(n = 150)

Records excluded**
(n=136)

Records sought for retrieval
(n=14)

Records not retrieved
(n=0)

Records assessed for eligibility
(n =14)

v

Studies included in review
(n =8)

Records excluded: (n=6):
Reasons for exclusion

(n=1) Did not meet eligibilty criteria.
(n=1) The control group was not
associated with adverse condition
(n=2) did not use environmental
enrichment

(n=2) Review studies
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+ Neurotransmitters: glutamate + Ischemia/hypoxia
+ Cytokines/mediators: TNFa, + Inflammation
IL-1, VEGE + Tumorigenesis
+ Nuclear factor kB « Phosphorylation/dephosphorylation
+ Reactive oxygen species + Ubiquitination
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Protein family

Protein

Localization in nervous
system

Claudins

TAMP family [tight
junction- associated
MARVEL (MAL and
related proteins for
vesicle trafficking and
membrane link)

protein]

20

JAMs

Cingulin

Claudin-3

Claudin-5

Claudin-11

Claudin-12

Claudin-25

Oceludin

Tricellulin
(MARVEL D2)

MARVEL D3

Zonula occudens -

1,-2,-3

Junctional
Adhesion
Molecules

Brain endothelium (Wolburg
etal, 2003)

Oli-neu cels (a model of
oligodendroglial studies) (Chen Y.
etal, 2021)

Brain endothelium (Hashimoto
etal, 2023)

NS myelin/oligodendrocytes
(Bronstein et al, 2000; Gjervan
etal, 2024)

Brain endothelium
(Vanlandewijck et al, 2018; Garcia
etal, 2022)

Oligodendrocytes, astrocytes,
neurons (Castro Dias et al., 2019)
Brain endothelium
Oligodendrocytes (Vanlandewijck
etal., 2018; Garcia et al., 2022)
Brain endothelium

pericytes

Astrocytes (Castro etal, 2018)
Neurons (Baver et al., 1999)

Brain endothelium (Iwamoto
etal, 2014)

Astrocytes neurons (Mariano
etal,, 2013)

Microglia (Kojima et al.,2013)
Brain endothelium (Tornabene
etal, 2019)

Brain endothelium (Gray et al.,
2019)

Astrocytes (Morgan, 2016)
Brain endothelium (Kakogiannos
etal,, 2020)

Brain endothelium (Schossleitner
etal, 2016)
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Tumor suppressive miRNA Cancerogenic miRNAs

Downregulated R-7, miR-34a, miR-124, miR-128, miR-137, miR-181 (Banclli et al., RAS inhibitor

in gliomas. 2017; Thuli etal,, 2023; Silber etal., 2008) Let-7 (Lee etal, 2011)
miR-7, miR-34a and miR-12 (Chen M. et al,, 2021)
miR-128 (Godlewski et al,, 2008)

Upregulatedin  anti-tumor effect miR-10b and miR-21 in high-grade gliomas have been linked to

gliomas miR-128-3p or miR-145-5p (Goenka et al,, 2022) angiogenesis, metastasis, and chemoresistance (Chen M. etal, 2021)
inhibition of tumor-suppressing gene Upregulated in proneural (PN) but inactive in mesenchymal (MES) GBM
miR-19a, miR-19b, miR-20a, and miR-92a (Buruiand et al,, 2020) miR-125b and miR-20b (uang et al, 2016)
inhibition of proapoptotic p53 miR-10b (EI Fatimy et al, 2017)

MiR-221/222 (Chen et al., 2012) miR-21 3p, and miR-21-5p (Shang et al,, 2015)





OPS/images/fncel-18-1499719/fncel-18-1499719-g005.jpg
Primary open-angle glaucoma Erimary angle-closure glaucoma

ANTERIOR
CHAMBER

Increased resistance to
aqueous humor drainage
through the trabecular
rototh Trabecular meshwork
Canal of
schiemm

Comea

AB plaque

Increased

&,
~ 8 &
PRz g @ o-sA" g P ioronectin :
intraocular :

T

moshwork -
a fbrosis
GOF7 4 % — VMW ‘GDF7 mRNA

/ - v

0T A

pressure

mv“"

7 Trabocilar

meshwork |
< x.“(‘ - fibrosis
Methylated a-SMA coL1at = oy 1

GDF7 DNA

%\

mrm mRNA

i a0 ‘.}
2 tbscinr :
T
e = snc ¢ i
e <+ - : | Unmethylated

Human conjunctival epithelal cell TGFB1 DNA






OPS/images/fncel-19-1547495/crossmark.jpg
©

2

i

|





OPS/images/cover.jpg
& frontiers | Research Topics

Reviews in
cellular neuropathology






OPS/images/fncel-19-1593963/cross.jpg
©

|





OPS/images/fncel-19-1593963/fncel-19-1593963-g001.jpg
Cystine 0.0. .
LN J

INFy  Glutamate
Glucose Glutamine

ccooccocco T el cceces N R
O OO OOV k
COOOO0C ; uptake
Acetyl-CoA <--- Glucose Glutamine —2 5 Glutamate ::‘.. -
®e
Cystine Transsulfuration
l pathway
HMG-CoA 4
Cysteine Ferritin

Isopentenly-pp

v

Prominin2

I

MDM2/ MUFA
MDMX g "
v Fatty acid «—  ——Lipophagy
MUFA-COA : :
Famesyl-pp N Hippo OFF LDs
an Energy
- \’\‘ stress
PL-MUFA YAP Acetyl-CoA

ACC F—— AMPK

CS|
PUFA-CoA 3—“-4— Malonyl-CoA

NADPH I NADP * '
0, e
v /-

LPCAT3
u_)t ). ) ) )
: Sar4e 9 i__)t_)g ), )‘ ) ) ) \)~ ‘!)t.)t.)
3 4 L T TGN D ) ( e ‘..)‘-)"')b‘) pllE
\)\)\)\)Uuuuuuuu:}:} f).f)‘..')‘-‘)‘f)“)‘-)“)k)“)“)‘.)‘y)")&")“)k-)‘ Y OO YO $ ” ﬁ}\ 2O OO O > ‘n_)\_‘\_)‘_)\.)'.)‘—)“-)‘-)\')“)")‘-.‘..>\~‘\)‘—.‘ “‘33\)\)\)\)\)\)\)\)\)
U\JUUUUUO\)\)OQQ\)Q\)\)S):);;;; :):):)C)C)&-)C)QQ\)OQQQQOOO\)OUU\)UQ\)

0

v

Cell Death






OPS/images/fncel-19-1593963/fncel-19-1593963-g002.jpg
 Ferroptosis inducers: Ferroptosis inhibitors:
DFO

Erastin .
o mu | Ferro.p'tosm e e

Neurodegenerative diseases: TBI
. . SAH
Multiple Sclerosis Stroke
Alzheimer’s Disease gram Tumors y
euroinflammation

Parkinson’s Disease Spinal Cord Injuries

Huntington's Disease






