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Research Highlights 

(1) There has been no consensus on the role of autophagy in the onset of neurodegenerative dis-

eases, but autophagy is considered one of important issues in the field of neuroscience.  

(2) This review article summarizes the distinct steps of the autophagic process, correlates its orderly 

function with nerve cell homeostasis and analyzes the specific functional alterations observed in 

chronic and acute diseases of human central nervous system. 

(3) Data acquisition of autophagy in the onset of neurodegenerative diseases benefits for clinical 

physicians to develop new treatment strategies in neurodegenerative diseases. 

 

Abstract  
Accumulation of aberrant proteins and inclusion bodies are hallmarks in most neurodegenerative 

diseases. Consequently, these aggregates within neurons lead to toxic effects, overproduction of 

reactive oxygen species and oxidative stress. Autophagy is a significant intracellular mechanism 

that removes damaged organelles and misfolded proteins in order to maintain cell homeostasis. 

Excessive or insufficient autophagic activity in neurons leads to altered homeostasis and influences 

their survival rate, causing neurodegeneration. The review article provides an update of the role of 

autophagic process in representative chronic and acute neurodegenerative disorders. 
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INTRODUCTION 

    

Catabolism is a process, which contributes 

to the recycling of the cellular material by 

degrading proteins or even whole organelles. 

During catabolic processes, a production of 

peroxides and free radicals can occur
[1]

. 

These represent a class of molecules that 

are derived from the metabolism of oxygen 

and exist inherently in all aerobic organisms. 

Antioxidant enzymes (superoxide dismutase, 

catalase and glutathione peroxidase) protect 

cells from the toxic effects of reactive oxy-

gen species
[1]

. However, imbalanced pro-

cess of production and consumption of re-

active oxygen species leads to oxidative 

stress.  

 

Cell homeostasis is disrupted by intracellular 

accumulation of aberrant proteins, inactive 

enzymes and damaged organelles. Eukary-

otic cell response involves primarily two 

major systems for whole protein degradation:
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the proteasome system and autophagy; however, the 

latter has the ability to degrade entire organelles
[2]

. 

 

Autophagy (derived from Greek meaning “to eat oneself”) is 

a highly conserved process through the evolution of species, 

from eukaryotic microorganisms to humans
[3]

. Bulky cyto-

plasmic contents, organisms (bacteria, viruses) and soluble 

proteins are degraded by autophagy and reused for the 

synthesis of new molecules
[4]

. This process is generally in-

duced by a change of environmental conditions, such as 

nutrient deprivation, oxidative stress and ultraviolet radiation. 

However, it has also been associated with normal proce-

dures like development, differentiation and defence against 

pathogens. In spite of offering protection to cells, autophagy 

may also contribute to cell damage
[5]

. In this review, we col-

lected data on molecular mechanisms of autophagy, and the 

role of autophagic process in acute and chronic 

neurodegeneration. 

 

 

AUTOPHAGY AS A MECHANISM OF CELL 

HOMEOSTASIS 

 

Three types of autophagy are currently identified: classic 

autophagy (macroautophagy), chaperone-mediated au-

tophagy and microautophagy
[6]

. Macroautophagy becomes 

activated under stress conditions (nutrient deprivation, in-

fection, toxins)
[7]

. It is the classic autophagic pathway in 

which a double membrane vesicle forms around cytosolic 

components and merges with lysosomes
[8]

. Chaper-

one-mediated autophagy (CMA) targets a certain group 

of proteins containing the pentapeptide KFERQ or similar 

sequences
[9]

. It does not necessitate vesicle formation, 

because all substrates form a complex with cytosolic 

chaperone heat shock protein 70, which binds to the 

lysosome-associated membrane protein type 2a
[10-11]

. 

The substrate/heat shock protein 70 complex enters the 

lysosome lumen by binding to the lysosomal heat shock 

protein 70, a second chaperone
[12]

. In microautophagy, 

the lysosome itself surrounds a targeted protein or or-

ganelle. When a peroxisome or a mitochondrion is en-

gulfed, then the process is called pexophagy or 

mitophagy
[13-14]

.  

 

All the above processes maintain intracellular balance 

and can occur in every living cell. When cell homeostatic 

mechanisms fail to comply, death is inevitable. This 

leads to the induction of mitosis of neighbouring cells in 

order to maintain tissue integrity and function. In the 

adult brain tissue, this process of replenishment cannot 

occur, since neurons cannot divide. Neurons have to 

adjust all their intracellular processes in order to survive 

for decades. Thus, proper autophagy regulation is es-

sential for neuronal survival and its malfunction has been 

entailed in neurodegenerative diseases.  

 

There is molecular machinery responsible for autophagy. 

Specialized molecules, such as kinases, phosphatases, 

enzymes that can bind and hydrolyze guanosine tri-

phosphate (GTPases) participate in this process, all en-

coded by autophagy-related (Atg) genes (Table 1)
[21]

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INDUCTION OF AUTOPHAGY 

 

There are common autophagy signaling pathways in 

mammals and other organisms such as yeast
[15]

. A phos-

phatidylinositol kinase related serine/threonine protein ki-

nase TOR (target of rapamycin) plays a crucial part in the 

induction of autophagy. Mammalian target of rapamycin 

(mTOR) in its phosphorylated form (activated mammalian 

target of rapamycin) acts as a negative regulator of au-

tophagy by hyperphosphorylation of Atg13
[15]

. This 

hyperphosphorylation prevents Atg13 from undergoing an 

interaction with Atg1, a serine/threonine protein kinase, 

which forms a complex necessary for the induction of au-

tophagy. Other components of the Atg1 complex are Vac8, 

Atg11, Atg20, Atg24 and Atg17
[16]

. In particular, Akt and 

MAPK signaling triggers mammalian target of rapamycin, 

whereas AMPK and p53 signaling suppresses mammalian 

target of rapamycin activity. Another signaling pathway 

which mediates in the initiation of autophagy involves 

Vps34 phosphatidylinositol 3-kinase complex (PI3K). Vac-

Table 1  Yeast and human autophagy-related genes 

Yeast Human Function 

Atg1 ULK1, 2 Kinase 

Atg2 Atg2A, B Atg9/Atg2-Atg18 complex 

Atg3 Atg3 E2-like enzyme 

Atg4 Atg4A, B, C, D Hydrolases 

Atg5 Atg5 E3-like activity 

Atg6 Beclin-1 Regulator 

Atg7 Atg7 E1-like enzyme 

Atg8 MAP1LC3A, B, C, 

GABARAP, LI, L2 

Ubiquitin-like modifiers & 

regulators 

Atg9 Atg9A, B Atg9/Atg2-Atg18 complex 

Atg10 Atg10 E2-like enzyme 

Atg12 Atg12 Modifier 

Atg13 Atg13 Regulator 

Atg14 Atg14 Regulator 

Atg16 Atg16L1, 2 E3-like activity 

Atg17 RB1CC1 Regulator 

Atg18 WIPI-1 Atg9/Atg2-Atg18 complex 

 
Autophagy-related genes: The specific genes related to autophagic 

activity are named autophagy genes. This table illustrates some of 

the currently known genes involved in various stages of autophagy 

both in yeast and their homologues in humans. 

http://www.rndsystems.com/molecule_group.aspx?g=2608&r=15
http://www.rndsystems.com/molecule_group.aspx?g=2608&r=15
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uolar protein sorting (Vps34) interacts with Vps15, a mem-

brane associated serine/threonine kinase that regulates the 

kinase activity of Vps34. Vps34 is primarily involved in 

vacuolar protein targeting and forms a complex with Vps15- 

Vps38-Atg6
[17]

. At the same time, Vps34 has been found to 

be associated with Vps15-Atg6-Atg14 on 

pre-autophagosomal membranes. The process includes 

multiple steps (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first step in the autophagy process is nucleation. In 

particular, an autophagosomal membrane engulfs the 

targeted cargo (e.g. misfolded proteins, inclusion bodies, 

injured mitochondria) within a double membrane forming 

a vesicle called autophagosome. This phase is mediated 

by a class III phosphatidylinositol 3-kinase complex, 

which includes Atg6 (called Beclin-1 in mammals)
[18]

. 

Next comes the expansion phase. The elongation of vesi-

cles is executed by following steps that include two sys-

tems which accept conjugation in the same way as ubiq-

uitin. In the first system, Atg7 (E1-like protein) activates 

Atg12, binds with Atg10 (E2-like protein) and conjugates 

with Atg5
[19]

. In the second step, a cysteine protease (Atg4) 

acts on Atg8 (LC3 in mammals), which then is activated by 

Atg7 and moves to Atg3. Last, Atg8 makes a bond with 

the lipid phosphatidylethanolamine (PE)
[20]

. 

 

In the maturation, docking and fusion steps that follow, the 

autophagosomes bind to and fuse with lysosomes 

(autophagolysosomes). Their outer membranes fuse with 

each other and the inner membranes with their constitu-

ents are released into the lysosome/autolysosome lumen. 

The final steps of the autophagy process are degradation 

and recycling where the cargo breaking down is performed 

by lysosomal hydrolases and other proteolytic enzymes. 

After degradation, free amino acids, nucleotides, fatty acids 

and other components are released into the cytosol and 

get recycled. 

 

 

AUTOPHAGY AND APOPTOSIS 

 

There is a controversial role of autophagy in cell survival 

and cell death. Observations of autophagy process in 

dying cells indicate that this is a form of autophagic cell 

death. This represents type 2 programmed cell death 

and it is morphologically different from apoptosis (type 1 

cell death)
[22]

. Autophagic cell death is mediated by a 

large number of autophagosomes in the cytoplasm, 

whereas apoptosis is mediated by caspases
[23-24]

.  

 

Under normal conditions, autophagy and apoptosis be-

come inactive by inhibiting each other
[25]

. Under cellular 

stress, mitochondria release cytochrome C leading to 

apoptosis, while endoplasmic reticulum stress or altered 

metabolism (nutrient deprivation) can trigger autophagy. 

Specifically, during nutrient deficiency, autophagy func-

tions as a pro-survival mechanism, but overelevated 

autophagy results in autophagic cell death.  Some 

pro-apoptotic signals, such as tumor necrosis factor 

(TNF), tumor necrosis factor-related apoptosis-inducing 

ligand (TRAIL) and Fas-associated protein with death 

Figure 1  Overview and distinct steps of autophagy.  

 
Extracellular stimuli (lack of nutrient, ER stress, excessive 
ROS production) can trigger the autophagic process. A 

serine/threonine kinase, mTOR, plays a central role in the 
inhibition of autophagy by blocking the interaction between 
Atg1 and Atg13. Atg1–Atg13 complex formation leads to the 

induction of Autophagy.  
 
The first step (Nucleation) begins with a double membrane 

that engulfs cargo (misfolded proteins, inclusion bodies or 
injured mitochondria). It is mediated by a class III 
PtdIns3Kinase, which includes Atg6. The second step 

(Expansion) implicates two ubiquitin-like systems that lead to 
the elongation of the double membrane. In the first system 
Atg7 interacts with Atg10 and Atg5 in order to activate Atg12. 

In the second system Atg4 cleaves Atg8, which is activated 
by Atg7, moves to Atg3 and conjugates with PE. The form 
Atg8-PE is transferred to the autophagosome membrane 

allowing the transition to the next steps. 

 
In these steps (maturation, docking and fusion) 

autophagosome formation is completed (double membrane 
vesicle), its outer membrane fuses with the lysosomal 
membrane (single membrane vesicle) and the 

autophagolysosome is formed. The inner membrane of the 
autophagosome includes the cargo and it is called 
autophagic body. In the last two steps (Degradation and 

Recycling) the cargo is degraded by lysosomal enzymes and 
the resulting small molecules (peptides, amino acids, etc) are 
recycled. The autophagic process may lead to cell survival 

(normal activity), cell death (excessive activity) or 
neurodegeneration (insufficient degradation rates).  
 

ER: Endoplasmic reticulum; ROS: reactive oxygen species; 
mTOR: mammalian target of rapamycin; Atg: autophagy 
related gene; PtdIns3Kinase: phosphatidylinositol 3-kinase 

PE: phosphatidylethanolamine. 
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domain (FADD) can also induce autophagy. On the other 

hand, pro-survival signals suppress autophagy through 

another pathway
[26]

. Experiments and studies suggest 

that autophagy precedes apoptosis.  

 

Atg5 proteolysis, transcriptional factor p53
[27]

 and the 

Bcl-2 protein family play an important role in the interplay 

between apoptosis and autophagy. Beclin 1 regulates 

autophagy by interacting with the BH3 domain of Bcl-2 

proteins. Bcl-2 functions primarily as an anti-apoptotic 

molecule, but can also act as an anti-autophagic media-

tor in the endoplasmic reticulum. The latter role is per-

formed by inhibiting the participation of Beclin 1 in the 

nucleation of autophagosomes
[28]

. Moreover, caspase-3, 

-7 and -8 cleave Beclin 1 and produce N-terminal and 

C-terminal fragments which lose their ability to induce 

autophagy. C-terminal fragments translocate within mi-

tochondria and make cells prone to apoptotic signals
[29]

.  

 

Atg5 is another link between autophagy and apoptosis. It 

promotes autophagy associated cell death by interacting 

with FADD protein, a molecule that promotes apopto-

sis
[30]

. Calpain cleaves Atg5 in the N-terminus and the 

fragment is translocated to mitochondria, where it inter-

acts with Bcl-xL leading to apoptosis via cytochrome c 

release and caspase activation
[31]

. 

 

Concurrent apoptotic and autophagic features are ob-

served in dying neurons in neonatal hypoxia-ischemia
[32]

. 

Thorough investigation of the apoptotic and autophagic 

molecular mechanisms will lead to deeper understanding 

of their interplay and may reveal ways regarding their 

manipulation in neurodegenerative diseases. 

 

 

AUTOPHAGY IN NEURONAL CELLS AND 

NEURODEGENERATION 

 

Autophagic pathways have been reported to exist in 

neurons. In neuronal culture models, some characteris-

tics of neuronal macroautophagy have been identified, 

thereby suggesting that macroautophagy in neurons may 

provide a protective mechanism
[33]

. However, 

autophagosomes may hardly be detected in healthy 

neurons under nutrient rich conditions
[34-35]

. Interestingly, 

mammalian target of rapamycin has been known to reg-

ulate post-synaptic long-term potentiation or long-term 

depression, suggesting that autophagic regulation may 

be essential for synaptic plasticity
[36]

. On the other hand, 

the inhibition of mammalian target of rapamycin kinase 

activity in glial cells results in anti-inflammatory actions, 

whereas it plays an important role in the regulation of 

oligodendrocyte development and myelination process, 

as well as in several neuronal functions
[37]

.  

 

The pathogenesis of neurodegenerative diseases in-

volves a gradual loss of neuronal cells. Altered activity of 

proteolytic systems and accumulation of protein aggre-

gates are basic characteristics of neurodegenerative 

disorders. The clearance of aggregate-prone proteins is 

very important in post-mitotic cells, like neurons, be-

cause they cannot be diluted by cell division. Possible 

toxic effects of these aggregates include: blockage of 

axonal transport (occupation of intracellular space) and 

transcriptional dysregulation (inactivation of transcrip-

tional factors)
[38]

. Thus, non-dividing neural cells de-

mand a protein quality-control process executed by 

autophagy in order to maintain homeostasis throughout 

the whole cell (body, dendrites, axon)
[39]

. However, 

there are a number of questions yet to be answered 

with regard to the role of autophagy in neurodegenera-

tive process. Understanding of the biological effects 

and the mechanisms underlying autophagy in neurons 

and glia might be helpful in seeking effective new 

treatments for neurodegenerative diseases
[40]

. The ef-

fect of autophagy in neurons during disease can be 

divided in two classes: chronic and acute condition re-

sponse. Studies in chronic central nervous system 

diseases such as Alzheimer’s disease, Parkinson’s 

disease and Huntington’s disease, Amyotrophic lateral 

sclerosis and Multiple sclerosis have shown that altered 

autophagic activity may be implicated in their patho-

genesis. Autophagy is also a contributor in acute central 

nervous system diseases, such as vascular episodes, 

hypoxia/ ischemia, brain injury and experimental phar-

macological brain injury.  

 

Chronic central nervous system diseases 

Alzheimer’s disease  

Main clinical manifestations include selective memory 

impairment and degenerative dementia. These are 

associated with neuronal loss, silk-like extracellular 

senile plaques, neurofibrillary tangles and threads that 

accumulate within the gray matter. Two proteins are 

involved in the onset and progress of brain cell damage 

in Alzheimer’s disease: tau protein and amyloid be-

ta-peptide (Aβ).           

 

The normal tau protein is involved in microtubule stabi-

lization and vesicle transport along the axis. When the 

protein is hyperphosphorylated, it loses its affinity for 

microtubules and accumulates in neurons forming toxic 

neurofibrillary tangles
[41]

. Excessive amounts of tau are 

to be removed from the autophagolysosome system, 
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aiming to prevent neurodegeneration
[42]

. 

 

The amyloid beta-peptide is the major protein constituent 

of senile plaques and results from the enzymatic degra-

dation of a larger protein, amyloid precursor protein 

(APP)
[43]

. APP is a membrane protein expressed primar-

ily in neuronal synapses. When APP is degraded by α- 

and γ-secretase, it produces peptide p3, whereas when it 

is degraded by β- and γ-secretase, it results in the pro-

duction of amyloid beta-peptide. This peptide is normally 

degraded in the lysosomes. 

 

In Alzheimer’s disease, though not in normal brain cells, 

autophagosomes are large in numbers thus providing 

evidence of activation of autophagy with damaged 

autophagosome-lysosome fusion
[44]

. Other observations 

include increased mitophagy. The lack of function in 

Alzheimer’s disease is due to impaired fusion between 

lysosomes and autophagosomes filled with amyloid be-

ta-peptide
[45]

.The gene that encodes presenilin-1 (part of 

the gamma-secretase complex) is implicated in the ma-

jority of inherited forms of Alzheimer’s disease. Its muta-

tions deteriorate lysosome function and promote the 

accumulation of amyloid beta-peptide, resulting in neu-

ronal loss. Recent observations also show a reduced 

expression of Beclin 1 gene leading to impaired au-

tophagy in neurons, amyloid beta-peptide deposition and 

consequent neurodegeneration
[46]

. 

 

Parkinson’s disease 

The disease is characterized by progressive loss of 

dopamine-producing brain cells in the substantia nigra. 

The main characteristic feature is the presence of Lewy 

bodies: round, eosinophilic, intracytoplasmic inclusions 

in the nuclei of neurons
[47]

. Further studies have shown 

that these bodies consist of an aggregated and insolu-

ble form of α-synuclein. This cytosolic protein exists in 

abundancy in the brain and is mainly expressed in 

presynaptic membranes
[48]

. It has the ability to bind with 

membrane phospholipids and participates in mem-

brane-related procedures in presynaptic termini
[49]

. 

There are two missense mutations in α-synuclein, A53T 

and A30P that lead to early-onset Parkinson’s     

disease
[50]

.  

 

α-Synuclein recycling is performed by the proteasome 

system
[51]

, CMA and macroautophagy. The proteasome 

degrades only soluble forms of the protein. A percentage 

of intracellular α-synuclein is normally degraded through 

CMA. Aberrant forms of alpha-synuclein (oxidized or 

phosphorylated) modify the CMA pathway, having loose 

affinity for the CMA receptor on the lysosomal membrane. 

Instead of entering for degradation, they accumulate in 

the cytoplasm. Moreover, missense mutations of 

α-synuclein or dopamine mediated modifications result in 

even greater impairment of CMA
[52]

. Autophagy/mito-

phagy appears to be impaired, autophagosome-like 

structures accumulate and the cells are prone to apop-

tosis and necrosis
[53]

.  

 

Further data reveal mutations in PINK 1 (PTEN-induced 

putative kinase 1) gene, which promotes basal autoph-

agy and normally controls mitochondrial balance acting 

on Parkin protein. The latter promotes autophagy, but if 

PINK 1 gene carries a mutation, altered Parkin activity 

leads to autophagy dysregulation and mitochondrial im-

balance. PINK 1 kinase 1 interplays with Beclin1. A mu-

tation in this gene provokes damaged interaction, thus 

resulting in ineffective or insufficient autophagic activi-

ty
[54]

. This provides more evidence about the role of au-

tophagy in neurodegenerative diseases. 

 

Huntington’s disease  

This disease is caused by expansion of the CAG 

trinucleotide repeats in the Huntington’s disease gene 

which encodes huntingtin (polyglutamine – polyQ disor-

der).  This protein is present in a large number of tis-

sues and it is associated with vesicle and microtubule 

function
[55]

. Mutations make huntingtin aggregation-prone 

and toxic. Huntingtin polyglutamine residues cannot act 

as a substrate for proteasome degradation and 

macroautophagy acts as a compensatory mechanism. A 

variety of mechanisms may contribute to 

neurodegeneration
[56]

, such as: excitotoxicity, mitochon-

drial dysfunction and oxidative stress, promotion of 

apoptosis and/or autophagy, dysfunction of neuronal 

interaction and circuits. 

 

Observations include impaired sorting/degradation of 

autophagosomes, insufficient levels of autophagy and a 

resulting accumulation of highly ubiquitinated aggregates 

of huntingtin (htt) in the endosomal-lysosomal orga-

nelles
[57]

. Recent investigations of eight polymorphisms 

concerning five Atg genes (Atg3, Atg5, Atg7, Atg16L1 

and Beclin-1) showed two significant findings in Atg7 and 

Atg16. Specifically, Atg7 polymorphism that encodes 

alanine for valine (V471A), has been linked to earlier 

disease onset (4 years earlier)
[58]

. 

 

Amyotrophic lateral sclerosis  

Amyotrophic lateral sclerosis is a progressive neuro-

degenerative disease characterized by early degenera-

tion of upper and lower motor neurons resulting in inevi-

table paralysis. All forms of the disease, sporadic and 
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familial, affect the same neurons displaying similar 

pathological features (muscle weakness, atrophy, spas-

ticity). About 20% of familial forms of amyotrophic lateral 

sclerosis are caused by mutations in the gene coding for 

peroxide dismutase (SOD1)
[59]

. Mutations cause defec-

tive protein folding, mitochondrial dysfunction, oxidative 

stress, inflammation and excitotoxicity. Amyotrophic lat-

eral sclerosis neuronal aggregates are composed of 

intermediate filaments and insoluble forms of proteins 

(such as SOD1). Aggregate formation leads to disturb-

ance of proteasome activity, axial transport, chaperone 

protein function and damage of cell organelles such as 

Golgi, endoplasmic reticulum and mitochondria
[60]

. Ag-

gregates consisting of TAR DNA-binding protein and 

intraneuronal protein A are also present in sporadic and 

familial forms of amyotrophic lateral sclerosis
[61]

.  

 

The above aggregates are cleared by autophagy and the 

proteasome mechanism
[62]

. In experimental models of 

amyotrophic lateral sclerosis, inhibition of autophagy 

exacerbates the viability of motor neurons, whereas its 

stimulation prevents degeneration
[63-64]

.  

 

Multiple sclerosis  

This is the most common autoimmune inflammatory 

demyelinating disease of the central nervous system. 

Multiple sclerosis is characterized by multifocal areas of 

demyelination with loss of oligodendrocytes, astroglial 

scarring and axonal injury. Observations showed that a 

population of T-cells and activated microglia attack mye-

lin proteins, causing chronic neurodegeneration. Other 

findings include blood brain barrier disruption, increased 

T and B lymphocyte levels in demyelinated areas and 

characteristic oligoclonal IgM and IgG bands in cere-

brospinal fluid electrophoresis
[65]

. 

 

It is found that molecules which participate in the au-

tophagy process interfere with T-cell balance
[66-68]

. Gen-

erally, it is proved that there is correlation between au-

tophagy and autoimmune-mediated demyelination. In 

particular, Atg5 gene function has been reported to 

modulate T-cell survival and proliferation. An experi-

mental mouse model has shown that Atg5 mRNA is 

raised in T cells, overexpressed in multiple sclerosis 

brain tissue and that clinical severity corresponds with 

expression of Atg5 in peripheral blood
[69]

. Evidence from 

studies in Atg-5 deficient mice reported that Atg-5 dele-

tion has strong immunological and neurological effects: 

impaired T cell function and survival and 

neurodegeneration with presence of intracellular inclu-

sions in neurons
[67-68,70]

. These data indicate that Atg5 

relates to extended T-cell survival, which are associated 

with autoimmunity in multiple sclerosis. Furthermore, B 

cell survival is linked to Atg5 expression
[71]

. Thus, muta-

tions in Atg5 may determine the severity and age of on-

set of multiple sclerosis in humans.  Whether increased 

Atg5 expression is specific to MS or is just another fea-

ture of autoimmune diseases remains to be clarified. 

 

Neuronal homeostasis is also affected in multiple sclero-

sis. The hypersecretion of glutamate (from lymphocytes, 

microglia and macrophages) intoxicates neurons by in-

creasing intracellular calcium which in turn causes mi-

tochondrial damage, release of reactive oxygen species  

and stimulates caspases and calpains. These two pro-

tein families lead to autophagic activity disruption
[72]

. 

Defective mitochondria, not subjectable to mitophagy, 

accumulate within axons rendering them sensitive to 

energy deficits and prone to degeneration
[73]

. 

 

Acute central nervous system diseases 

Increased levels of autophagic process and elevated 

numbers of autophagosomes are found in acute central 

nervous system diseases such as stroke, hypoxia/ is-

chemia, brain injury and experimental brain trauma
[74-75]

.      

         

In brain hypoxia-ischemia, the main mediator in neuronal 

death is excitotoxicity (a phenomenon caused by 

hyperactivation of glutamate receptors)
[76]

. Induction of 

autophagy has been demonstrated in various models of 

acute and chronic excitotoxicity. The hypoxia-induced 

oxidative stress is characterized by overproduction of 

reactive oxygen species within mitochondria and the 

neuronal cell appears to adapt by increasing mitochon-

drial autophagy (mitophagy)
[77]

. Studies in brain trauma 

showed overexpression of Beclin 1, large numbers of 

autophagosomes and increased expression of lysosomal 

proteases
[74-78]

.  

 

Experiments involving mouse brain injury and conse-

quent administration of rapamycin revealed improved 

neurological function. In conclusion, autophagy, trig-

gered by rapamycin, acts as a compensatory mechanism 

in order to protect brain tissue
[79-80]

. However, in other 

cases of acute central nervous system disorders (phar-

macological induction of injury and lack of trophic support) 

both autophagy and apoptosis are involved in cell death 

process. Autophagy appears to be deleterious and its 

inhibition reduces cell death
[81]

. In traumatic brain injury 

in particular, autophagy pathway has been reported to be 

involved in the underlying pathology. Inhibition of this 

pathway may help attenuate traumatic damage and 

functional outcome deficits
[82]

. Similarly, the inhibition of 

mammalian target of rapamycin signaling using 
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rapamycin during the acute phase of spinal cord injury 

produces neuroprotective effects and reduces secondary 

damage at lesion sites
[83]

. Interestingly enough, 

methylprednisolone treatment which is a common strategy 

following spinal cord injury, has been reported to inhibit 

the enhanced autophagy expression in neurons soon after 

experimental contusion injury, thereby protecting neurons 

from cell death
[84]

. Moreover, the clinical significance of 

targeting autophagy in promoting neurodegeneration has 

recently been emphasized by the finding that pretreatment 

with tetracycline may inhibit autophagy in the ischemic 

stroke brain and then suppress the inflammatory process 

via inhibiting the activation of nuclear factor kappa B 

pathway
[85]

. Last but not least, there is increasing evidence 

that neuroprotection may be achieved by modulating au-

tophagy in retinal ganglion cells under glaucoma-related 

stressing conditions
[86]

. Nevertheless as far as acute cen-

tral nervous system disease is concerned, a very intri-

guing field of interest is whether inhibition or promotion of 

autophagy will promote neuroprotection in acute central 

nervous system injuries and whether an early or delayed 

intervention is needed. 

 

Conclusion 

Autophagy is a promising field of study with many as-

pects remaining uninvestigated. The appropriate rate of 

autophagy and its interaction with apoptosis are key 

factors for cell homeostasis and survival. Autophagy 

dysregulation impedes normal cell function and may 

contribute in neurodegenerative disorders pathways 

when neuronal cells are concerned. Future research will 

provide further data about this astonishing homeostatic 

mechanism which allows neuronal cells to survive for 

decades. Deeper understanding of implicated molecular 

and intracellular components of autophagy may contrib-

ute to direct pharmacologic manipulation in order to 

prevent neurodegeneration. 
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