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Alzheimer’s disease (AD) is the most common cause of age-related dementia, whose 

progression and development are explained by two well-based hypotheses. The amyloid 

cascade hypothesis proposes the aggregation of the amyloid ß-peptide (Aß) as the key event 

that triggers AD, whereas the mitochondrial cascade hypothesis claims that 

neurodegeneration is caused by oxidative stress and mitochondrial dysfunction. Even so, both 

hypotheses are not independent since a relationship between them is already known. Many 

questions about its physiopathology, however, remain unanswered. The present review 

proposes the possible participation of the apoptosis inducing factor 1 (AIF1) in AD, a highly 

relevant mitochondrial protein both for cell survival (OXPHOS process) and for cell death 

(caspase-independent apoptosis). According to the known functions the AIF1 performs in 

other pathologies, it can be suggested that the Aß accumulation and oxidative stress produces 

the release of pro-apoptotic AIF1, which contributes to mitochondrial dysfunction and 

apoptosis in hippocampus neurons. Nevertheless, the dual functionality of AIF1 represents 

one of the greatest challenges to clearly define the involvement of the protein in AD, so further 

studies are required in this direction.  

  

Abstract 
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Alois Alzheimer first described Alzheimer’s disease (AD) in 1906, when he identified and 

described the clinical and pathological features of Auguste D., a patient who had a gradual 

loss of memory and dementia, as well as disorientation and inability to develop everyday life. 

Initially, AD was considered a presenile dementia and, although its prevalence was low at the 

turn of the 20th century, it is now one of the neurodegenerative diseases with the highest 

occurrence and impairment among those who suffer from it [1]. 

The prevalence of dementia-related chronic disorders, such as AD, is rising in lockstep with 

increased longevity and life expectancy. According to the WHO and new statistics (2019) [2] 

[3], AD affects almost 50 million people worldwide, accounting for approximately 50-75% of all 

dementia cases [4]. As a result, AD has developed into a serious global health issue that 

shows no signs of slowing down; according to some statistical and epidemiological data, the 

prevalence would rise by 68% by 2050 [2][5]. Therefore, it is critical to closely monitor the 

disease’s epidemiological evolution and, given that lack of a definitive treatment, to work 

proactively to promote preventive plans that can be implemented, especially to those at higher 

risk of developing AD.  

Hereditary AD has been identified for years, with mutations in genes involved in the amyloid 

peptide processing and generation, such as presenilin (Ps) and the amyloid precursor protein 

(APP), standing out [6]. However, AD is commonly sporadic. Although its aetiology is not 

clearly known, there is evidence of a close link between risk factors, both environmental and 

genetic, and sporadic AD. When it comes to the first, the most relevant risk factor is ageing 

[2]. This may be because of the close relationship between ageing and mitochondrial 

dysfunction [3], which leads to oxidative stress [7]. In the case of genetic risk factors, several 

genes have been established that increase susceptibility to sporadic AD; however, 

apolipoprotein epsilon (APOE) gene is one of the genes with the greatest dose-dependent 

effects [2][8]. Three isoforms of the APOE gene are involved in a variety of functions. Isoform 

4 (APOE4) is the allelic variant that is most closely linked to the disorder. The mechanisms 

underlying this gene’s involvement in AD are not very well understood, but it is thought that 

APOE4 has less powerful antioxidant protective and lower ability to break down amyloid ß-

peptide than the other isoforms [7], and that it may also have direct effects on mitochondria, 

significantly decreasing their functionality [7][9]. 

 

  

Introduction  
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Alzheimer’s disease is the most common neurodegenerative condition and the leading cause 

of dementia [2][7], characterized by severe episodic memory loss that is irreversible 

[10][11][12]. Thus, long term-potentiation (LTP) and long-term depression (LTD) are the 

altered synaptic plasticity processes in this disorder. For this reason, neural death in the 

hippocampus is the first evident event, which subsequently spreads to other cortical areas 

[11]. However, the clinical manifestations do not occur from the onset of the disease; rather, 

there is a lengthy prodromal period that makes early diagnosis of the pathology very difficult.   

The major molecular features of AD are the formation of senile plaques, induced by the deposit 

of amyloid ß-peptide (Aß), and the presence of intracellular neurofibrillary tangles (NFT), 

produced by the Tau protein in its hyperphosphorylated form [2][7][9][11][13][14]. Although 

aggregation of the latter protein appears in the most neuropathologies, Aß accumulation tends 

to be unique to AD. As a result, some researchers have proposed the amyloid cascade theory 

to describe the progression of AD [15]. However, there is growing support for an alternative 

and/or complementary theory based on the correlation between mitochondrial dysfunction and 

the excessive production of reactive oxygen species (ROS), with AD [7][13]. As a result, 

another hypothesis, the so-called mitochondrial cascade hypothesis, can now be 

distinguished.  

 

The hypothesis of the amyloid cascade suggests that the disorder is caused by an 

uncontrolled production and accumulation of the Aß peptide [15], which results in the formation 

of amyloid plaques and subsequent neuronal death. Aß is a peptide generated by the 

proteolytic cleavage of the type I transmembrane amyloid precursor protein (APP), a process 

in which different enzymes may play a role. Thus, two classic pathways can be distinguished 

based on the enzyme that operates on APP: the non-amyloidogenic pathway and the 

amyloidogenic pathway [2][9][11]. The key protagonist in the first is alpha secretase (α-

secretase), whose action results in the soluble protein APP-α (sAPP-α) [2], and the 

membrane-anchored fragment P3-C82. The action of gamma-secretase (ɣ-secretase) on this 

last fragment is to cleave P3 and produce amyloid precursor protein intracellular domain 

(AICD). Thus, the non-amyloidogenic end products are sAPP-α, P3 and AICD [3][14]. Some 

studies with cultures of hippocampal neurons have shown that sAPP-α has a neuroprotective 

function [9], which is why the amyloidogenic pathway is of particular interest in the 

pathophysiology of AD. The beta-site APP cleaving enzyme (BACE1), also known as a ß-

secretase, is responsible for this cleavage, resulting in the soluble protein APP-beta (sAPP-ß) 

and the membrane-anchored Aß-C99 fragment [2][8][11][14]. ɣ-secretase also participate in 

this pathway to generate Aß monomers and AICD; however, depending on the cut site, it can 

Pathophysiology of Alzheimer’s disease 
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give rise to a variety of amyloid proteins of different lengths, the most important of which are 

Aß40 and Aß42. While Aß40 is the most abundant, Aß42 has two additional terminal residues 

that give it some hydrophobicity, making it less soluble. Thus, Aß42 has the highest 

aggregation potential and, as a matter of fact, it is the key factor in the formation of amyloid 

plaques [2][3][9][13][16] (Figure 1). These Aß monomers are not toxic in physiological 

concentrations, because they have no effect on memory and learning processes by 

themselves [10]. However, the oligomerisation of Aß (oAß) results in a neurotoxic aggregate 

that disrupts synaptic plasticity processes, in which N-methyl-D-aspartate (NMDA) receptors 

play a critical role. There is evidence that oAß promotes the endocytosis of NMDA receptors 

and, as a consequence, enhances the LTD process. On the other hand, oAß causes an excess 

of calcium by different molecular mechanisms which, in turn, inhibits LTP (Figure 2). All of 

these events induce a progressive and dramatic death of dendritic neurons in the hippocampal 

formation, [2][3][10][17][18][19] which seems to be the basis of the cognitive decline and 

memory loss in the AD. 

 

However, the deposition of Aß is not the only cause of neuronal death. Neurons have the 

highest energy demand, but due to their limited glycolytic capacity, they rely heavily on the 

oxidative phosphorylation process (OXPHOS) that occurs in the mitochondria [7][20]. 

Therefore, oxidative stress associated with mitochondria, the production of ROS, the alteration 

of the electron transport chain (ETC) and the alteration in the synthesis of energy in the form 

of ATP are all included in the theory of the mitochondrial cascade [2]. It has been evidenced 

of a decline in ETC activity in patients with AD [7][20], an increase in oxidative stress and a 

reduction in the mitochondrial membrane potential, among others [7].  

While this new hypothesis is one of the most studied and applied today, it is not independent 

of the amyloid cascade hypothesis. In fact, AD is closely related to oxidative stress, most likely 

because oAß inhibits the ETC [7] and generates ROS in mitochondria [11][13][16][21], thereby 

disrupting the OXPHOS process [7]. Furthermore, these oxidative stress-related situations 

increase BACE1 enzyme transcription and expression in the hippocampus [11]. Thus, it is 

possible that oxidative stress pushes APP processing down the amyloidogenic pathway [7]. 

These findings have been seen in Alzheimer's patients in both early and late stages of the 

disease, with the latter occurring when Aß is widely distributed and develops serious dementia 

[11]. Therefore, oxidative stress and Aß peptide synthesis form a vicious cycle (Figure 3). This 

hypothesis also ties to the role of ageing and the oxidative stress that comes with it in AD. 

 

In general, both the involvement of oAß and oxidative stress have been found to be situations 

that compromises cell viability [11][22]. Thus, mitochondria, which are involved in the process 
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of programmed cell death (PCD), also play a significant role in the degeneration of neurons 

[7][20][22] (Figure 4).  

 

 

 

The mitochondria provide a number of essential functions in the cell, including energy 

synthesis in the form of ATP via the OXPHOS process, calcium homeostasis, and cell death 

by apoptosis [7][20]. As a result, mitochondria-associated apoptosis inducing factor 1 (AIF1 or 

AIFM1) is one of the most important proteins in these organelles. AIF1 was identified firstly as 

an inducer of caspase-independent apoptotic processes in aversive situations in Dr. Guindo's 

laboratory [23][24][25]. However, despite being an essential function, it is not the only one, 

according to several publications. Similar to the cytochrome C molecule, AIF1 also carries out 

a role in OXPHOS regulation [25][26][27], and thus contributes to cell survival [28]. Therefore, 

it is a bifunctional protein that requires three different types of domains: FAD-binding domain, 

NADH-binding domain and C-terminal domain [24] (Figure 5). 

 

The AIF1 gene is located on the X chromosome [29] and codes for the AIF1 precursor, which 

has a molecular weight of 67 kDa. The N-terminal domain of this AIF1 precursor contains two 

mitochondrial localization signals (MLS), which will enable AIF1 to target mitochondria. There, 

AIF1 is processed to its mature form of 62 kDa (mAIF1) after a first proteolytic cleavage 

between the amino acids methionine 53 (Met53) and alanine 54 (Ala54), which remains 

anchored to the inner mitochondrial membrane and exerts an oxidoreductase function 

dependent of NADH in vitro [23][29] (Figure 5). Furthermore, several studies have found that 

mAIF1 is necessary for the assembly and the maintenance of ETC complex I, since the 

absence of AIF1 results in a functional deficiency of the complex and, as a consequence, a 

reduction in OXPHOS activity [24][26][29][30][31][32][33][34]. These findings highlight the 

importance of AIF1 for proper mitochondrial metabolism and cell survival under physiological 

conditions (Figure 6). 

In aversive situations signalled by a sudden increase in intracellular calcium [23][24][30], there 

is a permeabilization of the mitochondrial membrane and an increase in ROS production. This 

causes the release of apoptotic proteins such as cytochrome C, which activates caspase-

dependent cell death, and AIF1, which triggers caspase-independent cell death [23][30] 

(Figure 7A). In the case of the AIF1 protein, which is one of the subjects of the present review, 

cell attacks induce calpains and/or cathepsins (calcium-dependent cysteine proteases) to 

cleave mAIF1. Following this process, the pro-survival protein (mAIF1) is transformed into a 

truncated AIF1 (tAIF1), a soluble 57 kDa pro-apoptotic protein that is released from the 

mitochondria into the cytosol [24][29][30][31][32]. Even so, it appears that permeabilization of 

Mitochondria-associated apoptosis inducing factor 1 (AIF1) 
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the mitochondrial membrane is not sufficient for AIF1 release; rather, the need for other factors 

is suggested. The hyperactivation of poly (ADP-ribose) polymerase 1 (PARP1) is one of the 

most important mechanisms, which is why this apoptotic pathway is also known as 

Parthanatos [23][28][30][31]. PARP1 is a nuclear enzyme that is activated in response to ROS-

induced DNA damage [23], and it is responsible for DNA repair by generating poly-ADP ribose 

(PAR) polymers from NAD+ as a substrate. These PARs move from the nucleus into the 

cytoplasm, where they bind to AIF1 and facilitate its release. Once in the cytosol, tAIF1 can 

physically interact with a variety of proteins, including heat-shock protein 70 (Hsp70) and 

cyclophilin A (CypA) [29], the latter of which is of particular interest for caspase-independent 

cell death due to its DNAase activity. By binding to CypA, the tAIF1-CypA complex is guided 

to the nucleus, where it functions as a DNA degradation complex required for large-scale 

chromatin lysis and fragmentation [29][30][32][33]. Thus, AIF1 is able to reach the nucleus 

and promotes DNA degradation in fragments of 20-50 kb as well as chromatin condensation, 

both of which are hallmarks of caspase-independent cell death [23][24][30][31][32][35][36] 

(Figure 7B). 

 

There is evidence that the AIF1 protein is involved in different pathologies, including obesity 

and diabetes, as well as tumour processes and hypoxic-ischemic brain lesions. Moreover, it 

is thought to be involved in AD, although this is still a poorly researched issue. For this reason, 

the AIF1 relationship with other pathologies may be useful to suggest a possible connection 

between AIF1 and AD in this review.  

 

Some research has linked the OXPHOS process and mitochondrial function to type II diabetes 

(insulin resistance) [37], although this contribution remains unclear. In a subsequent study 

[26], deletion of AIF1 in muscle and liver cells mimicked the alteration of OXPHOS. The 

findings indicate that a high-fat diet causes an increase in body weight, hyperglycaemia and 

hyperinsulinemia in wild-type cells for AIF1, which leads to obesity and diabetes. In contrast, 

these effects were not observed in AIF1 knockout cells or Harlequin cells with an 80% 

reduction in their expression (both tested in the study). Therefore, the specific deletion of AIF1 

in these cell lines prevents the occurrence of both diseases [26]. Furthermore, hyperglycaemia 

has been linked to oxidative stress and mitochondrial dysfunction [38], suggesting that the 

existence of AIF1 in muscle and liver cells could exacerbate these noxious situations. 

 

It is well known that tumour cells have a different energy profile than normal tissue, since their 

glycolysis rate is higher than their mitochondrial ATP synthesis rate (Warburg effect) [34]. 

AIF1 involvement in obesity and diabetes 

AIF1 involvement in cancer 
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Likewise, AIF1 ablation is also known to exhibit a deficiency in the OXPHOS process and, as 

a result, ATP synthesis [24][26][29][30][31][32][33][34]. 

Based on this knowledge, it was predicted in a study on the importance of AIF1 in lung 

carcinogenesis [34] that removing AIF1 would accelerate tumorigenesis, shifting energy 

synthesis towards the glycolysis method due to the lack of OXPHOS functionality. However, 

against the investigators' initial prognosis, deletion of AIF1 in tumorous pneumocytes (AIF1 -) 

resulted in poor cell growth, compared to wild-type tumour pneumocytes that endogenously 

express AIF1 (AIF1+). Furthermore, very few hyperplastic lesions were observed in AIF- both 

at the beginning and after the evolution of the cancer process. One of the most relevant 

findings in this study [34] was detected after re-expression of AIF1-WT and mutated AIF1 

(which could not be cleaved by cathepsins and calpains) in AIF1 - tumour pneumocytes. This 

process allowed AIF1 to recover its metabolic function in the mitochondria, and both re-

expressions increased tumour cell development and progression. Thus, two points can be 

highlighted in this study [34]. On the one hand, the presence of AIF1 in tumour cells 

encourages their proliferation against all prognoses; on the other hand, the pro-apoptotic 

function of AIF1 is not required for carcinogenesis, implying that the AIF1-dependent OXPHOS 

is necessary for lung cancer progression. 

A second study, focused on cervical cancer [39], has revealed that overexpression of 

microRNA-425-5p (miR-425-5p), which is common in this tumour, inhibits the AIF1 protein. 

This result was obtained after the inhibition of miR-425-5p, which resulted in a significant 

decrease in tumour cell viability and, therefore, an increase in the number of cells in apoptosis. 

This may be due to the free action of AIF1 in these cancer cells, activating the death process 

by apoptosis. On the other hand, silencing the AIF1 performance by si-AIF1 increased the 

viability and proliferation of tumour cells. In this case, unlike the research discussed above, 

the apoptotic function of the mitochondrial protein is revealed to have a greater impact.  

As a whole, depending on the affected cell population, AIF1 can play a dual role in 

carcinogenic processes. On the one side, the presence of AIF1 may be associated with a 

worse prognosis in cases of lung tumours [34], although it may also be linked to a better 

prognosis in cervical cancer [39]. 

 

The involvement of AIF1 in neuronal cells will be revealed in this review through studies 

conducted in excitotoxicity and hypoxic-ischemic brain lesions. 

Neuronal excitotoxicity is produced by a massive release of excitatory neurotransmitter 

(glutamate) at NMDA receptors. Since this is a cellular damage stimulus, ROS promotes the 

hyperactivation of PARP1 [23] and the subsequent release of AIF1 to perform its apoptotic 

function. Given the importance of AIF1 in OXPHOS, its absence in the mitochondria tends to 

Role of AIF1 in neurons 
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block ETC and the production of mitochondrial energy, which is strongly needed for neuron 

survival. The absence of PARP1 in the central nervous system (CNS) has been shown to 

provide some protection against excitotoxic stimuli [23]. This may be due to the non-release 

of AIF1 and, therefore, the maintained operation of OXPHOS. However, this would inhibit 

AIF1-dependent apoptosis, allowing the excitotoxicity situation and the resulting production of 

ROS to persist over time. It may be interesting to see whether caspase-dependent apoptosis 

in neurons becomes important in these situations. If so, AIF1 would keep OXPHOS functioning 

properly, and the caspases could carry out the apoptotic defence mechanism; thus, the global 

protection by the loss of PARP1 in neurons may be clarified. 

Excitotoxicity situations are very frequent after certain brain lesions, such as hypoxic-ischemic 

encephalopathy (HIE) [36]. Therefore, neurons are much more susceptible to oxidative stress 

after an HIE episode. To determine the function of AIF1 in HIE, researchers looked for the 

brain regions most affected by the lesion, which turned out to be the cortex, the striatum, the 

thalamus, and the hippocampus. Through the pertinent studies, all affected regions have 

shown a substantial increase in the expression, release, and nuclear translocation of AIF1, as 

well as an increase in the expression of CypA [36]. Therefore, there is a tendency to caspase-

independent apoptosis of neurons in vitro, implying that AIF1 contributes to the loss of neurons 

in the brain following HIE. In addition, while analysing cells positive for caspase-3 in the 

hippocampus, no changes were observed [36], which suggests that in the hippocampus of 

individuals who overexpress AIF1, neuronal death due to caspase-independent apoptosis 

predominates (hence dependent on AIF1). These findings in AIF1 expression [36] were 

obtained using in vitro cell models; however, this effect has yet to be observed in vivo. In adult 

Harlequin mice, whose AIF1 expression is reduced by 80%, an increased oxidative stress in 

neurons and progressive cerebellar and retinal degeneration have been observed [32][36]. 

These results contradict the in vitro findings, since in this case, it is the lack of AIF1 rather than 

its overexpression, that triggers neuronal death and degeneration. 

Given this, it is important to consider not only the nature of the study (in vitro or in vivo), but 

also the nature of the cell populations being studied. This is because not all brain regions have 

the same cell density or apoptosis pathway preferences. The hippocampus, in particular, has 

a lower density than other brain regions [40] and a caspase-independent apoptotic pathway 

that is more pronounced than the caspase-dependent apoptotic pathway [36]. 

 

Alzheimer's disease is a neurodegenerative disease that mainly affects the hippocampus. In 

addition, it is closely related to oxidative stress and mitochondrial dysfunction, which is why 

AIF1 may participate in the progression of the disease. Since this is yet to be proven, this 

Possible performances of AIF1 in Alzheimer’s disease 
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review aims to propose the involvement of this protein in AD based on what is known in other 

pathological situations. It is worth noting that the effects of AIF1 in different diseases do not 

necessarily cause the pathology, but are synergistic factors that facilitate or hinder the 

development of the disease itself. Thus, this can also be extrapolated to AD. 

The presence of AIF1 causes hyperglycaemia, hyperinsulinemia and weight gain in muscle 

and liver cells, and has thus been linked to the development of obesity and diabetes. On the 

one hand, hyperglycaemia can cause defects in memory, attention and mood, all of which 

affectations are typical in AD. On the other hand, hyperinsulinemia induces neuronal apoptosis 

and the formation of Aß deposits [38], another hallmark in AD. Considering this data, a 

connection between the presence of AIF1 and AD in obesity and diabetes may be 

hypothesized. 

The role of AIF1 in carcinogenic processes varies depending on the type of cell involved. The 

mitochondrial function of AIF1 has been observed in lung cancer, and it has been found that 

the lack of the protein is favourable to the patient. In contrast, the most relevant role of AIF1 

in cervical cancer that has been reported to date is the apoptotic one, in which case the 

presence of AIF1 is beneficial to patient survival. As a result of its dual functionality, AIF1 can 

behave in different ways depending on the cell type, according to these conflicting findings. 

This has also been reflected, to a certain extent, in neuronal research, with AIF1 function 

varying depending on the brain area studied. Since the hippocampus is the region of concern 

in AD, the data that come closest are from reports of hypoxic-ischemic encephalopathy. 

Furthermore, oxidative stress is closely linked to HIE and AD; therefore, there is a nexus 

between both pathological situations that can be very useful for the purpose of this review. 

Thus, just as the existence of AIF1 causes neuronal death in HIE, it is possible that AIF1 plays 

a role in the neurodegeneration of AD.  

This approach has also been observed in Parkinson’s disease (PD), another of the best-known 

neurodegenerative diseases. According to recent research [28], PARP1 is pathologically 

triggered in situations of oxidative stress, such as those seen in sporadic PD, resulting in the 

release of AIF1 and the death of dopaminergic neurons. Thus, the oxidative stress that arises 

in sporadic AD could lead to the same effects in hippocampal neurons.  

 

Based on reviewed data, it is proposed that there is a relationship between AIF1 protein and 

AD. Since the hippocampus is one of the brain regions most vulnerable to oxidative stress, 

these situations linked to ageing and mainly to Aß deposits can promote excitotoxicity. This 

would cause PARP1 to become overactivated, and AIF1 to be translocated to the nucleus, 

resulting in neuronal death and degeneration in hippocampal areas. As a result, cells lacking 

with AIF1 may have a better chance of surviving, possibly acting as a protective factor against 

Alzheimer’s disease.  
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Multiple studies have managed to demonstrate the importance of the Aß and oxidative stress 

in the pathophysiology of Alzheimer’s disease, as well as the link between the two hypotheses 

[7][11]. However, there are still unanswered questions regarding its development.  

Since mitochondria are strongly involved in the pathophysiology of AD, it has been suggested 

that AIF1, a highly relevant mitochondrial protein both for cell survival (OXPHOS process) and 

for cell death (caspase-independent apoptotic function), may participate in the disease 

[24][25][26][27]. While the role or roles of this protein in AD have yet to be experimentally 

elucidated, its involvement in other diseases is well known. However, depending on the cell 

type studied, the functional contribution of AIF1 changes. As a result, we cannot affirm that 

the regulation of the OXPHOS or its proapoptotic role are the major contributors to the onset 

and progression of AD.  

Considering the results reported in obesity and diabetes [26][38], in cancer [34][39], in hypoxic-

ischemic encephalopathy [32][36] and in Parkinson’s disease [28], an active participation of 

AIF1 in sporadic AD can be hypothesized. The Aß deposits, along with ageing, induce 

oxidative stress in the hippocampus, which causes the overactivation of PARP1 enzyme and 

the consequent release of pro-apoptotic AIF1. Therefore, damaged neurons experience 

mitochondrial dysfunction and cell death. The hippocampus, in particular, is one of the brain 

regions most vulnerable to oxidative stress and has a lower cell density, so the release of pro-

apoptotic AIF1 in this area can be particularly harmful for both characteristics. As a result, it is 

possible that the release of AIF1 in neurons encourages and/or facilitates neurodegeneration 

in AD, where there is a strong oxidative stress and accumulation of Aß that feeds back on 

each other.  

 

Nonetheless, experimental research is needed to prove and accept the current approach. On 

the one hand, it would be interesting to affirm whether the hallmarks of AD, especially the 

accumulation of Aß, directly promote the release of pro-apoptotic AIF1. If that is the case, it 

will be important to demonstrate if there is a causal relationship between pro-apoptotic AIF1 

and the neurodegeneration seen in the disease. Studies should, on the other hand, evaluate 

the function of AIF1 based on its expression to see if only the physiological presence of the 

protein is harmful in AD or if, on the contrary, overexpression of the protein is needed. This 

will allow to determine whether AIF1 is a key factor in the progression of the disease and, thus, 

to better understand the development of the disease and to describe a new target to prevent 

it.  

Conclusions and future perspectives 
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Figure 1. Amyloid precursor protein processing and amyloid cascade hypothesis. 

APP can be processed by two pathways: non-amyloidogenic and amyloidogenic. The latter 

leads to the generation of Aß, the main component of senile plaques, which provides the 

basis for the amyloid cascade hypothesis. APP: Amyloid precursor protein; GFLD: Growth 

Factor Like Domain ; CuBD: Cooper binding domain ; Ac Acidic domain; N-APP: N-terminal 

APP ; Aß: beta-amyloid peptide ; BACE: beta-site APP cleaving enzyme ; sAPP-α: soluble 

protein APP-alfa ; sAPP-ß: soluble protein APP-beta ; AICD: amyloid precursor protein 

intracellular domain. Hand-made image with BioRender, adapted from [3]. 
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Figure 2. Amyloid cascade hypothesis: Aß oligomers accumulation and memory 

failure in Alzheimer’s disease. The accumulation of Aß oligomers interferes with LTD and 

LTP by enhancing the endocytosis of NDMAR and increasing intracellular calcium levels 

which stress the cell, respectively. NMDAR: N-methyl-D-aspartate receptors. Hand-made 

image with BioRender, adapted from [2].  
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Figure 3. Mitochondrial cascade hypothesis and its relationship with amyloid 

cascade hypothesis. At the top is exposed the mitochondrial dysfunction, as a 

consequence of Aß. The Aß oligomers inhibit ETC and OXPHOS function, resulting in a 

decrease in ATP and an increase in oxidative stress. At the bottom is showed how ROS 

promote BACE1 transcription in the nucleus, leading to a shift toward the amyloidogenic 

pathway and increased Aß production. In this way, a vicious cycle is formed between the 

mitochondrial and amyloid cascades in Alzheimer’s disease. ETC: Electron Transport Chain 

; ROS: Reactive Oxygen Species. Hand-made image with BioRender.  
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Figure 4. The involvement of the Aß oligomers and the oxidative stress in Alzheimer’s 

disease. Both processes lead to a synaptic dysfunction and compromises the cell viability, 

inducing a dramatic reduction of the synaptic spines and dendrites in AD brain. LTP: Long-

term potentiation; LTD: Long-term depression. Hand-made image with BioRender, adapted 

from [2].  
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Figure 5. Schematic representation of the AIF1 protein domains. AIF1 protein has three 

important domains: FADH, NADH and C-terminal. In the AIF1 precursor (67kDa) there are 

also MLS to guide the protein towards the mitochondria, an MPP-cleavage site to process 

AIF1 to its mature form (62kDa), TM to anchor itself to the mitochondria membrane, 

cathepsins and calpains-cleavage site to process AIF1 to its truncated form (57kDa), and 

binding sites for Hsp70, CypA and DNA. AIF1: apoptosis inducing factor 1 ; MLS: 

mitochondrial localization signals ; MPP-cleavage site: mitochondrial processing peptidase-

cleavage site ; Hsp70: heat-shock protein 70 ; CypA: Cyclophilin A. Hand-made image with 

BioRender, adapted from [24].  
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Figure 6. Importance of AIF1 in mitochondrial ETC process and OXPHOS function. A 

physiological situation is represented at the top. The mature form of AIF1 is needed in the 

inner mitochondrial membrane for the assembly and maintenance of ETC complex I, as 

well as for the OXPHOS function. At the bottom, the absence of the mature AIF1 prevents 

the assembly of complex I and OXPHOS becomes dysfunctional. OXPHOS: Mitochondrial 

oxidative phosphorylation system. Hand-made image with BioRender.  
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Figure 7. Caspase-independent apoptosis 

function of AIF1. A. Under noxious challenges, 

there is a release of pro-apoptotic proteins: 

cytochrome C to activate caspase-dependent 

apoptosis, and AIF1 to activate caspase-

independent apoptosis. Hand-made image with 

BioRender, adapted from [23]. B. Cell injury 

increases the intracellular calcium and promote 

the ROS production. The oxidative stress 

activates calpains and cathepsins to generate 

truncated AIF1 (blue arrows), as well as 

generates DNA damage to hyperactivate 

PARP1. This enzyme generates PAR, which bind 

to tAIF1 and facilitate its release from the 

mitochondria. In the cytosol, tAIF1 forms a 

complex with CypA and promotes DNA 

fragmentation and chromatin condensation (red 

arrows). PARP1: Poly (ADP-ribose) polymerase 

1. Hand-made image with BioRender.  
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