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Abstract

Strategies proficient for relieving cognitive impairments in aging and Alzheimer’s disease (AD) 

have an enormous impact. Regular physical exercise (PE) can prevent age-related dementia 

and slow down AD progression. However, such a lifestyle change is likely not achievable for 

individuals displaying age-related frailty. Hence, drugs or biologics that could simulate the 

benefits of PE have received much attention. Previous studies suggested that the fibronectin-

domain III containing 5 (FNDC5) underlies the PE-mediated improved cognitive function. A 

recent study reports that PE-related cognitive benefits in aging and AD are mediated by irisin, the 

cleaved form of FNDC5 released into the blood after PE. Such a conclusion was apparent from 

the deletion of irisin through a global knockout of FNDC5, leading to the loss of PE-induced 

cognitive benefits or inducing memory impairments in adult or aged models. Furthermore, in AD 

models, peripherally administered irisin mimicked the cognitive benefits of PE by modulating 

neuroinflammation. This short review discusses the promise of irisin to simulate the cognitive 

benefits of PE in age- and AD-related dementia. In addition, critical issues such as how blood-

borne irisin acts on neural cells, the role of the brain-derived neurotrophic factor in irisin-mediated 

cognitive benefits, and irisin’s ability to inhibit neuroinflammatory cascades in aging and AD are 

discussed.
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1. Introduction

Increased life expectancy in the past century has substantially expanded the population 

of people > 65 years of age globally and is expected to grow further in the coming 
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decades. However, increased lifespan has also contributed to a greater prevalence of age-

related conditions, including neurodegenerative diseases (Gurău et al., 2018; Shetty et al., 

2018), which are among the leading causes of morbidity worldwide (de Magalhães et 

al., 2017). Aging is associated with cognitive impairment in a substantial percentage of 

people, and age-related cognitive decline is associated with various alterations in the brain, 

particularly the hippocampus (Bettio et al., 2017). These include moderate but chronic 

neuroinflammation (Barrientos et al., 2015; Kodali et al., 2015), increased oxidative stress 

and mitochondrial dysfunction (Li et al., 2020), diminished autophagy (Glatigny et al., 2019; 

Kodali et al., 2021a), waned neurogenesis (van Praag et al., 2005; Rao et al., 2006, 2008; 

Hattiangady and Shetty, 2008), and synapse loss (Xu et al., 2019).

Alzheimer’s disease (AD), a progressive neurodegenerative disorder, accounts for ~80% of 

dementia and affects ~47 million people worldwide (AD association, 2019). The adverse 

changes in the AD brain include lasting neuroinflammation, extracellular deposition of β-

amyloid (Aβ), neuronal dysfunction, hyperphosphorylated tau, intraneuronal neurofibrillary 

tangles, loss of synapses, and neurodegeneration (Wang and Colonna, 2019; Joe and 

Ringman, 2019; van der Kant et al., 2020; Duyckaerts et al., 2019). Deposition of Aβ 
plaques likely contributes to the accumulation of neurofibrillary tangles and the progression 

of activated microglia-mediated neuroinflammation, which leads to the loss of synapses 

and neurodegeneration (Long and Holtzman, 2019). Many factors, including genetic 

susceptibility, histone modifications, DNA methylations, altered RNA expression, cellular 

level changes in the brain, and systemic inflammation, interplay in the progression of aging 

and AD (Xia et al., 2018). No therapy can reverse cognitive and mood impairments observed 

in aging or AD. Hence, discovering strategies that promote successful aging, a state where 

older individuals maintain better cognitive function, actively participate in life, and develop 

no significant disease (Bettio et al., 2017; Fan et al., 2017), and approaches that restrain the 

AD progression and improve brain function have immense value.

One of the well-known lifestyle changes to maintain better brain function in aging is 

physical exercise (PE), which also has the potential to prevent age-related dementia, 

including AD, as well as slow down disease progression in individuals diagnosed with the 

early stage of AD (Jia et al., 2019; Morris et al., 2017; Hoffmann et al., 2016). Previous 

studies have shown that exercise induces hippocampal expression of a glycosylated type 1 

membrane protein, the fibronectin-domain III containing 5 (FNDC5), which can activate 

hippocampal neuroprotective genes (Wrann et al., 2013). Consequently, it is believed that 

FNDC5 underlies the PE-mediated cognitive benefits. In line with this concept, a recent 

study by Islam and associates provides novel insights on the role of FNDC5 in cognitive 

function in aging and AD (Islam et al., 2021). Notably, the authors demonstrated that 

irisin, the cleaved and N-terminal portion of FNDC5 released into the circulation after 

PE, is the active moiety mediating the exercise-related cognitive benefits, and peripherally 

administered irisin can mimic the benefits of PE in alleviating cognitive impairments in 

mouse models of AD. The purpose of this short review is to discuss the significance and 

implications of these findings for treating aging and AD-related dementia and point out 

critical issues that require further investigation.

Madhu et al. Page 2

Ageing Res Rev. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Potential mechanisms by which PE enhances cognitive function and 

modulates inflammation

While many studies have implied that PE promotes better brain function, prevents cognitive 

impairments in aging, and slows down the progression of AD, the precise mechanisms 

by which PE mediates these effects are still under investigation. Some investigations 

have pointed out the ability of PE to reduce amyloid deposits, reactive astrocytes, 

activated microglia, and proinflammatory cytokines and improve mitochondrial function 

and mitophagy (Bromley-Brits et al., 2011; He et al., 2017; Zhao et al., 2020; Liu et al., 

2020; Kodali et al., 2021b). Many other studies have attributed the beneficial effects of PE 

on brain function to enhanced adult hippocampal neurogenesis and elevated levels of the 

brain-derived neurotrophic factor (BDNF) due to their involvement in synaptic plasticity 

and cognitive, memory and mood function (Cotman et al., 2007; Kodali et al., 2016; 

Choi et al., 2018; Islam et al., 2017). BDNF can also promote neuronal survival, enhance 

dendritic arborization and facilitate neosynaptogenesis (Greenberg et al., 2009; Islam et al., 

2017). A study has also suggested that upregulation of BDNF after PE likely occurs in 

the hippocampus via increased FNDC5/irisin expression (Wrann et al., 2013). From these 

perspectives, irisin comes across as an exciting anti-aging or pro-cognitive compound.

Irisin, the cleaved and N-terminal portion of FNDC5 released into the circulation after 

PE (Islam et al., 2017), is a skeletal muscle-secreted myokine made up of 112 amino 

acids (Ohtaki, 2016). Irisin was initially discovered in the mouse skeletal muscle as 

muscles express large amounts of FNDC5 transcripts. However, mRNAs of FNDC5 are 

also seen in many tissues, including the brain and liver (Huh et al., 2012). Contraction of 

skeletal muscles leads to increased expression of the transcriptional coactivator peroxisome 

proliferator-activated receptor γ coactivator 1-α, which induces FNDC5 gene expression, 

leading to the release of irisin into the bloodstream following its cleavage from FNDC5 

(Catalán, 2018). However, the exact mechanism by which FNDC5 is cleaved into irisin 

remains to be elucidated. Irisin is also one of the adipocytokines released by the adipocytes. 

Irisin is involved in thermogenesis and the browning response of the white adipose tissue, 

a process involving the expression of mitochondrial uncoupling protein-1 and other related 

genes leading to morphological changes and mitochondrial activity observed in brown 

adipose tissue (Gomarasca, 2020). Irisin is also known for several other functions in 

different tissues or organs. Examples include inhibition of adipogenic differentiation to 

facilitate osteogenic differentiation (Zhang et al., 2014) and influencing the function of 

skeletal muscles, pancreas (Liu et al., 2017), liver (Arias-Loste et al., 2014), brain (Wrann, 

2015), and bone (Qiao et al., 2016).

The expression of FNDC5 through the extracellular-signal-regulated kinase 1/2 (ERK1/2) 

pathway and phosphorylation of cyclic adenosine monophosphate (cAMP)/protein kinase 

A (PKA)/cAMP response element-binding protein (CREB) has also been shown to 

play a significant role in neural differentiation and neuroprotection (Hosseini Farahabadi 

et al., 2015). Furthermore, irisin, the cleaved product of FNDC5, can regulate cell 

proliferation through the signal transducer and activator of transcription and ERK1/2 

mitogen-activated protein kinase (MAPK) pathways (Moon et al., 2013; Liu et al., 2017). 
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Besides, irisin can activate the brain cAMP/PKA/CREB signaling pathways and enhance 

BDNF, which can rescue synaptic plasticity in a model of AD (Lourenco et al., 2019) 

and promote neurogenesis and synaptogenesis. B DNF has also been shown to modulate 

proinflammatory microglia into noninflammatory or antiinflammatory phenotypes. The 

underlying mechanism involves activating the ERK-CREB pathway through its receptor 

tropomyosin receptor kinase B. Phosphorylated CREB then reduces the nuclear factor 

kappa B activation by competing for CREB binding protein-P300, which results in reduced 

inflammation (Wen et al., 2010; Qin et al., 2016; Dong et al., 2018). Moreover, increased 

expression of FNDC5 can lead to reduced inflammation via AMP kinase (AMPK) pathway 

activation (Xiong et al., 2018). However, it was unknown whether such effects were 

mediated through irisin released from FNDC5 or overexpression of FNDC5 alone (Xiong et 

al., 2018). Additional studies have also implied that irisin can regulate BDNF expression 

(Huang et al., 2019). Thus, increased FNDC5 or irisin expression leading to BDNF 

upregulation in the hippocampus has been proposed as the underlying mechanism promoting 

cognitive function after skeletal muscle contractions during exercise. However, it remains to 

be proven whether irisin release by FNDC5 is a critical requirement for enhancing BDNF 

concentration in the hippocampus. Fig. 1 illustrates the potential mechanisms by which 

PE-mediated irisin release could improve cognitive function in aging and neurodegenerative 

disease conditions.

3. Effects of knock-down of FNDC5/irisin on cognitive function in 

adulthood and aging

To understand the role of irisin in exercise, Islam and colleagues first developed a mouse 

model with a global knockout of FNDC5 (F5KO mouse) (Islam et al., 2021). Analysis of 

various tissues from F5KO mice revealed that the FNDC5 gene was knocked out in adipose 

tissues, muscle, heart, cerebellum, and forebrain, including the hippocampus. However, the 

irisin levels in the plasma of F5KO mice were comparable to the plasma in wild-type (WT) 

mice. The reason underlying such discrepancy is unknown, while the authors suggested 

the possibility of sensitivity or specificity issues (Islam et al., 2021). Next, the authors 

investigated PE-induced improvements in spatial learning and memory in WT mice and 

FNDC5 knockout (F5KO) mice using a water maze test. While the WT mice showed better 

spatial learning and memory retrieval abilities after voluntary PE, F5KO mice did not exhibit 

such changes, implying that increased irisin release via the cleavage of FNDC5 in the 

skeletal muscle and/or the brain is critical for PE-mediated improvements in hippocampus-

dependent cognitive and memory function. Furthermore, in a novel object recognition test 

that depends on the integrity of the perirhinal cortex and the hippocampus, aged (21–24 

months old) F5KO mice did not prefer the novel object over the familiar object, in contrast 

to their age-matched WT counterparts preferring the novel object, suggesting that lack of 

FNDC5 in the forebrain can contribute to age-related recognition memory impairments. 

Furthermore, compared to WT mice, F5KO mice displayed significant reductions in 

sustaining long-term potentiation (LTP) in the dentate gyrus (DG) following high-frequency 

stimulations of the medial perforant pathway, suggesting decreased synaptic plasticity. These 

results suggested the involvement of FNDC5 in PE-induced enhanced cognitive function, 

age-related cognitive impairment, and dentate gyrus function. However, since the effect of 
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reinstatement of FNDC5 or exogenous application of irisin was not tested on cognitive 

function in the aged F5KO mice, it was unclear whether age-related recognition memory 

impairments and LTP deficits could be alleviated through increased FNDC5 expression or 

irisin concentration in the forebrain.

To probe the role of irisin in DG function, the authors compared pattern separation 

function between adult WT and F5KO mice by employing a contextual fear conditioning 

discrimination learning task (Islam et al., 2021). Pattern separation ability can discriminate 

similar but not identical experiences in a non-overlapping manner, which depends on the 

integrity of the DG and the extent of hippocampal neurogenesis (Leutgeb et al., 2007; 

Christian et al., 2020). F5KO mice took significantly longer times to discriminate between 

contexts in contextual fear conditioning discrimination learning. Notably, overexpression 

of irisin through a direct injection of an adeno-associated virus 8 encoding irisin (AAV8-

FLAG) into the DG enhanced contextual fear conditioning discrimination learning in both 

WT and F5KO mice. These results supported the involvement of irisin in pattern separation 

function. However, it was unclear how increased irisin production in the DG of WT mice 

improved pattern separation function. In future studies, it remains to be investigated whether 

such improvements in WT mice reflect enhanced neurogenesis and synaptic plasticity.

F5KO mice also exhibited abnormal function of adult-born neurons in the hippocampus. 

Studies with the birth-dating marker 5′-bromodeoxyuridine and c-fos, a marker of neuronal 

activity, revealed that PE induced abnormal activation patterns in adult-born neurons in 

F5KO mice compared to WT mice. Altered activation of adult born neurons in FSKO 

mice can impair sparse coding critically required for normal pattern separation function 

(McAvoy et al., 2016). Sparse coding involves the activity of fewer neurons within a 

relevant time window, which is a pattern of neuronal activity considered necessary for 

pattern separation function involving discrimination of similar but not identical experiences 

in a non-overlapping manner. However, neuronal population sparseness and expansion 

recoding are independent properties, as neural populations can be expanded into either a 

sparse or dense code by changing the intrinsic excitability of the neurons (Cayco-Gajic 

and Silver, 2019). In the DG, the sparse coding has been suggested to involve adult-born 

neurons because they promote feedback inhibition through mossy cells and hilar gamma-

amino butyric acid-positive interneurons, which, in turn, facilitates the recruitment of non-

overlapping populations of dentate granule cells to encode similar but not identical inputs 

(McAvoy et al., 2016). Interestingly, the number of newborn neurons in the hippocampus 

did not differ between WT and F5KO mice in baseline conditions, and PE similarly 

improved the number of newborn neurons in both genotypes of mice. However, the newborn 

neurons in F5KO mice did not display the enhanced total dendritic length and dendritic 

arbors typically seen in WT mice after PE (Islam et al., 2021). Quantification of dendritic 

spines of newborn neurons in the molecular layer of the dorsal hippocampus also revealed 

reduced spine density in sedentary F5KO mice, which did not improve even with PE. 

Furthermore, single nuclei RNA-sequencing of adult-born neurons revealed an abnormal 

transcriptional profile in newborn neurons from F5KO mice, with or without PE. Overall, 

the features of newborn neurons implied that FNDC5 expression could influence newborn 

neuron development and maturation, and their deficiency can alter newborn neurons at 

the transcriptional level. The involvement of FNDC5 in the differentiation of newly born 
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neurons could also be gleaned from several previous studies. These include the involvement 

of FNDC5 in neuronal differentiation through the ERK1/2 pathway (Hashemi et al., 2013; 

Zhang and Zhang, 2016). Also, reduced and increased neuronal differentiation of neuronal 

precursor cells has been observed with knockdown or overexpression of the Fndc5 gene, 

respectively (Huh, 2018; Hashemi et al., 2013). However, in the absence of neurogenesis 

studies following the reinstatement of FNDC5 expression or exogenous irisin administration 

in F5KO mice, it was unclear whether neurogenesis alterations were linked solely to the loss 

of FNDC5 expression or loss of both FNDC5 and irisin.

4. Promise of irisin to improve cognitive function in AD models

The next set of experiments by Islam and colleagues examined the role of FNDC5/irisin 

in AD models (Islam et al., 2021). They first chose six-month-old amyloid precursor protein/

presenilin 1 (APP/PS1) transgenic mice, which exhibited reduced Fndc5 gene expression 

in the hippocampus (Islam et al., 2021). A previous study has also shown reduced irisin 

concentration in the hippocampus of these mice (Lourenco et al., 2019). This mouse model 

also starts to display amyloid plaques, gliosis, and cognitive deficits around 6 months 

of age (Jankowsky et al., 2004, 2021). A reduction in Fndc5 gene expression has also 

been seen in the parahippocampal gyrus of AD patients compared to controls (Wan et al., 

2020). The authors generated the APP/PS1-F5KO progeny by crossing F5KO mice with the 

APP/PS1 mice and tested the contextual fear conditioning discrimination learning, which 

demonstrated an exaggerated cognitive decline in APP/PS1-F5KO mice (Islam et al., 2021). 

Such changes were also associated with higher levels of soluble Aβ-40 in the cortex but 

not in the hippocampus. Next, the authors probed the therapeutic potential of peripherally 

delivered irisin in 8 months old APP/PS1 mice. Tail-vein injection of AAV8-irisin-FLAG 

in these mice resulted in overexpression of irisin in the liver, which led to increased irisin 

concentration in the circulating blood. While AAV8-irisin-FLAG administration did not 

increase irisin mRNA expression in the brain, it did increase the overall irisin concentration 

in the brain, implying that irisin from the circulating blood entered the brain through 

BBB. However, the hippocampal irisin concentration did not alter significantly. In Barnes 

and Morris water maze tasks performed two months later, AAV8-irisin-FLAG-treated AD 

mice displayed improved hippocampal-dependent spatial learning and memory ability. Such 

results suggest that an overall increase in irisin concentration in the brain, without a 

hippocampus-specific increase, can improve hippocampus-dependent cognitive function.

Similar cognitive improvements were also seen with tail-vein injections of AAV8-irisin-

FLAG into the 5X familial AD (5XFAD) mice, another AD model showing the aggressive 

progression of cognitive impairments, and pathological markers (Oakley et al., 2006; 

Ohno et al., 2007). Furthermore, in APP/PS1 mice, irisin treatment improved context 

discrimination/pattern separation tasks. Improved cognitive function in AD mice observed 

following peripheral administration of irisin by Islam and colleagues is congruous 

with a previous study showing that enhancing brain FNDC5/irisin through an intra-

cerebroventricular administration of adenoviral vector expressing full-length FNDC5 

(AdFNDC5) can rescue object memory and contextual memory impairments in Aβ 
oligomer-infused mice (Lourenco et al., 2019). In the latter study, AdFNDC5 enhanced 

FNDC5/irisin mRNA expression and protein levels in the cerebral cortex. The study also 
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showed that intravenous administration of AdFNDC5 can enhance irisin in the hippocampus 

(Lourenco et al., 2019). Brain tissue analysis revealed reduced reactive astrocytes and 

activated microglia in APP/PS1 mice receiving irisin (Islam et al., 2021). Specifically, 

irisin treatment downregulated astrocyte- and microglia-specific genes in AD mice but 

did not influence hippocampal neurogenesis, synaptic plasticity genes, or hippocampal/

cortical amyloid plaque load. While it is unclear how irisin regulated reactive astrocytes 

and activated microglia in the AD brain, investigation in cultured astrocytes suggested 

that irisin possibly modulated reactive astrocytes by acting on αvβ5 integrin receptor 

complexes expressed on them. Additional investigations in the study also suggested 

that circulating irisin can cross the blood-brain barrier (BBB). While the study did not 

measure changes in proinflammatory cytokines or microglia with activated inflammasomes 

in the AD brain, a previous cell culture study has suggested that irisin can reduce the 

release of proinflammatory cytokines Interleukin-6 (IL-6) and IL-1β and the expression 

of cyclooxygenase-2 (COX-2), a proinflammatory mediator in astrocytes (Wang et al., 

2018). Furthermore, a study testing the effects of irisin in macrophages stimulated 

with lipopolysaccharide has suggested that irisin can significantly alleviate inflammatory 

signaling by decreasing the levels of multiple inflammatory mediators such as toll-like 

receptor 4, myeloid differentiation primary response 88, and the phosphorylated nuclear 

factor kappa B (Mazui--Bialy et al., 2017). Fig. 2 illustrates the effects of deletion of irisin 

in AD mice and the potential mechanisms by which peripheral irisin treatment can improve 

cognitive function in AD mice.

Thus, it is clear that PE induces increased expression of FNDC5 in skeletal muscles (Wrann 

et al., 2013), followed by the release of its cleaved form irisin into the circulating blood 

(Lu et al., 2016), eventually resulting in enhanced concentration of irisin in the brain. 

PE also enhances FNDC5 expression and BDNF concentration in the brain, including the 

hippocampus (Cotman et al., 2007; Choi et al., 2018; Kim and Song, 2018; Tu et al., 

2020). BDNF has a role in synaptic plasticity, neosynaptogenesis, neuroprotection, cognitive 

and mood function, and hippocampal neurogenesis (Greenberg et al., 2009; Kuipers and 

Bramham, 2006; Kim and Song, 2018; Wang and Holsinger, 2018; Harley et al., 2021). 

Therefore, the question is whether irisin is an upstream mediator of BDNF synthesis and 

release in the brain following PE. A previous study by Wrann and associates has suggested 

that hippocampal BDNF is induced through FNDC5 (Wrann et al., 2013). In a cell culture 

study, a forced expression of FNDC5 through adenovirus in primary cortical neurons 

considerably increased the expression of the Bdnf gene and several other genes involved 

in hippocampal function. Also, RNAi-mediated knockdown of FNDC5 reduced Bdnf gene 

expression. Bdnf gene expression was also controlled by PGC-1α, a transcriptional regulator 

of Fndc5 gene expression. This link was evident from reduced Bdnf gene expression in 

PGC-1α KO mice. Additional assays showed that neurons stimulated with recombinant 

BDNF displayed reduced Fndc5 gene expression, implying a homeostatic FNDC5/BDNF 

feedback loop (Wrann et al., 2013). Furthermore, peripheral delivery of FNDC5 to the 

liver through adenoviral vectors induced elevated irisin levels in the circulating blood, 

which increased Bdnf expression in the hippocampus and other neuroprotective genes 

in the forebrain, including the hippocampus (Wrann et al., 2013). Thus, following PE, 

BDNF upregulation in the hippocampus could occur through increased FNDC5 expression 
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in the brain, including the hippocampus, or increased irisin concentration in the brain 

without a significant upregulation in the hippocampus. However, whether a direct exogenous 

administration of irisin into the hippocampus alone can enhance BDNF concentration and 

improve cognitive function is unclear. Additional studies are needed in the future to address 

the above issues, as the investigation in AD models did not determine whether improved 

cognitive function following systemic administration of irisin involved increased expression 

of Fndc5 and Bdnf genes and/or elevated levels of BDNF in the hippocampus (Islam et al., 

2021).

5. Summary and future perspectives

In summary, the study by Islam and colleagues suggested that FNDC5 and irisin, the 

secreted part of the exercise hormone FNDC5, can influence cognitive function. This 

conclusion was supported by findings that genetic deletion of Fndc5 leads to loss of PE-

induced improved cognitive function in adult mice, cognitive dysfunction in aged mice, and 

exaggerated cognitive impairments in AD models. Additionally, the authors showed that 

systemic administration of AAV8-irisin-FLAG leads to overexpression of irisin in the liver 

and the circulating blood, from where it enters the brain by crossing the BBB and improves 

cognitive function in AD models. However, several issues require further investigation. It 

is unclear how irisin entering the brain from the circulating blood acts on neural cells to 

improve cognitive function. While increased circulating irisin levels result in enhanced irisin 

concentration in the brain (Islam et al., 2021), it is unknown whether such irisin increase 

in the brain can enhance BDNF protein concentration in the hippocampus or downstream 

upregulation of BDNF in the hippocampus following irisin entry into the brain is required 

for the beneficial effects of irisin on cognitive function. Studies on the effects of systemic 

administration of AAV8-irisin-FLAG in mouse models with altered BDNF signaling or mice 

with specific deletion of BDNF in the hippocampus (Adachi et al., 2008; Taliaz et al., 2010; 

Lindholm and Castrén, 2014; Harb et al., 2021) may address this issue.

Furthermore, specific receptors that bind to irisin in neural cells are mostly unknown. The 

study by Islam and coworkers suggested that irisin can bind to αVβ5 integrin receptor 

complexes on astrocytes, consistent with previous studies (Greenhill, 2019; Kim et al., 

2018). Nevertheless, it is unknown whether irisin can act directly on neurons and microglia 

through specific receptors. It is an important issue because newborn neurons in F5KO 

mice did not exhibit the enhanced dendritic arbors typically seen after PE and systemic 

administration of AAV8-irisin-FLAG modulated activated microglia (Islam et al., 2021). 

Moreover, the effects of systemically administered AAV8-irisin-FLAG on suppressing 

neuroinflammation in AD models need further investigation. Notably, it is unknown whether 

irisin can significantly inhibit neuroinflammatory cascades, such as the activation of NOD-, 

LRR- and pyrin domain-containing protein 3 (NLRP3) inflammasomes (Heneka et al., 2013; 

Saresella et al., 2016; Feng et al., 2020) and senescent cells (Reddy et al., 2017) in the 

AD brain. Both inflammasomes and senescent cells are known to perpetuate the release of 

adverse proinflammatory cytokines such as IL-1, IL18, and IL-6 in the AD brain (Feng et 

al., 2020; Saez-Atienzar and Masliah, 2020). Finally, it remains to be addressed whether 

systemic administration of FLAG-tagged recombinant irisin would be as efficacious as 

AAV8-irisin-FLAG. If irisin levels can be enhanced pharmacologically, the effects of irisin 
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treatment could be tested in clinical trials to prevent age-related cognitive dysfunction, 

restrain the evolution of age-related mild cognitive impairment into AD, or slow down the 

progression of cognitive decline in individuals diagnosed with the early stage of AD.
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Fig. 1. 
A schematic showing the potential mechanisms by which physical exercise-mediated irisin 

release could improve cognitive function in aging and neurodegenerative disease conditions. 

Physical exercise can induce FNDC5 expression in skeletal muscles. FNDC5 protein is then 

cleaved into irisin, which enters the circulating blood. Irisin can enter the brain by crossing 

the blood-brain barrier, where it can increase BDNF production through the activation 

of STAT3/AMPK/ERK signaling, enhancing neurogenesis and synaptogenesis to improve 

cognitive function. Also, irisin-mediated BDNF increase has the promise to decrease 

neuroinflammation by reducing the production of NF-kB and pro-inflammatory cytokines 

IL-6 and IL-1β by activating the ERK-CREB pathway through its receptor trkB. Thus, 

PE-mediated release of irisin into the bloodstream can potentially also improve cognitive 

function by reducing neuroinflammation. BDNF: Brain-derived neurotrophic factor; CBP: 

CREB binding protein; CREB: cyclic adenosine monophosphate (cAMP) response element-

binding protein; ERK: extracellular signal-regulated kinases; FNDC5: fibronectin type III 

domain containing 5; IL-1β: interleukin-1 beta; IL-6: interleukin 6; STAT: signal transducer 

and activator of transcription; TrkB: Tropomyosin receptor kinase B.
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Fig. 2. 
A schematic showing the effects of global KO of FNDC5 in APP/PS1 mice (a model 

of AD) and the potential mechanisms by which peripheral irisin treatment could improve 

cognitive function in AD mice. Breeding of AD mouse (APP/PS1) with FNDC5 gene 

knock-out (F5KO) mouse produced an AD mouse model with F5KO (APP/PS1-F5KO). 

Such mice displayed impaired pattern separation function and increased soluble amyloid-

beta (Aβ 1–40) concentration, and abnormal development of adult born neurons with altered 

transcriptome. On the other hand, intravenous administration of AAV8-irisin-FLAG in 

APP/PS1 mice increased FNDC5 overexpression in the liver, which increased irisin release 

into the circulating blood. Peripheral irisin enters the brain by crossing the blood-brain 

barrier, modulating glial cell gene expression, and possibly reducing the numbers of reactive 

astrocytes and activated microglia, the perpetrators of chronic neuroinflammation. Such 

antiinflammatory effects likely improved cognitive function in AAV8-irisin-FLAG treated 

APP/PS1 mice. Irisin also potentially increased BDNF concentration in the brain, which 

likely also contributed to improved cognitive function in APP/PS1 mice. AAV: Adeno-

associated virus; Aβ: amyloid-beta; BDNF: brain-derived neurotrophic factor; F5KO: 

fibronectin type III domain containing 5 gene knock-out.
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