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ABSTRACT

Aging is an inevitable process in human. It causes deterioration of many organs in human bodies
such as the brain. The most common pathological aging condition in the brain is Alzheimer’s disease.
This disease is the leading cause of deficits in short term memory, praxis, visuospatial, and executive
function. It can impair cognitive function in older adults. A lot of intervention has been studied to treat
Alzheimer’s disease. One of them is the aerobic exercise. Some studies find aerobic exercise increases
the anti-aging protein, klotho protein. Klotho is a systemic-biomarkers that has an important role in
sustaining cognitive function and brain integrity. The level of plasma klotho protein is increased by
doing aerobic exercise moderately for 12 weeks. The increase of klotho protein improves memory
formation and hippocampus function. In Alzheimer’s disease, klotho protein has the ability to lower the
formation of neurofibrillary tangles. Hence, aerobic exercise is an essential intervention to improve
cognitive function in Alzheimer’s disease patient.
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INTRODUCTION

Aging is a process characterized by a decrease in organ function, which is caused by several genetic
and environmental factors, and it can lead to death!. The number of people aged over 60 years is
increasing internationally with a daily percentage reaching 8.5% of the population and is expected to
increase 3 times by 20502.

Aging is usually associated with fraility. It is a syndrome that makes older adults vulnerable to
stressors even in low pressure. Not only that, this syndrome leads to reduction of functional resilience
and dysfunction of multi organ. Frailty is not strongly related with age. However, it is still found to be
increased when the age is older. It is found to be increased 4% in 65 years old adults, and increased
26% in 85 years old adults*. Alzheimer's disease is the most common disorder in humans aged 65 years
and older. Its prevalence increases with age by 10% in humans 65 years and 50% in humans 85 years®.

Alzheimer's is a neurodegenerative disorder whose main symptom is dementia. Alzheimer's is
characterized by accumulation of amyloid-b, filamentous intraneuronal inclusions formed via
hyperphosphorylated Tau protein and synaptic disruption and lack of some neurons®. Cognitive
symptoms of Alzheimer's are short-term memory, praxis and dysfunction of visuospatial and brain
command processing’.

Aerobic exercise as a method that can improve the physical health and intellectual fitness of people
with Alzheimer's disease. Cardio training consists of several low impact sports that humans must do
frequently to stay healthy by walking, running, swimming, aquaerobics, and cycling®. Aerobic exercise
is exercise that requires a lot of oxygen. At the stage of aerobic exercise, the uptake and release of
oxygen into the body are equal. Aerobic oxidation of energy subtances required for exercise and must
be provided by oxidizing stratch fat and protein in te body, aerobic exercise requires duration at least
30 minutes®.

Klotho protein is part of endocrine fibroblasts growth factor (FGF) with several enzymatic
activites. Premature aging was affected by klotho protein deficiency. Insulin / IGF-1 is an important
signaling pathway in aging research. Klotho protein indicates IGF-1 and insulin resistance. S-KL
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inhibits IGF-I and insulin receptors by inhibiting tyrosine phosphorylation of both receptor and its
downstream signaling protein. Blockade of s-KL-induced IGF-I signaling increases resistance to
oxidative stress and improves immunity. Several studies have shown that athlete who were trained in
aerobic s-Klotho will sigificantly increased and IGF-1 levels deceased. Aerobic exercise is proven
increase s-Klotho 1. Exercise will affect the body's by metabolism, glucose absorption, insulin
sensitivity, calcium homeostasis, suppression of oxidative stress and inhibition of insulin IGF-1 and
alter the pathways of body components TGFB 1. Several studies have shown that klotho protein will
participate in controlling oxidative strain, ER stress, Golgi apparatus stress, cell proliferation, apoptosis
and autophagy*?. Klotho is associated with conditions influenced by the aging process®?, such as
cardiovascular disease, acute kidney disease, cancer and neurodegenerative disorders!4. Klotho
expression levels also decreased by age'®.

Amyloidogenic mice have shown that overexpression of the klotho protein in brain can predispose
to Alzheimer's disease, cognitive impairment, neurodegeneration and can also ameliorate the
accumulation of Af in a mouse model to helps regulate AB-associated transporters and microglia
transformation?®. In Alzheimer disease, klotho protein helps to increase cognitive function, while klotho
protein can be enhanced by aerobic exercise!’.

Several previous studies have proven that Klotho protein increases neuronal plasticity and memory
factors 8, while Klotho protein is a systemic biomarker that affects learning and memory *°. Reduced
Klotho protein can cause premature aging. Aerobic exercise is very important to train physical function
and quality of life 1°. According to a study conducted by Saghiv athletes who were trained with aerobic
exercise their s-klotho level increased significantly and their IGF-1 decreased compared to people who
were not active in exercise 2. In this discussion, we focus more on improving cognitive function by
doing aerobic exercise with a klotho protein as a biomarker in patients with Alzheimer's disease. This
article aims to broaden knowledge and to give insights for further research about this topic.

METHODS

We searched electronic databases for articles on Alzheimer's disease, Klotho protein, cognitive
function and aerobic exercise published between 2012 and 2022 from Google Scholar, PubMed,
ProQuest, ScienceDirect, and SpringerLink. The articles have been chosen from trusted publisher. We
checked the article from Scimagojr to find the reputation of the publisher and we chose the good
reputation publisher. Articles not related to Alzheimer's disease, Klotho protein, cognitive function and
aerobic exercise were excluded.

RESULTS

The articles from five databases have been searched thoroughly. We found 1.788 results from the
initial search strategy. From these results, we screened 452 results by title, and then 16 results which
eligible. Finally, we included 8 journals. We selected the journals based on the title and its relevancy to
our topics, and to know the journal reputation index, we used https://www.scimagojr.com/.
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Figure 1. The diagram process of the study selection
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Table 1. Data Extraction of Literature Review Results

No Author,  Participant/Research Outcomes Intervention and  Exercise Frequency Research Research Result
Year of Groups Research Duration Methods
Research Purpose
1. Gaitan et 25 participants had a BDNF, CTSB, Intervention: 26 weeks Less than 150 Randomized The analyses indicate
al., 2021 mean age of 64.9 and Klotho Exercise training. minutes  per control trial metabolic regulation of
years, had parental Quantification Research week exercise-induced plasma
history of Alzheimer by Enzyme- purpose: To BDNF changes and provide
Disease, and all were Linked examine that evidence that CTSB is a marker
cognitively healthy. Immunosorbent  circulating BDNF, of cognitive changes in late
Assay (ELISA).  CTSB, and klotho middle-aged adults at risk for
would increase dementia.
following exercise
training and
correlate with
cognition and
metabolomic
markers of brain
health.
2. Mostafidi 30 Athletes football Serum Intervention: It is not Exercise Randomized The plasma free Kilotho
etal, 2016 players males (age concentrations of Reguler aerobic known training one control trial concentration was significantly
range 18-22 years) and  Klotho, exercise Research  whether day before higher in the athlete group
28 healthy young cholesterol and purpose: To this testing. compared to the non- athletes
males (age range 18- triglycerides measure and elevation and no significant differences
27 years). were measured compare the continues between the groups for total
with the ELISA circulating Klotho over time. cholesterol, triglycerides, and
technique. levels in the serum blood pressure.
of trained athletes
and in healthy,
non-athlete
controls.
3. Morishima 12 untrained young Blood pressure Intervention: One day 4 sets Randomized  Klotho concentrations were
etal, 2021 male age 20 years. and klotho Resitance exercise when resistance control trial significantly increased
Nonsmokers, with no  concentration Research doing exercise. following a single bout of
history or symptoms were measured purpose: To research. resistance exercise
of cardiovascular, with ELISA. investigate the

pulmonary, meta- impact of acute
bolic, or neurological resist- ance
disease, no taking exercise on the
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4,

Iturriaga et
al., 2021

Ji et al,
2018

medications and
supplements.

91 Men aged 18-55
years, non-smokers,
cardiorespiratory  or
strength training at
least three times a
week for 6 months or
longer, and no
musculoskeletal
injuries sustained in
the past 6 months.

30 rats Male 3-month-
old (weight, 320-350

9).

SaKl levels
quantification by
ELISA

mRNA
expression levels
of Klotho were
measured using a
thermal cycler.

Klotho response in
serum.
Intervention:
Cardiorespiratory

exercise  session
and strength
exercise  session
Research
purpose:

Compare the acute
SaKl response to
different exercise
interventions,

cardiorespiratory,

and strength
exercise in
healthy,

physically active
men and to
examine the
behavior of SoKl
72 h after acute
strength exercise.
Intervention:
intermittent
aerobic  exercise
(1AE) or
continuous
aerobic  exercise
(CAE) Research
purpose: To
determine whether
aerobic  exercise
could influence
the expres- sion of
Klotho, decrease
reactive  oxygen
species (ROS) and
prolong life span.

One

when
doing
research.

48 weeks

day Five sets of 20 Randomized

jumps with 2 control trial
min rest
intervals

between sets
and 10 s of rest
between each
jump and took
approximately
1 hour to
complete.

60 min/day, 5 Randomized
days/week control trial

Plasma levels of the klotho
protein increased after acute
cardiorespiratory exercise yet
diminished immediately after
an acute strength exercise
session, only to increase with
respect to pre-exercise levels
24 h later.

Klotho mRNA and protein

expression levels were
increased significantly
following aerobic exercise

compared with controls.
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6. Amaro
al. 2018

7. Matsubara
et al., 2014

8. Baghaiee
etal., 2018

80 healthy adults S-Klotho plasma
(50% women) aged levels.

45-65 years old.

69 healthy Plasma Klotho
postmenopausal concentration
women (50-76 years

old)

40 wistar rats, young Plasma Klotho
(4 month old) and level

middle aged rats (13-

15 month old)

Intervention: 12 weeks
aerobic  training
Research

purpose: to
determine the

effect of different

training modalities

on the S-Klotho

plasma levels in
sedentary healthy

adults.

Intervention: 12 weeks
aerobic  training
Research

purpose: to

examine the

effects of aerobic

training to plasma

Klotho

concentration and

arterial stiffness
Intervention: 8 weeks
aerobic  training

Research

purpose: to

examine the the
effect of aerobic
training on serum
levels of Klotho
and cardiac tissue

intracellular
reactive  oxygen
species (ROS)

Less than 50
min/week.

>3 days/ week
(2-3  sessions
were
supervised,
and additional
home-based
training).
Initially 30
min/day (60%
of the heart
rate), and
increased  to
40-60 min/day
(70-80% of the
maximal heart
rate)

Using rodent's
treadmill.
Initially 11
m/min,slope
0%, distance
travelled 180
meters;
increased to 14
m/min during

13 minutes,
slope 0%,
distance

Randomized
control trial

Cross
sectional

Experimental

The S-Klotho plasma levels
could be related to physical

exercise inasmuch physical
exercise is involved in
physiological pathways that

regulate the S- Klotho plasma
levels.

The aerobic exercise is
increasing plasma  Klotho
concentrations and carotid

artery compliance. Meanwhile,
it is decreasing the B stiffness
index

The moderate aerobic exercise
is increasing plasma Klotho,
and decreasing oxidative stress,
ERK1/2, P38, and fibrosis
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production,
MAPK pathway,
fibrosis and

concomitant
changes in middle
aged rats

travelled 460
meters during
34 min in
fourth  week;

16 m/min,
slope 0%,
distance

travelled 830
meters during
54 min in eight
weeks.
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DISCUSSION

a. Kilotho and its function

Klotho (KL) protein is the anti-aging protein, encoded by KL genes. KL family members are -
KL, B-KL, and y-KL genes. B-KL is found in adipose tissue, liver, kidney, pancreas, gut, and spleen. [3-
KL regulates energy metabolism and mediates the fibroblast growth factor (FGF) activity, FGF15 and
FGF2'°. Meanwhile, y-KL activates FGF19 and FGF23. This KL is found in kidney, skin, and brown
adipose tissue?!. The term KL in this literature refers to o-KL.

Klotho protein expression begins in utero, and increases from infancy to adulthood. The expression
of KL decreases with age starting at 40 years of life?2. KL has a biological role in decreasing oxidative
stress, suppressing inflammation, and regulating phosphate, vitamin D, and energy metabolism?. In
mice, overexpression of KL increases lifespan. Contrary to KL-deficient mice, it becomes prematurely
aged, shorter lifespan, and dementia. The aging-related disorders are also apparent in the deficiency of
KL, such as loss of muscle and fat mass, skin thinning, infertility, atherosclerosis, osteoporosis, and
ectopic calcification?25, KL has the capacity to decrease the expression of pro-inflammatory cytokines
(IL-6 and IL-8) which relate to cells senescent; thus it has the anti-inflammatory and anti-aging effects?®.

Klotho protein is found in the kidneys, brain, and pituitary glands. It is found in small amounts in
the skeletal muscle, urinary bladder, ovaries, and testes. KL is the part of the FGF receptor (FGFR). Its
ligands are bound to FGF 19, FGF 21, and FGF 23. It has a contribution in phosphate excretion in the
kidneys?©.

There are two types of KL, bound with membrane and secreted-forms. The latter is formed by
chaining or sloughing of transmembrane KL with the help of membrane-anchored proteases,
disintegrins and metalloproteinases domain-containing proteins, ADAM 10 and 172526, Transmembrane
KL is found on the cell surface, generated by the kidney, and expressed in the brain, choroid plexus and
neuron®,

The membrane bound KL is an obligate receptor for FGF23, known as the KL co-receptor in
kidney?¢. Klotho protein and FGF23 form a complex called the FGF23/KL complex. It has metabolic
functions in many tissues such as the kidney, heart, and brain. FGF23/KL complex increases synapses
density in hippocampal neurons. It regulates mineral ions such as calcium and phosphate homeostasis?!.
Klotho protein increases neuronal plasticity factors and memory, and alleviates anxiety®8.

Shed KL is found in blood, urine, and cerebrospinal fluid. ADAM 10 cleaved KL to 130 kDa,
ADAM 17 cleaved KL to 68 kDa. The first cut cleaved KL to 130 kDa and contained KL1 and KL2
fragments. The second cut cleaved the KL to 68 kDa and localized it in KL1 and KL2 segment?®. Insulin
and low extracellular calcium stimulates shed KL?*. Secreted KL has biologic effects in the body and
is expressed by the kidney. It is a predominant human RNA transcript?’.

b. Aerobic training increases Klotho protein level

Aerobic exercise is important for improving physical function and quality of life. Aerobic exercise
has been shown to delay aging, impair cognitive function, and reduce neurological function. The KL
gene is expressed in the brain and kidneys. When kidney or brain disease is present, KL protein
expression is reduced. Decreased expression of the KL gene increases the aging rate of neurons and
causes cell degeneration. Increased expression of KL protein helps clear ROS damage in the body?8:2°.
Lack of KL gene expression is associated with aging phenotypes such as atherosclerosis, decreased
bone mineral density, sarcopenia, skin atrophy, and cognitive impairment¥®°. Physical activity and
exercise can delay or prevent the development of Alzheimer's disease. KL protein is one of the systemic
biomarkers involved in learning and memory?*°.

KL protein deficiency causes premature aging. Insulin / IGF-1 is an important signaling pathway
in aging research. KL protein indicates IGF-I and insulin resistance. S-KL inhibits IGF-1 and insulin
receptors by inhibiting tyrosine phosphorylation of both the receptor and its downstream signaling
protein. Blockade of s-KL-induced IGF-I signaling increases resistance to oxidative stress and thus
improves immunity. According to Saghiv the level of circulating s-KL is similar to that of a well-trained
young athlete. The response depends on the level of aerobic exercise. Athletes who were trained in
aerobic s-KL levels increased significantly and IGF-1 levels decreased compared to those who were not
active. Aerobic exercise is proven to increase s-KL, while anaerobic exercise does not affect the
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expression of s-KL. Elderly individuals with aerobic exercise have a longer life expectancy than those
who are not active?.

According to Ji, exercise prolongs aging and life by increasing KL protein expression in brain and
kidney tissue. Any form of aerobic exercise can be selected based on individual condition?8. With
moderate-intensity aerobic exercise, it was effective to change pathological hypertrophy to
physiological cardiac hypertrophy in rats. The effect of aerobic exercise can increase KL and reduce
oxidative stress®. The effects of skeletal muscle on many endocrine organs have become a growing
subject of research in recent years. The association between KL expression and skeletal muscle
contraction may help explain the anti-aging effects of physical activity. Further investigation is needed
to determine whether skeletal muscle contractile activity can cause serum secretion of KL into the
bloodstream or the myokines that cause KL expression in the kidneys or brain. This can lead to the
development of rehabilitation programs that are targeted and specifically designed to counter the effects
of aging?’.

In post menopausal women, the aerobic exercises can increase KL and vasodilate vascular. The
aerobic exercises, such as cycling and walking, should be done in 30 minutes a day at relatively low
intensity for 12 weeks. While in athletes, the football players, the aerobic exercise also increases KL
protein level compared to non-athletes groups®223. Moderate-intensity aerobic exercise for 8 weeks may
increase KL serum. The increase in KL serum is in response to exercise to reduce oxidative stress. It
also leads to a reduction in abnormal cardiac hypertrophy and the development of physiological
hypertrophy?®. According to Matsubara, aerobic exercise causes an increase in KL concentrations in
plasma. His research showed that 12 weeks of moderate aerobic exercise was positively correlated with
KL plasma levels. These results suggest a possible role for secret KL in modulating exercise-induced
arterial stiffness®2.

Klotho protein secretion can reduce apoptosis and cellular senescence that impairs endothelial
function in the vascular endothelium. Aerobic exercise increases KL plasma concentration and reduces
arterial stiffness. The serum KL concentration is increased significantly in response to a single
resistance exercise as well as being proven in long-term aerobic exercise. This suggests that KL serum
may be related to total muscle mass and muscle strength in the body3224. The loss of klotho protein
relates to muscle by reducing the proliferation and regeneration of muscle stem cells. Hence, it reduces
the capacity of skeletal muscle to regenerate. The finding is similar with aging muscle, which has
reduced regeneration capacity®®. The acute increase in KL serum concentrations after resistance training
may contribute to an increase in the baseline of KL serum after long-term exercise34. According to
Iturriaga, levels of soluble KL increase in response to a single cardiorespiratory exercise but decrease
immediately after strength training, levels increasing after 24 hours of exercise®.

c. Kilotho improves Cognitive Function

Klotho protein has been linked to cognitive function in numerous studies. Improved learning and
memory tasks seen in transgenic mice with systemic over expression of KL. LTP (Longterm
Potentiation) is a type of synaptic plasticity GIUN2B that is complemented by N-methyl-D-aspartic acid
(NMDAR) receptors and is a major role in learning and memory processes in mice. The KL-mediated
effects were demonstrated to be abolished when GIuUN2B was blocked. Klotho protein has an effect on
young mice as well. According to the study the increased KL can improve cognition and avoid cognitive
deficiencies at various periods of lifel’.

The polymorphism KL-V(F352V)S(C370S) is linked to the effect of KL on cognition. People with
the KL-VS polymorphism (a mutation in the gene that codes for a protein that helps govern nerve
growth) have greater cognitive function than people without the polymorphism, according to the
Hillblom Aging Study. A study conducted by Zhou et al. is corroborated this finding. The KL
polymorphism is made up of six SNPs, three in exons and three in introns, according to a study. Amino
acid substitutions are thought to be caused by two frequent polymorphisms in the exon of the F352V
and C370S genes. In human embryonic kidney cells, expression of this polymorphism increased
development KL-FGF receptor complex and increased FGF23 signaling®’. Serum KL levels were
higher in heterozygous carriers KL-VS polymorphism than in non-carriers. Higher scores on measures
of semantic competence, categorical competence, and modify assessments were linked to higher serum
KL levels in and out of the workplace®.
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The hippocampus controls of episodic memory storage and retrieval. KL deficiency damages the
cholinergic nervous system in the hippocampus, according to Park et al., evidenced by a significant
increase in AChE activity and AChE gene expression and also a significant decrease in M1-mAchR
gene expression, M1nAchR binding, Ach levels, ChAT activity, and ChAT gene expression. KL
insufficiency at cholinergic nerve terminals of presynaptic neurons expressing M1ImAChHR in the
hippocampus causes these alterations in the cholinergic nervous system. KL insufficiency lowered the
expression of PKCblI, p-ERK, p-CREB, and BDNF, as well as NMDAR-dependent LTP, indefinitely.
KL has a neuroprotective impact via the redox system, according to recent studies. Through activation
of the thioredoxin/peroxiredoxin pathway, the Klotho protein protects hippocampus neurons from
oxidative damage caused by glutamate and B-amyloid“.

Low levels of KL promote malfunction of the hippocampal circuits involved in consolidating LTM
(long-term memory), but not of the prefrontal circuits involved in STM (short-term memory), according
to KL-deficient mice, who performed worse 24 hours after exercise than one hour after exercise.
Experiments with mice overexpressing (KL-OE) revealed that KL-OE boosted STM and LTM at an
age-independent manner. Young and middle-aged KL-OE mice performed better at Morris water maze
tests, hippocampal-dependent spatial memory tests, and context-based fear conditioning tests. The KL-
OE mice performed better at the Y-maze test, which is a sort of STM that measures working memory?’.

The NMDA receptor with higher expression of the GIuN2B subunit improves memory in old mice.
The NMDA receptor with increased expression of the GIUN2B subunit improves synaptic memory and
transmission in the frontal lobe, caudate nucleus, and hippocampus of the elderly mouse. It implies that
it can be improved. When it is compared to old mice, the mice with enhanced GIuN2B expression in all
brain areas have higher long-term spatial memory, and the young mice have similar memory on
different training days for different injection sites. In the hippocampus, increased expression GIuN2B
component improves NMDA receptor mediated synaptic transmission*:,

The anti-aging protein KL may help oligodendrocytes in the central nervous system mature and
myelinate. Cognitive impairments are caused by the lack of KL expression®2. Increased levels of KL in
the brain have been linked to increased cognitive function in both humans and animals, according to
the study. The link between KL and cognitive functions is explained by two theories: 1) KL promotes
memory formation and hippocampus function via neuroprotective and antioxidant processes; 2) KL
enhances hippocampal and prefrontal memory by modifying LTP via activation of the GLUN2B
NMDAR subunit®,

d. Kilotho and Alzheimer Diseases

Klotho protein has been related to increased longevity and cognitive function in the elderly*3.
Klotho protein is found in high concentrations in the kidneys and brain, where it is associated to a
number of key biological processes!'. Growth factor-mediated signaling, calcium homeostasis, synapse
function, autophagy, and cell survival are just a few of the crucial biological processes that Klotho
protein is engaged in*. Klotho protein concentrations have been associated with a longer lifespan and
a decrease in cellular aging indicators (e.g. lower epigenetic age, higher telomerase activity)*®. In 2002,
Arking et al. discovered that one allele of the KL (KL) gene, KL-VS, is associated with human aging*®.
KL-VS is a haplotype with two linkage disequilibrium (LD) missense variants: rs9536314 (p.F352V)
and rs9527025 (p.C370S)*’. Some researchers believe that having just one copy of the KL-VS gene is
associated with improved mental abilities and reduced Alzheimer's disease pathology. However, this
theory has been disputed by other researchers*:#2, A functional haplotype is formed in humans by
variants of rs9536314 (F352V) and rs9527025 (C370S) in the KL gene (KL, 13913.1). KL-VShet, a
KL-VS haplotype with one copy instead of two, has previously been related to greater KL levels in the
blood”. KL-VShet affects around 20% to 25% of the population and has been linked to improved
cognitive performance throughout adulthood, higher frontotemporal gray matter volume in functionally
normal persons, and lower mortality in cognitively normal people. These data suggest that KL is critical
for maintaining cognitive performance and brain function as people age?°1.,

According to recent studies, having high KL levels may aid in lowering the risk of Alzheimer's
disease*®. KL-VShet was linked to a lower risk of AD dementia and cognitive decline in elderly people
carrying the ApoE 4 allele, the strongest genetic risk factor for AD dementia, possibly due to elevated
levels of primary AD pathology like cortical beta-amyloid (Af) aggregation, according to a recent meta-
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analysis*’. KL-VShet was associated with reduced levels of AP deposition biomarkers in ApoE 4
carriers, suggesting that KL-VShet may have a direct impact on primary AD pathology levels*. In
APOE-4 carriers with a single allele of KL-VS, Alzheimer's disease risk was lowered by 1.3 times
compared to APOE-4 carriers without KL-VS. The authors also verified previous findings that KL-VS
heterozygotes with APOE-4 had decreased amyloid deposition*’. Heterozygotes with the -VS haplotype
were likely to have greater levels of KL and lower AD risk than homozygotes, showing that KL has a
beneficial potential*’. Despite KL tends to promote amyloid removal through autophagic mechanisms
which engage with APOE, no definitive relationship involving KL and APOE action in removal has
been established at this time*212,

Nevertheless, it's unknown if KL is linked to higher amounts of fibrillary tangles carrying
pathologic tau, the major driver of Alzheimer's disease progression. In the presence of A deposition,
the initial main pathology in AD, neurofibrillary tangles extend out from medial temporal lobe to higher
cortical locations. Atrophy of gray matter and cognitive impairment are associated to the progressive
formation of neurofibrillary tangles in the presence of AB pathology, and it is more predictive of such
changes than AB*. Since tau pathology is so essential in medical care, it's critical to discover if the KL-
VShet variant reduces the production of neurofibrillary tangles and thus cognitive decline in
Alzheimer's disease at a given amount of AB deposition“®,

The processes behind the relationship between KL and tau disease remain unknown. Insulin
regulation, growth factor effects, notably FGF2345, redox system activation, and calcium signaling
have all been linked to KL*. The association between the KL protein and decreased neurofibrillary tau
might be understood by its function in autophagy, a process thought to be involved in the removal of
AD pathology*>8,

CONCLUSIONS

Klotho protein is a large protein with anti-aging and neuro-protective properties. KL decreases in
aging and brain with AD. Aerobic exercise has been found to delay aging and improve cognitive and
neurological function. Exercise helps to slowdown the aging process and prolong life by enhancing KL
protein level in brain tissues. Increasing KL improves and prevents cognitive deficits in various stages
of life. Two theories of KL impacts cognitive functions. First, KL protein improves memory formation
and hippocampus function through neuroprotective and antioxidant mechanisms. Second, upregulating
of GLUN2B and NMDAR subunits by KL protein modulates LTP can impacting the formation of
memory. KL enhances hippocampal memory and prefrontal memory. KL protein improves Alzheimer’s
disease, by lowering the formation of neurofibrillary tangles, hence improving the cognitive decline in
AD. The mechanism of KL protein explained by its role in autophagy. However, the mechanisms that
link KL to tau pathology are still unknown. Through this article, the aerobic exercise is expected to
improve cognitive function in AD patient by increasing the level of KL protein. The research about this
topic is still a few, thus it becomes the limitation of this article. Further research is needed to prove the
theories.
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