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Article Info ABSTRACT
Thyroid cancer and various endocrine disorders are associated with the
multifunctional protein known as a-Klotho, also referred to as Klotho.
Received 12, 15,2024 However, nothing is known about the connection between blood Klotho levels
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hypercalcemia, stunted development, and a shorter lifetime. Klotho
overexpression has the opposite effect and lengthens life.

a-Klotho Klotho levels in humans decrease with age, diabetes mellitus (DM),
Alzheimer’s (AD), and chronic kidney disease, with another diseases. The

Keywords:

agin . . . . :
& g. brain, pancreas, and other tissues also produce it., the kidneys are the primary
thyroid gland . . . . .
. source. Human kidney function frequently declines with age, lowering Klotho
hyperphosphatemia

’ g levels. This is associated with a higher death risk from all causes, and a
Vitamin D shortage of Klotho causes hyperphosphatemia and hypervitaminosis D.
Interestingly, Klotho inhibits four pathways: transforming growth factor 3
(TGF-B), insulin-like growth factor-1 (IGF1), Wnt and Nf-KB that link to
aging in different methods.

These may induce cellular senescence, apoptosis, inflammation,
immunological disorders, fibrosis and neoplasia. Accordingly, preclinical
Klotho treatment improved cancer, diabetes, cardiovascular, renal, and
neurological illnesses. In this article, we give a summary of recent
advancements in the molecular mechanisms of a-Klotho protein, elucidating
the part that a-Klotho protein plays in thyroid dysfunction and pointing out
areas that need more research.
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1. INTRODUCTION

Almost every tissue and organ in the body changes with age, leading to debilitating and/or deadly illnesses
like cancer, chronic organ failure, cardiovascular disease, and neurodegeneration. Different species age at
different rates, which may indicate a biological clock is poorly defined. Despite extensive research, molecular
pathways driving aging remain poorly understood. However, age-related disorders most likely have a complex
etiology. A tiny amount of genes in humans directly linked to either longevity [1] or accelerated aging, such
as in progeria is an uncommon illness [2].

The antiaging gene Klotho (kl) and it's associated with Protein a-Klotho (also known as Klotho or KL)
are focus of this review. In 1997, the gene was initially discovered in mice [3]. Mutated mice with a
hypomorphic Klotho allele (KI kl-kl) [3] or total deletion of the Klotho gene (K1 —/—) [4] demonstrate a
condition with numerous aging hallmarks when the protein is lacking.

Mice with Klotho deficiencies show developmental delay, renal illnesses, hyperphosphatemia,
hypercalcemia, vascular calcification, and cardiac enlargement, and hypertension, fibrosis of an organ,
multiorgan atrophy, osteopenia, lung illnesses, cognitive dysfunction, and brief lifetime. [5, 6, 7]. Gene
overexpression, on the other hand, extends the duration of survival [8].
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Klotho can be the soluble endocrine mediator that has a range of functions [9, 10] (Figures 1, Figure 2, and
Figure 3), or a membrane-bound FGF-23 coreceptor[11]. Klotho insufficiency and hyperphosphatemia, which
are caused by age-related declines in renal function, are major contributors to the aging phenotype [12]. Klotho
increases phosphate removal and safeguards the kidney (phosphaturic action). Klotho has a significant impact

on a number of biology processes related to the aging and illness (Figure 4):
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. FGF-23 dependent control of calcium, vitamin-D and phosphate.

. Anti-inflammatory and also antioxidant properties.

. Preventing chronic fibrosis.

. Preventive measures against heart illnesses.

. Tumor suppressor (anti-cancer) actions.

. Diabetes-related metabolic regulatory processes.

. Anti-senescence and anti-apoptotic properties; maintenance of stem cells.
. Protection from neurological diseases, such as Alzheimer's.
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Figure 1.[13] klotho structure.

Figure 2. [14] Klotho, FGFR, and FGF-23 signaling complex
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Figure 4. [16] Klotho deficiency is associated with a variety of age-related illnesses.

Klotho Production Sites:

Klotho is produced by several organs, including the kidney, brain, pancreatic f cells, blood arteries,
and skin [17]. Additionally, expression has been reported in peripheral blood circulating cells in recent research
[18]. Urine is another method of elimination. According to studies on mice with Klotho-specific genetic
deletions [19] and nephrectomized rats [20], the kidney is the principal source of circulating Klotho. Both
renal tubules (proximal and distal) generate it, with the distal tubule perhaps producing more of it[21].
Nevertheless, several [22][6] comparable levels of the membrane-bound form at both sites. Remarkably,

Klotho has distinct purposes in the distal and proximal tubules [22].
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Klotho increases Ca2+ reabsorption in the distal tubule while promoting a phosphatic effect and inhibiting
vitamin-D synthesis in proximal tube. The significance of proximal tubular functions was confirmed by
conditional inactivation of the Klotho gene in the proximal tubule, which reproduces many features of systemic
gene inactivation [23].

3. Regulation and Molecular Features:

3.1 Soluble and Membrane-Bound Forms

Klotho is a 1,012 aa (130 kDa) single-pass membrane protein that has a very brief intracytoplasmic region
(10 aa) in humans [24][25]. KL1 and KL2, the two domains that together make up the extracellular component,
are shown in Figure 1. Membrane proteases, namely ADAM-10 and ADAM-17 (a secretases), can release
soluble alpha-Klotho (soluble-Klotho) into bodily fluids to serve as an endocrine hormone [9].

Additional cleavage may result in the release of smaller KLL1 or KL.2 fragments, which never found in the
blood circulation. It might be an additional soluble version of Klotho, believed to be produced by alternative
splicing, that only contains KL-1 and is referred to as secreted Klotho. Nevertheless, there are early stop codons
in the sequence, resulting in mRNA destruction [26].

The KL1/KL2 form of soluble Klotho, which is created by proteolytic cleavage of the membrane-bound
protein (excretion), seems to contain the majority, if not all, of the protein. Indeed, secretase inhibitors that
facilitate this proteolytic cleavage significantly reduce soluble -Klotho levels in circulatory system of mice
[20].

Klotho shedding regulations are not fully established, although the role of alpha-secretase ADAM-10,

ADAM-17 is well known, notably in renal tubular epithelial cells [27]. Insulin, growth hormones, and
cytokines can all increase the expression levels of these enzymes. [28].
Tissue metalloproteinase inhibitors (TIMPs), on the other hand, prevent ADAM proteins from performing their
functions. Certain medications may boost Klotho's proteolytic cleavage. Although there aren't many examples
in research, ligustilide is an important example. In a mouse model of AD, this natural substance was protective
and increase the expression of ADAM-10 and soluble-Klotho [29]. A wide range of biological processes may
be impacted by the ADAM secretase proteins, which have a huge number of substrates. As a result, medications
that target these enzymes are likely to be ineffective and harmful.

Klotho's crystal structure and bind site to the FGF receptor (particularly FGFR1c and FGF23) have been
published [25]. No particular s-Klotho receptor has been found. However, it interacts to broadly distributed
receptors on numerous cell kinds, including FGFR-s and the TGF-f receptor.

3.2 The Control of Klotho Expression:

The expression of Klotho is influenced by several variables [24]. This may vary greatly amongst tissues and
is only poorly understood. Several variables, including circulatory stress, DM, hypertension, can modify
Klotho expression in the primary source of synthesis. Klotho is frequently low in inflammatory illnesses and
could be a valuable biomarker of inflammation [30].

Klotho gene expression is regulated by many transcription factors, including those that bind to promoter sites
PAX4, Oct-1, Ap-2, E-box and Sp1[24].

PAX4 serves as a positive regulator. The gene's 5’ flanking region contains PPAR-y response elements that
enhance transcription. Diabetes is connected to the genes PAX4 and PPAR-y. Vitamin-D binds to vitamin-D
response sites in the promoter, resulting in Klotho transcription. In contrast, NF-kB binds to the Klotho
promoter but suppresses it [31] [32]. This might help to explain why inflammatory diseases have decreased
amounts of Klotho. Notably, angiotensin-II inhibits Klotho transcription strongly (Figure-3), which has been
connected to control of thpositive regulator Sp-1 [33].

B-Hydroxy B-methylglutaryl-CoA (HMG- CoA) reductase is also inhibitory, statin medications are able to
counteract that inhibit this enzyme[34][35] (Table 1). Statins increase Klotho m-RNA, potentially by
deactivating Rho-A and/or decreasing the angiotensin-II response [36]. Interestingly, FGF-23 is the powerful
negative regulator of Klotho transcription [37]. Thus, incidents that enhance FGF-23 production, such as
chronic renal illness, will lower Klotho. Cancer cells frequently turn off the Klotho gene, which could be due
to a variety of processes.

GC-rich and susceptible to DNA methylation, the Klotho promoter in particular can be rendered inactive in
malignant tumors by DNA hypermethylation. miRNAs, which seem to play a significant role in cancer, also
control Klotho [38].
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Table 1. Example of current therapeutic medicines that increase Klotho levels.

Drugs Clinical applications
RAAS inhibitors (Valsartan and losartan.) -Chronic kidney disease(CKD)[39]
-Diabetic[40]
-nephropathy(DN)[41]
-Hypertension[1]
PPAR-y agonists (rosiglitazone, ciglitazone, -Diabetes Mellitus(DM)[42]
pioglitazone) - Hyperlipidemia[43]
Vitamin (D) -Vitamin- D[44]
-Hypocalcemia[45]
-Rickets[46]
-Osteoporosis[4]
Metformin -Type2 diabetes[47]
Antiplasmodial (dihydroartemisinin) -Malaria[48]
Endothelin-1 receptor antagonist (Atrasentan) -Diabetic nephropathy(DN)[49]
Statins -Ischemic[31]

-cardiovascular and kidny disease[3]

4. The Klotho interactions between FGFRs and FGF23:

Klotho's extracellular domain creates a high-affinity receptor for FGF-23 by binding to FGFR-Ic, -
3¢, or -4, all of which are tyrosine kinase receptors (Figure -2)[25][11].

FGF-19, FGF-21, and FGF-23 are commonly referred to as endocrine FGFs (e-FGFs) due to their
solubility, ability to penetrate the circulation, and remote function. In contrast, tissue inhibitors of
metalloproteinases (TIMP-s) prevent ADAM proteins from working [50].

Some medications can increase Klotho's proteolytic cleavage. There are few cases reported, but drug
(ligustilide) is a remarkable exception. In a mouse model, this natural chemical boosted the expression of
ADAM-10 and soluble-Klotho while also protecting against Alzheimer's disease [31]. Klotho's renal
physiological activities have been well investigated [51].

In the kidney, FGFR-1c activation controls the exchange of calcium (Ca+2) and phosphate. This is
accomplished by blocking the proximal renal tubule's sodium phosphate transporters (NPT-2a and NPT-2c),
which lowers the reabsorption of inorganic phosphate (Pi)(phosphatic effect)[52].

Ca2+ resorption via TRPV-5 channels is increased in the distal convoluted tubule. The distal tubule
absorbs more Na+ due to increased Na+Cl— cotransporter expression (NCC). FGF-23 /Klotho /FGFRI1c
decreases 1-a-hydroxylase expression in the proximal convoluted tubule (PCT), inhibiting the synthesis of
active vitamin- D, also known as 1-25 (OH) 2D3. Among others advantages, vitamin- D stimulates
calcium(Ca+2) and phosphate absorption in the intestines, which will be decrease .Also,FGF-23 suppresses
parathyroid hormone (PTH) production in a Klotho-independent way, influencing phosphate and calcium
balance[53].

In mice, lacking Klotho or FGF-23 leads to increase the activity of 1-a-hydroxylase, overproduction
of active vitamin-D and hypercalcemia / hyperphosphatemia.

In animals with Klotho deficiencies, hypervitaminosis-D and hyperphosphatemia seem to be linked
to an accelerated aging phenotype [12][54]. A low-phosphate diet, however, improves illness even when
vitamin D levels increase, indicating that hyperphosphatemia plays a larger role in the aging syndrome than
vitamin D toxicity. Nonetheless, inhibiting vitamin-D responses reduced the lesions of Klotho deficient
animals.

Calcium and phosphate ion hypersaturation in the blood leads to the formation of calciprotein particles
(CPP-s). The CPP-s are thought to hasten the aging-related degenerative processes since they precipitate in
tissues. Klotho shortage is commonly caused by renal failure, which can occur as a result of a variety of acute
or chronic diseases. Rare human mutations that result in a significant deficit of either Klotho or FGF-23 are
linked to hyperphosphatemia from an early age [55].

Calcification is widespread in the soft tissues, blood vessels, and numerous organs and anatomical
locations throughout the body. Treatment options include a low-phosphate diet, phosphaturic medicines,
medication for inflammation and phosphate binding agents.

This severe congenital deficit of either functional Klotho or FGF-23 is not similar to the substantially
lower Klotho expression observed in the chronic disorders discussed in the study. Indeed, they are not linked
to the extensive calcification seen in congenital hyperphosphatemia.
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5. Klotho Functions independent of FGF23:

5.1 Inhibiting IGF1 Pathways:

Aging has long been linked to the insulin receptor/IGF1 signaling pathway, which is nutrient-sensitive

[56][57]. Activation of the downstream mediator known as mechanistic target of rapamycin (mTOR) occurs
when nutrients are plentiful, which has been associated to a number of age-related illnesses. Calorie restriction
(CR) may lessen the damage and potentially lengthen life in some animals [58][59]. Therefore, Klotho's
suppression of the IGF-1 /PI3K /Akt/ mTOR pathway is particularly important [60].
This is one possible mechanism via which Klotho produces anti-aging effects and protects against degenerative
illnesses. In this situation, soluble-Klotho inhibits insulin/IGF1 receptor activation, which prevents
downstream signaling processes such as IRS phosphorylation and PI3K / Akt / mTOR signaling. Rapamycin,
a mTOR inhibitor, slows age-related illness in mice, including vascular calcification, while also increasing
Klotho expression [61].

The insulin/IGF-1 pathway contributes to cancer development, while Klotho inhibits it. The
insulin/IGF1 pathway is linked to anti-oxidant processes via the FoxO forkhead transcription factors (FOXO-
s). The Insulin/IGF1 pathway blockage causes FOXOs to migrate to the nucleus and production of numerous
genes that produce enzymes that are antioxidants, including manganese superoxide dismutase [62]. As a result,
mice that overexpress Klotho exhibit greater levels of FOXO activation than those that lack it.

6. Diabetes mellitus and obesity effects:

Remarkably, diabetics' islets have less Klotho [63]. Numerous researchers have documented
decreased levels of Klotho in the bloodstream of individuals with type-1 diabetes (T1D) [64][65] and type-2
diabetes (T2D), especially when the condition is advanced [66]. Circulatory levels of soluble -Klotho are
reduced in diabetic NOD mice (T1D) and db/db mice (T2D) [67].

Attenuation of FGFRIlc, that expressed by p-cells, leads to diabetes with lower B cell
numbers[68].Islet cells express both Klotho and KLB, indicating that they can react to FGF-23 (Coreceptor
Klotho) and FGF-21 (KLB coreceptor). FGFR1-c stimulates B cell signaling via many pathways (Figure 2),
including P-I3K/Akt for cell survival, RAS-MAPK for mitogenic response, and PLC-PPAR adiponectin for
regulating glucose and lipid metabolism.

In mice, Klotho administered via gene transfer demonstrated notable protective effects on B cells in T-1D and
T-2D models [69].

Klotho inhibited B-cell death and promoted their proliferation. The development of insulitis in NOD mice
is a significant pathological finding. The process starts with a peri- islet mononuclear cell infiltrate (including
T- cells), then immune cell invasion, severe infiltration, and Bcell death. The Klotho gene transfer inhibited
insulitis, implying an immunosuppressive and or anti- inflammatory impact. In db/db mice, recombinant
Klotho also reduced hypertension and renal dysfunction [70].

7. Klotho as a Tumor Inhibitory:

Klotho has been shown to inhibit cancer-related pathways such as NF-KB, TGF-f, IGF1, and W-nt,
supporting its role as a tumor suppressor [71] (Figure 3; Table 2). Klotho expression is reduced or suppressed
in virtually all cancers studied [72].

Klotho-positive cancers often have a better prognosis.The Klotho appears to be suppressed using the
same manner as other tumor suppressor genes. Examples of this include DNA hypermethylation at promoter
sites, histone alterations, and mRNAs.

The Klotho has anti-tumor effects in experimental tumor models both in vitro and in vivo.
Hepatocellular carcinoma (HCC), colon, stomach, and breast cancer have all been shown to exhibit this, as has
pancreatic cancer [73] and breast cancer [74].

Klotho overexpression or s-Klotho treatment suppressed pancreatic cancer cell proliferation. Indeed,
several searches have demonstrated that the Klotho suppresses cancerous cells reproduction, colony formation
and invasion while promoting apoptosis and autophagy.

Similarly in vivo forced Klotho tumor overexpression or systemic s-Klotho treatment suppressed the
development of various tumor types. This contains human cancers that have been xenografted onto mice.
Klotho's membrane-bound and soluble versions both inhibit tumors.
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Table 2. Klotho insufficiency and associated conditions.

Organ or system Disease
Kidney. -CKD[75]
-Hyper-phosphatemia[76]
-ischemic injury[20]
Brain. -Alzheimer’s disease[77].
-hippocampal -neuronal loss[78]
-frailty[84]
Bone. -Osteoporosis[10]
-osteomalacia from CKD[79]
Cancer. -Klotho protects against multiple cancer types[80]
Cardiovascular. - Atheroslerosis[81]
-- Cardiovascular hypertrophy [82]
-Hypertension[83]
- Myocardial ischemic infarct[84]
Lung. - Respiratory fibrosis [85]
- Chronic Obstructive Pulmonary Disorder[86]
Metabolism and diabetes. - Type 1 and 2 diabetes include p-cell death[87]

- glucose and lipid balance[88]
- B cell regeneration[89]
- autoimmune and inflammation (insulitis)[90]

8. Neurodegenerative and Klotho Disorders:

Reduced amounts of Klotho are associated with neurological illnesses, cognitive infirmity [91], and frailty
[92].For example, among seniors home patients,Jow serum of Klotho was linked to cognitive infirmity,
fragility, dependency and frequent falls[93]. Although Klotho's exact function in the brain is unknown, there
is evidence that it has neuroprotective properties. The Klotho is generated by the choroid plexus and detected
in cerebral spinal fluid. Additionally, the brain has high levels of its expression, especially in grey matter areas
like the hippocampus. Age and the early stages of Alzheimer's disease cause a decrease in Klotho expression
in the brain [94].

9. Alpha-Klotho with thyroid gland disorders:

The thyroid is one of the body's primary endocrine glands, producing thyroid hormones including thyroxine
(T-4) and triiodothyronine (T-3)[95] almost all nucleated cells are impacted by thyroid hormones, which play
crucial functions in the body [96][97]. Thyroid hormone control involves several molecules, including Na/I°
ISO transporter protein(NIS), thyroglobulin(TG) , thyroid peroxidase (TPO), monoiodotyrosine (MIT),
diiodotyrosine (DIT), and p-Crystallin (CRYM)[98].The development of thyroid cancers has been related to
the klotho protein, according to recent studies[57] nevertheless, no research has been done on the connection
between thyroid hormones and klotho protein. Klotho protein has multifunction that connected to a variety of
endocrine illnesses including thyroid gland tumorigenesis and the klotho protein has been demonstrated to
inhibit oxidative, infections and apoptotic processes, as well as control calcium and phosphorus metabolism.

Some studies found that poor expression of alpha-Klotho was implicated in thyroid tumor development and
fT3 levels may be positively linked with soluble-Klotho concentrations [99].T3 dramatically raised membrane
form expression of the klotho gene [100]. Based on the research presented above, it has been suggested that
klotho protein is connected with thyroid cancer and fT3, although the relationship between klotho protein and
thyroid hormones and how it is associated has yet to be determined.

10. Strategies for Klotho-Based treatment:

10.1 Pharmacological treatments for a range of illnesses

Given the advantages Klotho's resistance to aging and illnesses, as demonstrated in preclinical models
(Figure-4; Table-2), it is of great interest to develop uses in humans. Plasma Klotho levels in humans have
been shown to decline with age and in prevalent illnesses such as CKD, DM and neurological disorders because
of this the logical and safe objective would be to restore normal ranges ,so a few medications have already
been recognized as having potential use in particular disorders.

In several of studies presented (Tables-1 and-3) the major impact was a rise in Klotho levels that
approached or equaled normal, rather than exceeding normal. Based on mouse research, overexpression may
lengthen longevity, but the safety is uncertain because other variables (such as insulin resistance) may emerge.
It should be noted that almost all of the data on Klotho-based therapy has been gathered from rats.
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Table 3. supplements, medications under preclinical research, or other treatments that raise Klotho.

Name Diseases to be targeted
GABA receptor agonist - Diabetic preclinical models [101]
- Organ damage from streptozotocin [102]

Recombinant protein (s-Klotho, Klotho peptide, -Preclinical diabetes[103]

KL1) -metabolic[104]
- renal[105]

- vascular[105]

-neurodegenerative[106]
Gene therapy and cell therapy (Klotho gene) -Preclinical[107]

- numerous illnesses (an alternative to recombinant
protein therapy)[108]
Supplements, traditional medicines, and food Multiple indications and geroprotective[109]

(diet) components (tetrahydroxystilbene
glucoside, ligustilide, resveratrol, cordycepin,
curcumin, ginseng, astaxanthin, and baicalin)

A surprising variety of medicines raise Levels of Klotho in experimental animals (Tables-2 and 3), either in
bloodstream or in particular organs. The literature has focused a lot of emphasis on a few of the compounds
implicated as gero-protective substances [90],but their Klotho-inducing ability is seldom investigated. This
contains multiple medications that are now in clinical trials for a variety of illnesses (Table 1).

10.1-1The vitamin D:

Supplementing with vitamin D increases Klotho levels, as observed in kids with CKD[97]. Children with
mild to severe renal illness exhibited lower blood Klotho levels at the start of the research, which were corrected
by the Vitamin-D medication. In contrast, patients with severe kidney illness showed unaltered the Klotho
levels. This illustrates the little accessible data from clinical studies. However, there is strong evidence in
rodents that vitamin-D enhances Klotho (Table 1). The complex relationships that control FGF-
23/Klotho/vitamin-D homeostasis must be investigated in order to comprehend this therapeutic effect[58].
10.2 Physical activity and fitness:

Physical activity and sports are easy strategies for increasing circulating Klotho[110] found that one workout
session temporarily increased amounts of circulating Klotho. The relationship between middle-aged sedentary
persons' plasma levels of soluble-Klotho and physical activity and fitness was examined in the FIT-AGEING
trial.

Higher exercise and fitness, according to the scientists, were related with greater s-Klotho levels. They
evaluated the impact of several exercise programs during a 12-week span and found that all forms raised the
Klotho when compared to no exercise. They found that more soluble-Klotho is associated with more lean
mass and less fat[110].

11. Conclusions and Prospects for the Future:

The several aspects of Klotho biology were investigated in this review. Phosphate and Ca+2 balance
are the most well-studied components of renal physiology. The significance of the interaction between FGF-
23, Klotho, and FGFR was shown in mice lacking Klotho. The primary findings were hypervitaminosis-D and
hyperphosphatemia. A low-phosphate diet significantly reduced these mice's accelerated aging syndrome.
Humans with rare mutations of Klotho or FGF-23 have a hyperphosphatemic disease marked by significant
tissue calcification and systemic inflammation. Klotho production is reduced in chronic renal illness of many
etiologies, including diabetes. Deteriorating renal function and low Klotho have been linked to the acceleration
or worsening of several age-related illnesses, including the Cp/CPP-s precipitation in tissue.

Klotho is characterized as an anti-aging substance, however there is no clear proof that it slows aging in
people however, there are lots major ways for future development. This is one of the most crucial issues to
answer, but it will take extensive research. Klotho can function as both a disease marker (the brain, kidney, or
another) and a medicinal compound.

Klotho's functions in the brain, particular, remain unclear, however there are clear neuroprotective benefits
and Klotho levels in the blood or brain fluid may indicate a person's susceptibility to sickness. Multiple
medicines appear to enhance Klotho, although human research are limited. Does Klotho improve the
effectiveness of some drugs used to treat diabetes mellitus, high blood pressure, high cholesterol, and transplant
rejection? Are some of these drugs able to increase Klotho in order to cure neurodegenerative diseases? Nothing
is known. There have been very few clinical trials on Klotho-related medicines outside of preclinical research.
Another essential feature is Klotho's function as an inhibitor of tumor growth. Although this has been well-
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documented in animals, a therapeutic atmosphere is required for its development. Klotho research's limited
therapeutic uses may be due to a lack of understanding of its mechanisms of action, particularly outside the
kidney. However, as shown in this review, our understanding of Klotho's molecular and physiological
characteristics has advanced significantly in recent years.

Several therapeutic techniques are conceivable, as mentioned in this publication. Clinical study Given
the relatively short half-life of these medications, it is necessary to develop long-acting structures or slow
release formulations. The most straightforward method is to provide recombinant Klotho or peptides. Any of
these approaches would be a significant addition to the field. Preclinical studies provide some indication that
the Klotho injection is harmful, at least when normal range are restored. Though much more challenging,
genetic treatment is potentially a possible option, and the long-term effects of supranormal levels are unclear.

Apart from some therapeutic prescription drugs, readily available over-the-counter medications,
vitamins, and nutraceuticals can also increase Klotho. This is based on animal studies, and it would be quite
interesting to investigate the possibilities of the Klotho augmentation in the people. In the case of
neurodegenerative illnesses, it is important to note that several treatments, including some conventional
therapies, might pass the blood-brain barrier and increase Klotho. Finally, exercising and maintaining fitness
over time are simple ways to raise Klotho. To summarize, the majority of Klotho research has been conducted
in the animal illness models, and before the Klotho therapy is applied to humans, a great deal of study needs
to be done. This manuscript presents a set of hypotheses and information supporting clinical research on
Klotho-based treatment.
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