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Introduction
The 1997 report by Kuro-o et al [1] of a mutant mouse display-

ing a age-related degenerative phenotype across multiple organs 
and tissues, spurned significant interest and investigations. The use 
of animal models enabled the identification of the “Klotho” gene, 
with subsequent characterization of Klotho as one of a family of 
single-pass transmembrane proteins including α-, β-, and ϒ- Klotho 
isoforms [2]. Contemporaneously, Klotho is described as a multi-
functional protein with roles as both a membrane-bound co-re-
ceptor and a soluble circulating factor with functional involvement 
spanning endocrine regulation, cellular signaling, and modulation 
of oxidative stress. Soluble Klotho is generated by cleavage of the 
membrane-bound form, acting as a circulating hormone with sys-
temic effects. The membrane-bound Klotho serves as a co-receptor 
for fibroblast growth factor 23 (FGF23), regulating phosphate and 
vitamin D metabolism. Klotho is required for high affinity binding of 
FGF23 to its receptor FGFR1 it is the resultant binary complex that 
constitutes the physiological receptor for FGF23. Specifically, the  

 
isoform Klotho identified as the FGF23 co-receptor was α-Klotho, 
which hereafter is termed Klotho.

Klotho is expressed mainly on the cell surface membrane of 
proximal and distal renal tubules. The relationship between Klotho 
and FGF23 is central to maintaining phosphate and mineral homeo-
stasis. FGF23, a hormone secreted primarily by osteocytes, regu-
lates phosphate and vitamin D metabolism by acting on the kidneys 
to reduce phosphate reabsorption and suppress the production of 
active vitamin D. For FGF23 to function effectively, it requires the 
presence of Klotho. This FGF23–Klotho axis ensures that serum 
phosphate levels remain within a narrow physiological range, pro-
tecting against hyperphosphatemia and its associated risks, such 
as vascular calcification. Klotho also has independent roles as an 
anti-aging protein, influencing oxidative stress, inflammation, and 
cellular senescence, further contributing to systemic homeostasis 
and longevity.

In pathological conditions such as Chronic Kidney Disease 
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(CKD), the FGF23–Klotho relationship becomes dysregulated. As 
kidney function declines, Klotho expression decreases, impairing 
the kidneys’ ability to respond to FGF23. To compensate, FGF23 
levels rise dramatically, leading to a state of secondary hyperpara-
thyroidism, phosphate retention, and reduced active vitamin D syn-
thesis. Elevated FGF23 is also directly linked to cardiovascular com-
plications, including left ventricular hypertrophy. The decline in 
Klotho exacerbates these problems, as its protective effects against 
oxidative stress and vascular calcification are lost. This vicious cy-
cle contributes to CKD progression and its systemic complications. 
Targeting the FGF23–Klotho axis through therapeutic interven-
tions, such as αKlotho supplementation or modulation of FGF23 ac-
tivity, holds promise for mitigating these effects and improving out-
comes in CKD and other diseases characterized by FGF23–Klotho 
dysregulation. The objective of this review is to describe the role of 
Klotho as a regulator of health, an integral component in mitigating 
disease pathology, and potential role as therapeutic agent across 
various age-related conditions.

Established Functional Roles of Klotho in 
Maintenance of Health
•	 Regulates mineral metabolism (calcium, phosphate).

•	 Enhances antioxidant defenses by up-regulating FOXO tran-
scription factors and reducing oxidative stress.

•	 Modulates insulin signaling and suppresses the insulin/IGF-1 
pathway, linking it to longevity.

•	 Influences kidney function and prevents renal fibrosis.

Emerging Roles of Klotho in Maintenance of Health

•	 Protects against vascular calcification and promotes cardio-
vascular health.

•	 Plays a neuroprotective role by enhancing synaptic plasticity 
and cognition.

•	 Decreased Klotho expression contributes to CKD progression, 
vascular calcification, and cardiovascular disease.

Klotho Function is Tightly Correlated with 
the Pathogenic Mechanisms Underpinning 
Chronic Kidney Disease

Chronic kidney disease (CKD) is a progressive, systemic condi-
tion. CKD affects approximately 10–12% of the global population. 
CKD prevalence continues to increase due to an aging demographic 
and the increasing incidence of obesity and type 2 diabetes (T2D). 
The progressive loss of kidney function leads to a range of systemic 
complications, including persistent low-grade inflammation, hy-
perphosphatemia, cardiovascular disease (CVD), anemia, hyper-
tension, mineral and bone disorders, muscle wasting, osteoporosis, 
and frailty [3]. In early CKD stages, reduced renal phosphate reab-
sorption increases FGF-23 secretion to enhance phosphate excre-
tion. However, by stage 3 CKD, hyperphosphatemia becomes sys-
temic, exacerbating inflammation and vascular calcification (VC), 

contributing to early vascular aging (EVA) [4]. Hyperphosphatemia 
further induces endothelial dysfunction and activates the pro-in-
flammatory NF-κB pathway [5]. Additionally, declining renal func-
tion leads to nitrogenous waste accumulation, fueling persistent 
inflammation and a dysregulated immune system characterized by 
simultaneous immune activation and suppression [6].

A decade after the initial discovery of the Klotho gene (1997) in 
a mouse strain exhibiting vascular calcification, cardiac hypertro-
phy, osteopenia, and a shortened lifespan Klotho was found to func-
tion as a co-receptor for FGF23, an essential regulator of phosphate 
homeostasis [7]. Concurrently, hyperphosphatemia was recognized 
as a significant risk factor for cardiovascular morbidity and mortal-
ity. These insights, along with the subsequent identification of the 
FGF21–β Klotho axis, have established the FGF–Klotho system as a 
central regulator in CKD pathophysiology. Emerging research also 
highlights the roles of the gut microbiome and Calciprotein parti-
cles (CPPs) as influential factors in CKD [8]. 

As a critical regulator in kidney function, Klotho regulates 
phosphate and calcium homeostasis via FGF23, while its soluble 
form exerts systemic effects, including antioxidative, anti-inflam-
matory, and anti-fibrotic actions. Emerging evidence suggests that 
Klotho deficiency not only reflects CKD severity but may also drive 
its pathogenesis, making it a potential biomarker and therapeutic 
target. Recombinant Klotho protein, gene therapy, and small mol-
ecules aiming to restore Klotho levels have shown promise in pre-
clinical models of CKD [9], demonstrating improvements in renal 
function, reduction in fibrosis, and alleviation of systemic complica-
tions. However, challenges remain in translating these findings into 
clinical settings, including efficient delivery methods and long-term 
safety evaluations. Understanding Klotho’s precise mechanisms in 
renal pathophysiology is essential to harness its therapeutic poten-
tial fully.

CKD also displays a uremic phenotype marked by complica-
tions like vascular stiffness, osteoporosis, muscle wasting, cognitive 
decline, depression, and frailty, which mirror age-related disorders 
[10]. The pathogenesis of premature aging in CKD is explained 
through four mechanisms: (i) chronic oxidative stress, inflamma-
tion (inflammaging), and imbalances in autonomic and circadian 
regulation; (ii) stress response activation that inhibits anabolic 
processes and increases tissue degradation; (iii) disease-related 
factors that accelerate aging; and (iv) impaired anti-aging mecha-
nisms [11,12]. Persistent activation of these mechanisms exacer-
bates systemic complications, reinforcing the cycle of damage and 
dysfunction. Thus, Klotho has been implicated in the causal path-
way linking CKD and premature aging.

The premature aging phenotype [13,14] driven by persistent 
low-grade inflammation, oxidative stress, and mitochondrial dys-
function, which are common features in other chronic diseases, 
particularly cardiovascular diseases. The “inflammaging” pheno-
type coupled with immune dysfunction activates the inflammasome 
signaling cytokines, Reactive Oxygen Species (ROS) and Damage 
Associated Molecular Patterns (DAMPs), which collectively sup-
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press Klotho expression and loss of protective factors like Klotho. 
Oxidative stress further activates pathways like p38 and JNK, con-
tributing to inflammation and cellular senescence. Uremic toxins, 
such as indoxyl sulfate, p-cresyl sulfate, and Advanced Glycation 
End Products (AGEs), exacerbate oxidative stress, mitochondrial 
damage, and endothelial injury, accelerating CKD progression and 
related complications.

Uremic inflammation in CKD is marked by aberrant innate im-
mune system activation, particularly monocyte-driven cytokine 
synthesis, with elevated levels of IL-6, TNF, and IL-1β contributing 
to systemic inflammation [15,16]. Dysregulated inflammasome sig-
naling and epigenetic, further exacerbate inflammation and renal 
fibrosis. Senescent cells in CKD adopt a Senescence-Associated Se-
cretory Phenotype (SASP), amplifying the production of inflamma-
tory cytokines and chemokines, thereby perpetuating the inflam-
matory state and premature aging processes [17-19]. This complex 
interplay of systemic inflammation, oxidative stress, and epigenetic 
dysregulation underscores the multifactorial pathophysiology of 
CKD and its association with accelerated aging and systemic com-
plications.

Patients affected by CKD and Mineral Bone 
Disorder (CKD-MBD) have a High Risk of 
Cardiovascular Mortality that is Poorly 
Explained by Traditional Risk Factors

While the kidneys are the main source of soluble Klotho and 
as such the target organ of the various mineral metabolism-related 
effects of Klotho, the Klotho deficiencies observed in CKD induce 
vascular systemic manifestations including cardiovascular lesions. 
Cardiovascular diseases (CDV) characterized by vascular calcifi-
cation [20], inflammation, endothelial dysfunction and oxidative 
stress are the leading cause of mortality in CKD patients. Klotho de-
ficiency features medial calcification, intima hyperplasia, endothe-
lial dysfunction [21,22], arterial stiffening, hypertension, impaired 
angiogenesis, and reduced vasculogenesis aging) [23]. Low Klotho 
has been associated with arterial stiffness [24] and coronary artery 
disease [25]. Given the speculation that Klotho is critical for vas-
cular health and therapeutic administration exerts vasculo-protec-
tive effects in animal models, it is conceivable that Klotho may play 
a causal role in the pathogenesis of cardiovascular complications 
in CKD [26]. Klotho has been shown in vitro to decrease oxidative 
stress and apoptosis in both smooth muscle and endothelial cells, 
to reduce smooth muscle cells calcification, and maintain the con-
tractile smooth muscle phenotype. Klotho has also been shown to 
activate the Renin Angiotensin System (RAS) and diminish expres-
sion of antioxidant defenses mediated by the transcription factor 
nuclear factor erythroid 2-related factor 2 (Nrf2), thereby attenu-
ating oxidative stress. However, the mechanisms by which Klotho 
may elicit a protective effect on vascular smooth muscle cell miti-
gating dysfunction elicited by Angiotensin II (AngII) is not known. 
Nonclinical models demonstrate that Klotho protein reduces the 
rate of apoptosis and improves the function of vascular endothelial 
cells [27]. However, no compelling evidence exists that delineates 
the effects of Klotho on the cardiovascular system.

Klotho expression levels and its circulating level decline during 
aging. Aging is characterized by the gradual accumulation of physi-
ological and molecular deficits [28]. These deficits occur at varying 
rates across tissues, organs, and individuals, resulting in a dynam-
ic state of progressive functional decline, increased frailty, and re-
duced metabolic flexibility. Aging is governed by distinct biochem-
ical pathways and marked by significant changes in cell signaling, 
genomic instability, epigenetic dysregulation, loss of proteostasis, 
mitochondrial dysfunction, dysregulated nutrient sensing, and 
cellular senescence. In the context of Klotho, aging also involves 
phosphate toxicity, reduced nuclear factor erythroid 2-related fac-
tor 2 (Nrf2) expression [29], and microbial dysbiosis, collectively 
contributing to the “diseasome of aging,” reflecting the molecular 
allostatic load, with particular emphasis on phosphate metabolism. 

Klotho is expressed in the choroid plexus of the brain and con-
trols the brain-immune system interface in the choroid plexus. 
Klotho expression levels and its circulating level decline during 
aging. Klotho is a pivotal regulator of aging, functioning as both a 
longevity gene and a modulator of age-related physiological de-
cline. Its membrane-bound form acts as a co-receptor for fibroblast 
growth factor 23 (FGF23)14, regulating phosphate, calcium, and vi-
tamin D homeostasis, while its soluble form exerts systemic effects 
by influencing oxidative stress, inflammation, and cellular signaling 
pathways. Klotho expression declines with age, and reduced levels 
are associated with various aging phenotypes, including cognitive 
decline, sarcopenia, osteoporosis, vascular calcification, and met-
abolic dysregulation. Mechanistically, Klotho enhances antioxidant 
defenses by activating FOXO transcription factors, suppressing 
insulin/IGF-1 signaling, and reducing cellular senescence. It also 
modulates inflammatory responses and maintains tissue integrity, 
particularly in the brain, kidneys, and cardiovascular system. Exper-
imental models demonstrate that restoring Klotho levels extends 
lifespan and mitigates age-related diseases, underscoring its poten-
tial as a therapeutic target. Strategies such as recombinant Klotho 
protein, gene therapy, and small molecules mimicking its actions 
are being explored to counteract aging processes. However, chal-
lenges remain in fully elucidating a role for Klotho in complex aging 
networks, understanding its tissue-specific effects, and developing 
safe and effective interventions for clinical use. Klotho represents 
a promising avenue in the pursuit of healthy aging and longevity.

Klotho, the Gut-Brain Axis, Aging and 
Metabolic Disorders

The anti-aging protective effects of Klotho extend beyond its 
known role in phosphate homeostasis and aging. The evidence of 
modulation of inflammation and oxidative stress are critical to the 
health of the gut-brain axis [30,31]. Reduced Klotho levels can im-
pair gut barrier function, promoting systemic inflammation, which 
is implicated in neurodegenerative diseases such as Alzheimer’s 
and Parkinson’s [32]. Moreover, Klotho influences microbiome 
composition by mitigating dysbiosis, an imbalance in gut microbial 
communities that contributes to increased permeability and chron-
ic low-grade inflammation [33]. These effects can cascade into the 
brain, exacerbating neuroinflammation and neuronal dysfunction. 
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The gut microbiota itself may regulate Klotho expression through 
microbial metabolites, further highlighting the interplay between 
these systems [34].

In the brain, Klotho enhances synaptic plasticity and supports 
cognitive function. It counteracts neuroinflammatory pathways 
mediated by reactive oxygen species and pro-inflammatory cyto-
kines. The protein’s interaction with FGF23, known for its endo-
crine effects, also connects metabolic regulation to the gut-brain 
axis. Understanding Klotho’s role within this axis opens avenues 
for therapeutic strategies targeting age-related diseases, chronic 
kidney disease, and neurodegeneration through gut microbiota 
modulation, anti-inflammatory therapies, and Klotho-enhancing 
interventions.

Emerging evidence suggests that Klotho interacts with gut mi-
crobiota and influences metabolic outcomes via the gut-liver axis. 
This interaction impacts bile acid metabolism and lipid absorption, 
both critical in maintaining energy balance.

Specific to metabolic disorders, Klotho via mitigation of chron-
ic inflammation and oxidative stress, the two key components of 
insulin resistance and cardiovascular complications are indirectly 
attenuated. Reduced Klotho levels are linked to the activation of 
pro-inflammatory pathways, including NF-κB signaling, exacerbat-
ing systemic inflammation observed in metabolic syndrome [35]. 
Furthermore, Klotho has protective effects on adipose tissue by 
promoting healthy adipogenesis and reducing ectopic fat deposi-
tion, which is often implicated in metabolic dysfunction. Therapeu-
tic strategies aimed at enhancing Klotho expression or mimicking 
its activity are being explored as potential interventions for met-
abolic disorders. These therapies hold promise for addressing the 
underlying mechanisms of insulin resistance, dyslipidemia, and 
cardiovascular risk, offering a novel approach to managing meta-
bolic diseases.

Neurodegenerative Diseases: Protective in 
Alzheimer’s and Parkinson’s disease Models 
by Reducing Inflammation and Improving 
Neural Resilience

Klotho plays a critical neuroprotective role in the context of 
neurodegenerative diseases, linking its functions in aging and sys-
temic health to brain resilience. Expressed in the brain and periph-
eral tissues, both the membrane-bound and soluble forms of Klotho 
contribute to neuronal health by reducing oxidative stress, modu-
lating inflammation, and maintaining calcium homeostasis. In neu-
rodegenerative disorders such as Alzheimer’s Disease (AD), Parkin-
son’s Disease (PD) [36], and Amyotrophic Lateral Sclerosis (ALS), 
Klotho deficiency is associated with exacerbated neuronal damage, 
impaired synaptic plasticity, and cognitive decline. Mechanistically, 
Klotho enhances antioxidative defenses through FOXO transcrip-
tion factors, reduces neuroinflammation by suppressing NF-κB 
signaling, and modulates pathways such as Wnt and IGF-1, which 
are dysregulated in these conditions. Preclinical studies show that 
Klotho supplementation or overexpression improves memory, re-
duces amyloid-beta and tau pathology in AD models, and enhances 

dopaminergic neuron survival in PD models. Its role in promoting 
neural stem cell function and myelin repair further underscores its 
therapeutic potential. Despite promising results, challenges remain 
in translating these findings to clinical applications, including the 
need for targeted delivery systems, understanding tissue-specific 
effects, and ensuring long-term safety. Klotho-based therapies rep-
resent a compelling avenue for combating neurodegenerative dis-
eases, though further research is needed to address gaps in knowl-
edge and optimize interventions.

Cancer: Klotho May act as a Tumor 
Suppressor in Cancers such as Breast and 
Colorectal Cancer by Inhibiting IGF-1 and 
Wnt Signaling Pathways

Klotho functions as a tumor suppressor in various cancers, ex-
erting its effects through diverse molecular pathways that regulate 
cell proliferation, apoptosis, and inflammation. Initially identified 
for its role in aging, Klotho has been found to inhibit the progres-
sion of cancers such as breast, colorectal, lung, pancreatic, and 
renal cancers. Mechanistically, it suppresses oncogenic signal-
ing pathways, including the insulin-like growth factor 1 (IGF-1), 
Wnt/β-catenin, and PI3K/Akt/mTOR pathways, which are com-
monly activated in cancer cells. Klotho also modulates the tumor 
microenvironment by reducing oxidative stress, mitigating chronic 
inflammation via NF-κB suppression, and enhancing cellular sensi-
tivity to chemotherapeutic agents. Low Klotho expression is associ-
ated with tumor aggressiveness, metastasis, and poor prognosis in 
several cancer types.

Conversely, restoring Klotho expression through gene therapy 
or recombinant protein administration has demonstrated anti-can-
cer effects in preclinical models, including reduced tumor growth, 
enhanced apoptosis, and inhibition of epithelial-mesenchymal 
transition EMT. However, the dual role of Klotho as both a tumor 
suppressor and, in certain contexts, a potential promoter of cell 
survival raises challenges in its therapeutic application. Further re-
search is needed to elucidate tissue-specific roles, optimize delivery 
methods, and understand its interaction with standard cancer ther-
apies. Klotho represents a promising but complex target for cancer 
treatment, with the potential to complement existing therapeutic 
strategies.

Bridging the Gap Between Promising 
Preclinical Findings and Successful Human 
Trials

There is evidence, albeit largely preclinical, that represents 
both a geroprotective and senomorphic therapy serving to mitigate 
or inhibit the effects of macromolecular damage leading to loss of 
cellular function and suppress senescence effects without cytotox-
icity. There is growing support for preclinical efforts to enhance 
Klotho expression using viral vectors or CRISPR-based strategies 
as well as drug discovery efforts for small molecules and peptides 
mimicking Klotho’s actions. To date, studies have focused on mid- 
to late in the life course, with few (if any) robust evaluation in early 
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adulthood. Klotho remains a promising target for intervention in 
aging and age-related diseases. However, producing and utilizing 
Klotho as a therapeutic agent is both technically demanding and 
costly due to its nature as a membrane-bound protein. Moreover, 
elevated serum levels of Klotho can disrupt calcium and phospho-
rus balance, leading to conditions such as hypocalcemia and hy-
pophosphatemia. However, studies have shown that targeting the 
KL1 domain alone is effective in inducing protective effects without 
affecting phosphate levels. This observation led European Wellness 
(EW) to hypothesize that small peptides derived from Klotho could 
be leveraged replicating the anti-diseasome effects while avoiding 
unwanted side effects.

Peptides function as signaling molecules, binding to receptors 
on cells to initiate processes such as migration, proliferation, and 
differentiation, with these effects varying based on the peptide se-
quence. When integrated into scaffolds, peptides enhance stem cell 
adhesion and support tissue regeneration in areas needing repair. 
Stem cell-derived peptides, short protein fragments derived or syn-
thesized from stem cells, mimic the functions of native stem cell 
proteins and show potential in regenerative medicine by facilitating 
adhesion, proliferation, and differentiation, particularly for tissue 
repair. These peptides, sourced from various stem cells, includ-
ing Mesenchymal Stem Cells (MSCs), accelerate wound healing by 
promoting cell migration and proliferation. Additionally, their an-
ti-inflammatory properties may offer therapeutic value for inflam-
matory conditions. Peptides Emulating Extracellular Matrix (ECM) 
components further enhance cell adhesion and migration.

Cellular morphology and function influence the ultrastructure 
and tissue-specific production of biologically active substances, in-
cluding peptides. Leveraging organ and tissue specificity, peptide 
therapies can reinvigorate cellular signaling, prompting either pep-
tide synthesis or restoring normal signaling pathways, ultimately 
rejuvenating tissues and organisms. The short length and low mo-
lecular weight of peptides enable efficient large-scale synthesis, ex-
traction, and distribution for therapeutic use.

Nano Organo Peptides (NOPs) and Mito Organelles (MO) pep-
tides are extensively utilized in humans and animals. NOPs, ap-
proximately 3nm in size and weighing under 10kDa, are derived 
from mammalian stem cells using a proprietary multi-step ultra-
filtration process. This ensures specificity by isolating substances 
under 10kDa. Their small size and high solubility allow administra-
tion via sublingual or injectable routes and have been explored for 
uses such as cosmetics and regenerative organ repair. In contrast, 
MO peptides, extracted from mitochondria-specific cellular com-
ponents, focus on enhancing mitochondrial function. With aging, 
weakened mitochondrial signaling contributes to apoptosis and 
cellular decline. MO peptides aim to restore mitochondrial activity 
and promote cellular regeneration. Unlike NOPs, MO peptides are 
larger and tailored for mitochondrial revitalization.

Mitochondria are the core organelles producing the energy for 
any cell. In the kidney, heart, and brain mitochondrial dysfunction is 
detected at the pre-clinical stage of the disease. Thus, mitochondri-

al autophagy (mitophagy) is the high-sensitive test of the age-relat-
ed dysfunction. Furthermore, mitochondrial dysfunction promotes 
ROS activation, peptide malfunction, cell damage and apoptosis. 
The number of peptides and polypeptides encoded by mtDNA is 
very small compared to that encoded by nuclear DNA. Therefore, 
mtDNA and mitochondria are vital for proper cellular function. 
Mitochondrial RNA contains information about the organ-specific 
peptides secreted by cardiomyocytes, fibroblasts, epicardium, en-
dothelial cells, etc.

Peptides can also simulate growth factor activity to support cell 
proliferation and differentiation. EW has is currently investigating 
the potential therapeutic applications of stem cell-derived peptides 
in diabetes, especially type 1 diabetes (T1D), where they may rep-
licate insulin-producing beta cells’ functions, regulate blood sugar, 
and protect beta cells from immune damage. Given the integral link 
between T1D and CKD, Klotho peptides represent an auspicious 
area of investigation. The EW group evaluated peptide therapy 
products from EW and the BioPep Research Group, which devel-
oped NOP and MO peptides using a proprietary extraction process. 
In a study on NOD mice, intramuscular administration of MO pep-
tides from thymus and pancreatic extracts twice weekly over 17 
weeks aimed to delay or prevent beta-cell destruction in pancre-
atic islets. Furthermore, cytokine analysis revealed significant dif-
ferences in erythropoietin (EPO) and chemokine ligand 5 (CCL5/
RANTES) levels between MO-treated and control groups. MO pep-
tide-treated mice showed higher average EPO (374.88 pg/mL vs. 
203.68 pg/mL, p = 0.0062) and CCL5 (14.37 pg/mL vs. 8.08 pg/mL, 
p = 0.031) concentrations. These findings provide promising pre-
liminary evidence that MO peptides may delay T1D onset and merit 
further investigation as a novel therapeutic approach. Importantly, 
these pathways overlap in the inflammatory cascade observed in 
uremic inflammation.

Thus, Klotho-derived peptides, hold significant promise in re-
generative medicine due to their ability to mimic natural biological 
functions. NOPs and MO peptides further expand therapeutic pos-
sibilities by targeting tissue-specific or mitochondrial functions, 
promoting cellular rejuvenation, and restoring organ vitality. These 
peptides, including MO peptides’ ability to delay beta-cell destruc-
tion in diabetes and Klotho peptides’ anti-aging effects, represent 
a convergence of regenerative and protective strategies. By inte-
grating these approaches, peptide therapies could transform treat-
ments for aging, diabetes, and degenerative diseases through tar-
geted repair and systemic revitalization.
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