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We are aging!



The hope of restoring youth, an old aspiration



A reality and a major achievement in human history



New estrategies to improve the aging experience



What is aging?

A continuous, universal, progressive, intrinsic, and

deleterious process that decreases an organism’s

ability to maintain homeostasis in the face of

environmental stressors and therefore increases the

organism’s likelihood of dying.
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The hallmarks of aging and cancer
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The causes of death by age

Age (years)



The causes of death by age;

One strategy to rule them all



How do we approach to improve the aging experience?
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Important aspects to improve the aging experience
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Experimental approaches to modulate aging; clinical trials 



Methuselah prize of mouse longevity 1,819 days (~180 years in human)

Laron Dwarf  Mice (≥ 30%)

Bartke et al. Neuropeptides (2002)



Thyroid hormones are low in the longest living mice

Flurkey et al. PNAS (2001) van Buul-Offers S et al. Acta Endo. (1983) Brown-Borg et al. Nature (1996) Bartke The Anat. Record. (1964)

Snell dwarf mice (Pit1 mutated mice)

Laron Dwarf (GH Receptor KO)

Bartke et al. Neuropeptides (2002) Hauck SJ. Exp Biol Med (2001)

Ames dwarf mice (Prop1 mutated mice)



Thyroid hormones are reduced in calorie resticted humans

Fontana et al. JCEM (2006) 



Rozing et al. J Gerontol A Biol Sci Med Sci. (2010)

Centenarians and their offspring have lower T3/high TSH

Atzmon et al. J Clin Endocrinol Metab. (2009)

Centenarians

Jansen et al. Sci Rep. (2015)



Alterations in thyroid Hormones lead to human diseases



Hypothyroid humans have increased mortality

Kovar FM. Et al. Wien Klin Wochenschr. (2015)



The hypothalamic-pituitary-thyroid axis

Metabolic rate



The thyroid axis in metabolic health, cancer, and life expetancy
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The effects of the modulation of the thyroid axis in longevity

López-Noriega L. et al. Aging 2019



The modulation of thyroid hormones alters glucose metabolism

López-Noriega L. et al. Aging 2019



Thyroid hormones in female C57 increase insulin levels

López-Noriega L. et al. B. J. Pharmacology 2017



Increased insulin signaling in hyperthyroidism

López-Noriega L. et al. B. J. Pharmacology 2017



Thyroid hormones improve glucose metabolism in RIP.B7.1 mice

López-Noriega L. et al. B. J. Pharmacology 2017



Thyroid hormones increase insulin levels and survival in ET1DM

López-Noriega L. et al. B. J. Pharmacology 2017



Thyroid hormones produce toxicity in healthy mice

López-Noriega L. et al. B. J. Pharmacology 2017

López-Noriega L. et al. Aging 2019



The modulation of thyroid hormones alters glucose metabolism

López-Noriega L. et al. Aging 2019



Mild hypothyroid mice have poor locomotor function

López-Noriega L. et al. Aging 2019



Mild hypothyroid mice have a distinct transcriptional profile

López-Noriega L. et al. Aging 2019
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Mild hypothyroid mice have a distinct transcriptional profile

López-Noriega L. et al. Aging 2019



Mild hypothyroidism is associated to increased ROS generation

López-Noriega L. et al. Aging 2019



*

Hypothyroidism increases spontaneous liver carcinogenesis

Wt   Pax8 +/-

Wt Pax8 +/-

López-Noriega L. et al. Aging 2019



The thyroid axis alter mechanisms of aging and cancer



A delicate balance of thyroid function in health and survival



Individuals with exceptional

longevity exhibiting restricted

activity of the thyroid axis

must have a specific genetic

and/or epigenetic signature.

A delicate balance of thyroid function in health and survival



Another approach, what is wrong with aging?
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Metformin extends lifespan

Metformin

C4H11N5

Galega officinalis

Metformin is the most widely prescribed antidiabetic drug. 



The mechanism of action of metformin: “cellular hunger”

Kulkarni et al. Cell Metabolism 2024.



Metformin extends lifespan in mice

Martin-Montalvo A. et al. Nature Communications 2013



Less is more!

Martin-Montalvo A. et al. Nature Communications 2013



Martin-Montalvo A. et al. Nature Communications 2013

Metformin reduces body weight



Metformin improves healthspan

Martin-Montalvo A. et al. Nature Communications 2013



Metformin improves serum biomarkers

Martin-Montalvo A. et al. Nature Communications 2013



Martin-Montalvo A. et al. Nature Communications 2013

Metformin mimics calorie restriction 



Martin-Montalvo A. et al. Nature Communications 2013

Metformin targets mitocondrial metabolism



Martin-Montalvo A. et al. Nature Communications 2013

Metformin reduces oxidative damage

*



Effects of metformin on  the hallmarks of cancer and aging



Metformin, a cheap molecule extensively used in humans

Yang et al. Cell 2024



Yang et al. Cell 2024

Metformin resets the aging clock in monkeys



Metformin reduces risk of cancer in diabetic patients

Evans JMM et al. BMJ 2005



Metformin does not affect survival in patients with breast cancer

Goodwin PJ etr al. JAMA 2022



The need to do more research:

performing clinical trials targeting aging with Metformin



Metformin should not be taken 

without medical prescription

The need to do more research:

performing clinical trials targeting aging with Metformin



Another approach, the activation of sirtuins

CoA

Ac-CoA

K-acetyl 

transferases

NRK



Mitchell SJ*, Martín-Montalvo A* et al  Cell Reports 2014

Mercken EM et al. Aging Cell 2014

Sirtuin activation extends lifespan

Resveratrol SRT1720 SRT2104



Mitchell SJ*, Martin-Montalvo* et al. Cell Reports 2014

Sirtuin activation improves lifespan



Sirtuin activation reduces inflammation

Mitchell SJ*, Martin-Montalvo* et al. Cell Reports 2014

SD             HFD    HFD-SRT1720 SD           HFD   HFD-SRT1720

Minor R. et al. Scientifi Reports 2011



Nicotinamide riboside produces clinical improvements in 

Parkinson´s disease 

Brakedal et al. Cell Metabolism 2022



An alternative, could we mimic the activation of all sirtuins?

CoA

Ac-CoA
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ATP-citrate lyase expression increases in liver with age

Sola-García et al. Comm. Biol 2023

Sola-Garcia A. Comm. Biology 2023



pSer455 ACLY levels correlate with BMI and MELD in humans

Espadas I. Aging Cell 2024
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The relevance of Ac-CoA and ACLY inhibitors

Cholesterogenesis

Fatty acid synthesis

β-oxidation of fatty acid
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ACLY inhibitors to intervene in glucose metabolism and aging

Hydroxycitrate

SB-204990



SB-204990 improves locomotor function in high fat diet

Sola-Garcia A. Comm. Biology 2023



SB-204990 reduces lipid inflantration in high fat diet

Sola-Garcia A. Comm. Biology 2023



SB-204990 modulates mechanisms of aging

Sola-Garcia A. Comm. Biology 2023



Hydroxycitrate delays early mortality

Espadas I. Aging Cell 2024

Garcinia



Hydroxycitrate has minor glucoregulatory in healthy-fed mice

Espadas I. Aging Cell 2024



Hydroxycitrate confers improvements in glucoregulation in HFD

Espadas I. Aging Cell 2024



Hydroxycitrate does not alter neurocognitive function, 

and alters locomotor function

Espadas I. Aging Cell 2024



Hydroxycitrate does not alter protein acetylation levels

Espadas I. Aging Cell 2024



Hydroxycitrate enhances pathways related to muscle regeneration

Espadas I. Aging Cell 2024



Hydroxycitrate in muscle de- and re-generation using CTX

Espadas I. Aging Cell 2024



Hydroxycitrate improves physical function in CTX- treated mice

Espadas I. Aging Cell 2024



Hydroxycitrate reduces muscle swelling in mice treated with CTX

Espadas I. Aging Cell 2024



Hydroxycitrate enhances mechanisms of muscle regeneration

Espadas I. Aging Cell 2024



ACLY inhibition did not alter epigenetic alterations



ACLY inhibition altered other hallmarks of aging



Other clinical trials targeting the aging process

Guarente L. et al. Cell 2024



Aging research is young but grows fast: IL-11 inhibition on  lifespan

Widjaja AA. et al. Nature 2024



There is hope to age well!!!

Physical activity, mental activity, stress management and healthy diet
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