The Immortality Update: Deep Research on
the Most Important Discoveries and News in
Longevity Sciences from the Past 7 Days

Introduction

The quest for functional life extension—to add healthy years rather than merely prolong aging—requires
monitoring numerous scientific fronts. This week’s Immortality Update (Nov 25 — Dec 2 2025)
synthesizes peer-reviewed research and validated press reports from the past seven days. Sources were
limited to reputable journals (e.g., Nature, Cell Metabolism), institutional press releases, and major
medical news outlets. Items were included only if confirmed by at least two credible sources or
accompanied by official press releases. The focus is on interventions that could meaningfully extend
healthspan: senolytics, cell therapies, gene editing, metabolic regulators, biomarkers, and imaging
technologies.

Key findings

Senolytics
Intervention Evidence and outcomes Significance

Immorta Bio filed an international patent for SenoVax,

a vaccine that loads the patient’s dendritic cells with

senescence-associated antigens to train T cells to kill

senescent cells [1850365242109581L70-L118] . The Lhis represents a first-in-class

1 company’s press release and a Targeted Oncology Sen1013}71tlc 1mm1.1r110therafpy. It

Auto ogous report note that pre-clinical models showed reduced early human trials contirm
seno!ytlc lung, breast, brain, skin and pancreatic tumors safcity, }t coutll(li (ziffer d
vaccine systemic method to remove
(SenoVax) (1850365242109581L.70-L.118] *and that an senescent cells and potentially

Investigational New Drug (IND) application was filed
to test the therapy in non-small cell lung cancer

[(78775682869869111.126-1.173] . The platform aims
to combine senescent-cell clearance with stem-cell
rejuvenation.

delay multiple age-related
diseases.

A bioRxiv preprint (Dec 1 2025) reported that
DNA-damage-induced senescent cells split into
subpopulations; one subset up-regulates the membrane The finding implies that
Heterogeneity ATPase ATP6V1B2 and displays altered lysosomal senolytic therapies must
of senescent  activity and resistance to apoptosis account for“cell-speafl? .
cells (48890671817199411.246-L260] . These cells markers; a “one-drug-fits-all
accumulate in aged and fibrotic lungs and are less approach may leave behind
sensitive to the BH3-mimetic senolytic drug ABT-737 resistant senescent cells.

[48890671817199471.246-1.260] .

Review on A Genomic Psychiatry review argued that eliminating  Points to a paradigm shift:
targeting specific diseases of aging (e.g., cardiovascular disease, functional life extension may
diseases of Alzheimer’s) could extend lifespan but may not slow  be achieved by preventing or

aging underlying aging [99977232953365671.40-1.90] . It treating discrete diseases



Intervention Evidence and outcomes

criticized reliance on proxies such as epigenetic clocks,
frailty indices and the “hallmarks of aging” and urged
focusing on pathologies rather than ill-defined

anti-aging endpoints [99977232953365611.40-1.90] .

Significance

rather than by universal
“anti-aging” drugs. It also
warns against
over-interpreting biomarkers
that lack causal validation.

Significance

This trial marks the first use
of in-vivo HSC-directed gene

Cell therapies
Technology Evidence and progress
Ensoma announced dosing the first patient in a
Phase I/II trial of EN-374, an investigational therapy
. that delivers a functional CYBB gene directly to
.In Vivo gene hematopoietic stem cells (HSCs) using
insertion for high-capacity virus-like particles

X-linked chronic
granulomatous
disease (EN-374)

[27610984129866811.47-1.116] . The approach
allows direct in-vivo gene insertion without ex vivo
manipulation. Pre-clinical studies showed efficient
gene insertion and restoration of NADPH-oxidase

activity [27610984129866811.47-1.116] .

Nature Biopharma Dealmakers highlighted multiple
2025 deals in in-vivo CAR-T technology, where
viral vectors or lipid nanoparticles deliver CAR
constructs directly to immune cells

In vive CAR-T [996083008258698TL.134-1.180] . Companies

insertion. If successful, it
could overcome logistical
barriers of autologous cell
therapies and make gene
therapy more accessible.

In-vivo CAR-T could
dramatically broaden access
to cell therapy by avoiding
costly manufacturing and

therapy trend such as AbbVie, Gilead and AstraZeneca acquired hospital stays. It ;.also enables
. .. treatment of autoimmune
platforms that enable in-vivo editing of T cells . o
without ex vivo manufacturing diseases and other conditions
beyond oncology.
[9960830082586981L.162-L.179] .
GeneOnline and investigative reports describe
biotechnology companies in the charter city of
Prospera marketing gene-therapy “cocktails” aimed Highlights the risks of
Gene therapy at combating aging [555376918597305fL.112- ~ unregulated medical tourism.
o . . Without clinical trials or
cocktails in L.138] . These cocktails target pathways such as oversight, such interventions
Prospera myostatin inhibition and telomerase activation. could har’rn patients and
(Honduras) Experts cited by the reports question the scientific

evidence and raise ethical concerns about patient
safety and lack of regulatory oversight

(55537691859730511.112-1.138] .

Gene editing

Therapy/

Technology Evidence

TSRA-196 for Regeneron and Tessera Therapeutics announced a
alpha-1 collaboration to develop TSRA-196, a gene-editing
antitrypsin  therapy that uses Tessera’s RNA-based Gene Writing
deficiency platform delivered via lipid nanoparticles to correct the

tarnish legitimate longevity
research.

Significance

Represents a next-generation
gene-editing therapy delivered
without viral vectors. If
clinical trials replicate the



Therapy/
Technology

(AATD)

In vivo gene

Evidence Significance

SERPINA1 mutation that causes AATD

[210890117149265TL.61-L120] . Pre-clinical data
presented in CRISPR Medicine News and European durable, precise editing seen
Pharmaceutical Review showed high-fidelity editing in i, apimals, TSRA-196 could
non-human primates: ~76 % hepatocyte editing, durable  ffer a one-time cure for
expression for at least 6 months and no off-target edits A ATD and showcase the

[21089011714926511.61-1.120] potential of Gene Writing for
[75408128991575811.91-1.134] . Regeneron will share Other single-gene disorders.
development costs and plans to file an IND by the end of
2025 [2108901171492657L61-1.120] .

Demonstrates the convergence
of gene editing and cell

See cell therapy section above. Ensoma’s platform also . .
therapy; delivery technologies

therapy for  uses gene insertion (not just editing) to correct a defective . ’ i -
X-CGD gene in hematopoietic stem cells in vivo }}kgdwrus-hkiplartlcleskor )
) ipid nanoparticles are key to
(EN-374) [2761098412986687L.47-1.116] . making these therapies
practical.
Metabolic regulators and lifestyle interventions
Intervention Evidence and outcomes Significance

A Cell Metabolism study in aged mice reported that
low-dose exenatide (a GLP-1R agonist) given for
~30 weeks improved grip strength and rotarod performance

. . Suggests that GLP-1
without weight loss [6089305104622511.160-1.303] .

agonists, widely used for

Multi-omic analyses showed that exenatide reversed diabetes and obesity, may
GLP:1 receptor sge-related gene expression and DNA-methylation patterns counteract aging by
agonist across multiple tissues, shifting them toward a younger reprogramming gene
exenatide profile [608930510462251.160-L303] . Knockdown of networks. This opens the
z:::;slsar agin hypothalamic GLP-1 receptors attenuated the systemic possibility of repurposing
ging benefits, indicating a brain-mediated mechanism existing drugs for

Long-term
calorie
restriction

[608930510462251L.160-L303] . A UK Independent ~longevity, though human
article corroborated these findings and stressed that results  trials are needed.
are from mice and may not translate to humans

[(303757548092318+1.216-1.260] .

o Provides the first
Boston University researchers placed rhesus monkeys ona  (ranscriptomic evidence in

39 % calorie-restricted diet .for more than 20 years. primates that long-term
Single-nucleus RNA sequencing of over 350,000 brain cells -3]oric restriction
revealed improved metabolic health and increased preserves brain cell

expression of myelin-related genes, suggesting that calorie  fynction and myelination.

improves brain restriction slows brain aging (6211085099612621L31- The decades-long

myelination

L68] . The study was summarized in an institutional press inte.rvention underscores
release because the full paper (likely in Aging Cell) the importance of

remained behind a paywall. sustained lifestyle
changes.



Intervention

Soybean-oil diet
triggers weight
gain via
oxylipins

Indole
metabolites
from blood
bacterium

Fructose primes
immune cells
for
inflammation

Evidence and outcomes Significance

UC Riverside scientists reported that mice fed a high-fat
diet rich in soybean oil gained significant weight, while
genetic_ally engine_ere.d mice expressing an alternative form specific dietary fats in
of the liver transcription factor HNF4a did not metabolic health.
[467401907964973+1.78-1.98] . The protective mice Reducing intake of
produced fewer oxylipins—molecules derived from linoleic ]inoleic acid—rich oils or
acid that promote inflammation and fat accumulation targeting oxylipin
[4674019079649731L.78-1.119] . This study builds on ~ pathways could mitigate
earlier work linking soybean oil to obesity and suggests that obesity and metabolic
oxylipin synthesis, rather than caloric content, drives disorders.
weight gain [46740190796497311.100-L116] .

Highlights the role of

Researchers isolated 12 indole-functionalized metabolites

from Paracoccus sanguinis, a bacterium found in human

blood, and tested them on stressed human skin cells. Three gpgws that the human
indoles (two previously unknown) reduced reactive oXygen mjcrobiome may harbour

species, inflammatory proteins and collagen-damaging natural compounds with
enzymes [89824222579623611.230-L.241] . An American anti-aging properties.
Chemical Society press release and the ScienceDaily Translation to topical or
summary noted that these metabolites have systemic therapies
anti-inflammatory and anti-aging effects requires further safety

[89824222579623611.230-1.241] , raising the possibility testing.
of deriving skin-protective compounds from the
microbiome.

University of Vienna researchers found that consuming

fructose-sweetened beverages increased expression of

Toll-like receptor 2 in human monocytes and heightened ~ Adds to evidence that

their response to bacterial lipoteichoic acid high-fructose diets may
[574892604115554L.160-L190] . In cell culture, accelerate inflammaging.

fructose exposure boosted pro-inflammatory cytokines Whﬂe, not a therapeutic,

(IL-6, IL-1B, TNF-o)) [57489260411555411.173-1185] . E%iiiﬁ% tflrolftcfjl ;

The authors caution that even short-term high fructose .

intake could increase systemic inflammation and risk for support healthy aging.

metabolic disease [57489260411555411.190-1.200] .

Other notable basic research

* Hematopoietic stem-cell rejuvenation via RhoA inhibition — A Nature Aging study
(Nov 24 2025) showed that inhibiting nuclear RhoA activity lowers nuclear envelope tension in
aged hematopoietic stem cells, restores heterochromatin marker H3K9me2 and improves
regenerative capacity [37462730503800411.150-L.166] . Although published a day before our
window, it offers mechanistic insight for improving stem-cell function.

* Epigenetic drift linked to intestinal iron metabolism — A Nature Communications commentary
indicated that dysregulated iron metabolism in intestinal stem cells causes DNA hypermethylation

and epigenetic drift, contributing to pathogenesis [2247312182102907L.123-L.127] . This
emphasises how metabolic processes influence epigenetic aging.



Basic research vs. clinical trials

Category

Pre-clinical
(cell or animal)

Early-phase
clinical trials

Mid-to-late
clinical
research

Observational
& biomarker
studies

Example studies Stage
GLP-1 agonist exenatide reversed aging
signatures in mice [608930510462257L160-

1.303] ; SenoVax senolytic vaccine reduced
tumors in mouse models

[185036524210958L70-L118] ; indole
metabolites from P. sanguinis reduced
oxidative stress in skin cell cultures

(8982422257962361L.230-L.241] ; RhoA
inhibition rejuvenated aged hematopoietic stem
cells [3746273050380041L150-L166] ;
fructose intake increased inflammatory
responses in human monocytes

[57489260411555411.160-1.190] .

Ensoma’s EN-374 gene therapy trial dosed its
first human patient for X-CGD
[2761098412986681L.47-L.116] ; Immorta
Bio plans a phase I trial of SenoVax in
non-small cell lung cancer
[7877568286986911L.126-L.173] ; in-vivo
CAR-T platforms are entering phase I trials
following recent acquisitions
[99608300825869811.134-1.180] .

Phase I/I1

The ASPIRE phase IIb trial of the senolytic
UBX-1325 in diabetic macular edema missed
its primary non-inferiority endpoint at 24 weeks
but achieved non-inferiority to aflibercept at

36 weeks and showed better outcomes in
patients with early disease

[47960172756760671.120-1.145] . Although
outside our 7-day window, it illustrates
challenges of translating senolytics to the clinic.

Phase 11

Plasma-based brain age estimated from
proteomic profiles predicted cognitive decline,
Alzheimer’s disease and stroke risk
[9160964737821071L138-L172] ; structural
brain connectivity mapping identified critical
turning points at ages ~9, 32, 66 and 83
[936622025798581.45-1.72] ; diffusion
tensor imaging of the glymphatic system
showed that repeated head impacts impair waste
clearance [87719087679403571L.91-L.111] .

Cohort /
imaging
studies

Pre-clinical

Key endpoints

Outcomes include
reversal of age-related
gene expression,
improved physical
performance, tumor
burden reduction, or
biochemical markers.
These studies inform
mechanisms but require
translation to humans.

Primary endpoints focus
on safety and feasibility.
Secondary endpoints
may assess biological
activity (e.g., immune
reconstitution for
EN-374) and preliminary
efficacy.

Focused on clinical
efficacy compared to
standard therapies.
Outcomes measured
visual acuity and disease
progression.

These studies develop
biomarkers and imaging
methods rather than
interventions. They
provide insights into the
aging process and help
stratify individuals for
preventive therapies.



Technological tools enabling longevity science

1.

Plasma-based brain-age biomarker: Using Olink proteomics and machine-learning algorithms,
researchers derived a brain age score from plasma proteins in over 53,000 participants.
Accelerated brain age correlated with poorer cognitive performance and increased risk of
Alzheimer’s disease and stroke, outperforming general proteomic age measures

[91609647378210711.138-1.172] . Such blood tests could enable early detection of cognitive
decline and evaluation of anti-aging therapies.

Zap-and-freeze imaging: Johns Hopkins scientists developed a rapid zap-and-freeze technique
that electrically stimulates brain tissue and freezes it milliseconds later. Electron microscopy then
captures synaptic vesicle fusion and recycling. The method revealed that vesicle dynamics in
human cortical tissue mirror those in mice and identified Dynamin1xA as a key protein

[106926959634411.48-1.116] . An independent news report corroborated these findings and
emphasised potential applications for studying sporadic Parkinson’s disease

[40202587501097811.86-1.147]) .

Glymphatic function imaging: Radiologists used diffusion tensor imaging along the perivascular
space to quantify the brain’s glymphatic system in professional fighters. The glymphatic index
initially increased with cognitive impairment but declined sharply as head impacts accumulated,
suggesting that repeated trauma overloads the brain’s waste-clearance system

(8771908767940351L.91-L.111] .

Multi-omics and machine learning: The exenatide study combined transcriptomics,
epigenomics, metabolomics and proteomics to evaluate systemic aging. Machine-learning models
were used to integrate these data and identify a “youthful” signature across tissues

[6089305104622511,160-1.303) . Such multi-omic platforms are essential for dissecting
complex intervention effects.

Stem-cell transcriptomics: Single-nucleus RNA sequencing in calorie-restricted monkeys
profiled 350,000 brain cells and highlighted improved myelination and metabolic health

[62110850996126211.31-1.68] . This technology reveals cell-type-specific responses to
interventions and guides targeted therapies.

Ethical & practical considerations

Regulatory oversight and unapproved therapies: The charter city of Prospera allows clinics to
offer unproven gene therapy “cocktails” that promise anti-aging benefits without rigorous clinical
trials [555376918597305TL112-L.138] . Experts warn of unknown risks, lack of informed
consent and potential exploitation of vulnerable patients. Such practices could undermine public
trust in legitimate gene- and cell-therapy research.

Equity and accessibility: Advanced therapies like in-vivo gene editing or CAR-T may cost
hundreds of thousands of dollars. Without insurance coverage or international investment, they
risk widening health disparities. Simplifying delivery (e.g., in-vivo gene insertion) and
open-source manufacturing could reduce costs.

Safety and off-target effects: Gene editing must demonstrate precise targeting and minimal
off-target mutations. Pre-clinical data for TSRA-196 showed no detectable off-target edits in

non-human primates [2108901171492651L.61-1.120] , but human safety remains uncertain.
Similarly, the senolytic vaccine SenoVax and exenatide therapy require careful monitoring for
immune reactions and long-term consequences.

Prioritising function over lifespan: The Genomic Psychiatry review cautions against overstating



proxy biomarkers [9997723295336567L40-L90] . Regulatory agencies and researchers should
design trials that measure functional outcomes (mobility, cognition, disease-free survival) rather
than merely extending life.

Future directions

1.

Combination therapies targeting different hallmarks: Evidence suggests that senolytics alone

may not suffice because senescent cells are heterogeneous [48890671817199411.246-1.260] .
Combining vaccines like SenoVax with metabolic regulators (e.g., GLP-1 agonists) and
rejuvenation strategies (e.g., RhoA inhibition) could synergistically improve healthspan.

Translating GLP-1 findings to humans: Given the remarkable reversal of aging signatures in

mice treated with exenatide [6089305104622511.160-1.303] , clinical trials should investigate
whether GLP-1 agonists confer similar benefits in non-diabetic older adults. Such trials must
monitor cognitive and physical function along with metabolic outcomes.

Expanding in-vivo gene therapy: Success of EN-374 and TSRA-196 will determine whether
in-vivo gene insertion/editing can become mainstream. Developing scalable virus-like particles or
lipid nanoparticles could democratise gene therapy across many diseases.

Developing robust biomarkers: Blood-based brain-age clocks [916096473782107+L138-

L172] and glymphatic imaging [87719087679403571.91-L111] should be validated in diverse
populations. Integrating proteomic clocks with epigenetic and metabolomic measures may offer
comprehensive healthspan metrics.

Addressing diet-driven aging: Studies on soybean-oil-derived oxylipins
[4674019079649731L78-L119] and fructose-induced inflammation
[(57489260411555411.160-1.190] underscore the need for dietary guidelines that minimise

pro-aging metabolites. Public health policies could encourage substitution of linoleic-rich oils
with alternative fats and reduce sugary beverages.

Ethical governance: International frameworks are needed to regulate emerging longevity
therapies, prevent exploitation, and ensure equitable access. Independent oversight boards could
evaluate claims made by private clinics and enforce transparent reporting of trial results.

Conclusion

During the past week, longevity science advanced on multiple fronts. Senolytic vaccines and in-vivo gene
therapies are moving toward early clinical testing, while pre-clinical work highlights the complexity of
aging processes and the need for multifaceted interventions. Established drugs like exenatide reveal
surprising anti-aging potential, and lifestyle factors—dietary fats, sugars and caloric intake—remain
critical levers of healthspan. Technological innovations such as plasma-based brain-age biomarkers and
ultrafast imaging are enabling more precise assessment of aging and intervention efficacy. Ultimately,
achieving functional immortality requires integrating these breakthroughs into safe, accessible, and
ethically governed strategies that prioritize quality of life.
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