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Ageing is similar between species
In geriatric (⩾30 years old) horses: 
• 10% were overweight 
• 16% were underweight 
• 77% of the horses were lame on at 

least one limb
• 97% had a reduced range of motion 

in at least one joint
• 39% showed abnormal moulting 
• 100% had at least one ophthalmic 

lesion
• 100% had dental abnormalities

Ireland et al. (2012) Vet. J. 192: 57–64  A survey of health care and disease in geriatric 
horses aged 30 years or older



Ageing is captured by the 
Gompertz relationship 

y = 0.003x - 4.6179
R2 = 0.9927

y = 0.0016x - 4.2555
R2 = 0.7814
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Environmental modifications alter rates of ageing
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Models

		Age		Level control		Level CR				Age		Control		CR

		100		10		10				100		10		12

		200		9		9				200		9		11

		300		8		8				300		8		10

		400		7		7.4				400		7		9

		500		6		6.8				500		6		8

		600		5		6.2				600		5		7

		700		4		5.6				700		4		6

		800		3		5				800		3		5

		900		2		4.4				900		2		4

		1000		1		3.8				1000		1		3

		1100		0		3.2				1100		0		2

		1200				2.6				1200				1

		1300				2				1300				0

		1400				1.4				1400

		1500				0.8

		1600				0.2

		1650				0
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				CONTROLS								CR

		Age		proportion teminating		mortality rate per day		Log (10) motality rate per day				proportion teminating		mortality rate per day		Log (10) motality rate per day

		0		0

		50		0.0021		4.20E-05		-4.3767507096				0		0.00E+00

		100		0.0011		2.20E-05		-4.6575773192				0		0.00E+00

		150		0.005		1.00E-04		-4				0		0.00E+00

		200		0		0.00E+00						0		0.00E+00

		250		0.0175		3.50E-04		-3.4559319556				0		0.00E+00

		300		0.0098		1.96E-04		-3.7077439286				0		0.00E+00

		350		0.108		2.16E-03		-2.6655462488				0		0.00E+00

		400		0.0083		1.66E-04		-3.779891912				0.027		5.40E-04		-3.2676062402

		450		0.0118		2.36E-04		-3.627087997				0		0.00E+00

		500		0.0279		5.58E-04		-3.2533658011				0		0.00E+00

		550		0.427		8.54E-03		-2.0685421293				0		0.00E+00

		600		0.0846		1.69E-03		-2.7715996413				0.0556		1.11E-03		-2.9538952128

		650		0.1106		2.21E-03		-2.6552148774				0.0588		1.18E-03		-2.9295926783

		700		0.1491		2.98E-03		-2.5254923609				0.0625		1.25E-03		-2.903089987

		750		0.2581		5.16E-03		-2.2871819998				0.0667		1.33E-03		-2.8748441704

		800		0.3187		6.37E-03		-2.1955879409				0.0357		7.14E-04		-3.1463017882

		850		0.4796		9.59E-03		-2.0180908299				0		0.00E+00

		900		0.6512		1.30E-02		-1.8852556125				0.0755		1.51E-03		-2.8210230527

		950		0.5333		1.07E-02		-1.9719984207				0.0833		1.67E-03		-2.7783250029

		1000		0.8571		1.71E-02		-1.7659385092				0.1364		2.73E-03		-2.564155634

		1050										0.1053		2.11E-03		-2.6765416332

		1100						0.0000241046				0.2353		4.71E-03		-2.3273480772

		1150										0.1538		3.08E-03		-2.5120136689

		1200										0.1818		3.64E-03		-2.4393761255

		1250										0.3333		6.67E-03		-2.1761346907

		1300										0.1667		3.33E-03		-2.4770344045

		1350										0.2		4.00E-03		-2.3979400087

		1400										0.25		5.00E-03		-2.3010299957

		1450										0.6667		1.33E-02		-1.8750395492
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Ageing is ubiquitous and modulable

Genetic backgrounds alter rates of ageing



Mechanisms and genetic pathways that 
maintain health  are shared between species

InsectsInvertebrates HumansMice



The biology of ageing

Sickness
and death

Others
Menopause, 

hearing loss, joint 
stiffness, immune 

diseases

Natural 
changes

Grey hair, 
wrinkles, 
weakness

Diseases of ageing
Alzheimer’s

Cancer
Cardiovascular 

Parkinson’s
Macular degeneration

Type II diabetes
Osteoporosis

A few ageing 
mechanisms



What mechanisms maintain health?

Lopez-Otın et al., Cell 2013

• Occur in multiple species

• Nutrient Sensing 
mechanisms

• Tumour Suppression 
Mechanisms

Important take home:  Targeting 
one hallmark also positively 
affects the others..



But how important are differences 
between species?

• Evolution of ageing is shaped by two 
mechanisms:
– Antagonistic pleiotropy
– Mutation accumulation

• The latter is a function of population size
• Humans have teetered on the verge of 

extinction for the last 60,000 years



Evolution: Human Bottlenecks

• Humanity has been 
through at least TWO 
major evolutionary 
bottlenecks.

• This is not the case for 
most species- 
including the ones we 
use to study ageing 
mechanisms.

• Why does this matter?



Humans may be an outlier…
• The fundamental genetic 

processes regulating ageing 
are probably altered by 
both bottlenecks and shifts 
in population type.

• For any given species this 
may alter the relative 
contribution to ageing from 
Mutation Accumulation and 
Antagonistic Pleiotropy.

Overall & Faragher (2019) Population type alters the rate of ageing. Heredity 123:273.



Or put more simply..

• Most mice die of cancer.
• Most humans don’t.
• So anything that 

reduces cancer 
incidence or severity in 
mice will have a bigger 
impact on their lifespan 
than it will on people.

• But that doesn’t mean 
the effect on humans 
will be zero.



Ageing mechanisms associate with and 
predict human pathologies

And remember modulating one hallmark positively 
modulates the others…



Potential Scenarios
• 10% increase in life expectancy 

business as usual

• 25-30% increase in life 
expectancy business as unusual

• 45% increase in life expectancy 
business as extraordinary

• Modelling currently confidential

• What biological rationales have 
we used?

Joseph Lu

Uli Stengele
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Key Features of ITP



• Testing at three sites gives a 80% power to detect 10% 
change (two-sided), for each sex, pooling across sites.

• Genetically heterogeneous mice (UM-HET3)
– Grandparents: BALB, B6, C3H, DBA/2

• Anyone can suggest an intervention
-- Evaluation by Access Committee

Key Features of ITP



• Glycine  (4-6% males and females)

• Nordihydroguaiaretic Acid (males, 10%)*

• α-Estradiol – non-feminizing (males, 10%)

• Aspirin (males, 10%)

• Protandim®- Nrf2 activator (males 7%)

• Canagliflozin (14% males)**

• Acarbose – glucosidase inhibitor (males, 22%)

• Rapamycin (males & females, 10-25%)

Interventions that Extend 
Longevity

*increases tumour incidence
**increased lifespan 9% at 90th percentile survival



Core Nutrient Signalling Pathway

Most of the long lived mutants in lower organisms are in this pathway 

TOR



Rapamycin: business as unusual

Miller et al. Aging Cell 2013



Rapamycin improves health and 
may be useful in early AD



And giving it early isn’t a bad idea…

Post diagnosis life 
expectancy for 
patients with AD is 
3 -10 years.

Ineffective flu vaccine 
resulted in 50,000  
excess deaths in the UK 
in 2018.



Tumour suppression mechanisms



What is ‘cell senescence’?

• Viable, stable state of cell cycle (G1) arrest in cells 
which are normally proliferation competent.

• Senescent cells have a different phenotype to 
their growth competent precursors.

• NOT cell death.

• NOT terminal differentiation.

• “Senescent cells” are NOT “cells I got from some 
old people/old mice/my geriatric dog etc”*

*They’re NOT, really, trust me on this...



How can senescent cells be simply 
detected?

  Label exclusion: 
Radiolabelled 
nucleotides (3H-
thymidine) or artificial 
analogues (e.g. 
bromodeoxyuridine) are 
incorporated into cells at 
DNA replication and 
excluded from senescent 
ones

 Detection of endogenous 
proliferation markers 
(e.g. PCNA or Ki67)

Growing Senescent



Why does senescence exist?

• Good evidence that senescence 
functions as a tumour suppression 
mechanism.  For a single cell with a 
mutation to expand to a clone of 
1x106 cells (e.g. Enough for one cell 
in the clone to acquire a second 
mutation) takes about 20 
population doublings.  This is 
Antagonistic Pleiotropy in action.

• Culture of primary cells are 
typically composed of multiple 
clones with different reproductive 
potentials.   Most stop growing  
relatively early.



Genes upregulated 
in senescence

Genes 
upregulated 
during 
proliferation

Senescent cells show altered gene 
expression



A lot of potential for degenerative 
effects



Senolysis: Business as unusual

24-27% increase in 
lifespan by mouse 
strain.

17-35% increase by 
sex.



Removing senescent cells in mice 
increases exercise capacity

Old mouse with senescent cells removed

Old mouse

Distance travelled at time of exhaustion

Running time to exhaustion

0% 100%

0% 100%



Mice today, independent elders tomorrow?

Distance travelled at time of exhaustion Time to exhaustion Speed

Old person 
'with senescent cells removed'

Old person



Rapid progress is being made

DKD may shorten life expectancy by 16 years…



More than 60 ongoing senolytic trials



Business as extraordinary?

48%-67% lifespan increase depending on 
sex in Ames dwarf mice.



Multiple long lived strains exist





Other routes 
to progress



Resveralogues reverse senescence



Broad clinical applications for this 
compound series

• Tendinopathy is common 
with ageing and causes 
severe morbidity in 
human athletes and 
performance horses.

• The equine superficial 
digital flexor tendon 
(SDFT) is a functional 
homologue of the Achilles 
tendon.



Where might this be essential?

Core of these systems are a 
series of hollow fibre 
cartridges containing ~800g 
of immortalised liver cells.

These should:
[1] Produce albumin.
[2] Turn ammonia into urea
[3] Detoxify xenobiotics

Probably within 
bioartificial organs 
especially BALS



A cocktail of molecules accumulate in 
plasma when liver function is acutely or 
chronically compromised (e.g. ammonia, 
bilirubin, bile acids etc).

Collectively known as ‘liver toxins’.

Hepatocyte functional failure is a critical 
barrier to working BALS but why?



Liver toxins cause hepatocyte senescence 
which we can block with our compounds

CC = control; LT= Liver toxins

Control

Liver Toxins

5µM SENV43



Are BALS now a reality?
• Exposure to liver toxins for <2 hours causes healthy 

hepatocytes to enter cellular senescence.  This is 
what has prevented BALS from functioning.

• Preventable and reversable using resveralogues
• A variety of options and clinical trial designs that 

could take an early stage company quickly into 
Phase 2.  Move to Phase 3 is only limited by money.

• It could rejuvenate the BAL market (conservatively 
estimated to be worth £200 million annually)

• Heterogenous potential to increase life expectancy 
depending on disease subtype.



Conclusions

• There is significant potential for developments 
in geroscience to impact life expectancy over 
the time frame considered by the industry.

• There is a real need for collaboration between 
basic scientists, actuaries and economists to 
better model future scenarios.

• We are happy to answer your questions – if 
only we can understand them!



ukanet.org.uk

@UkAgeing

admin@ukanet.org.uk
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