Feature

HOW TOKILL THE
JOMBIE CELLS THAT
MAKE YOU AGE

Researchers are using new molecules, engineered immune cells
and gene therapy to kill senescent cells and treat age-related
diseases. By Carissa Wong
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urking throughout your body,
from your liver to your brain, are
zombie-like entities known as
senescent cells. They nolonger divide
or function as they once did, yet they
resist death and spew out a noxious
brew of biological signals that can
slow cognition, increase frailty and
weaken the immune system. Worst of all, their
numbersincrease as you age.

For more than a decade, researchers have
beentryingtosee whether they canselectively
destroy these cells with a variety of drugs. In
a pivotal study' published in 2015, a team at
the Mayo Clinicin Rochester, Minnesota, and
at the Scripps Research Institute in Jupiter,
Florida, discovered that acombination of two
compounds, called dasatinib and quercetin,
killed senescent cells in aged mice. The treat-
ment made the mice less frail, rejuvenated
their hearts and boosted their running endur-
ance. The finding opened the door to a new
area of medicine called senolytics.

Now, fresh results from animal studies and
human clinical trials have added momentum
to the field. In mice and monkeys, research-
ers are using genetic tools to reprogram and
kill senescent cells. Others are engineering
senolyticimmune cells. And about 20 clini-
cal trials are ongoing. Researchers are test-
ing new and repurposed drugs that could
have senolytic properties, in the hope of
combating age-related conditions, including
Alzheimer’s disease, lung disease and chronic
kidney disease.

“lam convinced that senolytics will have
animpactinthe clinic,” says Anirvan Ghosh,
chief executive of Unity Biotechnology, acom-
panyinSouth San Francisco, California, thatis
developing senolytics. “I think the questionis
really what the agent looks like and what the
firstapproved drugis.”

Zombiecells

Senescent cells were first described in 1961
by US biologists Leonard Hayflick and Paul
Moorhead, who discovered that human cells
inalaboratory dish will divide no more than
about 50 times before either dying or entering
the twilight state of cell senescence® Inthe lab,
it can take weeks for dividing cells to become
senescent. But researchers have yet to uncover
how muchtime this process takes in the body,
how long senescent cells last and whether all
celltypes can become senescent.

Beyond hitting the limits of cell division, cell
senescence can arise owing to other factors
such as physical injury, malnourishment or
DNA damage caused by UV light. Research-
ersinitially thought that it evolved to prevent
damaged cells from replicating uncontrollably
and causing cancer. This might be the case to
some extent, butitdidn’t make sense that the
cellswouldstick around inthe body instead of
simply dying, such as through the controlled

programme of cell death known as apoptosis.

Researchers eventually discovered that
senescent cells were avoiding apoptosis so
they could performaservice, belching out a
potent mix ofinflammatory signals —including
the cytokinesinterleukin-6 and interferon-y —
that prompt the immune system to clear out
damaged cells. This helps to make room for
damaged tissues to regenerate and repair.

The process works well until the immune
systemweakens with age, leading to abuild-up
of senescent cells that stir up excessive inflam-
mation. Researchers have found thatan accu-
mulation of senescent cells and age-related
inflammation correlates with many diseases,
including osteoporosis, diabetes, heart dis-
ease, kidney disease and Alzheimer’s disease.
For many scientists inthe field, this realization
prompted a shift away from understanding
what the cells are doing to working out how
to kill them.

Tipping the balance

Onekey strategy in senolyticsinvolves design-
ing drugs that stop senescent cells from
resisting apoptosis. Usually, the cells survive
by producing anti-death proteins. Blocking
these with drugs can force the cellsto succumb
to death.

Unity Biotechnology is at the forefront of
this approach, say researchers. In a February
study?, Ghosh and his colleagues found that
senescent cellswere more abundantin theret-
inas of diabetic mice than in those of healthy
mice. Itwas possible, the team predicted, that
senescent cellsinthe blood vessels of the eye

“Withinthe nextfiveyears
we may see this treatment
for diabeticmacular oedema
being offered in the clinic.”

play a partin diabetes-related vision loss.

This condition, known as diabetic macular
oedema, is caused by high blood sugar and
makes those delicate blood vessels leaky,
particularlyinolderindividuals. The eye con-
dition is aleading cause of blindness world-
wide, estimated to affect 27 million adults. But
around half of patients get little benefit from
the standard treatment, which uses a cancer
drug originally designed to slow down the
growth of blood vessels. “There is an unmet
need,” Ghosh says.

The researchers designed a drug, called
foselutoclax, which blocks the action of
BCL-xL, a key anti-death protein that is abun-
dantinsenescent cells. Whentheyinjected the
druginto the eyes of diabetic mice, it killed
senescentcellsinthe blood vessels supplying
theretina, but not healthy cells’. “We see avery
selective elimination,” says Ghosh.

The senolytic drug reduced the leakiness

of retinal blood vessels in diabetic mice by
around 50%. Moreover, the treated mice per-
formed better in vision tests compared with
controls. Next, theteam turned tohumans.Ina
phaselltrial, researchers administered a single
injection of foselutoclaxinto the eyes of about
30 people. Eleven monthslater, those treated
with the senolytic could read 5.6 more letters,
on average, on an optician’s chart compared
with participants who had received aplacebo
treatment.

Afterjustacouple of weeks, says Ghosh, one
participant called himtosay the treatment was
making her life much easier. Another saw rapid
improvementsin their colour vision. The team
expects to publish the results later this year,
butinthe meantime, Unity is running another
phase Il trial that will compare the senolytic
with standard therapy.

Unity’sresults are promising, say research-
ers. “I think within the next five years we
may see this treatment for diabetic macu-
lar oedema being offered in the clinic,” says
Sundeep Khosla, who studies ageing at the
Mayo Clinic.

Rather than making senolytics from
scratch, somescientists are testing drugs that
already exist. These include dasatinib, which
is approved in the United States as a cancer
therapy, and two commercially available,
plant-derived chemicals called quercetinand
fisetin. Thelatter two are sold as supplements
to dampen inflammation, boost brain health
and reduce the risk of age-related disease.
These claims are based on rodent studies in
which the drugs have been shown to clear
senescent cells and reduce inflammation®.

Ina2019study’, researchers used dasatinib
and quercetin to remove senescentbrain cells
inamouse model of Alzheimer’s disease. Mice
treated withthe senolytics had reduced brain
inflammation and improved memory com-
pared with animals that were given a placebo.
Spurred on by these promising datafrommice,
Miranda Orr at Wake Forest University School
of Medicine in Winston-Salem, North Caro-
lina, and her colleagues last year conducted
the first safety trial of the drug combination
in people with early stage Alzheimer’s disease.

Orr’s team gave five people dasatinib and
quercetinintermittently for three months. The
researchers found that the drugs were safe and
that dasatinib was presentin samples of cere-
brospinal fluid, suggesting it could crossinto
the brain. Quercetin was not detected in brain
fluid samples, but Orr says she suspects that
it did reach the brain and was rapidly broken
down. The team is now conducting a larger
trial to track the cognition of people with and
without Alzheimer’s disease for nine months
aftertheytakeaplacebo orthe drug combina-
tion. The results should be released in 2025,
says Orr.

Khosla says that fresh data should also
emerge this year from the largest human trial
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of dasatinib and quercetinso far. In this study,
whichis currently under peer review, histeam
looked at the effect of senolytics onthe bones
of healthy women.

ImmuneKkillers

When it comes to killing cells in the body, the
immune system could be of help. And some
researchershavelatched ontotheideaof using
genetically engineered immune cells called
chimericantigenreceptor (CAR) T cells. These
cantarget and kill specific cells on the basis of
the molecules they display on their surface.
CAR-T-cell therapies are currently approved as
atreatment for various blood cancers.

Earlier this year, cell biologist Corina Amor
at Cold Spring Harbor Laboratory in New
York and her colleagues identified a protein
marker, called uPAR, on senescent cells in
the livers, fat tissues and pancreases of older
mice®. Theresearchers created CART cells that
were designed to kill senescent cells bearing
the uPAR marker. After the team infused the
engineered cells into the blood of old mice,
there was a decline in the proportion of liver,
pancreas and fat cells that were senescent.

Amor and her team found that old mice
treated with the uPARCART cellshad reduced
blood-sugar levels —asign ofimproved meta-
bolic health — and that the animals ran faster
and for longer than did mice treated with
non-engineered T cells, or with T cells that
target a protein not found in mice. None of
the mice treated with the senolytic CART cells
showed signs that the T cells were toxic.

Inyoung mice, the senolytic CART cells pre-
vented age-related declinesinblood-sugar reg-
ulation and exercise capacity. And in aMarch
preprint’, the teamreported that senolytic CAR
T cells could rejuvenate the guts of old mice.

Still, further studies are needed to assess the
safety of the therapy, says Amor. Moreover, it
would be good to have an off switch for these
cell-based drugs in case anything goes awry,
shesays. Inrare cases, CART cellsused to treat
cancer in people seemto have become cancer-
ous themselves.

Amor’s team plans to explore such safety
switchesinthe near future. Thiswould involve
engineering the senolytic CART cellsto carry
agenethatinduces cell death, which could be
activated withadrug, she says. But CAR-T-cell
therapies are expensive to make, says Robin
Mansukhani, chief executive of Deciduous
Therapeutics in San Francisco, which is also
developingimmune therapies against ageing.

Mansukhani is banking on a more afforda-
ble approach that harnesses a different kind
of immune cell called a natural killer T cell.
In 2021, researchers at Deciduous Therapeu-
tics demonstrated® the senolyticrole of these
cells, which naturally become less effective
with age. They also found that drugs that can
activate theimmune cells helped to eliminate
senescent cellsinthe damaged lungs of mice,
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Senescent mouse liver cells express 3-galactosidase (white) and uPAR (yellow).

reducinglungscarringandimprovingsurvival.

The researchers have developed arange of
drugs that can bind to and supercharge nat-
ural killer T cells to treat various conditions,
including diabetes and lung disease, says
Mansukhani. Safety tests will be conductedin
dogsand non-human primates later this year,
and clinical trials should begin in the next two
years, Mansukhani adds. The approach relies
on smaller molecules that are easier to make
than CAR-T-cell therapies, he says.

Gene therapy

Other teams are using gene therapy to kill
senescent cells. Inthisapproach, researchers
package a gene that encodes a lethal protein
called caspase-9 into fatty capsules studded
with proteins derived from a virus. In mice
and monkeys, the capsules have been found
to deliver the gene to cellsin the lungs, heart,
liver, spleen and kidneys.

Healthy cells are spared, because the gene s
activated onlyinsenescent cells that have high
levels of one of two proteins called p16 and p53,
says Matthew Scholz, chief executive at Oisin
Biotechnologiesin Seattle, Washington, which
is developing the gene therapy. As a further
safety switch, the lethal protein kicks off cell
death only after the animal is given a very low
dose of adrug called rapamycin, says Scholz.
Theresearchers found that, over four months,
amonthly dose of the therapy reduced frailty
and cancer rates in old mice without causing
harmful side effects. The comparison group
involved mice that were given a placebo and
low-dose rapamycin, says Scholz.

But a key limitation of this approachis that
it relies on just one or two protein markers.
Although p16 is widely used as a marker of
senescence, definitive identification of cells
inthis staterequires a panel of several markers.
Thatmeansthat, by targeting only p16 and p53,

the genetherapyis probably eliminating some
healthy, non-senescent cells that have these
markers, and failing to kill some senescent
cells that lack them, say researchers.

Better markers

Indeed, the issue of specificity is shared by
all senolytic approaches, simply because
there is more than one type of senescent cell.
Researchersare only just beginning to uncover
how many there are —and what markers they
bear. “Without having really great biomark-
ers of senescent cells, it’s a little bit tricky to
engage the right targets,” says Orr.

Orr is part of a large collaborative effort
called the Cellular Senescence Network
(SenNet), involving more than 200 research-
ers, thataims to produce atlases of senescent
cells across the lifespan of humans and mice.
Her teamis using machine learning toimprove
definitions of brain-cell markers of senes-
cence, then using them to map how senescent
cells change with age and during dementia.

Ultimately, better markers of senescent cells
will bring better senolytics that could one day
preventor treat age-related disease, she says.
Ghosh echoes this optimism whenit comesto
killing zombie cells. “I think the fundamental
scienceisso compelling that targeting senes-
cent cells is definitely going to be of benefit.”

Carissa Wong is a science journalist in
London.

1. Zhu, Y. etal. Aging Cell 14, 644-658 (2015).

Hayflick, L. & Moorhead, P. S. Exp. Cell Res. 25, 585-621
(1961).

. Crespo-Garcia, S. et al. Nature Med. 30, 443-454 (2024).
. Yousefzadeh, M. J. et al. EBioMedicine 36, 18-28 (2018).
Zhang, P. et al. Nature Neurosci. 22, 719-728 (2019).
Amor, C. et al. Nature Aging 4, 336-349 (2024).
Eskiocak, O. et al. Preprint at bioRxiv
https://doi.org/101101/2024.03.19.585779 (2024).

. Arora, S. et al. Med 2, 938-950 (2021).

Noosrw N

©

MEMORIAL SLOAN KETTERING CANCER CENTER



