Two Rare
isease
reatments
ring Hope

A Novel Gene Therapy
Offers Hope for
Epidermolysis Bullosa
Patients

For patients with the rare disease recessive dystrophic
epidermolysis bullosa (RDEB), even the slightest touch can
mean agony. This variant of epidermolysis bullosa (EB),

a genetic condition that affects around 500,000 people
worldwide, leaves patients with skin so fragile that it
blisters from even a light touch.

The cause is a mutated gene for type VIl collagen, a skin
protein that anchors layers of skin together. Those with the
disease often spend their lives encased in bandages, slowly
accumulating wounds that refuse to close.

“Many of these patients die because of unhealed wounds,”
says Professor Jean Tang, one member of a Stanford team
that spent decades researching ways to treat EB.

Those researchers’ combined efforts led in 2025 to the FDA
approval of ZEVASKYN®, the first long-lasting treatment
for RDEB in adults and children. The therapy involves
taking samples of patients’ skin, isolating cells, inserting a
corrected collagen gene, and then growing skin cells into
sheets in the lab to be surgically applied over wounds.
Patients treated during clinical trials of the therapy saw
their wounds heal, and remain healed, in some cases for
years after just a single application. Further, because the
sheets are grown from patients’ own cells, there’s no need
forimmunosuppressive drugs, and no chance of rejection.
ZEVASKYN is now available to RDEB patients at five clinics
across the country, including Stanford.

Treatment recipients said they could do things never before
possible, like dancing, says Michael Hund, the CEO of the EB
Research Partnership (EBRP), a nonprofit that supports EB
research and clinical trials at Stanford and elsewhere.

“It really was life-changing for many that were on those
clinical trials,” Hund says.
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A Comprehensive Research Program

While EB research at Stanford dates back decades,
ZEVASKYN’s genesis was in pioneering research in the mid-
2000s by Zurab Siprashvili, PhD, a research scientist in the
lab of Professor Paul Khavari. Brought on by then-chair of
the dermatology department Professor Alfred Lane, and
with the support of Prof. Khavari, Dr. Siprashvili created
aretroviral vector that could carry the lengthy type Vil
collagen gene, at a time when gene therapy was unproven
and even considered dangerous.

“Once | saw the patients, | think my path was set,” Dr.
Siprashvili says. “They have a tremendous amount of pain
that they have to overcome in everyday life. Their courage
inspired me.”

Dr. Siprashvili’s efforts led in 2010 to Investigational New
Drug (IND) authorization from the FDA for the therapy,
setting up Phase | and Il clinical trials led by Prof. Tang and
Professor Peter Marinkovich, which began in 2013. Still,
moving from a scientific victory to clinical translation meant
navigating numerous obstacles, including constructing a
sterile manufacturing facility for the grafts at Stanford and
handling fragile patient samples. EBRP support, totaling
more than $10 million for EB research at Stanford, was
crucial during this time, allowing Stanford researchers to
continue studying the rare disease and refine the process of
growing gene-edited skin grafts.

The work convinced Cleveland-based biopharmaceutical
company Abeona Therapeutics to license the therapy in
2016 and carry out a larger Phase lIl trial, which intersected
with the COVID-19 pandemic, adding another layer of

risk and difficulty for patients. Following that trial’s
success, ZEVASKYN was approved by the FDA in April

2025, allowing Abeona to bring the product to patients
through a network of qualified treatment centers, including
Stanford. Throughout the development process, the entire
team, from surgeons to nurses to trial participants, was
unwavering in its commitment.

“These kids are really soldiers going forward, perhaps even
gladly letting us do experiments to help them because they
know other kids with EB and they want to do something,”
Prof. Lane says.



A Stanford-Wide Effort

ZEVASKYN’s development was helped along by numerous
groups within Stanford, including the SPARK program,
the Center for Definitive and Curative Medicine (CDCM),
and the Lucile Packard Children’s Hospital. The therapy
was the very first product made by the Laboratory

for Cell and Gene Medicine (LCGM), an industry-grade
drug manufacturing facility at the School of Medicine,
whose researchers refined the processes that allowed
Abeona to take over production of the treatment. OTL
was involved throughout that process, handling the IP
strategy, managing and structuring the licensing deal
with Abeona, and ensuring the technology handoff
proceeded smoothly so the researchers could focus on
helping patients.

“We couldn’t have done it without Stanford’s
infrastructure,” Prof. Tang says.

ZEVASKYN joins another Stanford-led therapy for EB,
VYJUVEK®, a topical gel that delivers a similar gene
therapy. Other efforts could expand the kinds and

range of treatments even further, like ongoing work at
Stanford using gene-corrected induced pluripotent stem
cells. ZEVASKYN has helped pave the way for future
treatments, Tang says, by overcoming scientific and
regulatory barriers.

“We’ve shown that this path can be walked,” Dr. Siprashvili
says. “If we can get it done, other people can do it too,

and they might do it better than I did. And | will be very
grateful if others will follow.”
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A Precise Molecule for
Proteins That Misfold

The transthyretin protein displays an unusual symmetry
for a biological molecule — four distinct lobes arrayed in a
suggestion of a four-leaf clover, each one identical at the
molecular level. As with most proteins, this shape is crucial
for transthyretin, also called TTR, to function.
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We believed in AG10,
but belief isn’t enough—
confidence is earned one
dataset at a time.”

When the TTR tetramer becomes unstable, either through

a disease-associated TTR mutation or through age-related
destabilization of wild-type TTR, the protein can dissociate,
lose its structure, and misfold. That causes TTR to build up,
primarily in the heart, causing a disease called transthyretin
amyloid cardiomyopathy (ATTR-CM). Due to the disease, the
heart muscle gradually stiffens, robbing it of the ability to
beat. Without treatment, ATTR-CM is a fatal disease that can
ultimately necessitate heart transplantation.

A new drug called Attruby based on a molecule

developed at Stanford is now improving those patients’
odds by stabilizing TTR tetramers with a high degree of
effectiveness, preventing their dissociation and reducing
the misfolding and amyloid aggregation that damage

the heart. In trials, Attruby improved patients’ survival

rate and led to a 50% decline in cardiovascular-related
hospitalizations compared to a placebo and improved basic
health measures like shortness of breath, all with fewer side
effects than other drugs.

The drug molecule, called AG10, that became Attruby
emerged from work by Isabella Graef, a former professor

at the Stanford School of Medicine and now the CEO of
Shenandoah Therapeutics, and Mamoun Alhamadsheh, a
former research associate at Stanford University who is now
a professor at the University of the Pacific.

Graef’s path toward Attruby began 25 years ago, when she
diagnosed her mother with Creutzfeldt-Jakob disease,
arare and rapidly fatal neurodegenerative protein-

folding disease. As both physician and daughter, she
confronted the devastating reality of these disorders and
how little medicine could offer. That experience focused
her determination to make a difference for patients with
protein-folding diseases.

For Alhamadsheh, too, the motivation was personal;

he had lost his mother to Alzheimer’s disease when she
was only in her early sixties. Alhamadsheh says, “While |
wasn’t able to help in the context of Alzheimer’s disease,
it’s meaningful to me to help address a related amyloid
disease affecting the heart.”

Years of Steady Science

The concept behind Attruby was grounded in human
biology: an inherited stabilizing TTR variant, T119M, acts
as a trans-suppressor and protects carriers from disease by
tightening the TTR tetramer.

The team’s key insight was that effective stabilization of TTR
requires not just binding within the channel, but achieving
strong enthalpic and selective interactions that engage the
critical regions of the TTR binding pocket, including both
the top and bottom sites that contribute to maintaining
tetramer integrity. This represented a different way of
thinking in the field at the time and led to the design of the
first high-throughput screening strategy specifically aimed
at identifying true stabilizers with the appropriate binding
profile, not just molecules that bind.

That screen, performed at Stanford in the High-Throughput
Screening (HTS) facility of the Department of Chemical and
Systems Biology, identified the starting scaffold from which
AG10 was ultimately developed.

Using one of the HTS-identified molecules as a chemical
starting point, Alhamadsheh, a medicinal chemist,

began a structure-guided optimization. Guided by X-ray
crystallography, he designed and synthesized compounds
to precisely fit the TTR binding pocket and mimic the
stabilizing effect of the protective variant. Through iterative
optimization of binding affinity and selectivity, AG10
(Alhamadsheh-Graef molecule 10) was discovered.

From Molecule to Therapeutic

Remarkably, the molecule remained unchanged through
the entire path from discovery through clinical testing

to FDA approval, an exceedingly rare outcome in drug
development. “AG10 emerged already possessing the
characteristics of a clinical candidate,” Alhamadsheh says.
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“It was a precision-designed molecule that ultimately
translated into meaningful clinical benefit.”

Though AG10 benefited from strong science, no drug has
an easy path to the clinic. To begin that process, Graef and
Alhamadsheh co-founded Eidos Therapeutics in 2013 to
help move AG10 through IND-enabling studies and clinical
trials. Funding the effort proved challenging and required
persistence and grit, but a turning point came in 2016,
when BridgeBio, LLC invested in Eidos Therapeutics. That
set AG10 on the clinical path that ultimately led to its FDA
approval as Attruby.

Support for their work from the SPARK program at
Stanford was crucial during this time, say both Graef and
Alhamadsheh, helping the two with initial funding, advice,
and providing a framework for clinical translation as they
worked to take their molecule beyond the lab. Though
Attruby’s fate at times seemed uncertain, the two remained
utterly committed to their creation.

“One of the biggest challenges was simply getting the world
to believe in AG10 and to raise the funding needed to carry
an academically discovered molecule into the clinic,” Graef
says. “At the time, ATTR-CM was widely viewed as a rare
disease; today, although underdiagnosis remains an issue,
the field has recognized ATTR-CM is far more common than
once appreciated.”

She continues: “We believed in AG10, but belief isn’t enough
— confidence is earned one dataset at a time. Though there
were more rejections than | care to remember, what carried
us through these years was my inability, as a physician,

to walk away from patients who urgently needed a better
treatment and Mamoun’s conviction in the compound he
had synthesized.”



