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New Integrin-Binding Molecule is a ‘Guided Missile’
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as It does sg are a biological curiosity, but they may one day
be more famous for a particular molecule found in their seeds, which forms the
basis of a new cancer treatment platform being developed at a startup founded
by Stanford researchers.




The molecule in question is a peptide known as
a knottin, so called for three intertwined disulfide
bonds that hold it together. Peptides are
normally fragile — not so with knottins.

“You can actually subject some knottins to harsh
conditions such as high heat or acid and they
don't break down,” said Professor Jennifer
Cochran, whose lab spent two decades studying
this class of molecules and exploring their use
as diagnostic and therapeutic agents. “l quickly
became enamored with these unique peptides.”

Its ultra-high stability made the plant-derived
knottin particularly intriguing to Prof. Cochran
as a potential drug candidate for diseases like
cancer. But there was a major problem in that
the peptide naturally functions as an enzyme
inhibitor, not a cancer therapeutic. Her lab
spent several years putting the knottin through
an evolutionary gauntlet in the lab, eventually
creating a version that could bind to tumors and
their vasculature with high precision. Crucially,
their engineered molecule appears to avoid non-
tumor cells, making it akin to a guided missile
for cancer therapies. Prof. Cochran called their
creation PIP, or Polyspecific Integrin-binding
Peptide.

All their missile needed was a payload. That's
where Caitlyn Miller, who was co-advised by
Prof. Cochran and Professor Carolyn Bertozzi
during her PhD at Stanford, came in. Miller
worked on attaching therapeutic payloads to the
PIP molecule to enable targeted delivery to
tumors.

As the name suggests, PIP binds to tumor-
associated integrins, which are proteins found
on the surface of cancer cells. Most integrin-
binding molecules bind to just one type of
integrin — PIP can bind to multiple integrins,
greatly increasing its usefulness, said Miller, who
is now the CEO of TwoStep, a startup translating
therapies based on PIP to the clinic.

“You have the ability to go after virtually any solid
tumor, because each of them is likely going to
have at least one of those targets,” she said.

Excited by the possibility of bringing targeted
cancer treatments to patients, Miller founded
TwoStep in 2024 after a stint with Stanford’s
Innovative Medicines Accelerator (IMA) with

a mission to pursue clinical trials for PIP-

targeted therapies. In particular, the company is
utilizing the PIP technology to create a diverse
pipeline of targeted cancer therapies based on
cytotoxic drug delivery, radioligand therapy, and
immunotherapy.

“Caitlyn had the boldness to take on fundraising
and become CEO of a company right out

of Stanford,” Prof. Cochran said. “It's been
incredibly impressive to watch her in action

and to see how much respect she has from the
investors she's working with and the team that
she’s built.”

TwoStep's platform wraps in aspects of
technology developed by Prof. Cochran'’s lab,
as well as work from Stanford researchers
Professor Ronald Levy and Prof. Bertozzi, the
latter of whom won the 2022 Nobel Prize in
Chemistry for her work on click chemistry. It's
an interdisciplinary success story with a genesis
in Miller's PhD work, which included rotations
through each of their labs. Prof. Cochran, Prof.
Levy, and Prof. Bertozzi are all also co-founders
of TwoStep, helping to guide the development of
PIP as a cancer therapeutic.

“Patients have limited access to targeted cancer
treatments right now,” Miller said. “I'm excited
about the technology at TwoStep being able

to offer the benefits of targeted therapies to a
much wider set of patients.”

While Miller credits IMA with giving her the
confidence to spin out successfully, she and
TwoStep have hit the ground running, with

drug candidates already in the pipeline and a
rapidly growing team. Miller said TwoStep hopes
to have trials reporting data on their cancer
treatment in the clinic within a few years.
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