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(202349A)

ADVERTISEMENT FEATURE

A KIDNEY DISEASE DRUG HELPS
FIGHT CANCER AND AGEING

A drug originally developed for treating kidneys, turns out to BE USEFUL AGAINST CANCER.

Toshio Miyata, a nephrologist
in Japan, knew he needed to
do something when he had
run out of treatment options
for his patients. “Kidney
inflammation and fibrosis can
be life threatening, and there
were very few renal medicines
available,” he says. “So 20 years
ago, we decided to make
some ourselves.”

Plasminogen activator
inhibitor-1 (PAI-1) — a biomol-
ecule responsible for regulating
blood clots — has been on the
pharmaceutical industry's list
of potential targets for more
than three decades. Blood clots,
inflammation and fibrosis, and
the mechanism that breaks
them down are linked to many
diseases including kidney, lung,
cardiovascular and liver diseases.
Patients with inflammation
and fibrosis usually get worse.
Managing this process could be
a game changer.

In 2003, Miyata,

a nephrologist and a physician-
scientist at the Tohoku University
Graduate School of Medicine in
Sendai, Japan, became interested
in finding small molecules that
can inhibit the function of PAI-1.
At the time, only a few small-
molecule PAI-Tinhibitors had
been reported and studies on
PAI-T's role in biological function
were still in their infancy.

Miyata's lab began
searching for PAI-1 inhibitors by
performing a virtual screening of
a library of chemical compounds
against a published structure
of human PAI-1. This relies on
using ‘docking’ algorithms to
predict the binding between
the two structures. After

simulating the fit of almost
2.25 million compounds, they
finally discovered their first
hit, a compound they indexed
as TM5007".

Initial studies of TM5007
on rodent models for blood
clots, showed promise — the
compound reduced significant
blood clots. But its efficacy
was too low to be a clinically
useful treatment.

Miyata and his team
continued to refine the
compound to improve its
efficacy, but the journey was
long. After 15 years and having
synthesized more than 1,400
compounds, they finally arrived
at TM5614, a compound 3,000
times more efficacious than
their original hit. They are now

ready to take this compound to
clinical studies.

STEM CELL INTERACTION
The longer they spent developing
TM5614, the more Miyata's
team understood PAI-1 biology.
While analysing its crystal
structure, they learned that PAI-1
binds to a protein called furin,
which activates the release of
hematopoietic stem cells —
immature cells that develop
into blood cells — from the
bone-marrow environment.
When TM5614 binds to a target
site on PAI-1, it activates furin,
which drives the release of these
stem cells.

Miyata’s team took this
idea to Hideo Harigae, a
hematologist and director of

A A crystal structure of human plasminogen activator inhibitor-1 (PAI-1).

Tohoku University Hospital, who
saw the potential of TM5614 as
an adjunct therapy for chronic
myelogenous leukemia (CML).
“CML s a rare disease,” explains
Harigae. “It's a type of blood
cancer that develops when
abnormal genes occur in the
hematopoietic stem cells.”

Earlier studies on PAI-1and
cancer had focused mostly
on its function in thrombotic
and fibrinolytic events. While
newer findings have hinted at
their complex roles in various
cancer progression, no-one has
ever reported PAI-1 activity on
hematopoietic stem cells?.

CML patients are usually
treated with tyrosine kinase
inhibitors (TKIs), which act
on mature CML cells that
differentiated from CML stem
cells. While TKIs improve the
survival rate of CML patients,
they do not address the root
cause of the disease. Because
TKiIs cannot act on CML stem
cells that reside in the bone-
marrow environment, the cancer
often recurs when the treatment
is stopped. Meanwhile, long-
term TKI use is expensive
and carries potentially fatal
side effects.

To overcome this, Miyata's
team suggested a strategy
that combines TKI with a PAI-1
inhibitor to treat CML. The idea
is to use PAI-Tinhibitors such
as TM5614 to lure CML stem
cells out of their bone-marrow
environment. Once these cells
are released, TKls can attack
the exposed cells.

Miyata's team tested this
combination therapy ona CML
mouse model and found that the

A Blood affected by chronic myelogenous leukemia. Tohoku University researchers have found a useful adjunct

therapy for the rare cancer.

number of CML cells remaining
in the bone marrow fell
considerably, leading to a greater
survival rate.

Following this result, the team
proceeded with early and late
phase Il clinical trials® in which
33 patients received a daily
dose of TKI. Those who received
TM5614 on top of their daily
dose of TKI for a year achieved
a higher rate of deep molecular
remission, a desirable outcome
for TKI treatment.

CHECKPOINT INHIBITORS

Other groups had shown that

a high expression level of PAI-1

is associated with low survival

rates in patients with solid

cancer. But the mechanism

behind this is poorly understood.

Miyata's team further discovered

that PAI-1 may have induced

the expression of immune

checkpoint molecules on

cancer cells and suppresses the

anti-tumour immune response.
Immune checkpoint

molecules such as programmed

death-1(PD-1) and its

ligand (PD-L1) have become
popular targets for cancer
immunotherapy. While these
inhibitors do not act directly on
cancer cells, they allow immune
T-cells to remain active and
attack cancer cells. Despite
their promise, the therapeutic
effect of anti-PD1/PD-L1is still
limited. “An antibody-based
drug is expensive and immune-
related side effects are a serious
problem,” says Miyata. “There's
a need for a combination drug
that increases the response
rate of anti-PD-1/PD-L1 with
fewer side effects and is

less expensive.”

Miyata’s team have showed
that TM5614 can suppress
tumour growth and enhance
the anti-tumour response of
anti-PD-1 antibodies in mouse
models of melanoma, non-small
lung cancer and colorectal
cancer. In a phase Il clinical
study in malignant melanoma,
7 out of 29 patients who
initially did not respond well to
nivolumab (an antibody drug)
began to respond to the drug

after 8 weeks of combination
therapy with TM5614*.

The team has now scheduled
other phase Il clinical trials for
non-small-cell lung cancer and
cutaneous angiosarcoma to
further confirm the effect of
TM5614 on immune checkpoint
inhibition in other cancers.

A SURPRISE FINDING
The discovery of TM5614
illustrates what translational
medicine could look like in
academia. "Previously, the
School of Medicine mainly
conducted biological research,”
says Harigae. “But the times
have changed.” He saw the
development as an effort for
academic research labs to fill
in the clinical needs. “Pharma
companies don't develop all the
medicines we need,” he says. “So
we have to do it ourselves.”
Miyata's team has
collaborated both nationally
and internationally and
partnered with contract research
organizations to accelerate
research progress. In 2017,

through a collaboration with
scientists at Northwestern
University in lllinois, United
States, they found another
surprising role for PAI-1. After
surveying the Amish community
in the US state of Indiana, they
discovered that those without
the PAI-1 gene on average lived
10 years on average longer than
those with the gene®.

This unexpected finding
was only possible through
a worldwide academic
collaboration and open
resource sharing that his team
adopted, Miyata says. The
team is currently exploring the
potential use of PAI-1inhibitor as
an anti-ageing medication.

“Drug discovery and
development is very
challenging, but also very
important,” says Harigae.
“I hope young researchers and
physician-scientists will follow
us in the future." m
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ADVERTISEMENT FEATURE

A HOTSPOT FOR RESEARCH AND
DEVELOPMENT OF MEDICAL Al

Medical doctors in Japan are WORKING WITH Al EXPERTS TO DEVELOP NEW HEALTHCARE SOLUTIONS
from diagnosis through to treatment.

Using artificial intelligence (Al)
to improve medicine will bring
untold progress, it has already
been used extensively in patient
diagnosis. Now, researchers at
Tohoku University in Sendai,
Japan, are using Al to improve
treatments including insulin
therapy and hemodialysis.

Recognizing the need
to involve Al experts and
health tech companies from
the beginning of the R&D
process, the Tohoku University
Graduate School of Medicine,
has established the ‘Medicinal
Hub' linking doctors, Al
researchers, and health tech
companies to develop Al-based
medical solutions for use in the
real world.

The driving force behind the
Medicinal Hub is Toshio Miyata,
a professor in medical science
and translational research at
Tohoku University Graduate
School of Medicine. He says
the hub provides a framework
where doctors, Al researchers
and health tech companies can

work together to further develop
medical Al

“Collaboration among
doctors and Al researchers is
important,” he says. “Active
involvement of medical doctors,
who have experience, medical
knowledge and data, is the key
for success,” he says.

Almost half of the
researchers working in the hub
come from IT companies, such
as NEC Corporation. Ryosuke
Togawa, an Al researcher
with NEC, has been working
with Miyata for three years
and says that working with
medical experts is invaluable for
developing medical Al solutions.

“To develop an Al that stands
up in medical practice, it is
essential that we have input
from medical experts, not only
to increase its accuracy, but
improve its functions for use in
different scenarios,” he says.

Al FOR INSULIN THERAPY
"Al that has learned the
experience of medical

specialists can provide valuable
information to non-specialists,”
says Miyata. In an ideal setting,
diabetologists are available to
provide intensive insulin therapy
to strictly control blood glucose
levels and prevent diabetic
complications. They have the
experience and knowledge to
set optimal insulin dosages for
different patients.

But in reality, non-
diabetologists are often the
ones providing the insulin,
which can be difficult, as the
safe insulin dose range is
narrow and excessive doses
can cause complications
such as hypoglycemia.

“There are not enough
diabetologists, especially
in rural areas,” says Miyata,
who is working on a project
using Al to support non-
diabetologists to perform
intensive insulin therapy and to
select optimal insulin doses for
hospitalized patients.

The Al is based on an
algorithm known as Behavioral

Imitation Learning Technology,
which was originally developed
by a researcher in NEC
Laboratories America to learn
repeated skills of professionals
and predict behaviour patterns.
Miyata's and Togawa's team
customized it for medical use
and worked with diabetologists
to apply it to solve the issues.

After analysing big data from
patients admitted to Tohoku
University Hospital over five
years, the team has developed
a cloud-based Al (DM-SAIL)
that provides recommended
insulin dosage with a very small
error margin.

While the technology is
being developed for hospital
patients, Miyata hopes it will
be developed to support insulin
therapy at home in the future.

The project has been
selected by the Japan Agency
for Medical Research and
Development (AMED) and the
clinical performance test will be
conducted in 2024 with the aim
of filing for regulatory approval

A Al could help

doctors i

(left). The

Hub at Tohoku University (right).

gettyimages
Credit: SCIEPRO

A Al may be able to help doctors select the optimal insulin (above) dose for patients with diabetes mellitus.

Al FOR HEMODIALYSIS
Another Al project to predict
optimal water removal

for hemodialysis patients,
conducted by Tohoku University,
was also selected by AMED.

Led by Miyata and Masaomi
Nangaku, a professor at the
University of Tokyo Graduate
School of Medicine, the
project is developing Al which
will optimize maintenance
hemodialysis and support non-
specialist doctors to implement
hemodialysis therapy.

In maintenance hemodialysis
treatment for people with
end-stage kidney failure, blood
is drawn from the body and,
after correcting electrolytes and
removing waste products and
excess water, the cleaned blood
is returned for circulation.

Appropriate water removal
is the most important and
difficult part of the procedure —
insufficient water removal can
impair cardiopulmonary function
and excessive water removal
can lead to other adverse
effects. People on hemodialysis
undergo the procedure once
every few days.

Using data from 3,000
hemodialysis patients in Japan
(approximately 800,000 dialysis
sessions), Miyata and Nangaku
worked with NEC to train an
Al engine to optimize the total
amount of water removed and
predict the probability of a fall in
blood pressure during dialysis.
They added personalized
data for each patient, such as
hemodialysis information, blood
test results and patient attributes,
to train the model, making it
more effective and accurate.

According to Nangaku,
the Al can predict the target
amount of water removal and
the probability of a decrease in
blood pressure during dialysis
with a high degree of accuracy.

In the future, he hopes the Al
can be used for clinical practice
as 'software as a medical
device’' (SaMD) to predict blood
pressure lowering and optimal
total amount of water removal
volume, as well as operating in
the cloud and on PCs in medical
institutions. Another future
development could be an Al
equipped hemodialysis machine
that controls the amount of

water removal and blood flow in
real time.

“Development of the Al
technology could eventually
facilitate home therapy which
would reduce pressure on
outpatient clinics and improve
access in remote areas,” he says

LOOKING AHEAD
While both the insulin therapy
and hemodialysis projects
are heading for clinical trials
in 2024, Miyata says several
projects in different fields
of medicine are in progress
and future initiatives will be
selected based on criteria such
as abundance of high-quality
medical data, involvement
of doctors, and potential to
commercialize the technology.
“Rather than looking for a
medical field where we can
utilize a specific Al algorithm,
we need to select or develop
the optimal algorithm to solve a
specific medical issue,” he says.
“We use the Biodesign principle,
where solutions are developed,
starting from the needs of the
medical field and optimized by
envisioning the final product.”

SCIEPRO/Science Photo Library/Getty

Togawa says the emergence
of generative Al will have a huge
impact on sectors across society,
including medical research.

“In the future, generative Al
could be used to consolidate
existing Al applications. For
example, to link diagnostic
imaging and electronic medical
records to enable consistent
analysis that supports human
decision making,” he says.

“But, high-quality data remains
essential for developing Al
technology. Collaboration

with skilled doctors, who can
supervise the data, is very
important for the research and
development of medical AL"m
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