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For immediate release:
Tokyo Institute of Technology research: Boron carrier for targeted tumour therapy

(Tokyo, August 2016) Scientists at Tokyo Institute of Technology have developed a boron
carrier for use in targeted radiation treatment for cancerous tumours. The carrier is based
on a common blood plasma protein, meaning it can be tailored to individual patients thus
lessening the chances of blood contamination.

Targeted radiation-based therapies for treating cancerous tumours such as ‘boron neutron
capture therapy’ (BNCT), rely on the efficient and effective delivery of the capture agent (in
this case, boron) to the tumour. The agent must collect in the tumour in high enough
concentrations to trigger an effective reaction during thermal neutron irradiation.

Delivering the agent to tumours safely, while limiting the chances of it being distributed in
the bloodstream and major organs, is a major challenge. Hiroyuki Nakamura and co-workers
at the Tokyo Institute of Technology, in collaboration with researchers across Japan, decided
to test the ability of a common blood plasma protein known as albumin to carry boron to
tumours during BNCT.

Albumin flows readily to and accumulates in malignant tissues; in fact, it is a major source of
nutrition for growing tumours. Tumours therefore attract albumin, making the protein an
ideal candidate for carrying drugs — it has already been used as a drug carrier for breast,
lung and pancreatic cancers. However, its ability to transport boron for BNCT remains
untested.

Nakamura’s team developed a tiny capsule, made from maleimide-functionalized closo-
dodecaborate (MID), and trialled its ability to bind with albumin and to carry boron. They
found that MID successfully binds with both cysteine and lysine residues in albumin,
creating a stable carrier for boron that the team called MID-AC.

They tested MID-AC on 26 tumour-bearing mice. The team found that the boron
concentrated highly and efficiently in tumours; the active uptake of boron by the albumin
led to double the concentration of boron reaching tumours than previous systems. Levels of
boron in the bloodstream and organs were very low, indicating a viable targeted delivery
system. Thermal irradiation was then carried out on the mice, and led to the significant
suppression of tumour growth even at low boron levels.

This technique could limit existing problems of using blood-based products in cancer
treatment. Albumin could be taken from patients in hospital prior to treatment, then used
in MID-AC to carry boron to tumours in the patients’ own bodies. This will limit
contamination and encourage the acceptance of the system by the patients’ immune
systems.



Background
Boron therapy

Boron neutron capture therapy (BNCT) is a non-invasive method for the targeted
destruction of cancer cells in tumours. The two-step technique firstly relies on the effective
delivery of boron — a non-radioactive isotope capable of capturing neutrons to trigger a
nuclear reaction — to tumours. The patient is injected with boron carriers which make their
way through the bloodstream to the tumour. Creating carriers that target tumours
specifically without discharging boron in healthy tissues has been a significant challenge for
scientists.

Once the boron has accumulated in sufficient levels in the tumour, the patient undergoes
thermal neutron irradiation — the resulting miniature nuclear reaction inside the tumour
blasts the cancer cells and destroys them. So far, two small boron molecules, such as
mercaptoundecahydrododecaborate (BSH) and L-p-boronophenylalanine (L-BPA), have been
used as boron carriers for clinical treatment of brain tumors, melanoma, head and neck
cancers, and other cancers in BNCT.

Implications of the current study

The MID-AC system is based on a common blood protein called albumin, which is found in
abundant levels in blood plasma. Nakamura’s team developed a boron carrier which uses
albumin to transport the agent to the tumour. As a result, the system could greatly enhance
current BNCT delivery, because if patients’ own albumin is used to carry the boron to the
tumour, there is a far smaller chance of blood contamination — a risk when using blood
products from other people.

Further, the success of the system lies in the fact that it makes use of albumin’s natural

propensity to gather in tumours. This means that boron levels in surrounding healthy cells
and organs is limited, reducing the risk of side effects during radiation-based cancer therapy.
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About Tokyo Institute of Technology

Tokyo Institute of Technology stands at the forefront of research and higher education as
the leading university for science and technology in Japan. Tokyo Tech researchers excel in a
variety of fields, such as material science, biology, computer science and physics. Founded in
1881, Tokyo Tech has grown to host 10,000 undergraduate and graduate students who
become principled leaders of their fields and some of the most sought-after scientists and
engineers at top companies. Embodying the Japanese philosophy of “monotsukuri,”
meaning technical ingenuity and innovation, the Tokyo Tech community strives to make
significant contributions to society through high-impact research.
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