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Sodium ascorbate protects 211At-labeled antibodies from reactive
oxygen species damage†
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Radioimmunotherapy (RIT) is synonymous with next-
generation antibody medication. α-particles are partic-
ularly suited to RIT on account of their potent linear
energy transfer (LET) and short path range. Among the
several α-emitter nuclei, 211At is preferable to the rest
owing to its short half-life (7.2 h) and inability to yield
cytotoxic daughter isotopes during decay. Successful de-
livery of α-particles to the tumor site is a key requisite
for effective cancer treatment, which can be achieved by
using specific antibodies against tumor antigens.
We investigated 211At-labeled antibodies for cancer

therapy.1) Briefly, 211At, generated by the RIKEN AVF
cyclotron, was conjugated to trastuzumab, a therapeu-
tic antibody targeted against breast and stomach can-
cer. 211At was immobilized onto trastuzumab carry-
ing trimethylstannyl benzoate via an 211At-Sn exchange
reaction, followed by purification using size-exclusion
column chromatography. However, using sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) analyses, we discovered that the 211At-labeled
trastuzumab thus obtained was damaged. Further, flow
cytometry revealed that the binding affinity of 211At-
labeled trastuzumab to human epidermal growth factor
receptor 2 (HER2) expressing SK-BR-3 cells was drasti-
cally compromised (Fig. 1).
We speculated that damage to the 211At-conjugated

antibodies may have been caused by reactive oxygen
species (ROS), that were generated from water radiol-
ysis by α-particles released from 211At. Consequently,
we established an ROS detection system based on the
chemiluminescence luminol assay. Aqueous 211At solu-
tions tested positive in the luminol assay, thereby indi-
cating the presence of ROS. Further, the assay revealed
the quenching of ROS in the presence of 6×10−2 mg/mL
sodium ascorbate.

211At-labeled trastuzumab in the presence of more
than 6 × 10−2 mg/mL sodium ascorbate was stable
as seen using SDS-PAGE analyses, and its binding
affinity was maintained. In addition, WST-8 assays
demonstrated more potent cytocidal effects of 211At-
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Fig. 1. SDS-PAGE showing damaged 211At-labeled trastuzumab

after 1 day.
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Fig. 2. Cytotoxic effects of 211At-labeled trastuzumab.

labeled trastuzumab in the presence of sodium ascor-
bate, against high HER2-expressing SK-BR-3 cells than
those exerted by the immunoconjugate that was not un-
der the protection (Fig. 2). These results conclusively
demonstrated that quenching of ROS is essential for ef-
ficacious RIT. Moreover, the cytocidal effects seemed to
be dependent on the level of HER2 on the cancer cells.
Compared with free 211At, 211At-labeled trastuzumab
more efficiently killed SK-BR-3 cells, whereas the cyto-
toxicity was mitigated against MCF-7 cells that express
lower levels of HER2 (Fig. 2).
While the reducing agent L-cysteine demonstrated

similar ROS-quenching activity as sodium ascorbate,
others such as sodium hydrosulfite and maltose, had a
weaker effect.
We therefore conclude that 211At-labeled antibodies

are damaged by ROS that are generated by the action
of 211At on water. The presence of sodium ascorbate re-
sulted in the quenching of ROS, which prevented 211At-
labeled antibody damage, and maintained its function.
The present data warrant further studies for develop-
ment of the above-described cancer therapy.
This manuscript has been condensed from the article

in ACS Omega. Figures are reproduced with permission
from American Chemical Society.
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