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The current standard technique for identifying the sentinel lymph node of breast cancer is to
inject a radioisotope tracer into the lymphatic system and to detect the tracer intraoperatively
using a gamma-probe. The radioisotope technique is available only in limited number of
hospitals. Making pathological specimen and the diagnosis of metastasis take approximately one
hour, which should be completed during the surgery. In this study, the limitation of radioisotope
technique is solved by using a magnetic tracer and a newly developed magnetic probe. A new
system of magnetic immunostaining is developed to realize a rapid diagnosis of metastasis. This
system includes a fluorescent magnetic particles labeled with antibodies and a magnet for
concentrating the particles on the specimen in one minute. The following items were developed
for establishing these techniques and for commercializing the devices.

We fabricated a test device of the handheld magnetic probe and the document to be submitted
for JIS and IEC applications, and obtained the certificate of conformance. The specification of
the iron quantification device for the extracted lymph nodes was determined by utilizing
numerical simulations. We fabricated a prototype of the iron quantification device. In order to
verify the feasibility of application to other cancers, we performed a clinical trial for oral cancer.
The sentinel lymph node was successfully detected using the magnetic probe, suggesting that
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the sentinel lymph node biopsy using magnetic technique can be applied to oral cancer as well as
to breast cancer.

We revealed the change in distribution of magnetic tracer (Resovist®) by dosage, dilution and
time effect in vivo, which applied for the protocol of sentinel lymph node detection using the
magnetic probe in clinical trials both in human and veterinary medicine. This sentinel lymph
node detection method showed equivalent sensitivity efficacy to blue dye method and no severe
side effect in experimental animal and tumor-bearing dogs with mammary gland tumor and
others. These findings suggested the efficacy and safety of this protocol.

We examined the preparation of antibody-coated fluorescent magnetic beads for a rapid
immunohistochemical staining introducing magnetic collection of the fluorescent magnetic
beads. As antibodies for breast cancer which immobilize on the beads, anti-EGFR antibody,
anti-cytokeratin 19 antibody, and anti-tenascin C antibody were selected. Each antibody was
immobilized chemically on the beads and three antibody-coated fluorescent magnetic beads were
produced. For multiple immunohistochemical staining, production of multicolored fluorescent
magnetic beads was examined.

Toward the development of the rapid immunohistochemical staining device containing the
operation of magnetic collection of fluorescent magnetic beads, we picked and screened element
technologies mounting on the device. To investigate minutely protocols of the rapid
immunohistochemical staining by manual method, several demonstrators equipped with various
functions were fabricated.

Immunohistochemistry is powerful method for diagnosis cancer metastasis, however, it takes
hours to finish. In order to have result during operation, we are developing rapid
immunostaining method using antibody labeled multi modal prove (MMP). There are two
important factor for this strategy, one is staining condition for MMP on rapid immunostaining
(include type of magnet and washing condition), and the other is the target. Development of
animal model is also necessary for verification of the method. In this year, we developed mouse
and swine lymph node metastasis model. We used frozen sections of them, and achieved one
minutes staining time and one minutes washing time. For the target search, we chose CK19 for
the first target due to wide expression of CK19 in breast cancer and metastasis. Because 1.7~
3.8% lymph node metastasis dose not express CK19, we also chose tenascin C due to its strong
expression in malignant cancer and metastasis. Primary cancer and lymph node metastasis
form twenty patients were chosen for verification the concept.

In order to rapidly diagnose the properties of metastatic cancer, 5 rabbit polyclonal antibodies
(CK19, CD44, CD147, EGFR, Her2), were developed, and immunohistochemically tested their
specificities using xenograft tumor and cultured cancer cell line. After that, they were passed
to the research group for development rapid diagnose for preparing antibody labeled fluorescent
magnetic beads. On the other hand, the nucleotide sequence of the variable region of anti-human
tenascin C antibody was determined by using their hybridoma. Furthermore, transformants
were prepared by introducing cDNA of each domain of human tenascin C for confirming the

specificity and stability of the antibody after bead labeling. Thirty titanium fooks were prepared
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as nonmagnetic surgical instruments to prevent malfunction of the magnetic probe during
surgery, and were provided for clinical trials. In addition, the final specification of the lymph
node forceps were decided. In order to nondestructly detect metastatic cancer in the sentinel
lymph node, a ring type ultrasonic probe was designed. A 128 Ch ring probe which design based
on the results obtained by the preliminary experiment (64 Ch) was made. Its resolution is 0.15
Mm. As a result of making a 256 Ch ring probe and imaging using a phantom, artifact was found
at the center of images. We repeatedly tested and found out that the cause is crosstalk between
the elements, and designed a new 256Ch probe. In systematization and commercialization, we
prepared to launch "sentinel lymph node search system using magnetic nanoparticles" and
"rapid diagnosis system of metastatic cancer properties." As to the magnetic probe, as a
magnetic detector, we have attended a follow-up consultation according to previous advices of
Pre-Development consultation. However, since we improved the content of usage etc. greatly, it
was decided to receive new Pre-Development consultation from general introduction
consultation. On the other hand, a rapid diagnostic drugs have been verified the properties of
antibody-labeled fluorescent magnetic beads according to inquiry previous advices of
Pre-Development Consultation. As for non-magnetic surgical instrument, they will be applied as
a general medical device for pharmaceutical applications. As for another developing devices,
such as iron quantification device, lymph node non-destructive inspection device and immune
reaction device for rapid diagnostic reagent, we plan to apply general introduction consultation,
followed by pre-development consultation, once basic design is settled. For oversea expansion,
we started a survey necessary for CE marking acquisition. Among them, we obtained a
certificate of conformity on JIS Electrical Safety Standards. In order to smoothly introduce this
system to small and medium scale hospitals, we surveyed the contents of the questionnaire and
created a questionnaire.

We began a multicenter clinical trial to develop a new technique of sentinel lymph node biopsy
(SLNB) using Resovist®/magnetic probe system model. A total of 472 patients were needed for
demonstrating non-inferiority of Resovist®/magnetic probe system compared with an isotope
technique. In initial 100 patients (21.1% of needed 472 patients), a SLN detection rate was
79.0% being much lower than that of the isotope method. No adverse events had been reported
when initial 50 patients were included in this study. In order to increase the detection rate of
SLN, Resovist® began to be subdermally injected a day before surgery. In addition, statistical
re-analysis needed 180 patients calculated based on an predicted 95% SLN detection rate. All
these amendments were written in a revised new protocol. Based on the new protocol, 45
patients (25.0% of needed 180 patients) were initially recruited, and the SLN detection rate was
93.3% close to the predicted SLN detection rate (95%).
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