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Development of breast cancer treatment that applies real-time visualization
technology by cancer-specific fluorescent probe
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We previously developed y -glutamyl hydroxymethyl rhodamine green (gGlu-HMRG) as
a tool to detect viable cancer cells, based on the fact that the enzyme y -glutamyltranspeptidase (GGT)
is overexpressed on membranes of various cancer cells, but is not expressed in normal tissue. Cleavage of
the probe by GGT generates green fluorescence. Here, we examined the feasibility of clinical application
of gGlu-HMRG during breast-conserving surgery. We found that fluorescence derived from cleavage of
gGlu-HMRG allowed easy discrimination of breast tumors, even those smaller than 1 mm in size, from normal
mammary gland tissues, with 92% sensitivity and 94% specificity, within only 5 min after application. We
believe this rapid, low-cost method represents a breakthrough in intraoperative margin assessment during

breast-conserving surgery.
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Figure 1. (a) Immunohistochemical staining of MCF-7 cell line for GGT. (b) Fluorescence image of MCF-7
cells obtained after administration of gGlu-HMRG. A differential interference contrast (DIC) image (left),
a gGlu-HMRG fluorescence image (middle), and an image of cells p d with siRNA targeting GGT
before application of gGlu-HMRG (right). (c) Time-dependent change of fluorescence intensity in MCF-7
cell line and MCF-7 cell line pretreated with siRNA targeting GGT. (d~f) Time-dependent fluorescence
images of various breast tumor specimens [invasive ductal carcinoma (d), DCIS (e), intraductal papilloma
(f)] after administration of gGlu-HMRG probe. In each of the specimens shown in (d-f), the time-
dependent fluorescence intensities were measured at tumor lesions, normal mammary gland regions and
fat (right column). (g, h) Comparisons of fluorescence localization (d and ¢) with pathological HE staining
of the same specimen. (g) The cancer region is enclosed by a dotted line in the HE-staining image. Areas
of increased fluorescence coincided well with pathologically cancerous region. Red arrows in (h) show
fluorescence-positive area and malignant lesions. (i) Comparison of fluorescence increases (FI) after
administration of gGlu-HMRG in breast lesions and normal tissues.
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Figure 2. Application of the gGlu-HMRG fluorescence method in surgical margins of BCS

specimens. Specimen 1 was diagnosed pathologically as DCIS and specimen 2 was diagnosed as invasive
ductal carcinoma (papillotubular). (a) Gross picture. (b) Fluorescence image just before gGlu-HMRG
administration. (c) Fluorescence image 5 minutes after gGlu-HMRG administration. Increased brightness
was observed in some areas. (d) Red and yellow colors indicate fluorescence-positive areas. Red areas were
identified as malignant lesions. Yellow areas were fluorescent positive and did not identified as malignant
lesions. (&) HE stained image after formalin fixation. Malignant regions identified from pathological findings
are colored green. (f) The area in the red box of (e) is magnified. Red arrows showed malignant lesions in
the cross section of surgical margin. (g) Gross picture. Red-circled areas showed malignant lesions diagnosed
from pathological findings. (h-j) Red and yellow areas showed fluorescence-positive areas. Red areas were
fluorescent positive and identified as malignant lesions. Yellow areas were fluorescent positive and did not
identified as malignant lesions. The area in the white box of (h) is magnified in (i) and (j). i) The picture at
5minutes after gGlu-HMRG adminstration. (j) After analyzing the picture, we found and colored fluorescent
positive area as red and yellow. (k) HE-staining image same region as (i) and (j) after formalin fixation. Red
arrows indicated extensive intraductal components of invasive ductal carcinoma.
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