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Development of a Quantitative Diagnostic Method of Estrogen Receptor Expression Levels by
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Abstract

The detection of estrogen receptors (ERs) by immunohis-
tochemistry (IHC) using 3,3'-diaminobenzidine (DAB) is es-
sential to the application of endocrine therapy, such as anti-
estrogen tamoxifen-based therapy. IHC using DAB is a poor
quantitative method because horseradish peroxidase (HRP)
activity depends on reaction time, temperature and sub-
strate concentration. On the other hand, fluorescent material
provides an effective method to quantitative IHC because
the signal intensity is proportional to the intensity of the
photon excitation energy. However, the high level of auto-
fluorescence has impeded the development of quantitative
IHC using fluorescence. We developed organic fluorescent
material (tetramethylrhodamine)-assembled nanoparticles
for IHC. Tissue autofluorescence is comparable to the fluores-
cence intensity of quantum dots, which are the most repre-
sentative fluorescent nanoparticles. The fluorescent intensity
of our novel nanoparticles was 10.2-fold greater than quan-
tum dots, and they did not bind non-specifically to cancer
tissues due to the polyethylene glycol chain that coated their
surfaces. Therefore, the fluorescent intensity of our nanopar-
ticles significantly exceeded autofluorescence, which pro-
duced a significantly higher signal-to-noise ratio on IHC-
imaged cancer tissues than previous methods.

Moreover, immunostaining data from our nanoparticle
fluorescent IHC and IHC with DAB were compared in the
same region of adjacent tissues sections to quantitatively ex-
amine the two methods. The results demonstrated that our
nanoparticle staining analyzed a wide range of ER expression
levels with higher accuracy and quantitative sensitivity than
DAB staining. This enhancement in the diagnostic accuracy
and sensitivity for ERs will improve the prediction of respons-
es to therapies that target ER signal.
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Fig. T TMR-SA particle preparation and characteristics evaluation. (A)
Schematic for the TMR-SA particle preparation. Avi, streptavidin.
PEG, polyethylene glycol chain. TMR, tetramethylrhodamine.
Silica layer was made from tetraethylorthosilicate. (B) The 532 nm
light-excited fluorescence spectra of TMR only and TMR-SA
particles.
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Fig. 2 Immunostaining of ER in breast cancer tissues with DAB or TMR-
SA particles. Breast cancer tissues that expressed ER at low (A, C,)
or high levels (B, D) were immunostained. The tissues shown in (A)
and (B) were immunostained with DAB and counterstained with
hematoxylin. The tissues shown in (C, D) were immunostained
with TMR-SA particles and counterstained with hematoxylin.
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Fig. 3 Quantitative analysis of ER-immunostaining data with DAB or
TMR-SA particles. Adjacent tissues expressing ER at high levels
were immunostained with DAB and hematoxylin (A) or TMR-SA
particles (B). The same regions in both tissues were observed. DAB
staining image (A) was converted into a gray scale image, and the
gray scale tone was inverted. As result of this, high DAB-staining
intensity was visualized as a high gray value in the 256 gray level.
TMR-SA particle staining images were converted into gray scale
images, and the gray level correction of the image was performed
to exclude the effect of autofluorescence. To measure the TMR-SA
particles fluorescent signal in cell nuclei, the nuclear region was
surrounded with an ROl that was determined using the hema-
toxylin staining image (C). An image merged with (B) and (C) is
shown in (D). The mean values of DAB staining intensity or TMR-
SA particle staining intensity were adjusted to 100 as an arbitrary
unit (E). Error bars indicate standard deviations that showed the
wide range of variations in staining intensity values.
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