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Highly Sensitive Quantitative Evaluation of HER2 by Ultrasensitive Tissue Staining Service (Quanticell®) Using Fluorescent Nanoparticle PID (Phosphor Integrated Dots)
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Abstract

In order to promote personalized medicine, there is a need
to develop an in vitro diagnostic drug as a criterion for select-
ing an appropriate treatment method. Thus, in recent years,
development of companion diagnostic drugs (CDx) linked to
specific drugs has been accelerating.

Human epidermal growth factor receptor 2 (HER2) is over-
expressed in about 15-20% of metastatic breast cancers and
is a predictor of the efficacy of the anti-HER2 therapeutic
agent trastuzumab. The immunohistochemistry (IHC) HER2
protein detection method has been approved as a compan-
ion diagnostic (CDx) for anti-HER2 therapeutics. However, since
the approved CDx is pigmentation-based DAB (3,3'-diamino-
benzidine) stain, the judgment is semi-quantitative by visual
inspection. Furthermore, since the signal is amplified by the
peroxidase enzyme reaction, it is difficult to judge when the
expression level is low.

Low-level HER2 expression cases without HER2 amplifica-
tion are observed in about 50% of breast cancers. However,
recently developed anti-HER2 ADC therapies have shown
tumor shrinkage even in patients with low HER2 expres-
sion (HER2 IHC 1+). Therefore, there is no diagnostic method
for highly accurate stratification of patients with low HER2
expression.

To solve this problem, by using the Quanticell® ultra-sensi-
tive tissue staining service with PID (Phosphor Integrated
Dots) which are high-intensity fluorescent nanoparticles origi-
nally developed by Konica Minolta, we introduce an example
of detecting HER2 protein in formalin-fixed paraffin embed-
ding (FFPE) tissues.

It is shown that Whole Slide Image (WSI) with Quanticell®
displays HER2 protein even when the clinical tissues are clas-
sified as HER2-negative by the current IHC method. In addi-
tion, it is show that stratification of HER2-low-expressing
patients from HER2-negative patients is possible.
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Table 1 The FDA-approved HER2 IHC test kits HercepTest Dako, Oracle
Leica, and PATHWAY Ventana are used to properly evaluate anti-
HER2 drug treatment cases.
All existing test kits are based on the DAB method and are suit-
able for stratifying HER2 3+/2+ with high HER2 expression lev-
els. However, they are unsuitable for stratifying HER2 1+/0.

Drug Antigen 1stAb | Type Company | Detection | Frequency
Trastuzumab | HER2/Neu | A0485 | Polyclonal | DAKO DAB 21%
Trastuzumab | HER2/Neu | 4B5 Monoclonal | Ventana DAB 63%
Trastuzumab | HER2/Neu | CB11 | Monoclonal | Leica DAB 5%
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Fig. 1 Schematic diagram of the Quanticell®-based assay and compari-
son of DAB and PID staining with TMA.
The particle size of the fluorescent nanoparticles PID is about 130
nm (excitation wavelength: 580 nm, emission wavelength: 620 nm).
Using 104 cases / 208 cores (US Biomax, BR20810) of breast tumor
tissue FFPE microarray (TMA), staining was performed using DAB
stain (Ventana I-VIEW), as well as the same primary antibody (clone
4B5) as DAB stain. Staining was also performed using Konica
Minolta Fluorescent Nanoparticles (PID) in place of DAB with sec-
ondary antibodies.
TMA scoring was performed according to the ASCO / CAP HER2
test guidelines, and each core was classified into 3+/2+/1+/0 based
on DAB staining. The TMA results for DAB staining and PID stain-
ing were in good agreement overall.
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Fig. 2 Assay based on Quanticell®, using Konica Minolta’s new fluores-
cent immunohistochemical technology.
Since PID staining has higher sensitivity than DAB staining, it can
clearly detect HER2 proteins with extremely low expression levels.
In addition, because it has a wide dynamic range, both HER2 over-
expressing (3+) and low expressing (1+/0) samples are identified
under the same staining conditions even with TMA containing
many tissues with different HER2 expression levels.
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Fig. 3 Comparison between DAB staining and PID staining in tissues
with different HER2 IHC scores (3+, 2+, 1+, 0).
Since DAB staining of HER2 1+/0 shows a weak signal, it is not
easy to make an objective and reproducible judgment. However,
with PID staining, a clear positive signal can be detected even in
cores classified as HER2 1+ by the DAB method. Circumferential
HER2 membrane staining is observed with cores which are classi-
fied as HER2 0 expression with DAB staining.
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Fig. 4 A PID-stained image of tissues judged as low HER2 expression by DAB staining.

The PID value is an integral of the fluorescence intensity of PID in the invasive cancer area. Clear positive
signals were detected in all cores, classified as HER2 1+, which is difficult to determine by DAB staining.
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Fig. 5 Comparison between DAB and PID scores. The PID-stained image

was converted into a high-precision Whole Slide Image (WSI) by a
virtual slide scanner, and the integrated fluorescence intensity
was extracted from the invasive cancer area.
In accordance with ASCO / CAP HER2 test guidelines, the average
fluorescence intensity of the top 10% was calculated as the PID
score. Since Quanticell® calculates the score based on the fluores-
cence intensity, a linear score can be obtained, which is continu-
ous rather than a discontinuous score such as 3+/ 2+/1+/0.
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= 0+ by DAB IHC but considered 1+ by Quanticell
= 0+ by DAB IHC and Quanticell

Table 2 Comparison between DAB classification and estimated Quanticell®
classification.
A concordance table of PID scores and DAB scores was created.
In the HER2 3+/2+ category, the Quanticell® and DAB methods
were in very good agreement. On the other hand, due to the
high-sensitivity detection of Quanticell®, about 40% of the HER2
1+ cores show a positive signal corresponding to HER2 2+. Also,
for the HER2 0 core, a positive signal corresponding to HER2 1+
was observed at a rate of around 50%.
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