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ABSTRACT

A simple and non-invasive method for detecting endometrial cancer in women with abnormal uterine bleeding is re-
quired. For this purpose, we prepared immuno-magnetic beads conjugated with anti-human EpCAM rat monoclonal
antibody (mAb) for isolating exfoliated endometrial cells including endometrial cancer cells in vaginal discharge. The
affinities of the anti-human EpCAM rat mAbs were analyzed by flow cytometry and immunocytochemistry and then
magnetic beads were conjugated with the mAbs. The rate of retrieval of endometrial cells using the immuno-magnetic
beads was calculated. Endometrial cells were isolated using the immuno-magnetic beads from the vaginal discharges of
22 patients with endometrial cancer and 16 non-malignant controls. The isolated cells were stained using endometrial
cancer specific-mAbs and analyzed by flow cytometry and imaging cytometry. The immuno-magnetic beads conjugated
with high-affinity mAb (clone 1456) appeared to have very low auto-fluorescence. Sufficient enrichment of Ep-CAM-
positive cells using immuno-magnetic beads was observed in both simulation and clinical samples. The overall sensi-
tivities of flow cytometry and imaging cytometry to detect endometrial cancer cells were 72.7% and 45.5%, respec-
tively. Meanwhile, the overall specificities of flow cytometry and imaging cytometry for healthy controls were 75.0%
and 81.3%, respectively. Our immuno-magnetic beads have very low auto-fluorescence, so they could be useful for
fluorescent analysis, such as fluorescent immunochemical staining. In the future, these novel immuno-magnetic beads
could be used for cytological study.

Keywords: Immuno-Magnetic Beads; Auto-Fluorescence; Endometrial Cancer; Cancer Screening

1. Introduction is a common symptom of endometrial cancer; however,
endometrial cancer is diagnosed in only 10% of women
with abnormal uterine bleeding [6,7] and no organic
cause is found in 60% to 70% of these women [8]. For
many years, dilatation followed by curettage has been the
standard method for detecting endometrial cancer in
women with abnormal uterine bleeding. In the last dec-

ade, several screening methods for women with abnor-

Endometrial cancer is one of the most common malig-
nancies of the female genital tract globally [1]. In the
USA, approximately 80% of patients with cancer of the
uterus were diagnosed as having endometrial cancer [2]
and the number of patients with endometrial cancer has
been increasing in Japan [3]. Regarding cancer screening
of female genital cancers, cervical cancer of the uterus

can be diagnosed more simply than endometrial cancer
[4]. However, there is no screening method for endo-
metrial cancer at present [5]. Abnormal uterine bleeding

"Disclosures: The authors declare that no actual or potential conflicts of
interest exist.
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mal uterine bleeding, such as transvaginal sonography
[9,10], endometrial cytology [10], suction endometrial
curettage [10], and endometrial sampling [10,11}, were
reported to reduce the cost and invasiveness. However,
these screening methods are still invasive, time-con-
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suming, and expensive, and above all, inconvenient for
women. Therefore, a simple, economic, and non-invasive
method of detecting cancer through cancer screening for
patients with abnormal uterine bleeding is required.

Recently, we reported a cytological analysis for the
detection of endometrial cancer cells combined with en-
dometrial cancer-specific monoclonal antibodies (mAbs)
and imaging cytometry using exfoliated endometrial cells
[12]. Exfoliated endometrial cancer cells and normal
endometrial cells were observed in the vaginal discharge
of patients with endometrial cancer. In addition, to detect
endometrial cancer cells, mAbs against cysteine-rich
with EGF-like domain 1 (CRELD1), G-protein-coupled
receptor kinase 5 (GRKS5), solute carrier family 25 mem-
ber 27 (SLC25A27), and stanniocalcin 2 (STC2) were
used. However, almost all tampon-retrieved cells were
granulocytes and normal squamous cells from the vagina,
and the rate of endometrial cells in all tampon-retrieved
cells was less than 1% [12].

Meanwhile, to isolate exfoliated colonocytes from fe-
ces, we previously reported immuno-magnetic beads
conjugated with anti-human epithelial cell adhesion
molecule (EpCAM) mouse mAb (Magnosphere MC290/
anti-EpCAM mouse IgG, JSR Life Sciences, Tsukuba,
Japan) [13]. The same as for fecal samples, exfoliated
endometrial cells could be isolated using immuno-mag-
netic beads. The capturing mAbs (anti-human EpCAM
mAbs conjugated to Magnosphere) and the detecting
mAbs (endometrial cancer-specific mAbs) are both
mouse monoclonal antibodies; thus, the secondary anti-
body for immunochemical staining cross-reacted with the
mAbs for capture and those for detection. To resolve this
issue, we have established anti-human EpCAM rat mAb
and immuno-magnetic beads with very low auto-fluo-
rescence for the isolation of exfoliated endometrial cells
in the present study. Then, the exfoliated endometrial
cells collected using immuno-magnetic beads were sub-
jected to cellular analysis.

2. Materials and Methods

2.1. Establishment of Anti-Human EpCAM Rat
Monoclonal Antibodies

A recombinant human EpCAM/Fc chimera (R & D Sys-
tems, Minneapolis, MN) was used as an immunogen. 0.1
mg of the antigen was mixed with complete Freund’s
adjuvant (Difco, Detroit, MI) and injected intraperito-
neally into Wistar rat (Japan SLC, Shizuoka, Japan). The
ELISA-positive hybridoma cells were cloned by limiting
dilution in 96-well culture plates and established as sta-
ble hybridoma cells.

Immunoglobulin G was separately purified from each
ascites fluid sample using protein G affinity chromatog-

Copyright © 2013 SciRes.

raphy (GE Healthcare Life Science, Piscataway, NJ). The
purified IgG fractions were used for further characteriza-
tion and were evaluated for their reactivity.

2.2. Flow Cytometry of Anti-Human
EpCAM mAb

HT-29 cells and UMUC-3 cells were used as EpCAM-
positive and -negative cells, respectively. 2 x 10° tryp-
sinized cells were put into a 2-mL tube and incubated
with 0.2 pg of each mAb for 30 min at 4°C. After rinsing
with PBS containing 0.5% bovine serum albumin (BSA)
and 2 mM ethylenediaminetetraacetic acid (EDTA) (B. E.
PBS), the cells were incubated with 0.1 pug of DyLight
649-conjugated donkey anti-rat IgG secondary antibody
(Jackson ImmunoResearch, West Grove, PA) for 30 min
at 4°C. Finally, the cells were rinsed with B. E. PBS and
nuclear-stained with propidium iodide (PI) solution (In-
vitrogen, Eugene, OR). The stained cells were analyzed
by flow cytometry using a Guava easyCyte.

2.3. Immunocytochemistry of Anti-Human
EpCAM mAb

EpCAM-positive and -negative cells were pre-cultured
on BD Falcon culture slides (BD Biosciences, Bedford,
MA). The cells were fixed in 4% paraformaldehyde
(Wako, Osaka, Japan) for 30 min at 4°C and rinsed with
ultrapure water. Endogenous peroxidase was blocked
with a 3% hydrogen peroxide solution in 100% methanol
for 30 min at room temperature, followed by rinsing with
PBS. Nonspecific protein binding was blocked with 5%
skim milk in PBS for 30 min at room temperature. After
draining off the skim milk solution, the cells were incu-
bated with 4 pg of each anti-human EpCAM rat mAb for
1 hr at room temperature. After rinsing with PBS, the
cells were incubated with 0.1 pg of HRP-conjugated
donkey anti-rat IgG secondary antibody (Jackson Immu-
noResearch) for 30 min at room temperature. After rins-
ing with PBS, the cells were incubated with the 3,3’-dia-
minobenzidine tetrahydrochloride (DAB+) liquid system
(Dako, Glostrup, Denmark) for 5 min at room tempera-
ture. Finally, the cells were rinsed and counter-stained
with hematoxylin solution.

2.4. Immuno-Magnetic Beads Conjugated with
Anti-Human EpCAM Rat mAb

Magnetic beads of 3.0 pm diameter, Magnosphere
MC290/Tosyl (JSL Life Sciences), were prepared in this
study. The magnetic beads were directly conjugated with
anti-human EpCAM rat mAb. The sizes of the obtained
magnetic beads were determined to be 3.0 pm based on
electron microscopic observation. Also, commercially
available immuno-magnetic beads conjugated with anti-
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human EpCAM mouse mAb, Dynabeads Epithelial En-
rich (Dynal, Oslo, Norway) and Magnosphere MC290/
anti-EpCAM mouse IgG (JSR Life Sciences), were used
in the present study.

2.5. Simulation Analysis for Retrieving Cells
Using Immuno-Magnetic Beads

In the present study, the immuno-magnetic beads were
used for the isolation of endometrial cells from the sam-
ples of abnormal uterine bleeding or menstrual bleeding;
thus, EpCAM-positive cells added to peripheral blood
were used in the simulation study. 1 x 10° HT-29 cells
with 3 mL of peripheral blood (approximately 1 x 107
granulocytes) were prepared in the simulation study. 30
mL of a retrieval PBS buffer containing 0.1% BSA and 2
mM EDTA was added to the sample. The EpCAM-
positive cells were captured using 40 pL of immuno-
magnetic beads, and the mixtures were incubated for 30
min under gentle rolling at room temperature. Then, the
mixtures on the magnet were incubated on a shaking
platform for 15 min at room temperature. Subsequently,
the supernatant was removed and the retrieved cells were
fixed in 4% paraformaldehyde for 30 min at 4°C. In the
clinical simulation study, menstrual blood from a healthy
volunteer was subjected to the same method as described
above.

To analyze the efficiency of immuno-magnetic beads,
the cells retrieved using the immuno-magnetic beads
were stained with the anti-human EpCAM goat poly-
clonal Ab (R & D Systems) and assessed using an imag-
ing cytometer, CELAVIEW (Olympus, Tokyo, Japan).
The retrieved cells were plated into each well of flat-
bottomed 96-well tissue culture plates (Corning). The
plates were centrifuged at 30 g for 5 min at 4°C and the
supernatant was removed, followed by drying over-night
at room temperature. The cells were permeabilized by
incubation in PBS containing 0.2% Triton X-100 for 20
min at room temperature. Non-specific protein binding
was blocked with 5% skim milk in PBS for 30 min at
room temperature. After draining off the skim milk solu-
tion, the cells were incubated with 1 pg of commercially
available anti-human EpCAM goat polyclonal Ab, fol-
lowed by incubation for 1 hr at room temperature. After
rinsing with PBS, the sections were incubated with 0.1
ng of DyLight 488-conjugated bovine anti-goat IgG sec-
ondary antibody (Jackson ImmunoResearch) for 30 min
at room temperature.

2.6. Patients with Endometrial Cancer or
Non-Malignant Controls

From January 2012 to December 2012, 22 patients with
histologically confirmed endometrial cancer and 16 non-

Copyright © 2013 SciRes.

malignant controls before menopause were enrolled in
this study (Table 1). All the patients had undergone
surgical resection of their primary cancer at the National
Cancer Center Hospital, Tokyo, Japan. The endometrial
cancer patients were slightly older than the non-malig-
nant controls. All patients and controls received detailed
information about the study and gave written consent to
participate in the study, which was approved by the Insti-
tutional Review Board of the National Cancer Center,
Japan, and Tokyo Women’s Medical University.

2.7. Retrieval of Naturally Exfoliated
Endometrial Cells Using
Immuno-Magnetic Beads

The participants in this study inserted a small tampon (3
% 1 c¢m, Unicharm, Tokyo, Japan) into their vagina and
took the tampon out after about 3 hrs [12]. The tampon
was then placed in a centrifuge tube (Corning) containing
30 mL of retrieval buffer and was shipped immediately
to our laboratory at 4°C. To retrieve the exfoliated cells
from the tampon, it was pressed thoroughly and all

Table 1. Characteristics of endometrial cancer patients and
non-malignant controls.

Patients IN=22)  Controls (N = 16)

Age [median (range)] 60 (47-75) 4129-52)
EpCAM + cells FCM

o (] 17(1-2322) 113 (2-1964)
EpCAM + cells ICM 17(0- 1893) 82(0-2014)

[median (range)]
Histology [Number (%)]

Endometrioid 18 (81.8%)

adenocarcinoma
Mixed adenocarcinoma 2(9.1%)
Serous adenocarcinoma 1(4.5%)
Carcinosarcoma 1 (4.5%)
FIGO classification
[Number (%)]
stage I 14 (63.6%)
stage II 4 (18.2%)
stage III 3(13.6%)
stage [V 1(4.5%)
Tumor size 37(9-82)

[mm, median (range)]

Patients: patients with endometrial cancer, Controls: non-malignant patients
without malignancy in the uterus, EpCAM + cells FCM: positively stained
cells using EpCAM Ab counted by flow cytometry, EpCAM + cells ICM:
positively stained cells using EpCAM Ab counted by imaging cytometry,
FIGO: International Federation of Gynecology and Obstetrics.
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obtained fluid was collected in another new centrifuge
tube. The exfoliated endometrial cells were captured by
adding 40 pL of immuno-magnetic beads into the sample
solution, and the mixtures were incubated for 30 min
under gentle rolling conditions at room temperature. The
mixtures on the magnet were incubated on a shaking
platform for 15 min at room temperature. Then, the
supernatant was removed and the retrieved cells were
fixed in 4% paraformaldehyde for 30 min at 4°C. The
cells were rinsed with PBS and stored in 1 mL of PBS-
based storage buffer containing 0.1% BSA, 2 mM EDTA,
and 0.1% NaN3 at 4°C until analysis.

2.8. Cellular Analysis Using Flow Cytometry and
Imaging Cytometry

For cellular analysis using flow cytometry, the exfoliated
endometrial cells retrieved using the immuno-magnetic
beads were put into a 2-mL tube and incubated with 4 ug
of anti-CRELDI (clone 2D1E121), GRKS5 (clone 2F11C3),
SLC25A27 (clone 3A8B14), and STC2 (clone 2D4C4)
mouse mAbs (ACTGen, Nagano, Japan) as well as 1 pg
of anti-human EpCAM goat polyclonal antibody for 1 hr
at room temperature. After rinsing with retrieval buffer,
the cells were incubated with 0.1 pg of DyLight 488-
conjugated bovine anti-goat IgG secondary antibody and
0.1 ug of DyLight 649-conjugated donkey anti-mouse
1gG secondary antibody for 30 min at room temperature.
Finally, the cells were rinsed with retrieval buffer and
nuclear-stained with PI solution. The stained cells were
analyzed using flow cytometry with a Guava easyCyte
(Millipore, Billerica, MA).

For cellular analysis using imaging cytometry, the
exfoliated endometrial cells retrieved using immuno-
magnetic beads were prepared as described in the simu-
lation experiment.

3. Results

3.1. Evaluation of Anti-Human EpCAM Rat
Monoclonal Antibodies

Mean intensities of EpCAM positive cells with isotype
control (negative control), clone B8-4 (positive control),
clone 118, clone 533, clone 572, clone 787, clone 1097,
clone 1286, clone 1456, and clone 1468 were 3.33, 1683,
1823, 810, 1865, 1693, 1571, 1531, 1670, and 861, re-
spectively (Figure 1(a)). Mean intensities of EpCAM-
negative cells with the same mAbs were 3.54, 3.75, 5.00,
3.52,3.92, 12.9, 5.41, 6.33, 3.58, and 3.24, respectively
(Figure 1(b)). The affinities to EpCAM-positive cells
using two mAbs (clones 533 and 1468) were lower than
that to clone B8-4. Meanwhile, non-specific reactions to
EpCAM-negative cells were observed for four mAbs
(clones 118, 787, 1097, and 1286). From the results of

Copyright © 2013 SciRes.

flow cytometry, two mAbs (clones 572 and 1456) were
selected as candidates for the conjugation. In the immu-
nocytochemical staining, EpCAM-positive cells were
stained positively by clone B8-4 and clone 1456 mAbs
(Figure 1(c)). However, these cells could not be stained
by clone 572 mAb. Thus, clone 1456 was used as anti-
human EpCAM rat mAb in the following experiments.

3.2. Low Auto-Fluorescence of
Immuno-Magnetic Beads Conjugated with
Anti-Human EpCAM Rat mAb

The levels of auto-fluorescence of commercially avail-
able immuno-magnetic beads (Dynabeads Epithelial En-
rich and MC290/EpCAM mouse IgG) and our new im-
muno-magnetic beads (MC290/EpCAM rat IgG) were
compared (Figure 2(a)). Fluorescent intensities were
assessed at wavelengths of excitation (Ex) 488 nm/emis-
sion (Em) 525 nm (green fluorescence), Ex 488 nm/Em
583 nm (yellow fluorescence), Ex 488 nm/Em 680 nm
(red fluorescence), and Ex 640 nm/Em 661 nm (red2
fluorescence). Mean intensities of Dynabeads Epithelial
Enrich in terms of green, yellow, red, and red2 fluores-
cence were 13.7, 41.5, 44.3, and 10.8, respectively. Cor-
responding mean intensities of MC290/EpCAM mouse
IgG were 3.01, 4.61, 4.05, and 6.03, respectively. In ad-
dition, mean intensities of MC290/EpCAM rat IgG were
2.82, 4.20, 3.29, and 6.35, respectively. Consequently,
MC290 beads showed low auto-fluorescence and Dyna-
beads showed high auto-fluorescence. The binding of
Dynabeads and MC290 beads to EpCAM-positive cells

== negative control
~=clone B8-4
mwe clone 118

e clone 533

s clone 572

e clone 787

wewe glone 1097
~— clone 1286
= clone 1456
e clone 1468

@ ® |

Figure 1. Evaluation of anti-human EpCAM rat mono-
clonal antibodies. (a) Flow cytometry using EpCAM-posi-
tive cells. Seven clones of anti-human EpCAM rat mAbs
were compared to a positive control (anti-human EpCAM
mouse mAb; clone B8-4). (b) Flow cytometry using Ep-
CAM-negative cells. (¢) Immunocytochemistry of EpCAM-
positive and -negative cells using clone B8-4, clone 1456,
and clone 572. Scale bar represents 100 pm.
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is shown in Figure 2(b). EpCAM-positive cells were
retrieved by using both Dynabeads Epithelial Enrich and
MC290 beads; however, Dynabeads showed auto-fluo-
rescence. Meanwhile, MC290 had the lowest level of
auto-fluorescence. Thus, our MC290/EpCAM rat IgG
appeared to be useful for fluorescent immunochemistry.

3.3. Cell Isolation Using Immuno-Magnetic
Beads Conjugated with Anti-Human
EpCAM Rat mAb

In the simulation experiment, EpCAM-positive cells
were added to granulocytes at a ratio of approximately
1:10. The actual proportion of EpCAM-positive cells was
8.8% (EpCAM-positive cells/all cells: 659/7508) (Figures
3(a) and (e)). After the isolation using the beads, the rate
of EpCAM-positive cells was 48.5% (306/634) (Figures
3(b) and (f)). In the clinical sample, menstrual blood of a
healthy volunteer was used. The rate of EpCAM-positive
cells in the clinical subject was 3.0% (361/12,112) (Fig-
ures 3(c) and (g)). After the isolation using the beads, the
rate of EpCAM-positive cells in the clinical subject was
61.9% (224/394) (Figures 3(d) and (h)). Recovery rate
of EpCAM-positive cells using immuno-magnetic beads
was 50% to 67%. Thus, EpCAM-positive cells before
“cell isolation were more than that after cell isolation. All
cells were stained by DAPI (blue) and EpCAM-positive

Ex 488/Em 583 nm

cells were stained by anti-EpCAM mAb (green) and
DAPI (blue). After cell isolation, many particles without
staining as shown in the Figures 3(f) and (h) were im-
muno-magnetic beads. Sufficient enrichment of EpCAM-
positive cells using MC290/EpCAM rat IgG was thus
observed in both the simulation experiment and the cli-
nical samples.

3.4. Clinical Evaluation of Cellular Analysis

The median numbers of EpCAM-positive cells observed
in endometrial cancer patients using flow cytometry and
imaging cytometry were 17 (range 1 - 2322) and 17 (0 -
1893), respectively. Meanwhile, the median numbers of
EpCAM-positive cells observed in healthy controls using
flow cytometry and imaging cytometry were 113 (range
2 - 1964) and 82 (0 - 2014), respectively. The samples
with less than 10 EpCAM-positive cells were not appli-
cable in this study. Samples with over 10 EpCAM-posi-
tive cells were examined and for practical purpose, more
than 20% positive by the cancer detecting mAbs were
designated “positive”. The sensitivities and specificities
of cellular analyses using flow cytometry and imaging
cytometry are shown in Table 2. In the flow cytometry,
immuno-staining-positive cells using CRELD1, GRKS,
SLC25A27, and STC2 mAbs were observed in 40.9%,
18.2%, 18.2%, and 27.3% of endometrial cancer patients,
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Figure 2. Auto-fluorescence of each bead. (a) Auto-fluorescence of Dynabeads Epithelial Enrich, MC290/EpCAM mouse IgG
and MC290/EpCAM rat IgG. Fluorescent intensities were assessed at wavelengths of excitation (Ex) 488 nm/emission (Em)
525 nm, Ex 488 nm/Em 583 nm, Ex 488 nm/Em 680 nm, and Ex 640 nm/Em 661 nm. (b) Binding abilities of Dynabeads and
MC290 beads to EpCAM-positive cells. EpCAM-positive cells were retrieved by using both Dynabeads Epithelial Enrich and
MC290 beads. Dynabeads exhibited some auto-fluorescence, while MC290 exhibited less. Scale bar represents 100 pm.

Copyright © 2013 SciRes.

JCT



1278 Usefulness of Immuno-Magnetic Beads Conjugated with Anti-EpCAM Antibody
for Detecting Endometrial Cancer Cells

71000

EpCAM
(a) (b)

500 20
475 19
450 | 18
425
400 %g
375 15
350 14
325 B ; ,
300 B {g { 61.9%
275 i 11
250 | 10
225 9
200 8
175 1 ] 7
150 o
125 ; 1 3.0% g
100 3 4

; 3

2
. l,lz, : ¢ I .
100 1000 it 10 100 éPOD
EpCAM '

@

© ® (® M

Figure 3. Cell isolation using immuno-magnetic beads tagged with anti-human EpCAM rat mAb. (a) Imaging cytometry of
simulation study before cell isolation. The rate of EpCAM-positive cells in the simulation subject before bead isolation was
8.8% (EpCAM-positive cells/all cells: 659/7508). (b) Imaging cytometry of simulation study after cell isolation. The rate of
EpCAM-positive cells in the simulation subject after bead isolation was 48.5% (306/634). (¢) Imaging cytometry of clinical
simulation study before cell isolation. The rate of EpCAM-positive cells in the clinical subject before bead isolation was 3.0%
(361/12,112). (d) Imaging cytometry of clinical simulation study after cell isolation. The rate of EpCAM-positive cells in the
clinical subject after bead isolation was 61.9% (224/394). (¢) Immunocytochemistry of simulation study before cell isolation.
(f) Immunocytochemistry of simulation study after cell isolation. (g) Immunocytochemistry of clinical simulation study before
cell isolation. (h) Immunocytochemistry of clinical simulation study after cell isolation. EpCAM protein was stained with Dy-
Light 488 (green) and the nucleus was stained with DAPI (blue). Scale bar represents 100 pm.
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Table 2. Sensitivities and specificities of cellular analyses using flow cytometry and imaging cytometry.

Endometrial cancer patients (N = 22)

Flow cytometry Imaging cytometry
No. Sensitivity (%, 95% CI) No. Sensitivity (%, 95% CI)
Combined marker 16 72.7% (49.8 - 89.3) 10 45.5% (24.4 - 67.8)
CRELD1 9 40.9% (20.7 - 63.7) 4 18.2% (5.2 - 40.3)
GRKS 4 18.2% (5.2 - 40.3) 4 18.2% (5.2 -40.3)
SLC25A27 4 18.2% (5.2 -40.3) 2 9.1% (1.1 -29.2)
STC2 6 27.3% (10.7 - 50.3) 2 9.1%(1.1-29.2)
Non-malignant controls (N = 16)
Flow cytometry Imaging cytometry
No. Specificity (%, 95% CI) No. Specificity (%, 95% CI)
Combined marker 12 75.0% (47.7-92.7) 13 81.3% (54.3 - 96.0)
CRELD1 14 87.5% (61.7 - 98.5) 15 93.8% (69.8 - 99.8)
GRKS5 15 93.8% (69.8 - 99.8) 16 100% (79.4 - 100)
SLC25A27 14 87.5% (61.7 - 98.5) 15 93.8% (65.8 - 99.8)
STC2 15 93.8% (69.8 - 99.8) 14 87.5% (61.7 - 98.5)

CRELD1: cysteine-rich with EGF-like domain 1 (clone 2D1E12I), GRKS: G-protein-coupled receptor kinase 5 (clone 2F11C3), SLC25A27: solute carrier
family 25 member 27 (clone 3A8B14), STC2: stanniocalcin 2 (clone 2D4C4), 95% CI: 95% confidence interval.

respectively. In the imaging cytometry, immuno-stain-
ing-positive cells using CRELD1, GRKS, SLC25A27,
and STC2 mAbs were observed in 18.2%, 18.2%, 9.1%,
and 9.1% of endometrial cancer patients, respectively.
Approximately 90% of non-malignant controls were
negative in both flow cytometry and imaging cytometry
using these cancer-specific mAbs. The overall sensitivi-
ties of flow cytometry and imaging cytometry to detect
endometrial cancer cells were 72.7% [95% confidence
interval (CI), 49.8 - 89.3] and 45.5% (95% CI, 24.4 -
67.8), respectively. On the other hand, the overall speci-
ficities of flow cytometry and imaging cytometry for
non-malignant controls were 75.0% (95% CI, 47.7 - 92.7)
and 81.3% (95% CI, 54.3 - 96.0), respectively.

4. Discussion

The tampon retrieval sample contained several kinds of
exfoliated cell, such as granulocytes, normal squamous
cells, and endometrial cells [12]. Thus, a cell isolation
method using immuno-magnetic beads was important for
the isolation of exfoliated endometrial cells from tampon.
There were two problems regarding the fluorescent im-
munochemical staining of exfoliated endometrial cells
retrieved using immuno-magnetic beads. One was that
the fluorescent secondary antibody cross-reacted to both
the capturing mAb and the detecting mAb because both

Copyright © 2013 SciRes.

were mouse mAbs. To resolve this issue, we succeeded
in developing anti-human EpCAM rat IgG (clone 1456),
the affinity of which was as high as that of anti-human
EpCAM mouse IgG (clone B8-4). We established clone
B8-4 as high affinity mAb in the previous study [13].
Clone B8-4 was useful for immunohistochemistry, flow
cytometry, and cell isolation. Thus, we used clone B8-4
as a positive control in this study. We think that clone
572 may recognize protein structure of EpCAM antigen
on living cells, thus, this mAb was positive for flow cy-
tometry but negative for immunochemical staining. The
other problem to be resolved was the auto-fluorescence
of immuno-magnetic beads. The fluorescent intensity
cannot be calculated correctly if the immuno-magnetic
beads exhibit auto-fluorescence. Polyurethanes are fre-
quently used in biomedical applications because of their
excellent biocompatibility [14,15]. However, polyure-
thanes are known to emit auto-fluorescence [16]. Be--
cause the commercially available immuno-magnetic beads
(Dynabeads Epithelial Enrich) are coated with polyure-
thane emitting auto-fluorescence, these beads cannot be
used in our cellular analysis. The beads prepared by us
exhibited very low auto-fluorescence because the sur-
faces of our immuno-magnetic beads are coated with a
poly-glycidyl methacrylate layer that does not emit auto-
fluorescence.
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In the simulation study, our newly developed immuno-
magnetic beads could retrieve EpCAM-positive cells
efficiently. Moreover, the beads could isolate the endo-
metrial cells from various types of cell adsorbed to a
tampon. Both endometrial cancer cells and normal en-
dometrial cells were EpCAM-positive. Almost EpCAM-
positive cells from non-malignant controls were exfoli-
ated normal endometrial cells. Meanwhile, EpCAM-

positive cells from endometrial cancers were consisted of

endometrial cancer cells and normal endometrial cells.
Not only endometrial cancer cells but also tubal cancer,
cervical cancer, or vaginal cancer cells may be exfoliated
into a vaginal discharge. There is, therefore, potential to
detect these cells in a same sample. In this study, mag-
netic beads conjugated with anti-human EpCAM mAb
(EpCAM-beads) were used for isolation of exfoliated
endometrial cancer cells from vaginal discharge. Since
exfoliated cancer cells from squamous cell carcinoma
(most of cervical cancer and vaginal cancer) are EpCAM-
negative, they were not isolated by EpCAM-beads. On
the other hand, exfoliated cancer cells from adenocarci-
noma (most of tubal cancer and a few of cervical cancer)
were isolated by EpCAM-beads because they were Ep-
CAM-positive. Unfortunately, we do not have a mAb
which can distinguish cervical cancer cells from normal
squamous cells. In our previous study, most tampon-
retrieved cells were granulocytes and normal squamous
cells [12] and the rate of endometrial cells in menstrual
blood was only 3% in this study. In particular, few en-
dometrial cells were obtained from among tampon-re-
trieved cells of the non-malignant control in a non-men-
strual period. The major symptom of endometrial cancer
is abnormal uterine bleeding; thus, subjects with abnor-
mal uterine bleeding or normal menstrual blood were
enrolled in this clinical study as controls. A lot of Ep-
CAM-positive endometrial cells were obtained from
controls with menstrual period but the least EpCAM-
positive cells were obtained from controls with non-men-
strual period. Thus, menstrual blood was used for non-
malignant control in this study. The median EpCAM-
positive cells of controls were over 100. Meanwhile,
major symptom of endometrial cancer patient was ab-
normal uterine bleeding. However, almost patients with
endometrial cancer were in menopause and their endo-
metria had changed to be atrophic. Therefore, a few ex-
foliated EpCAM-positive cells were obtained from pa-
tients with endometrial cancer but most of them appeared
to be malignant endometrial cells. Immunomagnetic beads
that could retrieve the endometrial cells from a sample of
uterine blood appeared to be useful.

In this study, the detecting mAbs were the same as in
our previous study [12]. Recently, several mAbs against
EpCAM, EphA2, MMP2, survivin, and podoplanin were

Copyright © 2013 SciRes.

investigated for endometrial cancer treatment and the
detection of lymphovascular invasion [15,17-19]. How-
ever, these mAbs insufficient to detect endometrial can-
cer cells, so further development of endometrial cancer-
specific mAbs should be performed. Meanwhile, several
microRNAs (miRNAs) that were highly expressed in
endometrial cancer tissue were reported [20-22]. The
miRNA expression test of exfoliated endometrial cells
might become an alternative endometrial cancer screen-
ing method in the future.

The present study showed that the sensitivity to detect
endometrial cancer patients and the specificity for non-
malignant controls with flow cytometry analysis were
73% and 75%, respectively. Meanwhile, the sensitivity
and the specificity by imaging cytometry analysis were
46% and 81%, respectively. Generally, cancer screening
is performed for average-risk population to reduce the
cancer mortality in the group. Thus, cancer screening is
performed annually and should be low-cost and non-
(less)-invasive. Although sufficient sensitivity of cancer
screening is 50% to 75%, specificity is needed over 95%.
In this context, we have to admit that specificity of our
cellular analysis was low. We are, therefore, developing
further specific mAbs to increase the specificity. Recent-
ly serum human epididymis protein 4 (HE4) has been
used for the detection of endometrial cancer [23-27]. An-
gioli et al. reported that the sensitivity and specificity of
serum HE4 test were 59% and 100%, respectively [27].
Serum (plasma) protein analyses (containing HE4, CEA
or CA125) were useful for detection of cancer relapse or
therapeutic effect of chemotherapy. Therefore, these are
used for so-called tumor markers as other cancers. For
example, in colorectal cancer, CEA is useless for the
early stage but is available as a tumor marker because
serum CEA level in patients with early stage of colorec-
tal cancer is not higher than that in healthy controls.
Therefore, fecal occult blood test is generally used in
colorectal cancer screening. With the same reason, serum
protein was not useful for endometrial cancer screening
and proteins derived from endometrial cancer cells were
contained more in a vaginal discharge. It is then specu-
lated that the vaginal discharge containing exfoliated
cells is useful for endometrial cancer screening. These
findings are still insufficient for endometrial cancer
screening, so further investigations are needed.

Sensitivity and specificity of our cellular analysis are
less than those of traditional methods, such as curettage.
Histological diagnosis using endometrial cytology or bio-
psy is used for final diagnosis. However, examinees suf-
fer physical and psychological pain with curettage. In
addition, current screening methods including curettage
are time consuming and expensive and the medical ex-
amination is inconvenient for women. Our novel cyto-
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logical or histological methods are non-invasive com-
pared to former cytology or histology. Cellualr analysis
using immuno-magnetic beads and fluorostaining could
be performed without human’s eye; thus, it could reduce
the cost. Moreover, the procedures of cellular analysis
can be performed automatically using immuno-magnetic
beads and magnet. In this method, the women only col-
lect vaginal discharge using a tampon and send the sam-
ple to a laboratory at suitable storage condition. Although
both the sensitivity and specificity should be enhanced,
we think that this method may become convenient and
cheap, and the new mAbs sets detecting endometrial
cancer should be developed. In this study, the number of
clinical samples was small. Thus, many issues remain to
be resolved in order to improve these cellular analyses
for the detection of endometrial cancer cells using im-
muno-magnetic beads and flow cytometry. Our immuno-
magnetic beads have very low auto-fluorescence, so they
should be useful for fluorescent analysis, such as fluo-
rescent immunochemical staining. In the future, these
novel materials could lead to the next-generation meth-
odology for cellular diagnosis.
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Background: Clinical significance of intraoperative sentinel lymph node (SLN) metastases detection using
one-step nucleic acid amplification (OSNA) has not been thoroughly investigated. The aim of this study
was to assess the usefulness of using a combination of OSNA and conventional histological examinations.
Materials and methods: We included 772 consecutive patients with clinical node-negative cTis-cT3 pri-
mary breast cancer who underwent SLN biopsy with intraoperative OSNA and multi-section histological
examination at our institution. We estimated the concordance rate and compared SLN metastases
detection rates between the two methods. We also compared non-SLN metastasis detection rate be-
tween patients who tested positive in OSNA and those who tested positive in histology.
Results: Among 772 patients, SLN metastases were intraoperatively detected in 211 (26.4%) by either
OSNA or histology, in 168 (21.8%) by OSNA, and in 150 (19.4%) by histology. The concordance rate be-
tween OSNA and histological examination was 89.2%, but only 123 (58.8%) patients tested positive in
both OSNA and histology; 45 were positive in OSNA only and 43 were positive in histology only.
SLN status as per both OSNA and histology was significantly correlated with the presence of non-SLN
metastases and multivariate analysis-identified independent predictive factors of non-SLN metastases.
Conclusions: Intraoperative SLN metastases detection may be more accurate with a combination of OSNA
and histological examination than with OSNA or histological examination alone. By using both methods,
we can reduce the risk of false negative rate in SLN biopsy, and may prevent physicians from overlooking
patients with non-SLN metastases.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

quantitative measurement of cytokeratin 19 (CK19) mRNA levels,
can detect lymph node metastases as accurately as can conven-

Conventional intraoperative histological examinations in
sentinel lymph node (SLN) biopsy are well known to show high
(10—30%) false~-negative results for metastatic foci because only a
few thin sections from a lymph node are examined in this
technique. The suboptimal quality of frozen section slides and
oversights by pathologists increase the false-negative detection
rate. Moreover, use of more intensive methods, such as serial-
step section examination of each SLN, is impractical because it
requires a heavy workload for pathologists [1].

Molecular assays have been developed to overcome these
shortcomings. The one-step nucleic acid amplification (OSNA)
assay (Sysmex, Kobe, Japan), which involves amplification and

* Corresponding author. Tel.: +-81 3 3542 2511; fax: +81 3 3542 3815.
E-mail address: kjimbo@ncc.go.jp (K. Jimbo).

0960-9776/$ — see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.breast.2013.08.003

tional histological examination, is faster [2], and detects more low-
volume tumor nodal involvement than do conventional histological
methods. However, whether these techniques can verify the need
for further axillary treatment is unclear [3].

This study compared detection rates between OSNA and histo-
logical examination, both for intraoperative SLN metastases and for
non-SLN metastases. We also discuss the possibility of omitting
axillary lymph node dissection (ALND) for some patients with pos-
itive SLN metastases (SLN*)—specifically, those histological micro-
metastases or isolated tumor cells (ITC), and OSNA 17 patients.

Materials and methods

Subjects comprised 772 consecutive patients with clinically
node-negative Tis-T3 primary breast cancer who underwent SLN
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biopsy with combined intraoperative OSNA and histological ex-
amination between February 2010 and June 2012 at the National
Cancer Center Hospital, Tokyo, Japan. Patients who received neo-
adjuvant therapy, and male patients were excluded.

Clinical and pathological T and N factors were based on the
Cancer Staging Manual of the American Joint Committee on Cancer
(AJCC), 7th edition [4]. Patient characteristics are listed in Table 3.
The cut-off value for ER and PR positivity was 10% positive cells for
both, irrespective of intensity. HER2 positivity was defined as an
HER2 score of >3 (>30% strong membrane immunoreaction-
positive cells) or an HER2 gene/centromere 17 ratio of >2.0 as
assessed by fluorescence in situ hybridization.

SLN biopsy procedure

First, 0.1 ml of 99mTc-phytate was prepared. Half of this solution
was injected into the dermis of the areola while the remainder was
injected into the dermis over the tumor on the day before surgery. In
all patients, lymphoscintigraphy was performed 3 h after injection.
In addition, 3—4 ml blue dye or 1 ml indocyanine green was injected
into the peritumoral space or areola at the time of surgery. SLNs were
identified using a hand-held gamma probe guided by nodal staining.
Nodes that responded to near-infrared light, were stained with blue
dye, or had high radioactive count were considered as SLNs. No more
than four resected SLNs per patient were intraoperatively evaluated
by both OSNA and histological examination. We omitted axillary
dissection in patients with no SLN metastases and performed axillary
dissection in patients with histological macrometastases, micro-
metastases, or [TCs in SLNs or positivity in OSNA. These patients were
considered SLN' in this study.

Preparation of SLNs

Excised SLNs were cut into 2-mm slices along the short axis and
were alternately prepared for OSNA and histological examination.

Histological examination of SLNs

The sliced tissue specimens for histological examination were
first subjected to intraoperative frozen-section diagnosis. These
sliced tissues were then fixed in 10% formalin overnight, embedded
in paraffin, cut into 4-pum-thick sections, stained with hematoxylin
and eosin (HE), and subjected to permanent-section diagnosis.

Macrometastases were defined as SLN* that measured >2 mm
in greatest diameter, micrometastases as SLN* that measured 0.2—
2 mm in greatest diameter, and ITC as small clusters of cells
<0.2 mm across their greatest diameter, as detected by HE staining
or immunohistochemistry. Although ITCs are recommended to be
classified as pNO(i*), they were considered as metastases in the
present study.

OSNA assay fdr SLN examination

The details of the OSNA assay based on the RT-LAMP method
were previously described by Tsujimoto et al. [5] Briefly, resected
SLNs were homogenized with 4 ml lysis buffer solution and
centrifuged at 10000x g at room temperature. The RD-100i system
(Sysmex, Kobe, Japan) was used to analyze 2 pl of the lysed SLN
supernatant.

Using OSNA, SLNs were considered to be SLN™ when the CK19
mRNA copy number was <2.5 x 10%ful, SLNT 1% when the copy
number was 2.5 x 10%/ul—5.0 x 10%/ul, and metastases-positive 2+
when the copy number was >5.0 x 103/ul. A 1:10 dilution of ho-
mogenized lymph node solution was always prepared for each
patient and analyzed simultaneously because excess protein may

interfere with the RT-LAMP reaction [5]. Lymph node lysates
showing >250 copies/pl of CK19 mRNA only in the 1:10 diluted
solution were classified as positive and designated as +I (inhibition
positive). Permanent histological tissue sections were immuno-
stained for CK19 when samples that were SLN~ by OSNA were
histologically SLN*,

Permanent histological examination of non-SLNs

ALND was performed when specimens were SLN* by either
OSNA or histology. All non-SLNs were bisected along the long axis
after formalin fixation. For each non-SLN, only one permanent HE
tissue section for the representative cut surface was histologically
examined.

Statistical analysis

We used the Mann—Whitney test to compare age and BMI be-
tween SLN* and SLN™ patients, the y? test'to compare other vari-
ables, and performed logistic regression analysis to investigate
odds ratios of individual parameters for non-SLN metastases.
P < 0.05 was considered statistically significant. Confidence in-
tervals (CIs) were set at the 95% level. SPSS statistical software
(version 19, IBM SPSS Statistics, Chicago, IL, USA) was used for all
statistical analyses.

Results
Concordance rate between histology and OSNA

SLN metastases, including ITC, were detected in 211 (27.3%) of
the 772 patients: 145 (18.8%) by intraoperative examination of
frozen HE-stained sections, 168 (21.8%) by OSNA, and 166 (21.5%) by
the examination of permanent HE-stained sections (Table 1).
Because we regarded ITC as histological metastases, ALND was
performed for patients with ITC in SLNs.

The concordance rate between OSNA and intraoperative histo-
logical diagnosis was 88.2%, and that between OSNA and perma-
nent histological diagnosis was 88.6%. The kappa value between
OSNA diagnosis and permanent histological diagnosis was 0.66,
indicating substantial concordance.

Table 1
Concordance of sentinel lymph node metastasis between OSNA diagnosis and his-
tological diagnosis. ’

A. Comparison with frozen section diagnosis

Number of patients (%)

Total Intraoperative frozen section
Histology (+) Histology (—)

OSNA (+) 168 111 57
OSNA (-) 604 34 570
Total 772 145 627
B. Comparison with frozen section + permanent section diagnosis

Number of patients (%)

Total Intraoperative + permanent sections

Histology (+) Histology (—)

OSNA (+) 168 123 45
OSNA (-) 604 43 561
Total ¥ = 0.66 772 166 606

Histology (+) includes macrometastasis, micrometastasis, and isolated tumor cells
(ITC), whereas Histology () includes others. OSNA (—) includes OSNA 2+, 1+,
and +I], whereas OSNA (-) includes OSNA-.
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Table 2
Detailed comparison of OSNA results with histological results for sentinel lymph
node metastasis.

OSNA  Number of cases (%)

Total  Histological diagnosis (permanent section)
Macromestasitasis =~ Micrometastasis  ITC Negative
2+ 90  78(87) 8(9) 0(0) 4(4)
1+ 72 16 (22) 15 (21) 5(7) 36(50)
+1 6 1(17) 0(0) 0(0) 5(83)
- 604 9(1) 23 (4) 11(2) 561(93)
Total 772 104 46, 16 606

Among the 168 OSNAT patients, SLN metastases were histo~
logically detected in 123 (73%), including five with ITC. The
remaining 45 (27%) patients were histologically SLN™ (Tables 1
and 2). When OSNA results were stratified, SLN* rate per

Table 3

permanent histological examination was 96% (86 of 80) for OSNA
2 + patients, 50% (36 of 72) for OSNA 1 + patients, and 17% (one of
six) for OSNA + I patients. Among the 604 OSNA™ patients, 43 (7%)
were histologically SLN™.

In contrast, 123 (74%) of the 166 histologically SLN* patients,
including 16 with ITC in SLNs, were SLN* using OSNA.

Clinicopathological correlation with SLN status by histology and
OSNA

Clinicopathological characteristics of the 772 patients are listed
in Table 3. For SLN statuses detected by both permanent histology
and OSNA, SLN metastases significantly correlated with cT-factor,
pT-factor, histological type, LVI (lymphovascular invasion) and
histological grade.

There were no significant differences in characteristics between
patients with SLN metastases detected by OSNA and histological

Correlations of clinicopathological parameters with sentinel lymph node status, detected by histopathological examination and by OSNA method.

Parameter Number of cases (%)
Total N =772 SLN status (%) SLN status (%)
Histology (+)N = 166 Histology (—)N = 606 P OSNA (+)N = 168 OSNA (=)N = 604 p
Age
Average (range) 56.3 (27—92) 54.9 (27—-84) 56.8 (28—92) NS 541 (27-92) 56.9 (28—92) NS’
<50 256 59 (23) 197 (77) 64 (25) 191 (75)
=50 516 107 (21) 409 (79) 104 (20) 413 (80)
Menopause
Premenopausal 311 72 (23) 239 (77) NS 78 (25) 233 (75) NS
Postmenopausal 457 94 (21) 363 (79) 90 (20) 367 (80)
Unknown 4 0 4 (100) 0 4 (100)
BMI
Average (range) 22.1 (13.2—40) 22.6 (17—40) 22.0 (13.2—35.8) NS 22.1 (17—-40) 22.1 (13.2—35.8) NS
<25 645 138 (21) 507 (79) 147 (23) 498 (77)
=25 126 28 (22) 98 (78) 21(17) 105 (83)
Unknown 1 0(0) 1(100) 0(0) 1(100)
CT-factor
Tis 159 6 (4) 153 (96) <0.0001 8(5) 151 (95) <0.0001
T1 355 66 (19) 289 (81) . 76 (21) 279 (79)
T2 252 90 (36) 162 (64) 80 (32) 172 (68)
T3 6 4 (67) 2(33) 4 (67) 2(33)
PT-factor
Tis 119 0(0) 119 (100) <0.0001 8(7) 111 (93) <0.0001
T1 413 72(17) 341 (83) 73 (18) 340 (82)
T2 209 73 (35) 136 (65) 68 (33) 141 (67)
T3 29 21(72) 8 (28) 19 (66) 10 (34)
Unknown 2 0(0) 2(100) 0(0) 2(100)
His to logical type
Carcinoma in situ 119 0(0) 119 (100) <0.0001 8(7) 111 (93) <0.0001
Invasive ductal 566 150 (27) 416 (73) 143 (25) 423 (75)
Special 86 16 (19) 70 (21) 17 (20) 69 (80)
Others 1 0 1(100) 0(0) 1(100)
Lymphovascular invasion ~
Negative 533 65 (12) 468 (88) <0.0001 74 (14) 459 (86) <0.0001
Positive 230 101 (44) 129 (56) 92 (40) 138 (60)
Unknown 9 0(0) 9 (100) 2(22) 7(78)
Histological grade
1 217 17 (8) 200 (92) <0.0001 26(12) 191 (88) <0.0001
2 351 95 (27) 256 (73) 84 (24) 267 (76)
3 202 54 (27) 148 (73) 58 (29) 144 (71)
Unknown 2 0(0) 2(100) 0 2 (100)
Hormone receptor
Negative 113 19 (17) 94 (83) NS 21 (19) 92 (81) NS
Positive 658 146 (22) 512 (78) 146 (22) 512 (78)
Unknown 1 1(100) 0(0) 1(100) 0(0)
HER2
Negative 671 148 (22) 523 (78) NS 147 (22) 524 (88) NS
Positive 86 . 17 (20) 69 (80) 18 (21) 68 (89)
Unknown 15 1(7) 14 (93) 3(20) 12 (80)

Histology (+) includes macrométastasis. micrometastaas, and isolated tumor cells (ITC), whereas Histology (-) includes others. OSNA (+) includes OSNA 2+, 1+, and +1,

whereas OSNA (—) includes OSNA—.
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method. However, despite no statistical significance, percentages of
early and low-grade tumors tended to be larger in the former
group: no patient with carcinoma in situ showed histological SLN
metastases, whereas eight (7%) of 119 patients with carcinoma in
situ showed positivity in OSNA. Similarly, IVI™ (14% vs 12%), and
histological grade 1 (12% vs 8%) tumors tended to test positive more
frequently in OSNA (Table 3). ‘

Correlation. of SLN status with non-SLN status in patients who
underwent ALND

Among the 211 SLN* patients, 206 underwent ALND after SLN
biopsy. The correlation of SLN status with non-SLN status based on
OSNA and permanent histological examination is summarized in
Table 4,

Among the 206 SLNT by OSNA or histology, 53 (26%) had non-
SLN metastases. The overall incidence of non-SLN metastases
among patients with histological SLN metastases was 32% (52 of
162): 40% (42 of 104), 20% (nine of 44), and 8% (one of 13) for pa-
tients with macrometastases, micrometastases, and ITC in SLNs,
respectively. In contrast, only one (2%) of the 44 patients with
OSNA™ but histology™ SLN metastases exhibited non-SLN metas-
tases (Table 4).

Clinicopathological characteristics were analyzed in a multi-
variate logistic regression model. Histological SLN status (mac-
rometastases/nonmalignant cells: odds ratio, 12.17; 95%
confidence interval (CI); 1.45—102.34; P = 0.020) and OSNA-
determined SLN status (OSNA2* to OSNA—: odds ratio, 4.75; 95%
Cl, 1.23~17.35; P = 0.018) were identified as independent pre-
dictive factors for non-SLN metastases (Table 5). These data
indicate that OSNA 17 status was not an independent predictor for
non-SLN metastases.

Discussion

The concordance rate of SLN metastasis detection between
OSNA and histological diagnoses is reportedly high, ranging from
86.3% to 96.3% [1,2,7—14]. The SLN metastasis detection rate by
OSNA was higher than that by histological examination because
OSNA can detect tumor cells in whole tissues [14—16].

Table 4
Comparison between sentinel lymph node (SLN) status and non-SLN status.

SLN status Number of cases (%)
Total Non-SLN metastases
pN stage Histology OSNA Positive Negative Subtotal
PN1 Macrometastasis 2+ 78 37(47) 41 42[104 (40)
1+ 16 4(25) 12
+ 1 0(0) 1
) - 3 1(11) 8
PN1mi Micrometastasis 2+ 8 1(13) 7 9/45 (20)
1+ 15 5(33) 10
- 22 3(14) 18
pNO(i+)? ITC 2+ o0 o 0 1/13 (8)
1+ 5 1(20) 4
- 8 0(0) 8
pNO (mol+)° — 2+ 4 1(25) 3 1/44 (2)
1+ 35  0(0) 35
+I 5 0(0) 5
206 53 154 53/206 (26)

Five patients who did nor receive ALND were excluded from the calculation.

# Axillary macro- or micrometastases absent but ITC present as per histology,
regardless of OSNA results. .

b Axillary metastases absent as per histology but present as per OSNA (2-+, 1+,
and/or + 1I).

Table 5
Predictive factors for non-SLN metastasis by multivariate logistic regression model
analysis.

Parameter Odds Ratio 95% confidence interval p Value
pT factor

PT1 1

pT2 1.29 0.59-2.83 0.52

pT3 2.64 0.89-7.85 0.081
Hormone receptor status

Positive 1

Negative 247 0.88-6.96 0.088
SLN status by histology

No malignant cell 1

ITC 4.99 0.26—-95.17 0.285

Micrometastasis 8.98 0.95-81.76 0.052

Macrometastasis 12.17 1.45-102.34 0.02
SLN status by OSNA

- 1

1+ 227 0.59—-8.66 0.232

2+ 4.75 1.23-17.35 0.018

We did not include patients with pTis and OSNA + I in the analysis because there
were no patients with non-SLN metastases in these groups.

However, histological corroboration of cancer volume is
impossible if entire SLN tissues are used for OSNA assays. We
considered that comparison of intraoperative OSNA results with
intraoperative histology results was necessary for several patients
before complete substitution of intraoperative histological diag-
nosis by OSNA. In this study, the SLN metastasis detection rate
using combined OSNA and histology was 27.1% higher than that by
histology only and 25.6% higher than that by OSNA only.

Among the SLN* 211 patients using either method, 88 showed
discordant results. Only 123 (58.3%) patients were both OSNA*
and histology*. Such discordances were especially common
among patients who were OSNA 17 (50%, 36 of 72), OSNA + I
(83%, five of six), and those with histologyt micrometastases
(50%, 23 of 46) and histology™ ITC (69%, 11 of 16) in SLNs. In
contrast, the discordance rate was only 4% (four of 90) among
OSNA 2% patients and 9% (nine of 104) among patients with
histology™ macrometastases.

Reportedly, most discrepancies occur because of uneven distri-
bution of minuscule metastases [6,7]. Vegue et al. showed that
histological examination of a single SLN section misclassified 41.8%
patients as SLN ~ compared OSNA data (P = 0.007) [17]. Although
we histologically assessed multiple slices of SLN samples (2-mm
intervals, two to seven slices per node) to ensure accurate com-
parison of SLN* rates between the two methods, uneven distribu-
tion of metastatic foci in SLNs appeared to occur in >40% SLN*
patients. Tamaki et al. examined SLN metastases using both OSNA
and histology methods similar to those used in the present study
and reported that discordant results due to uneven distribution
occurred in 38% of patients with OSNA™ SLNs and 11% of patients
with histology™* SLNs [7].

Another possible explanation for this discordance may lie in the
false-negative results exhibited by tumors with low CK19 expres-
sion. Low CK19 protein expression is reported in approximately 2—
3% of breast cancers [6,18]. In the present study, we performed CK19
immunostaining for 16 of 31 patients with histology™ but OSNA~
tumors; however, we found that only one of 16 patients with
positive residual SLN metastases was CK19™. Therefore, most
discordant results were attributed to uneven distribution of tumor
cell foci in each SLN.

In the present study, the non-SLN metastasis detection rate
was high in OSNA 2% patients (43%, 39 of 90) and patients with
SLN micrometastases (40%, 42 of 104). In addition, the incidences
of non-SLN metastases among OSNA 17 patients and patients
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with histology™ micrometastases were 14% (10 of 71) and 20%
(nine of 45), respectively. The present data concords with those
reported by Castellano et al., in which OSNA 2% patients had a
42% chance of non-SLN metastases while OSNA 17 patients had a
22% chance of non-SLN metastases [6]. When both OSNA and
histology were combined, the rate of non-SLN metastasis
detection was extremely low in patients with histology™ ITC in
SLNs (regardless of OSNA status; 8%; 1 of 13), OSNA 1% patients
without histological metastases (0%; 0 of 35), and OSNA + I pa-
tients without histological metastases (0%; 0 of five). Both his-
tology™ metastasis size and semiquantitative OSNA SLN data
were significant independent predictors of non-SLN metastases
according to logistic regression analysis. Moreover, combined use
of OSNA and histological examination could identify patients
whose SLN statuses, — specifically, ITC, OSNA 17, and OSNA + 1,
without histology™ tumor deposits —, correlated with low risk of
non-SLN metastasis.

Non-SLN metastases would have been overlooked in maximum
10% (four of 39) of SLN™ patients if OSNA alone had been used.
Similarly, non-SLN metastases would have been overlooked in 2%
(one of 44) of SLN " patients if histological examination alone had
been used. These estimations imply that ALND can be omitted in
patients with SLN™ detected by OSNA only in combined OSNA and
histological examination. The non-SLN metastasis detection rate
was much lower in histology™ SLNs than for OSNA™ SLNs when
combined examination was used.

OSNA tended to detect SLN metastases more frequently than
histological examination in primary tumors with non-invasive
histology, histological grade 1, and lack of LVI. Although Osako
et al. reported that OSNA could detect metastases more frequently
than histological frozen-section examination in elderly or post-
menopausal patients [15], we could not find such an interaction on
using OSNA.

In the present study, there were 21 discordant diagnoses be-
tween intraoperative frozen section examination and permanent
section examination. These included three cases of macro-
metastases, 11 of micrometastases, and seven of ITC. OSNA detected
more than half of the metastases missed by frozen section diag-
nosis: two of three cases of macrometastasis samples, six of 11
cases of micrometastasis, and four of seven cases of ITC samples. An
advantage of using the OSNA assay is that it confirms histological
results and identifies patients who require ALND. However, OSNA
may also lead to unnecessary ALNDs. Given these circumstances,

combining OSNA and histology can prevent physicians from over- -

looking SLN and non-SLN metastases that can be missed when
either method is used alone.

ALND was recently shown to have no significant influence on
clinical outcomes of patients with micrometastases or ITC [19,20].
Osako et al. showed that routine histological examination of non-
SLN metastases could overlook many occult metastases that can
be detected by combined OSNA and histological examination [21].
Our previous study found that SLN and non-SLN occult metastases
that were not detected routinely but detected by serial-step sec-
tions at 85-um intervals did not have significant prognostic impli~
cations [22].

The OSNA assay is a promising alternative or additional tool for
intraoperative detection of SLN metastases. Because of the low rate
of metastases to non-SLNs, ALND may be omitted in patients with
OSNA 17 /histology~ SLNs or OSNA~/histology* ITCt SLNs when
OSNA and histological examination are combined.

To date, however, there is no evidence of whether or not me-
tastases evaluated only by molecular analysis require ALND.
Further data on tumor recurrence and patient survival will clarify
how SLN metastases detected by molecular methods can be opti-
mally managed.

Conclusions

Intraoperative SLN metastasis detection may be more accurate
using a combination of OSNA and histological examination than
with OSNA or histological examination alone. This combination
technique may prevent physicians from overlooking patients with
non-SLN metastases. Although stratification of non-SLN* and non-
SLN~ patients according to the present OSNA categories (2%, 17,
and +I) is not perfect, more complete predictions of non-SLN me-
tastases using OSNA may only be possible if stratification of these
categories is improved in the near future.
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Background: For patients with breast cancer treated with preoperative chemotherapy, residual tumour burden in lymph nodes is
the strongest prognostic factor. However, conventional pathological examination has limitations that hinder the accurate and
reproducible measurement. The one-step nucleic acid amplification (OSNA) assay is a novel molecular method for detecting
nodal metastasis. In this prospective multicentre trial, we assessed the performance of the OSNA assay in detecting nodal
metastasis after chemotherapy. V

Methods: In total, 302 lymph nodes from 80 breast cancer patients who underwent axillary dissection after chemotherapy were
analysed. Each node was cut into two or four slices. One piece or alternate pieces were evaluated by pathology, and the other(s)
were examined using the OSNA assay. The results of the two methods were compared. Stromal fibrosis, histiocytic aggregates,
and degenerated cancer cells were regarded as chemotherapy-induced histological changes.

Results: The overall accuracy, sensitivity, and specificity of the OSNA assay compared with the reference pathology were 91.1%,
88.3%, and 91.7%, respectively. Of the 302 lymph nodes, 66 (21.9%) exhibited chemotherapy-induced histology. For these nodes,
the accuracy, sensitivity, and specificity were 90.9%, 88.9%, and 93.3%, respectively.

Conclusion: The OSNA assay can detect the residual tumour burden as accurately as conventional pathology, although
chemotherapy-induced histological changes are present.
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The OSNA assay after preoperative chemotherapy

Preoperative systemic chemotherapy, initially used only for .

inflammatory and inoperable locally advanced breast cancer, has
recently been more widely used for operable disease (Kaufmann
et al, 2006; Gralow et al, 2008). Although systemic chemotherapy
before and after surgery results in identical survival rates,
preoperative chemotherapy has the advantages of eliciting a
tumour response in individual patients and increasing the number
of patients eligible for breast-conserving surgery (Kaufmann et al,
2006; Gralow et al, 2008). The residual tumour burden in the
breast and axillary lymph node after preoperative chemotherapy is
the strongest prognostic factor (Carey et al, 2005; von Minckwitz
et al, 2012). Moreover, the residual tumour burden in the axillary
node is a better prognostic factor than the response of the primary
tumour (Rouzier et al, 2002; von Minckwitz ef al, 2012), and
residual micrometastatic disease is predictive of poor prognosis
(Fisher et al, 2002; Klauber-DeMore et al, 2006; Sakakibara et al,
2009). Thus, accurate evaluation of axillary node status is of great
clinical significance in patients with breast cancer who are treated
with preoperative chemotherapy.

Conventional pathological examination of lymph nodes has
three potential limitations that affect the accurate and reproducible
measurement of the total residual metastatic volume.
First, pathological examinations only partially evaluate each node,
and this may lead to underestimation of the nodal status. Although
underestimation of the metastasis volume can be reduced by serial
sectioning, this imposes a heavy workload for pathologists. Second,
histological changes caused by chemotherapy, such as decreases in
cellularity with stromal fibrosis, aggregates of foamy histiocytes,
and degenerated cancer cells, can affect tumour burden assessment
(Sahoo and Lester, 2009). Finally, the practice of pathological
evaluation of lymph nodes is not standardised. Examination
protocols vary from one institution to another (Cserni ef al, 2004),
and there is inter-observer variability in diagnosing the tumour
burden, particularly for low-volume metastasis (Cserni et al, 2008).

The one-step nucleic acid amplification (OSNA) assay is a novel
molecular method for the lymph node staging of breast cancer
(Tsujimoto et al, 2007) that has been tested in multiple series
(Cserni, 2012; Tamaki, 2012). The results of this semi-automated
molecular assay based on the quantification of cytokeratin 19
(CK19) mRNA display a 96% concordance rate with detailed
pathology complemented by immunohistochemistry when alter-
nate slices of the same lymph node are used for the two tests
(Cserni, 2012; Tamaki, 2012). The OSNA assay is accepted and
routinely used in >230 institutions in Spain, Japan, Italy, the UK,
France, and other countries (http://lifescience.sysmex.co.jp/ls/
products/osna/index.html). However, the performance of the
OSNA assay has not been evaluated in patients treated
with preoperative systemic therapy. This assay can potentially
contribute to the accurate, reproducible, and standardised evalua-
tion of the lymph node status after systemic therapy. In this
prospective multicentre trial, we compared the performance of
the OSNA assay with that of pathological examination and
investigated the effect of chemotherapy-induced histological
changes on its performance.

MATERIALS AND METHODS ’

Enrolled patients and lymph nodes. Axillary lymph nodes were
obtained from patients with breast cancer who underwent standard
preoperative chemotherapy followed by axillary lymph node
dissection between May 2010 and March 2011 at one of three
Japanese institutions. This study was approved by the ethics
committee of each institution. Patients were given the necessary
written information about the study, and only the lymph nodes
from patients who gave their consent were included in the analysis.

A maximum of four lymph nodes sampled from the level-I
axillary region were included for a single patient. The remaining
nodes were evaluated by permanent histology using single-
sectioned nodes. The clinical and pathological TNM classification
and staging and the level of axillary lymph node dissection of each
patient were classified according to the seventh edition of the
American Joint Committee on Cancer Staging Manual (Edge et al,
2010).

Lymph node examination process. Sampled fresh lymph nodes
larger than 4mm in short axis were immediately sliced using the
cutting device developed by Tsujimoto et 4l (2007), resulting in two
2-mm central sections (i.e., sections b and ¢) with additional two
excess sections on both sides (ie., sections a and d; Figure 14).
Alternate pieces (i.e., sections a and c¢) were evaluated by two-level
pathological examination, and the others (ie., sections b and d)
were examined using the OSNA assay. Lymph nodes sized 4 mm
or less in short axis were cut by the cutting device into two
pieces (Figure 1B). One piece (ie., section a’) was evaluated by
pathological examination, and the other piece (i.e., section b’) was
examined using the OSNA assay. The lymph node slices for
pathological examination were fixed with formalin and embedded
in paraffin, and the slices for the OSNA assay were stored frozen at
— 80 °C until measurement.

Pathological examination. A pair of 4-um-thick sections was
prepared from each slice (Figure 1): one section was stained with
haematoxylin-and-eosin and the other was immunostained with a
CK19 antibody (Clone RCK108; Dako, Glostrup, Denmark).
All slides were centrally reviewed by one experienced pathologist
(RH) who was blinded to the results of the OSNA assay. Each node
was classified as having macrometastasis (>2.0mm in size),
micrometastasis (>0.2-2.0mm in size), isolated tumour cells
(ITC, <0.2mm in size), or no cancer cells according to the seventh
edition of the American Joint Committee on Cancer classification
(Edge et al, 2010). Macrometastasis and micrometastasis were
regarded as positive findings, and ITCs and no cancer cells were
regarded as negative findings. Furthermore, stromal fibrosis,
aggregates of foamy histiocytes, and degenerated cancer cells in
lymph nodes were regarded as chemotherapy-induced histological
changes.

The OSNA assay. The procedure for the OSNA assay has been
previously described in detail (Tsujimoto et al, 2007). Briefly,
frozen slices of lymph nodes were homogenised with 4 ml of lysis
buffer solution (Lynorhag; Sysmex Corporation, Kobe, Japan) and
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Figure 1. Lymph node examination process. Lymph nodes larger than
4mm were sliced into four pieces (A), and lymph nodes sized 4 mm or
less were cut into two pieces (B). H&E, haematoxylin-and-eosin
staining; CK19-IHC, cytokeratin 19 immunohistochemistry; OSNA,
one-step nucleic acid amplification.
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centrifuged at 10000g at room temperature. Two microlitres of
supernatant was analysed using the RD-100i System (Sysmex
Corporation), an automated molecular detection system that uses a
reverse transcription loop-mediated isothermal amplification
method (Notomi et al, 2000), and the LynoampBC Kit (Sysmex
Corporation). The degree of amplification was determined on the
basis of a reaction by-product, pyrophosphate (Mori et al, 2001).
The resultant change in turbidity on the precipitation of
magnesium pyrophosphate was then correlated with the CK19
mRNA copy number per microlitre of the original lysate via a
standard curve established beforehand using three calibrators
containing different CK19 mRNA copy numbers. The number of
CK19 mRNA copies per microlitre was extrapolated from the
standard curve for both the measurement sample and a 1:10
diluted sample. The cutoffs for negative/positive results and
(+)/(+ +) were set at 250 and 5000 copies per microlitre,
respectively (Tsujimoto et al, 2007). Positive ( +) was considered
equivalent to micrometastasis (not including ITC), and positive
(+ +) was considered equivalent to macrometastasis (Tsujimoto
et al, 2007). In situations in which the reaction was inhibited in the
measurement sample, the copy numbers in the diluted sample
were used.

Additional investigation of discordant lymph nodes. For lymph
nodes that were positive on the OSNA assay and negative
(no cancer cells) on pathological examination, the paraffin blocks
of the lymph node tissue were step-sectioned with 0.2-mm
intervals until the tissue was exhausted. At each level, two
microscopic slides were made: one was used for haematoxylin-
and-eosin staining and the other was used for CK19 immunostain-
ing. All stained slides were microscopically examined by the central
pathologist (RH).

Statistical analysis. With the result of the pathological examina-
tion as the gold standard, the accuracy, sensitivity, and specificity
of the OSNA assay were calculated. The differences in the accuracy,
sensitivity, and specificity between lymph nodes with and without
chemotherapy-induced histological changes were assessed by the
two-population z-test. Confidence intervals (Cls) were set at the
95% level. P-values of <0.05 were considered statistically
significant. All statistical analyses were performed using R
statistical software (version 2.10.1, http://www.r-project.org/;
Thaka and Gentleman, 1996).

RESULTS

Enrolled patients and lymph nodes. In total, 307 lymph nodes
obtained from 80 patients who underwent surgery after pre-
operative chemotherapy were included in the study. Of these, four
nodes were excluded because of a lack of lymph node tissue, and
one node was excluded because it was not subjected to the OSNA
assay. Thus, 302 nodes from 80 patients were included in the
analysis. The characteristics of the 80 patients are shown in
Table 1. Of the 80 patients, 71 (88.8%) were diagnosed with node-
positive before receiving chemotherapy. Of the 71 patients, 8, 52,
and 11 were confirmed as positive by sentinel node biopsy, fine
needle aspiration cytology, and clinical examination/imaging,
respectively. The mean and median numbers of enrolled lymph
nodes included from a single patient were 3.8 and 4, respectively.
Of the 302 nodes, 192 nodes (63.6%) were sliced into four pieces,
and 110 nodes (36.4%) were cut into two pieces.

Overall performance of the OSNA assay. The results of the
pathological examination and the OSNA assay were concordant for
275 of 302 nodes (accuracy, 91.1%; 95% CI, 87.3-94.0%; Table 2).
Of the 60 nodes identified as positive for metastasis on pathological
examination, 53 nodes were identified as positive on the OSNA

Table 1. Patient characteristics

Characteristics

No. of patients

1 - o G e e
Median (range) E 52 (30~71) ]
2 e 5 éﬁ”
B - 5 . ?

Invasive ductal
Invasive micropapillary

A 5 S
25 31.3%
R 5 g 2
47.5%
52.5%

— 54 67.5%
+ 18 22.5%
Uncertain 8

Anthracycline/taxane 50 .

Anthracycline/taxane/carboplatin 3 3.8%
Anthracycline/taxane/trastuzumab 15 18.8%
Taxane . 7 8.8%
Taxane/trastuzumab 1 1.3%

Level |
Level 1l
Level 1l

S

- '
16 {(5-38)

32 40.0%
35 43.8%
7 8.8%
é 7.5%

Abbreviation: HER2 = human epidermal growth factor receptor-2.
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