
rBC2LCN lectin as a potential probe of early-stage
HER2-positive breast carcinoma
Shuuji Mawaribuchi, Yoshikazu Haramoto, Hiroaki Tateno, Yasuko Onuma, Yasuhiko Aiki and
Yuzuru Ito

Biotechnology Research Institute for Drug Discovery, National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba,

Japan

Keywords

breast carcinoma; epithelial-to-mesenchymal

transition; HER2; lectin; rBC2LCN

Correspondence

Y. Ito, Biotechnology Research Institute for

Drug Discovery, National Institute of

Advanced Industrial Science and Technology

(AIST), Central 6, 1-1-1 Higashi, Tsukuba,

Ibaraki 305-8566, Japan

Fax: +81-29-861-3273

Tel: +81-29-861-3273

E-mail: yuzu-itou@aist.go.jp

(Received 22 November 2019, revised 10

March 2020, accepted 26 March 2020)

doi:10.1002/2211-5463.12852

The recombinant N-terminal domain of BC2L-C lectin (rBC2LCN) is

useful for detecting not only human pluripotent stem cells but also some

cancers. However, the cancer types and stages that can be detected by

rBC2LCN remain unclear. In this study, we identified the human breast

carcinoma subtypes and stages that can be detected by rBC2LCN. Com-

pared with rBC2LCN-negative breast carcinoma cell lines, the rBC2LCN-

positive cells expressed higher levels of human epidermal growth factor

receptor 2 (HER2) and epithelial marker genes. Importantly, rBC2LCN

histochemical staining of human breast carcinoma tissues demonstrated the

utility of rBC2LCN in detecting breast carcinoma types that express HER2

and have not spread much in the early phase of growth. We conclude that

rBC2LCN may have potential as a detection probe and a drug delivery

vehicle to identify and treat early-stage HER2-positive breast carcinoma.

Globally, breast cancer is one of the most common

cancers in women that can be treated with lumpec-

tomy, mastectomy, radiation therapy, chemotherapy,

and so on [1–3]. Defining the characteristics of breast

cancer is important for classifying its subtypes, under-

standing the disease prognosis, and determining a suit-

able therapy. Estrogen receptor (ER), progesterone

receptor (PR), human epidermal growth factor recep-

tor 2 (HER2), and Ki67 are the known prognostic and

predictive markers for breast cancer [1-3]. According

to immunohistochemical and gene expression studies

on ER, PR, HER2, and Ki67, human breast cancers

are classified into the following subtypes: luminal A-

like (ER+/PR+/HER2�/low Ki67), luminal B/HER2-

negative-like (ER+/PR+�/HER2�/high Ki67), luminal

B/ HER2-positive-like (ER+/PR+�/HER2+), HER2-

positive (ER�/PR�/HER2+), and triple-negative

(ER�/PR�/HER2�) [1–3]. This subtype classification

is essential for determining a suitable therapy for

patients with breast cancer. The hormone therapies

that target the ER include tamoxifen and aromatase

inhibitors, which have been used to treat ER-positive

breast cancer [3]. In addition, anti-HER2 therapies

such as the monoclonal antibody drugs trastuzumab

and pertuzumab and the receptor tyrosine kinase inhi-

bitor lapatinib have been employed for the treatment

of HER2-positive breast cancer [3].

Lectins are carbohydrate-binding proteins that are

found in animals, plants, viruses, bacteria, and fungi

[4–6]. Lectins are anticipated to be utilized for the

diagnosis and therapy of cancer, as well as for drug

delivery to cancerous cells [5–7]. The recombinant N-

terminal domain of the BC2L-C lectin (rBC2LCN)

from Burkholderia cenocepacia binds specifically to
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Fuca1-2Galb1-3GlcNAc (GalNAc)-containing glycans,

such as H type 1 (Fuca1-2Galb1-3GlcNAc), H type 3

(Fuca1-2Galb1-3GalNAc), Lewis b (Fuca1-2Galb1-3
(Fuca1-4)GlcNAc), and Globo H (Fuca1-2Galb1-
3GalNAcb1-3Gala1-4Galb1-4Glc) [8,9]. We have pre-

viously reported that rBC2LCN can discriminate the

undifferentiated status of human pluripotent stem cells

[9,10]. In addition, rBC2LCN lectin has been shown to

detect some human cancers, including breast, pancre-

atic, and prostate cancers [7,11,12]. Our most recent

data suggested that rBC2LCN was useful for detecting

a cancer stem-like subpopulation of human prostate

carcinoma PC-3 cells [12].

Fucosyltransferase 1 (FUT1) was suggested to play

important roles in the growth regulation, adhesion,

migration, and cancer stem cell properties of human

breast carcinoma cells in vitro [13]. The glycans

detected by rBC2LCN are synthesized by beta-1,3-

galactosyltransferase 5 (B3GalT5) and FUT1/2 [9].

Therefore, rBC2LCN may be useful for the detection

and targeted therapy of breast cancer. In this study,

we examined the human breast cancer subtypes and

stages that can be detected by rBC2LCN using human

breast carcinoma cell lines and tissues.

Materials and methods

Cell culture

Breast carcinoma cell lines MCF-7 (HTB-22), T-47D

(HTB-133), MDA-MB-157 (HTB-24), and MDA-MB-231

(HTB-26) were obtained from ATCC (Manassas, VA,

USA) and were maintained according to the providers’

instructions. The culture media and conditions of the cell

lines used in this study are shown in Table S1.

Flow cytometry

The rBC2LCN lectin was prepared, as previously des-

cribed [9]. rBC2LCN and BSA (A7638-10G; Sigma, St.

Louis, MO, USA) were labeled using the HiLyte Fluor 647

Labeling Kit-NH2 (LK15; Dojindo, Kumamoto, Japan), as

described in a previous paper [10]. Flow cytometry was per-

formed using HiLyte Fluor 647-conjugated rBC2LCN or

HiLyte Fluor 647-conjugated BSA, as previously described

[12]. The flow cytometry data were acquired on FACSAria

(BD Biosciences, Franklin Lakes, NJ, USA) and SH800Z

(Sony, Tokyo, Japan) devices and were analyzed using

FlowJo v10 software (BD Biosciences).

DNA microarray analysis

DNA microarray analysis was performed, as previously

described [10,12]. Raw microarray data were submitted to

the Gene Expression Omnibus at the National Center for

Biotechnology Information (accession number

GSE139670). The data were analyzed using GeneSpring

GX14.9 software (Agilent, Santa Clara, CA, USA) after

applying two normalization procedures, including (a) set-

ting of < 1 signal intensities to 1 and (b) normalization of

each chip to the 75th percentile of all measurements from

that chip. The baseline transformation of these data was

not performed. Volcano plot, heat map, and clustering

analyses were performed using GeneSpring GX14.9 soft-

ware (Agilent). Gene ontology (GO) enrichment analysis

was carried out using the PANTHER overrepresentation

test (http://geneontology.org).

Human breast carcinoma tissue microarray

Human breast carcinoma tissue microarray was purchased

from Cybrdi (CC08-10-001; Cybrdi, Gaithersburg, MD,

USA). Each tissue core was 1.0 mm in diameter and

5.0 µm in thickness. The tumor node metastasis (TNM)

classification, cancer grade, and androgen receptor (AR)/

ER/PR/HER2 expression data related to the microarray

were provided by the manufacturer.

Ethics approval

The use of the microarray was approved by the Committee

for the Ethics on the Experiments with Human Derivative

Samples of National Institute of Advanced Industrial

Science and Technology.

rBC2LCN lectin histochemical staining

The rBC2LCN and BSA were labeled using a horseradish

peroxidase labeling kit (LK11; Dojindo), as described pre-

viously [14]. Lectin histochemical staining was performed

using human breast carcinoma tissue microarray. The carci-

noma sections were dewaxed and hydrated in 10 mM citric

acid (pH 6.0), followed by autoclaving at 120 °C for

10 min. The antigen-activated sections were immersed in

0.3% hydrogen peroxide in methanol at room temperature

for 10 min to block endogenous peroxidase activity. There-

after, these sections were rinsed, microwaved in ethylenedi-

aminetetraacetic acid buffer (1 mM, pH 8.0) for 10 min,

equilibrated in PBS, blocked with 1% BSA at room tem-

perature for 10 min, and incubated in 10 lg�mL�1 of HRP-

conjugated rBC2LCN at room temperature for 1 h. Subse-

quently, the sections were rinsed in PBS and distilled water

and were stained with Histofine DAB substrate kit (425011;

Nichirei Corporation, Tokyo, Japan). A negative control

was processed in a similar way using HRP-conjugated

BSA.

Images were taken with a BIOREVO BZ-9000 fluores-

cence microscope (Keyence, Osaka, Japan). The image
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obtained was converted to an 8-bit type image with 256

gray levels, and then, the level of the histogram peak of the

cancer region was taken as a signal value from 0 to 255 to

quantify rBC2LCN signal intensity using IMAGEJ v1.5.0

software (Rasband, W.S.; NIH, Bethesda, MD, USA,

http://imagej.nih.gov/ij/). rBC2LCN signal intensity was

obtained by subtracting the value of the negative control

from that of the rBC2LCN.

Statistical analysis

One-way analysis of variance (ANOVA), Fisher’s LSD,

and Tukey’s HSD tests were performed using KALEIDA-

GRAPH v4.5.2 software (Synergy Software, Eden Prairie,

MN, USA).

Results

rBC2LCN-positive and rBC2LCN-negative breast

carcinoma cell lines

To investigate the difference in the rBC2LCN lectin

reactivity among the human breast carcinoma cell

lines, we performed flow cytometric analyses of MCF-

7, T-47D, MDA-MB-157, and MDA-MB-231 cells

using rBC2LCN labeled with HiLyte Fluor 647

(Fig. 1). The rBC2LCN bound specifically to the

MCF-7 and T-47D cells but not to the MDA-MB-157

and MDA-MB-231 cells. Based on the results, MCF-7

and T-47D were classified as rBC2LCN-positive breast

carcinoma cell lines, whereas MDA-MB-157 and

MDA-MB-231 were classified as rBC2LCN-negative

cell lines.

The rBC2LCN-positive breast carcinoma cell lines

showed higher expression levels of epithelial

marker genes

We previously reported that the proportion of

rBC2LCN-positive cells of the human prostate carci-

noma cell line PC-3 decreased with increasing cell pas-

sages [12]. To compare the comprehensive expression

profiles between the rBC2LCN-positive and the

rBC2LCN-negative breast carcinoma cell lines, we per-

formed DNA microarray analysis using the

rBC2LCN-positive (MCF-7, n = 2 and T-47D, n = 2)

and the rBC2LCN-negative (MDA-MB-157, n = 2 and

MDA-MB-231, n = 2) cell lines under the same condi-

tions illustrated in Fig. 1 (Table S2). Clustering analy-

sis of all the genes spotted on the array clearly showed

that the breast carcinoma cell lines were divided into

rBC2LCN-positive and rBC2LCN-negative cell lines

Fig. 1. Flow cytometric analysis of human

breast carcinoma cell lines using

rBC2LCN. Histograms of MCF-7, T-47D,

MDA-MB-157, and MDA-MB-231 cells

incubated with 0.1 µg�mL�1 HiLyte Fluor

647-conjugated rBC2LCN (solid line) or

HiLyte Fluor 647-conjugated BSA (dotted

line, negative control). The ratios above

and below the right side of the

fluorescence intensity of the negative

control were calculated as rBC2LCN-

positive and rBC2LCN-negative

proportions, respectively. Data are

representative of three independent

experiments.
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(Fig. S1). The volcano plot analysis detected 2467 and

2857 genes that were significantly more than two times

upregulated and downregulated, respectively, in the

rBC2LCN-positive cell lines, compared with those in

the rBC2LCN-negative cell lines (Fig. 2A and

Tables S3–S4). Glycosyltransferases, such as B3GalT5

and FUT1/2, were found to specifically synthesize gly-

cans that were bound by rBC2LCN [9]. FUT1 showed

a significantly higher expression by 12.2 times in the

rBC2LCN-positive cell lines than that in rBC2LCN-

negative cells (Fig. 2B and Table S5). However, we

did not observe any significant differences in the

B3GalT5 and FUT2 gene expressions between the

rBC2LCN-positive and the rBC2LCN-negative cell

lines (Fig. 2B and Table S5). Significantly higher

expressions of AR, ER1, HER2, and PR were observed

in the rBC2LCN-positive cell lines than in the

rBC2LCN-negative cell lines (Fig. 2C and Table S6).

Gene ontology enrichment analyses of 2467 upregu-

lated and 2857 downregulated genes in the rBC2LCN-

positive cell lines were performed (Tables S7 and S8).

Two epithelial-to-mesenchymal transition-related GO

terms (regulation of epithelial-to-mesenchymal transi-

tion, GO:0010717; positive regulation of epithelial-to-

mesenchymal transition, GO:0010718) were signifi-

cantly detected in the downregulated genes (Tables S8

and S9). The epithelial-to-mesenchymal transition was

associated with increased aggressiveness and the

Fig. 2. DNA microarray analysis of the rBC2LCN-positive and rBC2LCN-negative human breast carcinoma cell lines. (A) Volcano plot analysis

of the rBC2LCN-positive and rBC2LCN-negative breast carcinoma cell lines. DNA microarray analysis is performed using rBC2LCN-positive

cell lines (MCF-7, n = 2 and T-47D, n = 2) and rBC2LCN-negative cell lines (MDA-MB-157, n = 2 and MDA-MB-231, n = 2). The genes that

show significant changes in the average expression levels between the rBC2LCN-positive and the rBC2LCN-negative cell lines are indicated

by color plots (significance analysis: moderated t-test; P value computation: asymptotic; multiple testing correction: Benjamini–Hochberg;

corrected P value ≤ 0.05). The red and blue plots indicate 2.0-fold higher and lower expression levels, respectively, in the rBC2LCN-positive

cell lines than in the rBC2LCN-negative cell lines. Detailed data are shown in Tables S3 and S4. (B) Heat map showing rBC2LCN-related

glycosyltransferase genes. Fold changes (FC) between the rBC2LCN-positive and the rBC2LCN-negative cell lines are indicated. A red-

colored number indicates a significantly higher expression difference in the rBC2LCN-positive cell lines than in the rBC2LCN-negative cell

lines. Detailed data are shown in Table S5. (C) Heat map showing the genes related to the breast cancer type. FC between the rBC2LCN-

positive and the rBC2LCN-negative cell lines are indicated. Red-colored numbers indicate significantly higher expression differences in the

rBC2LCN-positive cell lines than in the rBC2LCN-negative cell lines. Clustering analysis is performed using a Euclidean distance measure

and Ward’s linkage. Detailed data are shown in Table S6. (D) Heat map showing the epithelial and mesenchymal marker genes. FC

between the rBC2LCN-positive and the rBC2LCN-negative cell lines are indicated. Red- and blue-colored numbers indicate significantly

higher and lower expression differences, respectively, in the rBC2LCN-positive cell lines than in the rBC2LCN-negative cell lines. Clustering

analysis is performed using a Euclidean distance measure and Ward’s linkage. Detailed data are shown in Table S10.
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invasive and metastatic potential in carcinomas [15].

Next, we focused on the typical epithelial and mes-

enchymal marker genes. The rBC2LCN-positive cell

lines showed high expressions of the epithelial marker

genes CDH1, CLDN3, CLDN7, CRB3, DSP,

EPCAM, OCLN, and TJP3, whereas the rBC2LCN-

negative cell lines showed high expressions of the mes-

enchymal marker genes CDH11, DSC3, SNAI2, VIM,

ZEB1, and ZEB2 (Fig. 2D and Table S10). In addi-

tion, five GO terms, which were related to the trans-

forming growth factor b pathway, were detected in the

biological processes of the downregulated genes

(Tables S8 and S9). Notably, TGFb induces the pro-

gression of cancer through the epithelial-to-mesenchy-

mal transition [16]. These results indicated that

rBC2LCN can distinguish between breast carcinoma

cell lines that expressed epithelial markers and those

that expressed mesenchymal markers.

rBC2LCN lectin detected early-stage HER2-

positive breast carcinoma

To investigate the human breast cancer subtypes and

stages that were detected by the rBC2LCN lectin, we

performed histochemical staining using human breast

carcinoma tissue microarray (Figs 3 and S2). Then, we

quantified the rBC2LCN signal intensities on the

human breast carcinoma tissue microarray using IM-

AGEJ software (Table S11). The TNM classification

(T1–T4, N0–N3, and M0–M1), cancer grade (Grades

I–III), and AR/PR/ER/HER2 expression level data

that were related to the microarray were provided by

the manufacturer (Table S11). The rBC2LCN signal

intensities of the invasive ductal carcinoma tissue sec-

tions were classified by the data mentioned above

(Fig. S3 and Table S11).

The rBC2LCN signal intensities were significantly

stronger in the tissues classified as T1–T2, N0–N1,

Grades I–II, or HER2 + than in those classified as

normal/hyperplasia and T3–T4, N2–N3, Grades II–III,
or HER2� (Fig. S3A,B,D,H). However, there was no

difference in the rBC2LCN signal intensities among

the tissues that were classified by the M parameter and

the AR, PR, and ER expressions (Fig. S3C,E,F,G).

Next, the rBC2LCN signal intensities were classified

Fig. 3. Histochemical staining with rBC2LCN lectin using a human

breast carcinoma tissue microarray. The data on rBC2LCN signal

intensity; TNM classification (T parameter: T1–T4; N parameter:

N0–N3; M parameter: M0–M1); cancer grade (Grades I–III); and

AR/PR/ER/HER2 expression levels that are related to the

microarray are shown in Table S11.
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according to the combinations of the T parameter and

HER2 expression, N parameter and HER2 expression,

or cancer grade and HER2 expression (Fig. 4). Inter-

estingly, significantly higher intensities were seen in the

categories of T1–T2/HER2+ and N0–N1/HER2+
(Fig. 4A,B). In addition, the rBC2LCN signal intensity

was significantly higher for Grades I–II/HER2 + than

for the others, except for one case of Grades II–III/
HER2+ (Fig. 4C). Early-stage cancer is defined as one

that has not spread much in the early phase of growth.

These results suggested that rBC2LCN lectin can

specifically detect early-stage HER2-positive breast

carcinoma (Fig. 4D).

Discussion

The molecular characterization of the breast carci-

noma cell lines, such as the luminal epithelial-like and

the mesenchymal/basal-like cells, has led to the identi-

fication of novel markers for cancer diagnosis and tar-

geted therapy [17]. Previously, we reported that as the

cell passage increased, there was a decrease in the pro-

portion of rBC2LCN-positive cells in the human pros-

tate carcinoma cell line PC-3 with high expression

levels of epithelial marker genes [12]. Generally, the

gene expression profile is known to change according

to the cell culture condition, as well as the cell culture

passage. Therefore, in this study, flow cytometric and

DNA microarray analyses were performed using breast

carcinoma cells that were cultured under the same con-

dition. The rBC2LCN-positive cell lines, MCF-7 and

T-47D, were found to highly express the epithelial

marker genes, whereas the rBC2LCN-negative cells,

MDA-MB-157 and MDA-MB-231, were found to

highly express the mesenchymal marker genes. Consis-

tently, our results were in accordance with the

Fig. 4. The rBC2LCN signal intensity and various parameters of human breast carcinoma. The rBC2LCN signal intensities of invasive ductal

carcinoma tissues are quantified using IMAGEJ software and are classified by (A) T parameter and HER2 expression, (B) N parameter and

HER2 expression, and (C) cancer grade and HER2 expression. T parameter, T1–4, represented the size or direct extent of the primary tumor

(T1: smaller; T4: larger). The N parameter, N0–3, represented the degree of spread to regional lymph nodes (N0: no metastasis; N3: tumor

spread to more distant or numerous regional lymph nodes). Cancer grade, Grades I–III, was assessed based on the cell appearance on

pathology examination (I: well-differentiated and slow-growing; III: poorly differentiated and fast-growing). Grades I–II represents Grade I and

Grades I–II; Grades II–III represents Grade II, Grades II–III, and Grade III. One-way ANOVA (P ≤ 0.05), followed by Tukey’s HSD test, was

performed. Significant differences in the Tukey’s HSD test (P ≤ 0.05) are indicated by different letters (a, b, and c). The numbers analyzed

are shown in parentheses. (D) Representative histochemical staining pictures of rBC2LCN. The scale bar indicates 200 lm.
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transcriptomic results of the study by Charafe-Jauffret

et al. [17] on breast carcinoma cell lines. These findings

indicated that rBC2LCN can aid in detecting carci-

noma cells that have high expressions of epithelial

marker genes.

Carbohydrate structures have been suggested to be

associated with poor prognosis and reduced overall

survival in breast cancer [18]. Globo H is one of the

GalNAc-containing glycans bound by the rBC2LCN;

it was first identified in MCF-7 cells and was found to

play crucial roles in cancer stem cell properties and

tumor progression in breast cancer [8–9,19–21]. Globo

H expression is higher in MCF-7 and T-47D cells than

in MDA-MB-231 [13,19]. B3GALT5 and FUT1/FUT2

have been known to be involved in the biosynthesis of

Globo H in breast carcinoma cell lines [19,20]. In this

study, we revealed that the rBC2LCN-positive cell

lines exhibited higher FUT1 expression compared with

that in the rBC2LCN-negative cell lines, indicating

that rBC2LCN can detect breast carcinoma cells with

high FUT1 expression. In fact, MDA-MB-157 and

MDA-MB-231 cells are known to be more aggressive

compared with MCF-7 and T-47D cells [22]; this

implied that the rBC2LCN-positive cells were not nec-

essarily more aggressive compared with rBC2LCN-

negative cells. On the other hand, using MCF-7, T-

47D, and MDA-MB-231 cells, Lai et al. [13] described

that FUT1 overexpression increased Globo H expres-

sion and the invasive/metastatic properties of cells

in vitro and in vivo, whereas FUT1 knockdown showed

the opposite effects. Likewise, our previous study indi-

cated that compared with the rBC2LCN-negative sub-

population of PC-3 cells, the rBC2LCN-positive

subpopulation of PC-3 cells with high FUT1 expres-

sion showed increased cell motility, anchorage-inde-

pendent growth, and drug resistance in vitro [12].

From these findings, we hypothesized that rBC2LCN

has the potential to detect breast carcinoma cells that

acquire aggressiveness secondary to high FUT1 expres-

sion in breast carcinoma tissue. Overall, rBC2LCN

reactivity may be correlated with the aggressiveness of

some types of breast carcinoma cells, but this concept

cannot be applied to all of the heterogeneous breast

carcinoma cells.

The rBC2LCN histochemical staining of human

breast carcinoma tissue microarray indicated that

rBC2LCN could detect some HER2-positive breast

carcinoma tissues. Indeed, the expression levels of

Globo H and HER2 in breast cancer tissues have been

known to have no significant correlation [20]. Based

on its ability to bind specifically to carcinoma cells

with relatively high expressions of epithelial marker

genes, rBC2LCN may be able to detect early-stage

cancer that is in the early phase of growth and has not

spread extensively. For the above-mentioned reasons,

rBC2LCN lectin can specifically detect early-stage

HER2-positive breast carcinoma tissues.

Lectins have been identified to be potentially useful

for cancer diagnosis, therapy, and drug delivery [5-7].

The rBC2LCN-toxin fusion protein has been shown to

have significant antitumor effects both in vitro and

in vivo, indicating the applicability of rBC2LCN as a

drug delivery carrier [7]. Although the glycoproteins

recognized by rBC2LCN in early-stage HER2-positive

breast carcinoma cells remain unknown, these may be

novel drug target candidates for breast carcinoma.

Moreover, compared with antibodies, lectin is less

costly because it is easy to produce in large amounts

using Escherichia coli [23,24]. Therefore, rBC2LCN may

be used as a detection probe and a drug delivery carrier

for early-stage HER2-positive breast carcinoma.
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Additional supporting information may be found

online in the Supporting Information section at the end

of the article.
Fig. S1. Clustering analysis of DNA microarray data

of the rBC2LCN-positive and -negative human breast

carcinoma cell lines. DNA microarray analysis was

performed using rBC2LCN-positive cells (MCF-7,

n = 2 and T-47D, n = 2) and rBC2LCN-negative

cells (MDA-MB-157, n = 2 and MDA-MB-231,

n = 2). The gene expression data of each averaged

value were used for the clustering analysis based on a

Euclidean distance measure and Ward’s linkage.

Fig. S2. Representative images of histochemical stain-

ing with rBC2LCN lectin using human breast carci-

noma. Histochemical staining with rBC2LCN lectin

was performed using a human breast carcinoma tissue

microarray. (A–C), normal/hyperplasia tissue.
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Hyperplasia of the breast tissue is a benign breast con-

dition. (A, B) Most areas are not stained. (C) The duc-

tal epithelial cell cytoplasm and cell membrane and the

luminal surface are weakly stained. (D–H), invasive

ductal carcinoma. Strong (D) and weak (E) signals are

seen in the cytoplasm and cell membrane. (F, G) Most

areas are not stained. (H) rBC2LCN-positive and -neg-

ative cells are observed in the same section. (C0, D0, E0,
and H0) show enlarged figures of (C, D, E, and H),

respectively. The long and short scale bars indicate 200

and 20 lm, respectively.

Fig. S3. rBC2LCN signal intensity of human breast

carcinoma. Histochemical staining with rBC2LCN lec-

tin was performed using human breast carcinoma tis-

sue microarray with TNM classification, cancer grade,

and AR/ER/PR/HER2 expression data. The

rBC2LCN signal intensities of invasive ductal carci-

noma are classified by the (A) T parameter, (B) N

parameter, (C) M parameter, (D) cancer grade, (E)

AR expression, (F) PR expression, (G) ER expression,

and (H) HER2 expression. The rBC2LCN signal inten-

sity was quantified using IMAGEJ software. The T

parameter, T1–4, represented the size or direct extent

of the primary tumor (T1, smaller; T4, larger). The N

parameter, N0–3, represented the degree of spread to

regional lymph nodes (N0, no metastasis; N3, tumor

spread to more distant or numerous regional lymph

nodes). The M parameter, M0–1, represented the pres-

ence of distant metastasis (M0, no metastasis; M1,

metastasis to distant organs). The cancer grade,

Grades I–III, was assessed based on the cell

appearance on pathology examination (I, well-differen-

tiated and slow-growing; III, poorly differentiated and

fast-growing). Grades I–II represents Grade I and

Grades I–II; Grades II–III represents Grade II, Grades

II–III, and Grade III. One-way ANOVA (P ≤ 0.05),

followed by Fisher’s LSD test, was performed. Signifi-

cant differences in the Fisher’s LSD test are indicated

by asterisks. The numbers analyzed are shown in

parentheses. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001

Table S1. Cell culture.

Table S2. List of DNA microarray data.

Table S3. Comprehensive expression analysis and com-

parison between rBC2LCN-positive and rBC2LCN-

negative cell lines (P ≤ 0.05, FC ≥ 2).

Table S4. Comprehensive expression analysis and com-

parison between rBC2LCN-positive and rBC2LCN-

negative cell lines (P ≤ 0.05, FC ≤ 2).

Table S5. Expression of rBC2LCN-related genes.

Table S6. Expression of breast cancer type-related

genes.

Table S7. GO enrichment analysis of upregulated

genes in rBC2LCN-positive breast carcinoma cell lines.

Table S8. GO enrichment analysis of downregulated

genes in rBC2LCN-positive breast carcinoma cell lines.

Table S9. Cancer-related GO terms detected in the GO

enrichment analysis.

Table S10. Expressions of epithelial and mesenchymal

marker genes.

Table S11. Information on human breast carcinoma

tissue microarray.
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