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A B S T R A C T

LGR5 is the most robust known stem cell marker for gastrointestinal tumors, but there are few reports in breast
cancer. Triple negative breast cancer (TNBC) is the most malignant subtype of breast cancer, and thus identi-
fication of new cancer stem cell populations in TNBC may help to identify targeted therapies. LGR5 expression
was evaluated by RNAscope, a newly developed RNA in situ hybridization technique, using a tissue microarray
consisting of 43 patient samples of TNBC selected from the medical archives at our hospital. Patients were
stratified into negative and positive LGR5 expression groups. Tumor necrosis was greater in the LGR5-positive
group compared with the LGR5-negative group (P = .026). Mitosis tended to show a high value in the LGR5-
positive group compared with the LGR5-negative group (P = .0831), while stage tended to show a high stage in
the LGR5-positive group compared with the LGR5-negative group (P= .0617). Cox proportional hazards models
revealed that the LGR5-positive group (overall survival (OS) = 2.12; 95% CI: 2.12–2.12; P = 0.1575) had no
relationship with OS. LGR5 expression is associated with tumor necrosis of TNBC and suggested higher malig-
nant potential.

1. Introduction

Breast cancer is the most common cancer in women and is the fifth
leading cause of cancer death in woman [1]. Triple-negative breast
cancer (TNBC), which shows an absence of ER, PgR, and HER2 ex-
pression, exhibits therapeutic resistance and has a poor prognosis [2]. It
is reported that 10% to 20% of all breast cancers are TNBC [3].

In recent years, cancer stem cells have attracted attention as ther-
apeutic targets, and breast cancer is no exception. In particular, LGR5 is
known to be a promising stem cell marker, but there are still few reports
on breast cancer. It has also been reported as a cancer stem cell (CSC)
marker in several other tumors including those of the colon [4-6],
stomach [7-9], liver [10], and esophagus [11]. Several studies have
analyzed LGR5 expression and prognosis [12,13]. There are several
reports that high LGR5 expression is associated with poor prognosis, but
this is controversial [14,15]. Therefore, here we report the analysis of
LGR5 expression and clinicopathological features using RNAscope.

2. Materials and methods

2.1. Patients

This study enrolled 43 patients with TNBC who underwent surgical
resection between 2005 and 2013 at Shinshu University School of
Medicine, Matsumoto, Japan. Clinicopathological data such as patient
age and sex, pathological differentiation, and TNM classification were
obtained by retrospective review of medical charts and pathological
records. Prior to case selection, patients who received neoadjuvant
chemotherapy were excluded. Special subtypes were also excluded.
Clinical stage and tumor differentiation were determined using the 8th
edition of Union International Cancer Control (UICC) TNM staging
system. Histological features of all specimens were confirmed by two
pathologists (T.U. and H.O.). Overall survival (OS) was defined as the
interval between the date of surgical resection and date of death or last
follow up. This study was performed in accordance with the current
ethical guidelines of the Declaration of Helsinki and the requirements of
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the Institutional Review Board of Shinshu University School of
Medicine (approval No.4044).

2.2. Histopathology and immunohistochemistry

Formalin fixed paraffin embedded tissue were used for all speci-
mens. Tissue microarray was made with tissue containing tumor. Each
tumor block was punched out with steel needles to a diameter of 3 mm
and the punched cores are arranged in new blocks. 4-μm thick serial
sections were made from these blocks and stained for H&E. We

compared the nuclear grade [16]: grade 1 and 2 were classified as low
and 3 as high. Immunohistochemistry with β-catenin (1:500: Becton-
Dickinson & Company, Franklin Lakes, NJ, USA) and Ki67 (1:100:
Dako, Glostrup, Denmark) antibodies using the EnVision method. The
percentage of cells staining positive for Ki67 was calculated from at
least three different areas per case. Ki67 expression was grouped as
<33%, 34% to 66%, and 67% to 100%. >33% of cases were classified
as high Ki67. A case was considered β-catenin-positive if 10% or more
of the tumor cells expressed nuclear-translocated β-catenin.

Fig. 1. Representative features of LGR5 expression in TNBC. LGR5-positive (a and c) and -negative cases (b and d) (a and b, H&E; c and d, LGR5 RNAscope).

Fig. 2. LGR5 expression in normal breast tissue. LGR5-positive dots (arrows) were observed in both glandular epithelial cells and myoepithelial cells in TDLU (LGR5
RNAscope).
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2.3. LGR5 RNA in situ hybridization

Detection of LGR5 mRNA was performed using an RNAscope kit
(Advanced Cell Diagnostics, Hayward, CA, USA) according to the
manufacturer's instructions using unstained sample tissue slides.
Briefly, tissue sections were pretreated by heating and protease appli-
cation prior to hybridization with a LGR5-specific probe. The detailed
procedure is described in an earlier publication [17]. Brown punctate
dots present in the nucleus and/or cytoplasm indicated positive
staining. LGR5 expression was quantified according to the five-grade
scoring system recommended by the manufacturer (0: no staining, 1:

1–3 dots/cell, 2: 4–10 dots/cell, 3: > 10 dots/cell, 4: > 15 dots/cell
with >10% of dots in clusters). The H-score was calculated as: (% of
grade 1 cells × 1) + (% of grade 2 cells × 2) + (% of grade 3 cells ×
3) + (% of grade 4 cells × 4). The overall H-score for each patient was
calculated on the basis of the H-score per high-power field (400×
magnification). Furthermore, H-score of 10 or more was regarded as
LGR5-positive. We analyzed the relationship between LGR5 expression
and clinicopathological data and prognosis in TNBC patients, with
particular regard to OS rate.

2.4. Statistical analysis

For clinicopathological characteristics, categorical variables were
expressed as a number. Pearson's chi-squared test was adopted to test
for differences between subgroups of patients. The OS rates of TNBC
patients were calculated using the Kaplan-Meier method, and differ-
ences in those rates were compared using the log-rank test. The uni-
variate and multivariate analyses for prognostic factors were performed
using a Cox proportional hazard regression model. A P-value of <0.05
was considered significant. All statistical analyses were performed
using JMP Statistics software version 13 (JMP, Tokyo, Japan).

3. Results

3.1. LGR5 expression in breast carcinoma and normal breast tissue

A wide range of expression levels was observed from cases in which
a few dots were found in a few cells to those in which a large number of
dots were found in a large number of cells (Fig. 1a, c). In many cases,
LGR5 expression could not be detected at all (Fig. 1b, d). On the other
hand, there was no particular tendency in the distribution of expressing
cells. Seven cases could be recognized as the LGR5 high expression
group.

Epithelial cells with LGR5-positive dots in the terminal duct lobular
units (TDLU) were identified, and LGR5-positive cells were observed in
both glandular epithelial cells and myoepithelial cells (Fig. 2). LGR5
expression was also identified in epithelium of larger ducts other than
TDLU.

3.2. LGR5 expression and clinicopathological characteristics in breast
carcinoma

The clinicopathological characteristics of the TNBC patients are
listed in Table 1. Necrotic foci were significantly frequent in the LGR5
high expression group (Fig. 3a, b). When stage was divided into I and
II–IV, stages II–IV were more frequent in the high LGR5 expression
group. In the LGR5 high expression group, Ki67 positivity was also
more frequent. The expression of nuclear-translocated β-catenin was
not identified in all cases.

3.3. Prognostic value of LGR5 in breast carcinoma

The prognostic value of LGR5 expression in TNBC was analyzed by
Kaplan-Meier analysis with the log-rank test. The median OS rate for
the study patients was 2743 days (range, 2050–3640). There was no
significant difference in OS between TNBC cases in the LGR5-positive
group (median OS, 2743 days (range, 1960–3948)) and the LGR5-ne-
gative group (median OS, 2753 days (range, 2289–3410)) (log rank
test, P = 0.2929).

We evaluated the relationship between clinicopathological factors
and LGR5 expression with OS using a Cox proportional hazard regres-
sion model (Table 2). There was no correlation with LGR5 (HR = 2.12;
95% CI: 2.12–2.12; P = 0.1575).

Table 1
LGR5 expression and clinicopathological characteristics in TNBC.

Factors n

LGR5 expression

P-valuePositive (n = 7) Negative (n = 36)

Age 0.3633
64 years 19 2 17
<64 years 24 5 19

LN metastasis 0.7355
Present 16 3 13
Absent 27 4 23

Nuclear grade 0.2114
High 28 6 22
Low 15 1 14

Necrosis 0.026
Present 27 7 20
Absent 16 0 16

Ki67 score 0.0831
High 18 5 13
Low 25 2 23

TNM stage 0.0617
I 20 1 19
II–IV 23 6 17

Fig. 3. Representative features of TNBC with necrosis. High levels of LGR5
expression were observed with necrosis (a and b) (a, H&E; b, LGR5 RNAscope).

Table 2
Univariate analyses of prognostic factors for TNBC.

Factors Univariate analysis

HR (95% CI) P-value

Age: ≧64 years vs <64years 2.38 (0.39–18.33) 0.3401
Ki67 score: low vs. high 0.36 (0.02–2.46) 0.3231
Nuclear grade: low vs high 0.31 (0.04–1.89) 0.1978
Necrosis 0.14 (0.01–0.98) 0.0469
TNM stage: I vs. II–IV 3.01 (0.44–59.40) 0.2773
LGR5 expression: negative vs. positive 2.12 (2.12–2.12) 0.1575
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4. Discussion

To our knowledge, this is the first report of RNA in situ expression
analysis of LGR5 in breast cancer. The expression levels of LGR5 in
TNBC breast cancer were found to vary and there were negative cases.
Multipotent mammary stem cells that can differentiate into both
myoepithelial cells and luminal lineage cells, and unipotent mammary
stem cells that differentiate only into either myoepithelial cells or lu-
minal lineage cells have been reported as mammary stem cells [18].
LGR5 expression was reported in both multipotent mammary stem cells
and unipotent mammary stem cells. Similarly, in our study, LGR5 ex-
pression was identified in both glandular epithelial cells and myoe-
pithelial cells in TDLU. Therefore, it may be possible that LGR5 is a CSC
marker for TNBC.

However, LGR5 is not normally expressed in normal gastric fundic
glands, but recently it has been reported that it is expressed in gastric
fundic glands under specific conditions [19]. Although LGR5 was ne-
gative in many cases of TNBC, LGR5 expression ability is not lacking in
TNBC, and LGR5 may only be expressed under special conditions. Be-
cause LGR5-positive TNBC is significantly more likely to be associated
with necrosis and mitosis tends to be higher, LGR5 expression may be
influenced by such special conditions.

High expression of CD44, another breast CSC marker, in TNBC was
associated with necrosis and high Ki67 was linked to high mitosis [20].
These reports may enhance the possibility that LGR5 is a CSC marker in
TNBC.

Although there is no report on the association between LGR5 and
prognosis in TNBC, relapse-free survival has been reported to deterio-
rate in non-TNBC [21]. Therefore, the relationship with disease stage in
our study may have an influence on prognosis although there is no
difference in OS. Nonetheless, although the association with prognosis
was controversial in colon cancer and other cancer types, examination
with the RNAscope method has been reported as having a good prog-
nosis in recent years [22]. In colon cancer, it is known that nuclear
translocation of β-catenin resulting from an abnormality of APC sig-
naling affects LGR5 expression. However, no β-catenin nuclear trans-
location was observed in this study, and LGR5 expression resulting from
nuclear translocation of β-catenin does not seem to be related, at least
in TNBC.

In TNBC, LGR5 was not expressed in all cases, and the appearance of
other promising markers in terms of CSCs as a therapeutic target in
TNBC is expected. However, it also became clear that an LGR5-positive
group existed. LGR5-expressing tumors may be a subtype of TNBC.
These clinicopathological characterizations require further study.

A limitation of this study is that we did not analyze LGR5 expression
in all cancer tissue areas, and its expression may vary and be associated
with other clinicopathological characteristics. Furthermore, LGR5 ex-
pression analysis by other experimental approaches will also be re-
quired.

In conclusion, we demonstrated LGR5 expression in TNBC by RNA
in situ. Further research in the future may reveal LGR5 as a promising
therapeutic target.
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