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Abstract
Background  Leucine-rich repeat-containing G protein-coupled receptor 5 (LGR5) is a cancer stem cell (CSC) marker 
of colorectal cancer and may be a CSC marker of other cancer types. Few studies have been conducted on LGR5 
expression in extrahepatic cholangiocarcinoma (ECC).

Methods  We analyzed LGR5 expression using RNAscope, a highly sensitive RNA in situ hybridization technique. 
Fifty-three ECCs were selected from the medical archives at Shinshu University Hospital and analyzed using a tissue 
microarray. LGR5 expression levels were divided into expression and no expression groups. LGR5 expression and 
clinicopathological characteristics were analyzed.

Results  Among 25 cases, no LGR5-positive dots were identified. Among 28 cases, some LGR5-positive dots were 
observed in carcinoma cells, together with a wide range of LGR5-positive cells. LGR5 expression was conspicuous in 
glandular duct formations. Well- to moderately differentiated types showed significantly higher LGR5 expression than 
the poorly differentiated type (p = 0.0268). LGR5 expression was associated with good overall survival (p = 0.0219) 
and good disease-free survival (DFS) (p = 0.0228). High LGR5 expression was associated with well- to moderately-
differentiated types, indicating a favorable prognosis. In terms of DFS, multivariate analysis showed that high LGR5 
expression was an independent favorable prognostic factor (p = 0.0397).

Conclusions  These findings suggest that LGR5 is a promising, novel prognostic marker.

Keywords  Leucine-rich repeat-containing G protein-coupled receptor 5, Extrahepatic cholangiocarcinoma, RNA in 
situ hybridization
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Background
Extrahepatic cholangiocarcinoma (ECC) is a rare subtype 
of cholangiocarcinoma that is increasing in frequency 
and lethality [1]. ECC progresses asymptomatically in its 
early stages, making it difficult to diagnose [2]. Surgery is 
the only curative option for ECC patients, but surgery is 
not possible for many cases [2]. Systemic chemotherapy 
is the main treatment for unresectable ECC. However, 
the effect is limited and does not improve overall survival 
(OS) [3].

Signaling pathways that regulate self-renewal and dif-
ferentiation of cancer stem cells are under intense inves-
tigation to develop effective therapeutic strategies for 
cancer [4]. Surface markers of cancer stem cells are being 
assessed as potential therapeutic targets [4]. We have 
focused on leucine-rich repeat-containing G protein-
coupled receptor 5 (LGR5). LGR5 is structurally similar 
to members of the G protein-coupled receptor family, 
which consists of seven transmembrane domain proteins. 
G protein-coupled receptors function as receptors for 
various classes of ligands, including peptide hormones 
and chemokines [5]. Lgr5 is a stem cell marker of the 
colon [6]. LGR5 is also a stem cell marker of colorectal 
cancer [7]. LGR5 has recently been analyzed as a novel 
marker of various human cancers, including colorectal 
[7], gastric [8], liver [9], and breast [10] cancers. However, 
few studies have investigated LGR5 expression in the 
biliary system, including extrahepatic bile ducts. LGR5 
is a potential prognostic marker of ECC and may be a 
therapeutic target. Most analyses of LGR5 expression in 
clinical specimens have been conducted by immunohis-
tochemistry [11], but no reliable antibodies exist [12–
14]. Therefore, we analyzed LGR5 expression in ECC by 
RNAscope, a highly sensitive RNA in situ hybridization 
method, for comparison with clinicopathological data.

Materials and methods
Patients and materials
We identified 61 ECC cases that underwent surgical 
resection between January 2015 and December 2021 at 
Shinshu University Hospital (Matsumoto, Japan). Two 
cases were excluded because of a lack of clinical data. Six 
cases were excluded because they were negative for the 
positive control (housekeeping gene). Therefore, 53 ECC 
cases remained as suitable candidates for the analysis. 
The 8th edition of the UICC TNM Classification [15], 
5th edition of the World Health Organization classifica-
tion [16], and General Rules for Clinical and Pathologi-
cal Studies on Cancer of the Biliary Tree were used for 
pathological evaluation of ECC [17]. The TNM stage was 
divided into two groups, I-II and III-V, and the depth of 
infiltration was divided into T1-T2 and T3-T4, for sub-
group analysis as reported previously [18–20]. Histo-
logical features of all specimens were confirmed by two 

pathologists (TU and MI). This study was approved 
by the ethics committee of Shinshu University, Japan 
(Approval No. 5836). All researchers were blinded to the 
patients’ data during experimental analysis.

Histopathology
Paraffin-embedded tissue blocks containing sufficient 
representative tumor areas from all cases were selected 
for tissue microarray (TMA) preparation. TMAs 
included invasive fronts. Tissue cores were punched out 
from each donor tumor block using thin-walled 3  mm 
stainless steel needles (Azumaya Medical Instruments 
Inc., Tokyo, Japan). The cores were arrayed in a recipi-
ent paraffin block. Serial Sect.  4  μm in thickness were 
cut from the blocks and stained with hematoxylin-eosin 
(HE).

LGR5 RNA in situ hybridization
LGR5 mRNA in TMAs was analyzed using the newly 
developed RNAscope kit (Advanced Cell Diagnostics, 
Hayward, CA, USA) in accordance with the manufac-
turer’s instructions using unstained sample tissue sec-
tions. The detailed procedure has been described in a 
previous study [21]. Mm-PPIB (ACD-313902) was used 
as a positive control. DapB (ACD-310043) was used as 
a negative control. Normal human colon was used as a 
positive control tissue. LGR5 is expressed at the crypt 
base in the normal human colon. Positive staining is 
indicated by brown punctate dots in the nucleus and/or 
cytoplasm. LGR5 expression levels were quantified by to 
a five-grade scoring system as described previously [22]: 
0 = no staining; 1 = one to three dots per cell; 2 = four to 10 
dots per cell and no or very few dot clusters; 3 = > 10 dots 
per cell and < 10% positive cells overall; 4 = > 10 dots per 
cell and > 10% positive cells with dot clusters. The over-
all score for each patient was evaluated in a high-power 
field (×400 magnification). Furthermore, LGR5 mRNA 
expression was categorized into no expression (score 0) 
and expression (scores 1–4). We then analyzed the rela-
tionship between LGR5 expression and clinicopathologi-
cal data involving ECC patient prognosis.

Statistical analysis
Statistical analysis was performed using JMP version 13 
(SAS Institute Japan, Tokyo, Japan). Categorical variables 
were compared using Fisher’s exact test. A p value < 0.05 
was considered statistically significant. OS and disease-
free survival (DFS) of ECC patients was calculated using 
the Kaplan–Meier method. Differences were compared 
using the log-rank test. Univariate and multivariate anal-
yses of prognostic factors were performed using the Cox 
proportional hazard regression model.
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Results
LGR5 expression in ECC
Among 28 cases, some LGR5-positive dots were observed 
in carcinoma cells (Fig. 1A, C), revealing a wide range of 
LGR5-positive cells. Conversely, among 25 cases, no pos-
itive dots were observed in cancer cells (Fig. 1B, D).

Relationships between LGR5 expression and 
clinicopathological characteristics
The clinicopathological characteristics of ECC patients 
are shown in Table  1. Well- to moderately differenti-
ated adenocarcinoma showed significantly higher LGR5 
expression than poorly differentiated adenocarcinoma 
(p = 0.0268). No other significant differences were found 
in age, sex, vascular invasion, depth of infiltration, lymph 
node metastasis, or TNM stage between the no LGR5 
expression and LGR5 expression groups.

Prognostic value of LGR5 in ECC
The prognostic value of LGR5 expression in ECC was 
determined using the Kaplan–Meier method and log-
rank test (Fig.  2). High LGR5 expression was associated 
with good OS (log-rank test, p = 0.0219) and good DFS 
(log-rank test, p = 0.0228).

We evaluated the relationship of clinicopathological 
factors and LGR5 expression with OS using a Cox pro-
portional hazard regression model (Table 2). In the uni-
variate analysis, the presence of lymph node metastases 
(p = 0.0313), an advanced TNM stage (p = 0.0046), and no 
LGR5 expression (p = 0.0286) were significantly associ-
ated with worse OS. Variables that were statistically sig-
nificant in the univariate analysis were entered into the 
multivariate analysis. The multivariate analysis showed 
that there was no significant independent prognostic fac-
tor, including LGR5 expression.

We also evaluated the relationship of clinicopathologi-
cal factors and LGR5 expression with DFS using a Cox 
proportional hazard regression model (Table  3). In the 

Fig. 1  LGR5 expression in ECC. Representative features of HE-stained tissues (A) and RNAscope analysis of the LGR5 expression group (B). Representative 
features of HE-stained tissues (C) and RNAscope analysis of the no LGR5 expression group (D). Bar indicates 100 μm (magnified panel = 20 μm)
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univariate analysis, the presence of lymph node metas-
tases (p < 0.0001), an advanced TNM stage (p = 0.0020), 
and low LGR5 expression (p = 0.0267) were significantly 
associated with worse DFS. Variables that were statisti-
cally significant in the univariate analysis were entered 
into the multivariate analysis. The multivariate analysis 
showed that the presence of lymph node metastases and 

Table 1  LGR5 expression and clinicopathological characteristics 
of ECC patients

LGR5
Factors n No ex-

pression 
(n = 25)

Expression 
(n = 28)

p-
value

Age 0.4145
   =<71 years 29 12 17
   >71 years 24 13 11
Sex 1
   Female 20 9 11
   Male 33 16 17
Vascular invasion 0.5857
   Absent 26 11 15
   Present 27 14 13
Differentiation 0.0268
   Wel-Mod 24 7 17
   Por 29 18 11
Depth of infiltration 0.7688
   T1-T2 36 16 20
   T3-T4 17 9 8
Lymph node metastasis 1
   Absent 29 14 15
   Present 24 11 13
TNM stage 0.2725
   I-II 32 13 19
   III-IV 21 12 9
Wel: well-differentiated type, Mod: moderately differentiated type, Por: poorly 
differentiated type

Table 2  Univariate and multivariate analyses of prognostic 
factors associated with OS of ECC patients
Factors Univariate 

analysis 
(p-value)

Multi-
variate 
analysis 
(p-value)

Age (≤ 71 vs. >71 years) 0.2812
Sex (Female vs. Male) 0.2525
Differentiation (Wel–Mod vs. Por) 0.1887
Vascular invasion (Absent vs. Present) 0.1471
Depth of infiltration (T1-T2 vs. T3-T4) 0.0903
Lymph node metastasis (absent vs. present) 0.0313 0.7407
TNM stage (I–II vs. III–V) 0.0046 0.0839
LGR5 (Expression vs. No expression) 0.0286 0.0897
Wel: well-differentiated type, Mod: moderately differentiated type, Por: poorly 
differentiated type

Table 3  Univariate and multivariate analyses of prognostic 
factors associated with DFS of ECC patients
Factors Univariate 

analysis 
(p-value)

Multi-
variate 
analysis 
(p-value)

Age (≤ 71 vs. >71 years) 0.6793
Sex (Female vs. Male) 0.0575
Differentiation (Wel–Mod vs. Por) 0.0979
Vascular invasion (Absent vs. Present) 0.0837
Depth of infiltration (T1-T2 vs. T3-T4) 0.2441
Lymph node metastasis (absent vs. present) < 0.0001 0.0013
TNM stage (I–II vs. III–V) 0.002 0.6054
LGR5 (Expression vs. No expression) 0.0267 0.0101
Wel: well-differentiated type, Mod: moderately differentiated type, Por: poorly 
differentiated type

Fig. 2  Prognostic value of LGR5 expression in ECC determined by Kaplan–Meier analysis. LGR5 expression was associated with good OS (log-rank test, 
p = 0.0219) and good DFS (log-rank test, p = 0.0228)
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LGR5 expression were independent prognostic factors 
(p = 0.0013 and p = 0.0101, respectively).

Discussion
In extrahepatic bile ducts, high LGR5 expression was 
significantly associated with well- to moderately-differ-
entiated adenocarcinoma. High LGR5 expression also 
indicated a favorable prognosis. Interestingly, LGR5 was 
not associated with high expression in poorly differenti-
ated cancers or poor prognostic factors, which are gener-
ally considered to be characteristics of cancer stem cell 
markers [23]. However, LGR5 may be a novel prognostic 
marker of ECC.

Few studies have reported Lgr5 expression in nor-
mal bile ducts. Bile duct reactive cells in the vicinity of 
peribiliary glands, which differentiate into bile duct cells, 
have been suggested to be a type of proliferative interme-
diate stem cell present at the time of bile duct injury in 
mice [23, 24]. In a study by Yoshizawa et al. [25], LGR5 
expression was significantly higher in highly differenti-
ated adenocarcinoma than in intrahepatic cholangiocar-
cinoma, and high LGR5 expression was associated with 
a favorable prognosis. Among specific subtypes, LGR5 
expression was significantly higher in the large duct type 
subtype. In intrahepatic cholangiocarcinoma, KRAS 
mutations are often found in large duct types [26]. ECCs 
also often have KRAS mutations [27], and there may be 
similarities to the large duct type of intrahepatic cholan-
giocarcinoma. In colorectal cancer, although well-differ-
entiated adenocarcinomas have been reported to strongly 
express LGR5 as determined by RNA in situ hybridiza-
tion [28], studies have also reported high LGR5 expres-
sion in poorly differentiated adenocarcinomas. Similarly, 
conflicting results regarding LGR5 expression and prog-
nosis have been reported, and no unified view has been 
reached [28]. The most common method used to analyze 
LGR5 expression in previous reports is immunostaining 
[11]. The discrepancy in LGR5 expression analysis results 
in colorectal cancer may be due to differences in the 
analysis methods. Because recent studies have identified 
a tumor-suppressive role of LGR5 signaling in colorectal 
cancer [29], [30], RNA in situ hybridization may provide 
more accurate results.

Although LGR5 is a robust CSC marker, there are other 
candidate markers. Melo et al. reported that, at least in 
colorectal cancer, more primitive and immature CSC 
marker expression, defined by SOX2, OCT4, and Nanog, 
as opposed to gut tissue-specific stem cell signatures such 
as LGR5, is associated with disease progression [31]. Fur-
thermore, LGR5 expression and glandular duct forma-
tion have been reported to be high in the region of gland 
formation in colorectal cancer and colorectal adenomas 
[32]. It is unclear whether gland duct formation is regu-
lated by LGR5 itself, but it may be related to the degree of 

cancer differentiation, which may have prognostic impli-
cations. If a similar phenomenon occurs in ECC, LGR5 
expression may be associated with differentiation status 
and might play a role in prognosis.

LGR5 is a Wnt target gene enriched in intestinal stem 
cells and colorectal cancer [6]. In colorectal cancer, APC 
abnormalities activate Wnt/β-catenin signaling. KRAS 
abnormalities are well known in cholangiocarcinoma 
[26, 27]. KRAS abnormalities have also been reported 
to stimulate Wnt/β-catenin signaling [33, 34]. Therefore, 
LGR5 expression may be affected by genetic abnormali-
ties in each cancer type. Additionally, LGR5 activates 
Wnt/β-catenin signaling by binding to R-spondin [35]. 
Binding of R-spongin 1 to LGR5, together with TGF-β 
type II receptors in colon cancer cells, directly activates 
TGFβ signaling and suppresses tumor growth [30]. The 
regulation of LGR5 expression is complex and may be 
elucidated in the future.

We previously reported that high LGR5 expression in 
poorly differentiated gastric carcinomas is associated 
with a poor prognosis [36]. Poorly differentiated gas-
tric carcinoma is a diffuse type that may correspond to 
genomically stable in the molecular characterization of 
gastric adenocarcinoma [37]. Various mutations in this 
phenotype are known [37]. Genetic abnormalities other 
than truncation of APC or KRAS mutations may cause 
differences in the prognostic value of LGR5 expression.

A limitation of this study is that we observed LGR5 
expression only in clinical specimens. However, RNA in 
situ hybridization is highly sensitive and accurately cap-
tures actual LGR5 expression. Using cholangiocarcinoma 
cell cultures, expression of LGR5 and cytokines such as 
TGF-β should be examined in coculture or by other 
methods.

Immunostaining for LGR5 is unreliable. Therefore, 
observing LGR5 expression using RNAscope may be 
more useful than immunostaining, although it is not yet 
commonly used. Additionally, there have been reports 
of serological LGR5 measurements [38], suggesting 
that comparing these findings with tissue expression 
should be performed in future studies. However, LGR5 
is expressed throughout the body, with particularly 
high expression in the colon. Therefore, measuring its 
expression in the bile duct, where its expression is mini-
mal, using serological analysis might not be meaningful. 
While methods such as sequencing and mass spectrom-
etry are excellent for analyzing expression levels, RNA-
scope allows for direct observation of the expression 
site, enabling analysis in conjunction with histological 
features. This approach provides a more comprehen-
sive understanding of the local expression patterns of 
LGR5 and its role within the tissue. Additionally, western 
blot analysis is challenging because of the lack of suit-
able antibodies for immunostaining of LGR5. This issue 
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represents one of the technical limitations in the analy-
sis of LGR5. Therefore, we decided to use RNAscope in 
this study to accurately determine the local expression of 
LGR5 in clinical specimens.

There are various regulatory mechanisms of LGR5 
expression, and the significance of expression varies by 
organ and tissue type. By understanding these points, 
the use of LGR5 as a therapeutic target or CSC marker 
should be explored, and further studies are desirable.

Conclusion
In ECC, the relationship between LGR5 expression and 
a favorable prognosis may be a potential prognostic 
marker, and further exploration of the molecular mecha-
nism of LGR5 expression is warranted.
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