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Abstract
AIM: To investigate the differential expression of leu-
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cine-rich repeat-containing G protein-coupled receptor
5 (LGR5) in gastric cancer tissues and its significance
related to tumor growth and spread.

METHODS: Formalin-fixed biopsy specimens of intes-
tinal metaplasia (7 = 90), dysplasia (7 = 53), gastric
adenocarcinoma (7 = 180), metastases in lymph nodes
and the liver (7 = 15), and lesion-adjacent normal
gastric mucosa (controls; 7 = 145) were obtained for
analysis from the Peking University Cancer Hospital’s
Department of Pathology and Gastrointestinal Surgery
tissue archives (January 2003 to December 2011). The
biopsied patients’ demographic and clinicopathologic
data were retrieved from the hospital’s medical records
database. Each specimen was subjected to histopatho-
logical typing to classify the tumor node metastasis
(TNM) stage and to immunohistochemistry staining to
detect the expression of the cancer stem cell marker
LGR5. The intergroup differences in LGR5 expression
were assessed by Spearman’s rank correlation analysis,
and the relationship between LGR5 expression level
and the patients’ clinicopathological characteristics was
evaluated by the y”test or Fisher's exact test.

RESULTS: Significantly more gastric cancer tissues
showed LGR5" staining than normal control tissues (all
P < 0.01), with immunoreactivity detected in 72.2%
(65/90) and 50.9% (27/53) of intestinal metaplasia
and dysplasia specimens, respectively, 52.8% (95/180)
of gastric adenocarcinoma specimens, and 73.3%%
(11/15) of metastasis specimens, but 26.9% (39/145)
of lesion-adjacent normal gastric mucosa specimens.
Comparison of the intensity of LGR5" staining showed
an increasing trend that generally followed increasing
dedifferentiation and tumor spread (normal tissue <
dysplasia, < gastric adenocarcinoma < metastasis; all 2
< 0.001), with the exception of expression level detect-
ed in intestinal metaplasia which was higher than that
in normal gastric tissues (P < 0.001). Moreover, gastric
cancer-associated enhanced expression of LGR5 was
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found to be significantly associated with age, tumor dif-
ferentiation, Lauren type and TNM stage (I + 1 vs Il
+ IV) (all £ < 0.05), but not with sex, tumor site, loca-
tion, size, histology, lymphovascular invasion, depth of
invasion, lymph node metastasis or distant metastasis.
Patients with LGR5" gastric cancer specimens and with-
out signs of metastasis from the original biopsy experi-
enced more frequent rates of recurrence or metastasis
during follow-up than patients with LGR5™ specimens (P
< 0.05).

CONCLUSION: Enhanced LGRS is related to progres-
sive dedifferentiation and metastasis of gastric cancer,
indicating the potential of this receptor as an early di-
agnostic and prognostic biomarker.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Leucine-rich repeat-containing G protein-
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Core tip: This is the first study to evaluate the expres-
sion of leucine-rich repeat-containing G protein-coupled
receptor 5 (LGR5), a putative cancer stem cell marker,
in progressive stages of gastric carcinogenesis. The ob-
servation of increasing LGR5 expression in human gas-
tric cancer lesions, following the loss of differentiation
(from dysplastic to gastric cancer cases) and risk of
spread (metastatic cases), suggests that this receptor
may represent an important biomarker for early detec-
tion of patients at higher risk for gastric tumorigenesis.
The observed distinctive expression pattern of LGR5
in intestinal metaplasia suggests that these cells may
represent a precancerous condition but not carcinoma
precursors.

Zheng ZX, Sun Y, Bu ZD, Zhang LH, Li ZY, Wu AW, Wu XIJ,
Wang XH, Cheng XJ, Xing XF, Du H, Ji JF. Intestinal stem cell
marker LGRS expression during gastric carcinogenesis. World J
Gastroenterol 2013; 19(46): 8714-8721 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i46/8714.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i146.8714

INTRODUCTION

Gastric cancer (GC) is one of the most common cancers
worldwide, yet the majority of GC-related deaths occur
in less developed countries, including China and other
Asian nations'™”. Studies to elucidate the tumorigenic
processes underlying GC development have revealed a
multistep sequential process involving normal gastric tis-
sue progression to chronic gastritis, atrophy, intestinal
metaplasia, dysplasia, and carcinoma, with or without
metastatic potentialm. This model supports the possibility
of a stepwise accumulation of genetic alterations affect-
ing expression of key molecules, possibly having direct or
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indirect (Ze., signaling pathways) functional effects on cell
growth and movement.

The stem cell origin hypothesis of carcinomas has
gained much research attention in the recent decade.
Cancer stem cells (CSCs), which express a distinctive
profile of cell type-specific surface markers', have been
detected in a broad range of clinical cancer specimens,
including hematological malignancies and solid tumors
of the breast, lung, ovary, liver, prostate, pancreas, skin,
brain and colon®". However, few studies to date have
investigated the presence of CSCs in GC lesions, and
their role in GC tumorigenesis remains largely unknown.

The leucine-rich repeat-containing G protein-coupled
receptor 5 (LGR5, also known as GPR49) has been
proposed as a marker of GC-related stem cells. Under
normal conditions, LGRS5 is expressed primarily on intes-
tinal stem cells, where it functions as a transducer of Wnt
signalingm’l‘ﬂ. Murine-based investigations to uncover the
role of LGR5 in cancer development and progression
have also demonstrated its expression on rare, scattered
cells in the eye, brain, stomach, mammary gland and re-
productive organsm and showed that LGR5" stem cells
were much more effective in producing tumorigenesis
than more differentiated (LGR5) cells"”. In humans,
LGR5" cells have been detected in both the population
of crypt stem cells (precursor cells) and gastric mucosal
lesions that progressed to cancet'”.

A functional study of LGR5-expressing cells and their
age-related distribution using a mouse model revealed
that its expression was localized to the base of prospec-
tive corpus and pyloric glands in neonatal stomach but
predominantly restricted to the base of mature pyloric
glands in adult stomach, and demonstrated that a single
LGR5" cell could efficiently generate long-lived organoids
resembling mature pyloric epithelium 7# vitro"”. While the
collective findings have increased interest in developing
LGRS as a universal epithelial CSC marker for clinical
use™ | the loss of restriction to the stem cell niche is con-
sidered an early event in the premalignant transformation
of stem cells and suggests that this protein may also be a
key contributor to carcinogenesis.

Although many previous studies have investigated
the association of perturbed LGR5 expression with tu-
morigenesis, very few have reported on the differential
expression of LGR5 and its role in the multistep sequen-
tial process of GC development. Therefore, the present
study analyzed LGR5 expression in human clinical speci-
mens of gastric tissues from the non-cancerous condition
through gastric adenocarcinoma and in GC-related lymph
nodes and liver metastases, and evaluated the relationship
between differential LGR5 expression and clinicopatho-
logical features. The findings from this study will provide
novel insights into the carcinogenic process of GC from
the perspective of the stem cell origin hypothesis.

MATERIALS AND METHODS

Patients and tissue samples
Formalin-fixed/paraffin-embedded specimens of in-
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testinal metaplasia (#» = 90), dysplasia (# = 53), gastric
adenocarcinoma (7 = 180), metastases in lymph nodes
and the liver (# = 15), and lesion-adjacent normal gastric
mucosa (controls; # = 145) were obtained for analysis
from the Peking University Cancer Hospital’s Depart-
ment of Pathology and Gastrointestinal Surgery tissue
archives (January 2003 to December 2011). All specimens
had been obtained during endoscopic biopsy or surgi-
cal resection. Each specimen was analyzed by routine
histopathological analysis and was classified according to
the pathological criteria published by the World Health
Organization (4" edition) and the tumor node metastasis
(ITNM) staging system of the American Joint Committee
on Cancer Staging Manual (7" edition) and the Japanese
Gastric Cancer Association Guidelines (Brd edition).

The biopsied patients’ demographic and clinicopatho-
logic characteristics (during the clinical management
and follow-up periods) were retrieved from the hospital’
s electronic records database. If a patient had no record
of death but lacked follow-up data, the patient’s general
practitioner was contacted to obtain the information.
None of the GC patients had synchronous cancers or
previous gastrointestinal diseases, nor had undergone ab-
dominal surgery, chemotherapy or radiotherapy prior to
specimen collection.

This study was performed with pre-approval from the
Ethics Committee of Peking University Cancer Hospital.
Informed consent allowing for investigative use of tissue
samples had been provided by each patient.

Immunohistochemical analysis
Specimen sections (4 um thickness) were mounted on
poly-L-lysine coated slides, deparaffinized in xylene, and
rehydrated in a descending ethanol-to-water gradient
series. Endogenous peroxidase was blocked by exposure
to 3% H20:2 for 10 min, followed by antigen retrieval via
pressurized heating in EDTA buffer (Zhongshan Bio-
technology Inc., Beijing, China) for 5 min. After cooling
to room temperature, non-specific sites were blocked by
exposure to 10% goat blood serum. LGR5 immunode-
tection was carried out by incubating with purified rabbit
polyclonal antibody (AP2745d; Abgent, San Diego, CA,
United States), followed by two-step diaminobenzidine
visualization (GK500705; Dako, Glostrup, Denmark).
The immunostained sections were counterstained
with hematoxylin for 40 s, rinsed in water, dehydrated in
an ascending water-to-ethanol gradient series followed
by clearance with xylene, and permanently cover-slipped.
Negative controls were created using the same procedure
but without addition of primary antibody.

Evaluation of inmunostaining

The processed immunostained sections were examined
by light microscopy. Two experienced pathologists (Sun
Y and Dong B), working independently and blinded to
the corresponding clinical data, evaluated each sample to
calculate and score the percentage of LGR5" cells [none
(negative, -): 0%, 1%-25%: 1, 25%-50%: 2, and > 50%:
3] and to score the intensity of cytoplasmic staining (no
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staining: 0, mild: 1, moderate: 2, and strong: 3; with the
highest intensity score being assigned when > 10% of
cells stained with that intensity). Adding the percentage
and intensity scores provided a composite expression
score (0-6), which was defined as: weakly positive (+):
1-2, moderately positive (++): 3-4, and strongly positive
(+++): 5-6. For statistical analysis, a composite score of
0 was classified as negative and 1-6 as positive, with < 2
ranked as low expression and = 3 ranked as high expres-
sion.

Statistical analysis

All statistical analyses were carried out using the SPSS
software statistical package (version 20.0; SPSS Inc.,
Chicago, IL, United States). The differences in LGR5
expression between the gastric tissue types were analyzed
by Spearman’s rank correlation analysis. The relationships
between LGRS differential expression and clinicopatho-
logical characteristics were evaluated by the ;{2 test or
Fisher’s exact test. A two-sided P-value < 0.05 was con-
sidered statistically significant.

RESULTS

LGRS expression and distribution in normal gastric
mucosa

Immunostaining of LGR5 showed a predominant lo-
calization to the cytoplasm or on the cell membrane in
normal gastric mucosa specimens. Morphologically, the
LGR5" cells were localized to the mucous neck region at
the base of the gastric crypts between the foveolae and
glands (Figure 1A and B). The positive-staining percent-
ages are presented in Table 1.

Differential LGR5 expression in GC-related tissues
during tumorigenesis

Immunodetection of LGR5 in GC-related tissues, pro-
gressing from non-neoplastic epithelia to gastric cancer
and finally metastasis, showed an increasing trend in the
number and intensity of LGR5" cells (all 25 normal gas-
tric mucosa specimens and #s the different GC-related
tissues, P < 0.05; Table 1). In addition, the significantly
enhanced LGR5 expression in dysplasia specimens (P =
0.019) was largely accounted for by the specimens with
low grade dysplasia (roughly twice that of the high grade
dysplasia specimens). The GC-related enhanced LGR5
expression was also greater in specimens from patients
with lower clinical stage (TNM stages [ + II > Il +
IV) and the majority of GC cases showed weak staining
(with strong cytoplasmic or membranous immunodetec-
tion < moderate staining < weak staining < no staining;
Figure 1C-J). Morphologically, the distribution of LGR5"
cells was uneven and inhomogeneous in the GC-related
specimens and occurred in cohesive patches of a variable
number of tumor cells.

Association of inmunodetected LGR5 expression with

clinicopathological features of GC patients
The patients” demographic and clinicopathologic features
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Figure 1 Immunodetected differential LGR5 expression in gastric tissues,
following progression of tumorigenesis, and in distant metastases. Rep-
resentative samples are shown from leucine-rich repeat-containing G protein-
coupled receptor 5 (LGR5) (A) and LGR5" (B) normal gastric normal tissues,
LGR5 (C) and LGR5" (D-F) gastric cancer (GC) tissues with weak, moderate
and strong expression, LGR5" gastric intestinal metaplasia and dysplasia tis-
sues (G, H), and LGR5" lymph node and liver metastases (1, J). A, C-J: Magnifi-
cation: x 200; B: Magnification: x 100.

are summatized in Table 2. There were more males than
females (130 25 50), but the percentage of LGR5" immu-
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Table 1 LGR5 immunostaining in gastric cancer-related
gastric tissues and metastases 7 (%)

Pathological type  Total, n LGR5 expression P value

Negative Positive

Normal tissue 145 106 (73.1) 39 (26.9) 0.000
Dysplasia grade 53 26 (49.1) 27 (50.9)

Low 25 8 (32.0) 17 (68.0) 0.019
High 28 18 (64.3) 10 (35.7)
TNM stage 180 85 (47.2) 95 (52.8)
I-I 71 27 (38.0) 44 (62.0)
m-v 109 58 (53.2) 51 (46.8)
Metastases 15 4(26.7) 11 (73.3)
Lymph node 5 1 (20.0) 4 (80.0)
Liver 10 3(30.0) 7 (70.0)

LGRS5: Leucine-rich repeat-containing G protein-coupled receptor 5; TNM:
Tumor, nodes, metastasis.

Table 2 Association of immunodetected LGR5 expression with

clinicopathological features of gastric cancer patients 7 (%)

Clinicopathological feature LGR5 expression P value
Negative Positive

Sex 0.072
Male 56 (43.1) 74 (56.9)

Female 29 (58.0) 21 (42.0)

Age, yr 0.005
< 60 48 (58.5) 34 (41.5)
> 60 37 (37.8) 61 (62.2)

Location in stomach 0.657
Upper 15 (40.5) 22 (59.5)

Mid 17 (47.2) 19 (52.8)
Lower 45 (49.5) 46 (50.5)

Lesion size in cm 0.612
<4 33 (42.9) 44 (57.1)
>4 32 (47.1) 36 (52.9)

Differentiation 0.006
Differentiated 31 (36.5) 54 (63.5)
Undifferentiated 54 (56.8) 41 (43.2)

Histological type 0.579
Adenocarcinoma 67 (46.2) 78 (53.8)

Others 18 (51.4) 17 (48.6)

Lauren type 0.035
Intestinal 48 (41.4) 68 (58.6)
Diffuse/other 37 (57.8) 28 (42.2)

Lymphovascular invasion 0.288
No 43 (43.9) 55 (56.1)

Yes 42 (51.9) 39 (48.1)

Depth 0.833
T1-T2 19 (48.7) 20 (51.3)

T3-T4 66 (46.8) 75 (53.2)

Lymph node metastasis 0.934
No 19 (47.5) 21 (52.5)

Yes 65 (46.8) 74 (53.2)

Metastasis 0.160
No 71 (45.2) 86 (54.8)

Yes 14 (60.9) 9(39.1)

TNM 0.046
I-1 27 (38.0) 44 (62.0)

m-Iv 58 (53.2) 51 (46.8)

LGRS5: Leucine-rich repeat-containing G protein-coupled receptor 5; TNM:
Tumor, nodes, metastasis.

nodetection was similar between the two and sex was not
found to be significantly correlated with LGR5 expres-
sion in the GC-related specimens. The overall patients

December 14, 2013 | Volume 19 | Issue 46 |



Zheng ZX et a/. LGR5 and gastric carcinogenesis

Table 3 LGR5 expression in gastric cancer tissues of various

differentiation 7 (%)

Tissue LGRS5 expression P value
Negative Positive
Intestinal metaplasia 25 (27.8) 65 (72.2) 0.000
Normal tissue 106 (73.1) 39 (26.9)
Dysplasia with IM 0.004
Yes 3 (18.8) 13 (81.2)
No 23 (62.2) 14 (37.8)
Lauren type 0.035
Intestinal 48 (41.4) 68 (58.6)
Diffuse/ other 37 (57.8) 28 (42.2)
Intestinal type GC 0.019
Metastasis or recurrence 6 (12.5) 21 (31.3)
No metastasis or recurrence 42 (87.5) 46 (68.7)

LGR5: Leucine-rich repeat-containing G protein-coupled receptor 5; GC:
Gastric cancer; IM: Intestinal metaplasia.

ranged in age from 22-87 years old (median: 62 years
old), and age was found to be significantly associated with
LGR5" immunodetection in GC-related specimens (P =
0.005). In addition, differentiation (P = 0.0006), Lauren
type [P = 0.035, with intestinal type having significantly
more LGR5" cells than the diffuse/other types (58.6% s
42.2%)] and TNM stage (I + I »s I + IV, P = 0.0406)
were also correlated significantly with LGR5" immunode-
tection, but tumor site, location, size, histology, lympho-
vascular invasion and depth of invasion were not.
Analysis of the follow-up data showed that GC pa-
tients without metastases at surgery but with LGR5"
staining specimens experienced a higher rate of recur-
rence or metastasis than their counterparts with LGR5
staining specimens (87.35% wvs 12.7%, P = 0.020).
However, the presence of metastases at surgery was
not correlated with LGR5" immunodetection (both P >
0.05; Table 2). The specimens from patients with intes-
tinal type GC also showed a significantly higher rate of
LGR5" immunodetection than those from patients with
diffuse or mixed types GC (P = 0.035), and LGR5" im-
munodetection in intestinal type GC was associated with
more frequent rates of recurrence or metastasis after sur-

gery (P = 0.019; Table 3).

Association of LGRS expression with transformation of
intestinal metaplasia tissues

As shown in Table 3, intestinal metaplasia specimens
showed a significantly higher rate of LGR5" immunode-
tection than normal gastric tissues (P = 0.000). Moreover,
dysplasia specimens with intestinal metaplasia had a sig-
nificantly higher rate of LGR5" immunodetection than
those without (P = 0.004).

DISCUSSION

Using a standard immunohistochemistry-based method,
the differential expression pattern of the putative CSC
marker LGR5 in progressively tumorigenic clinical speci-
mens of GC was demonstrated. In particulat, an increas-
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ing trend was observed in LGR5" staining intensity that
generally followed increasing dedifferentiation and tumor
spread (normal tissue < dysplasia < gastric adenocarci-
noma < metastasis).

The adenoma-carcinoma progression sequence is well
known in colorectal cancer and esophageal adenocarci-
noma, and is becoming more generally accepted as the
likely mode of tumorigenesis in the gastrointestinal tract

as well®>

| Recent findings from studies in mammalian
(mouse) model systems and with human GC specimens
have demonstrated that GC progenitor cells are derived
from multipotent stem cells in the highly regenerative
and proliferative regions of the stomach, including the
isthmus and fundic gland-rich neck””. Indeed, the
subpopulation of stem cells with high LGR5 expression
were shown to have the capability to reconstitute crypt
structures 7 vitro”", and LGR5 has been detected on pro-
genitor cells in human gastric mucosa cryptsm’zgj.

As stated in the Introduction, the multitude of sig-
naling factors that comprise this multistep progression
model of GC tumorigenesis also represent a plethora of
targets for improved detection and treatment methods.
The occurrence of gastric epithelial dysplasia is a well-
characterized precursor event to GC, and is currently
considered the most dependable marker for such cancer
risk. A prospective longitudinal study of gastric epithelial
dysplasia and development of GC indicated that high
grade dysplasia is associated with rapid development of
intestinal type GC™. This finding is in line with the cur-
rent study’s observation of similar LGR5" immunodetec-
tion rates in dysplasia and gastric carcinoma specimens
(with a slightly higher rate in the latter), and higher rates
in well to moderately differentiated intestinal type and
lower-staged gastric cancers.

The dynamic undulation of immunodetected LGR5
expression observed in the low clinical stage (enhanced
in I -1I) to the high clinical stage (reduced in II-IV) to
metastasis (again enhanced) agrees with a previously re-
ported profile of LGR5 expression in tumorigenesis of
endometrial, colorectal and ovarian carcinomas (with the
high expression demonstrated during the initial stages,
being down-regulated in fully developed tumors)”*’",
Collectively, these findings support the hypothesized
clonal selection model of putative stem cells leading to
carcinogenesism]. In particular, the results from the cur-
rent study suggest that overexpression of LGR5 may be
an carly event in tumorigenesis and that immunodetec-
tion of such protein is achieved with good reproducibility
and tracks with differentiation of tumor specimens.

From a mechanistic perspective, the tumorigenic-
related expression profile observed in the current study
suggests the existence of a potential tumor promoter
regulating LGR5. However, it is important to consider
the unexpected observation of higher immunodetected
LGRS expression in low grade dysplasia than in high
grade dysplasia; similar results were also reported from
another study of esophageal dysplasia lesions™. A pos-
sible explanation of this result is the fact that the cur-
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rent morphologic criteria for different grade dysplasias
include a mix of architectural and cytologic features and
do not consider functional characteristics” . Indeed, low
grade dysplasia preserves some of the functions of intes-
tinal metaplasia, which underlies the risk of misdiagnosis
for these two conditions”™. Previous studies have ad-
dressed this confusing issue, proposing that the increased
amounts of high-intensity LGR5" cells that are observed
in dysplasia may represent a stem cell population that is
prone to becoming CSCs™,

Other intriguing findings from the current study are
the higher amounts of LGR5" cells detected towards the
crypt base or in the invasive tumor front during the de-
velopment and progression of GC (although the change
in differential expression did not reach statistical signifi-
cance) and in metastases (both local and distant). Brablez
et al’” hypothesized that tumor progression is mediated
by two types of CSCs with distinct functions. The first
was proposed as a stationary cancer stem (SCS) cell pop-
ulation, which would be present in the area for cell differ-
entiation but which would not promote metastasis. The
second was proposed as a migrating (or mobile) cancer
stem (MCS) cell population, which may be derived from
the SCS cells and located primarily at the invasive tumor
front, and which would drive metastasis. Therefore, the
observed shift in distribution of LGR5" cells towards
the invasive tumor front that accompanied the develop-
ment and metastasis of GC in the current study may be
related to such MCS cells. This notion may also be in line
with the current study’s observation of GC patients with
LGR5" intestinal type specimens being at higher risk of
recurrence or metastasis after surgery.

Previous studies have demonstrated that Wnt signal-
ing regulates stemness and organ development, as well
as the process of epithelial to mesenchymal transition
(EMT) that increases the metastatic potential of dissemi-
nated cancer cells™””. In addition, EMT may also restart
the growth and differentiation programs of stem cells at
metastatic sites” . Studies of human colorectal cancer
have demonstrated that aberrant Wnt signaling not only
triggers eatly steps of intestinal carcinogenesis but also
malignant tumor progression towards invasive carci-
nomas and metastasis'" . Therefore, LGR5 (as a Wnt
target and a stem cell marker) plays an important role in
initiating tumor growth and driving distant metastasis.
These functions of LGR5 may also explain the findings
in the current study of LGR5" GC patients without evi-
dence of metastases during the initial surgical treatment
being at a greater risk of recurrence or metastasis.

Interestingly, the LGR5-immunodetected expres-
sion had higher intensity in gastric intestinal metaplasia,
dysplasia with intestinal metaplasia, and intestinal type
GC than in the normal tissues examined in the current
study; all of these GC-related lesions have the potential
to manifest intestinal type differentiation. Intestinal meta-
plasia has been shown to originate from stem cells of the
isthmus, and the crypts possess multiple stem cells™**!,
Although intestinal metaplasia is regularly detected in
the antrum of patients with gastritis and duodenal ulcers
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related to Helicobacter pylori infection, these patients very
rarely develop gastric carcinoma™”. Similarly, Tatematsu e
al*’ suggested that gastric/intestinal mixed type intestinal
metaplasia might be the consequence of abnormal dif-
ferentiation of stem cells that are capable of producing
both gastric and intestinal types of cells.

Only the relatively rare type Il intestinal metaplasia
has been identified as a risk marker for the development
of gastric carcinoma, being classified as “low grade dys-
plasia”m
intestinal metaplasia may be a precancerous condition,

. The related findings in our study suggest that

but not a precursor for gastric carcinoma (possibly with
the exception of some rare types). Thus, LGR5 may rep-
resent a unique and sensitive marker of intestinal stem
cells and may be closely related to the intestinal type of
GC.

In conclusion, the immunodetectable expression
pattern of LGR5, a CSC-related gene, increasing from
normal tissues to lesions of dysplasia, gastric carcinoma
and finally metastases, suggests potential for this protein
to serve as an important biomarker for early detection of
patients at higher risk for gastric tumorigenesis. Further-
more, as an intestinal stem cell marker, differential LGR5
expression in conjunction with development of intestinal
metaplasia may represent a precancerous condition, but
not a carcinoma precursot.

COMMENTS

Background

Cancer stem cells (CSCs) may be the source of various carcinomas, including
gastric cancer (GC), and are identifiable by clinically detectable profiles of cell
type-specific surface markers. The leucine-rich repeat-containing G protein-
coupled receptor 5 (LGR5), a target of Wnt signaling, is primarily expressed on
normal intestinal stem cells and has been suggested as a putative CSC marker
(and contributor to GC tumorigenesis) according to its differential expression
on crypt stem cells (precursor cells) and gastric lesions that progress to cancer.
Accumulated evidence has suggested roles for LGR5 in both cancer develop-
ment and progression. Recent studies have also indicated that LGR5 may
be a potential marker of gastrointestinal stem cells in humans and that loss
of restriction to the stem cell niche is likely an early event in the premalignant
transformation of stem cells.

Research frontiers

The differential protein expression of LGR5 in normal gastric tissue, intestinal
metaplasia and dysplasia specimens, gastric carcinomas, and distant metas-
tases was determined by immunohistochemistry to provide insights into its po-
tential as a clinical marker for early GC detection. Furthermore, the differential
LGRS expression observed in conjunction with development of intestinal meta-
plasia suggests that this phenomenon represents a precancerous condition, but
not a carcinoma precursor.

Innovations and breakthroughs

An increasing trend in intensity of LGRS expression was detected in GC-related
tissues, following the well-recognized sequential development from normal tis-
sue to dysplasia to gastric carcinoma and finally metastasis, with the exception
of the intestinal metaplasia state. The differential expression of LGRS detected
in GC by immunohistochemistry appeared to be significantly associated with
age, differentiation, Lauren type, and tumor node metastasis stage. The LGR5"
cells detected in intestinal metaplasia specimens were more prevalent than
those detected in normal gastric tissues, and the data indicated that intestinal
metaplasia may manifest from differentiation of a population of abnormal stem
cells with high expression of LGRS, but may not represent a carcinoma precur-
sor. Collectively, these data indicate that LGR5 expression may serve as an
important biomarker for early detection of patients at higher risk for gastric tu-
morigenesis, and may be a candidate target for future individualized therapeutic
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strategies.

Applications

The current poor prognosis of GC is largely associated with the low rate of early
diagnosis. The findings from this study of human clinical samples of GC lend to
a recommendation that LGR5 should be the focus of further studies to develop
its potential as a biomarker for early detection of patients at higher risk for GC
and as a manipulable intestinal stem cell marker target for improved manage-
ment of GC cases.

Terminology

The leucine-rich repeat-containing G protein-coupled receptor 5 is expressed
primarily on intestinal stem cells, where it functions as a transducer of Wnt sig-
naling. Cancer stem cells, which express a distinctive profile of cell type-specific
surface markers, have been detected in a broad range of clinical cancer speci-
mens and are the basis of the stem cell origin hypothesis of cancer. Gastric
cancer development is a multistep sequential process involving normal gastric
tissue progression to chronic gastritis, atrophy, intestinal metaplasia, dysplasia,
and carcinoma, with or without metastatic potential.

Peer review

This study determined the GC-related expression profile of the putative CSC
marker LGRS, using standard immunohistochemistry to detect expression in hu-
man clinical samples of normal gastric tissue, intestinal metaplasia, dysplasia,
gastric carcinoma, and distant metastases. The observed increasing trend in
differential LGRS expression following progressive tumorigenesis to metastasis
suggests that this protein may serve as an important biomarker for early detec-
tion of patients at higher risk for gastric tumorigenesis. The data also implicate
a role for LGR5 as an intestinal stem cell marker and suggest that intestinal
metaplasia may be a precancerous condition but not a carcinoma precursor.
The study is well controlled and provides novel insights into this life-threatening
disease.
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