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Over-expression of LGR5 correlates with poor survival of colon cancer

in mice as well as in patients
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Leucine-rich repeat-containing G protein-coupled receptor 5 (LGR5) was identified as the stem cell marker of colon
cancer stem cells (CSCs), which were considered as the main criminal cells initiation and reinitiation of colon cancer.
We intended to demonstrate and further explain the relationship between LGR5 and colon cancer in mice model and
patients. In our research, we used transcriptional methods and immunohistochemistry to investigate the LGR5 gene and
protein expression, examined proliferating cell nuclear antigen (PCNA) and Ki67 which were the classic markers for cell
proliferation in LGR5 protein positive and negative colon cancer among mice model and patients. Our results showed
that LGR5 mRNA and protein expression was significantly over-expressed in 193/366 patients and 24/40mice model with
primary colon cancer contrasted with matched normal tissues; significantly higher LGR5 gene expression was detected
in pT4 cases than that in pT3 cases; PCNA and Ki67 expression was much more increase in colon cancer cells with posi-
tive LGR5 expression than those with negative LGR5 expression;LGR5 positive cancer not only in mice model but also
in patients have shorter survival rate compared with LGR5 negative cancer. All our study manifested that LGR5 took on
an important effect in the initiation and progression of colon cancer, provided also more helpful evidence for clinical

diagnosis and an useful indicator for adjuvant therapy.
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Colon cancer is one of the most common malignant cancer
in the gastrointestinal tract around the world [1,2]. The cur-
rent therapeutic protocols for colon cancer patients include
advanced surgical techniques, adjuvant Chemotherapy, ra-
diotherapy and molecular biological agents. After curative
therapy, a large proportion of patients remain clinically free
of disease for months or years. However, after such period
of remission, colon cancer relapses in about 30%-50% of all
cases, which mostly happen in the regional and also distant
sites. Statistical analysis reports revealed that patients with
localized cancer had approximately 90% 5-year survival rate
whereas those with regional or distant cancer dissemination
had less than 60% or 12% respectively [3,4]. Although death

Abbreviations: LGR5:Leucine-rich repeat-containing G protein-coupled
receptor 5, CSCs: colon cancer stem cells, PCNA: proliferating cell nuclear
antigen, AOM : azoxymethane, MN: matched normal, CA: carcinoma

caused by colon cancer are mainly due to recurrent tumors,
the biological pathology of disease relapse remains to be elu-
sive. Previous studies have suggested that a small proportion
of cell subpopulations involved in primary colon cancer are
capable of reproducing a tumor ,which are the main culprits
of neoplasm recurrence after it is removed [5,6]. The unique
characteristic of the principal criminal cells called colon
cancer stem cell (CSC) for reinitiation of intestinal neoplasm
is the stemness property. Many researches have found that
CSCs have been isolated from different tumors including
colorectal cancer and can form intact neoplasm after im-
planted underneath the skin of immunity-insufficient mice
[7-9]. With progression of researches on CSC for a period
of time, features and plenty of biomarkers of colon CSCs
have been identified , but there still has no effective therapy
to entirely compromise on colon CSCs. Therefore, finding
potential and effective biomarkers targeting subpopulations
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of rapidly growing, differentiated tumor cells such as CSCs
for improving the outcomes of carcinoma becomes more
urgent in anti-carcinoma battle.

Leucine-rich repeat-containing G protein-coupled recep-
tor 5(LGR5), is a member of G-protein-coupled receptor
(GPCR) family of proteins and is a regulated target of Wnt
signaling [10-12]. In 2007, LGR5 was found to express re-
stricted in the crypt base of small and large intestines and
was identified as the stem cell marker for cells capable of
committed differentiation [13,14]. Numerous studies have
demonstrated that LGR5 protein has close association
with initiation and recurrence of different cancer types
[15-17]. LGR5 protein was over-expressed in hepatocel-
lular carcinoma, colorectal cancer, ovarian cancer, basal
cell carcinoma and esophageal adenocarcinoma. Moreover,
crypt LGR5*stem cells in intestine have been observed to be
represented as the cell of origin for intestinal cancer [18].

Table 1. Clinicopathological characteristics of patients with LGR5 positive
and negative cancer.

Clinicopathology Total LGRS protein
and Characteristic Positive ~ Negative ~ P-value
n(%) n(%)
Total N 366 193(53)  173(47)
Age(mean+SD) 59+8.56 60+5.83 58+8.53
Age, n(%) 0.824
<65 193 95 98
>65 173 78 95
Gender 0.554
male 200 98 102
Female 166 80 86
Tumor location 0.712
Right colon 180 89 91
Left colon 186 95 91
T category 0.035*
pT1 75 12 16
pT2 69 25 22
pT3 100 30 70
pT4 122 82 40
N category 0.045*
0 120 90 130
1 147 85 62
2 99 67 32
Distant metastasis 0.050*
Absent 245 100 145
Present 121 89 32
Differentiation 0.060
Well/moderate 214 80 134
Poor 149 102 47
Not available 3 0 3
Chemotherapy 169 84 85 0.239
Recurrence 95 43 52 0.318

*p<0.05 compared between LGR5+and LGR5-group

Mouse LGR 5*cells in intestinal crypt give rise to intestinal
tumors with more inclining and higher efficiency than other
intestinal epithelial cell populations upon mutational activa-
tion of the Wnt pathway. All these results show that LGR5
is a potential biomarker for colon cancer stem cell. Thereby,
we used transcriptional methods and immunohistochemistry
to investigate the LGR5 gene and protein expression in mice
and patients colon cancer. In this study, we detected the pos-
sible function of LGR5 expression in clinical progression and
prognosis,and examined proliferating cell nuclear antigen
(PCNA) and Ki67, which were the classic markers for cell
proliferation in LGR5 protein positive and negative colon
cancer respectively, in mice model and patients. We hope to
provide more helpful information for clinical diagnosis and
management of colon cancer.

Patients and methods

Patients and samples. The main characteristics of inclu-
sive patients are presented in Table 1.From 2002 to 2012,366
patients with colon cancer were performed surgical resections
at department of digestive surgery, DongShan division of the
first affiliated hospital of Sun Yat-Sen university of China.
These patients comprised 200 males and 166 females, average
age 59+8.56years (rang from 20-80). 222 patients with pT3
or T4 were carried out with curative operations.121 patients
were found with distant metastases including liver and lymph
node. 169 patients had received pre-operative chemotherapy.
We separated all patients into LGR5 positive and negative
groups and compared them clinicopathologically. Surgically
excised specimens of cancerous tissue and matched normal
mucosal tissue were obtained from all patients with operation
for immunohistochemistry and quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR) analysis. All
samples were taken from surgically resected material,then
immediately frozened in liquid nitrogen and stored at -80°C,
a pathological diagnosis was made according to the TMN
classification. None of all patients had synchronous cancers
and ulcerative colitis. The study protocol was approved by
the ethical committee of the First Affiliated Hospital of Sun
Yat-Sen University (Guangzhou, China). All patients were fol-
lowed up for survival analysis. By April 2013 (the time of data
collection), 235patients died and 131 were alive. The median
survival time was 65 months.

Mice and treatment. Six to ten-weeks-old C57/BL6 55
littermates were injected i.p. with a single dose of (azoxymeth-
ane, AOM) (sigma; 10mg/Kg) or saline (control) once a week
for 6 weeks. 40 of 45 mice which received AOM treatment
developed colon tumors and died within 10 months following
injections. 24 of 40 mice with primary tumors was found to
have LGRS protein expression. Tissues were fixed in Formalin
for 24 hours for immunohistochemistry. The procedures in
mice experiments were approved by the institutional animal
and use committee at the first affiliated hospital of Sun Yat-
Sen university.
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Quantitative RT-PCR. Total RNA was extracted from
colon cancer and matched tissues obtained from patients and
mice model using TRIzol reagent (invitrogen, USA). cDNA
was synthesized using Ominiscript reverse transcriptase
(Roche, USA) under following conditions: 37°C for 1h and
94°C for 5min. The cDNA was diluted 1:10 using diethyl
pyrocarbonate water, and the real-time PCR reaction solution
consisted of 5ul cDNA, 12.5ul QuantiTest SYBR Green PCR
kit (Roche, USA), 5.5ul diethyl pyrocarbonate water, and 1ul
forward and reverse primer (20pmol) for a final reaction vol-
ume of 25ul. The primer sequences are presented in Table 2.
Quantitative real-time PCR analysis was performed on an
Applied Biosystem 7500 real-time PCR machine(Applied
Biosystem, USA) using the following conditions: 50°C for
2 min, 94°C for 10 min, and 40 cycles of 94°C for 10s and
60°C for 1 min. LGR5 expression was normalized to GAPDH.
All experiments were performed in triplicate and repeated in
at least three separate experiments; representative data from
these experiments are presented.

Immunohistochemical analyses. For immunohistochem-
istry, tumors and matched normal colonic mucosal tissues
were analyzed in patients’s specimen and mice cancer. For-
malin-fixed and paraffin-embeded sections were incubated
with LGR5 monoclonal antibody (1:100; AP2745a, Abgent)
for overnight at 4°C for detection of LGR5 expression. The
sections were then incubated with anti-rabbit Secondary
antibody (Santa Cruze, USA). Using 3,3’-Diaminobenzidine
as the chromogen. Negative controls were also run simultane-
ously. LGR5 expression was accessed qualitatively in a blinded
fashion without knowledge of clinical and pathological infor-
mation. The sections were counterstained with hematoxylin
and mounted.

Western blotting. Total protein extracts were purified and
analyzed by electrophoresis as previously described [19]. An
aliquot (50ug) of sample proteins were denatured in sample
buffer containing SDS and (-mercaptoethanol, separated
on a 6%-20% gradient SDS-PAGE gel, and electroblotted
onto nitrocellulose membranes. Nonspecific binding sites of
the membranes were blocked using defatted milk proteins
followed by the addition of antibodies including PCNA (sc-
7907, Santa Cruz, USA) andf-actin (Santa Cruz, USA). The
relative amount of primary antibody was detected with per-

Table 2. primer sequences used for real-time PCR analysis.

oxidase-conjugated secondary antibody including anti-rabbit
secondary antibody (Santa Cruze, USA).

Statistical analysis. SPSS 13.0 software was used for statisti-
cal analysis. The Pearson Chi’s square test was used to examine
the various clinicopathological characteristics of LGR5 positive
and negative expression. Paired t-tests were used to analyze
differences in LGR 5 expression between colon cancer and
matched normal colonic mucosal tissue in patients and mice
model. Unpaired t-tests were used to analyze the association
between LGR 5 expression and clinicopathological parameters
in patients. Survival analysis was conducted according to the
Kaplan-Meier method, and the difference between the survival
curves was analyzed with the log-rank test. Differences were
considered significant if the probability of the difference oc-
curring by chance was less than 5 in 100 (p<0.05).

Results

LGR5 mRNA and protein expression in patients and
mice model. LGR5 protein and mRNA expression were in-
vestigated by immunohistochemistry and RT-PCR in human
specimens which included adenoma, invasive neoplasms with
lymph node metastasis and in murine adenocarcinoma. As
shown in Figure 1 (A-G), LGR5 protein was highly expressed
in 193 (53%)of the colon carcinoma patients and24 (60%) of
mice with colon cancer. The expression of LGR5 protein was
found mostly in the cytoplasm of cancerous cells, of which
some have membrane staining. The result were consistent
with the one of LGR5 RNA expression in human and mice
samples. As shown in Figure 1 (H, I), In human specimens
(FigurelH), The samples with high LGR5 protein expres-
sion showed the level of LGR5 mRNA expression was as
four times higher as that of matched in normal mucosal tis-
sues. In mice model (Figurell), primary colon cancer with
elevated LGR5 protein expression in mice exhibited LGR5
mRNA expression at 6 times higher than that of the matched
normal mucosal tissues.

Correlation between LGR5 mRNA expression and clin-
icopathology in patients or LGR5 mRNA and tumor size
in mice model. LGR5 gene expression was analyzed clinico-
pathologically between colon cancer and matched normal
mucosa in patients (Tablel). LGR5 mRNA expression was

Gene Primer sequence NCBI Accession Number

Human LGR5 CTCCCAGGTCTGGTGTGTTG NM 003667.2
GAGGTCTAGGTAGGAGGTGAAG

Human GAPDH TGTGGGCATCAATGGATTTGG NW 004078021.1
ACACCATGTATTCCGGGTCAAT

Mice LGR5 ACATTCCCAAGGGAGCGTTC NW 004078029

ATGTGGTTGGCATCTAGGCG
Mice GAPDH AATGGATTTGGACGCATTGGT NW 004077990.1

TTTGCACTGGTACGTGTTGAT
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Figure 1. Detection of LGR5 gene and protein expression in different progression stages of colon cancer patients (B,C,D,H) and mice tumors (G,I).
Compared with normal colon (A), LGR5 protein was immunohistochemically expressed in the membrane and cytoplasm of cancer cells in adenoma (B),
carcinoma with lymph node metastasis (C), locally advanced carcinoma (D) of patients specimen. In mice, after ten months following AOM injections,
colon tumors stained in HE (F) were developed and found overexpression of LGR5 (G) compared with normal mouse colon.LGR5 mRNA expression
was measured by RT-PCR in patients (H) and in mice (I) compared with corresponded matched tissues. A-G Original magnificationsX400

measured between cases with positive and negative lymph
node metastasis,pT4 and pT3 cases, and other features such
as age, gender and location. As was shown in Figure2A, the
significance of the diversified expression of LGR5 in clinical
progression of patients was evaluated. Compared with normal
mucosa, the difference of LGR5 expression in cases without

lymph node metastasis or cases with pT3 was not significant.
Normalized to LGR5 expression of matched normal mucosa,
LGR5 expression was significantly elevated in cases with
lymph node metastasis and pT4 stage tumors. Furthermore,
(Figure2B) in mice tumors, LGR5 mRNA expression was
found to be significantly higher in mice with tumor size more



LGR5 EXPRESSION AND POOR SURVIVAL IN COLON CANCER 181

A

N,
o
)
»
°
J

=
o
1
-
o
I

_|

-
o
I

Relative LGR5 mRNA expression(T/N ratio)
Relative LGR5 mRNA expression(T/N ratio)

0.5+ 0.54
0.0 0.0 g
<65 years >=65 years Female Male
9 3.0
g° i 3
g, T 251
£ z
s [
3 3 204
2s 3
< <
E 4 E 154
; : i
w 3 © 404
e 4
G2 ]
o
3 1 2 054
] =
Ry &
£ g Right Left
LNM(-) LNM(+) o
5 207 8-
A *
z i
e € 6
T 151 z*®
2 E.
7] - -
3 [
4 1L -
44
X 1.0 g
g 45
4
o g 21
g 0.5+ 3
: £
3 € o
o
3 00
[3 <50mm >=50mm pT3 pT4
- 2.5
)
=
£ *
Z 2.0
S 204
c
-]
@
o 1.5+
s
x
o
<
Z 1.0 T
[
E
n
4
O 0.5
|
3
=
k]
< 0.0
4 3mm >=3mm

Figure 2. Correlation between Leucine-rich repeat-containing G protein-coupled receptor 5(LGR5) mRNA expression and clinicopathological findings
in colon cancer patients and correlation between LGR5 mRNA and tumor size in mice model.
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than 3mm diameter than those with less than 3mm. However,
LGR5 expression was not associate with the age or gender of
the patients.

Comparison of biomarkers PCNA and Ki67 for prolif-
eration in LGR5 positive and negative cancer in patients
and mice model. As shown in Figure 3A, No matter in
patients or mice model, PCNA expression was markedly
escalated in colon cancer compared with matched normal
tissues. Moreover, colon cancer with positive LGR5 had sig-
nificantly higher PCNA expression than those with negative
LGRS5. It was consistent with Ki67 expression in patients
and mice tumors. As shown in Figure 3B. Ki67 expression
in cancer was greatly higher than that in matched normal
tissues and in LGR5 positive cancer was sharply increased
than those with negative LGR5 cancer. All these showed
LGR5 expression had close association with status of cell
proliferation.

Survival analysis. As shown in Figure 4A, Survival
analysis showed that the survival time of patients with
LGRS5 positive tumors was significantly shorter than those
with LGR5 negative tumors. Nevertheless, The overall
5-year survival rate of patients with LGR5 negative was
significantly higher than those with LGR5 positive tumors.

A
Patients Mice
_LGRG+ LGR5- LGR5+ LGR5-
W CA  MN CA W CA N CA

LGR5+

Patients

Figure 3. Detection of biomarkers for proliferation in colon cancer
patients and mice model.(A) In human samples and micetumors,
PCNA was determined by western blotting between LGR5 positive
and negative cancer. (B) In human samples and mice tumors , Ki67
was evaluated by immunohistochemistry between LGR5 positive and
LGRS negative carcinoma.

(Figure 4B) In mice models, mice mucosal cancer with
positive LGR5 protein expression were found to survive
approximately 25% shorter than those with negative LGR5
protein expression.
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Figure 4. Kaplan-Meier survival analysis in LGR5 positive and negative
cancer of patients and mice model.
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Discussion

Nowadays, strategies against cancers including surgical
resection , radiotherapy and chemotherapy aim to induce
cancer cell apoptosis,death,restrain cell growth and prolif-
eration in various malignancies [20,21]. Yet, it still can not
exterminate colon cancer relapse after a serial of treatments.
Until now, the mechanism of tumor recurrence in colon can-
cer after cutative therapy has not been fully elucidated. But
there is a widely accepted explanation for tumor reinitiation
that the remnant of colon cancer stem cell has responsibility
for relaps of tumors which have been removed or chemically
compromised [22-24]. Therefore, colon cancer stem cells
(CSCs) are the optimum targets for cure although the cel-
lular origin of CSCs has not been clearly determined yet. It
is well-known that GPCRs have been speculated to be closely
correlated with CSCs during tumorigenesis [25,26]. LGR5,
a member of the GPCR superfamily, is known as a putative
marker for stem cells in the small and colon intestine. LGR5
over-expression has been found in cancer cells lines including
hepatocellular carcinoma, colorectal cancer, ovarian cancer.
Inspired by those findings, we collected colon cancer sam-
ples and established mice model with primary colon cancer
which demand five months duration for tumor generation,
results showed that LGR5 mRNA and protein expression
was significantly over-expressed in more than half number
of colon cancer not only in patients but also in mice model
with primary colon cancer correlated with matched normal
tissues. It implied that over-expression of LGR5 might be
a general characteristics of colon cancer in both human and
animal. Studies in the past have showed LGR5-expressing
columnar base crypt cells at positions 1-4 can be an origin
of CSCs which can finally grow into a malignant neoplasia.
All above suggest that the origin of colon cancer may be
intestinal stem cells expressing LGR5.

Intriguingly, a few researches have showed LGR5 expres-
sion is greatly elevated in colon cancer cell lines isolated
from metastatic tumors compared with those derived from
primary tumors [16,27,28]. To discern the relationship
between LGR5 expression and distant involvement in pa-
tients, by using human samples, we compared cases of colon
cancer with lymph node metastasis with those with locally
advanced cancer. Marked alteration in LGR5 gene expression
was observed among colon cancer patients with lymph node
metastasis compared with those with no distant implication.
Moreover, significantly higher LGR5 gene expression was
detected in pT4 cases than that in pT3 cases. At the same
time, in mice with primary colon tumors, we observed that
LGR5 gene expression in mice which tumor size was more
than 1mm was nearly twice as that in mice which tumor
size was less than Imm. These results indicated that LGR5
expression might be correlated with malignant potential
of colon cancer. Since the function of LGR5 underlying in
colorectal tumorigenesis remains unclear, further studies are
required to amplify the details. Based on other researches

and our results, we strongly hypothesized that colon cancer
patients with positive LGR5 expression might have higher
tendency for progresion of the tumor than those with nega-
tive LGR5 expression because LGR5 expression had close
relationship with progression of colon cancer. In current
studies, we noticed that patients and mice with positive
LGR5 expression were more vulnerable to die than those
with negative LGR5 expression. LGR5 expression was as-
sociated with poor survival of colon cancer, indicated that
LGRS positive cancer might grow and progress more quickly
[29,30]. To investigate the proliferation of colon cancer cells,
we tested PCNA and Ki67 of LGR5 positive and negative
cancer in patients and mice model, which were markers for
multiplication. Our study presented that in patients and mice
model, colon cancer cells with positive LGR5 expression
had higher level of PCNA and Ki67 expression than those
with negative LGR5 expression.LGR5 expression was posi-
tively correlated with PCNA and Ki67, well-known nuclear
antigen-specific markers of cellular propagation [31,32],
suggested that LGR5-positive cancer cells had stronger
proliferative activity. Taken together, we believed that LGR5
could be a promising prognostic biomarker in treatment of
cancer patients ,for with high LGR5 expression, patients with
lymph node metastases or serious locally advanced have
poor clinical outcomes after therapy. Thus, the quantity of
LGRS5 expression could be an indicator for adjuvant therapy
in colon cancer patients.

Besides, in cancer recurrent patients, our observation found
nearly half of them were overexpressed of LGR5. LGR5 positive
stem cells which are remnant of colon cancer after treatment
have reproductive capacity to form a new neoplasma. How-
ever, as to recurrent colon cancer with negative LGR5, what
type of remnant stem cells or transit cells following therapy
could afford to reproduction as LGR5 positive stem cell do?
It remains to be further investigated.

In conclusion, LGR5, a putative intestinal stem cell marker,
was frequently over-expressed in colon cancer cells in patients
and mice model. It could provide some valuable and beneficial
information to help predict the survival of patients with colon
cancer. All findings manifest that LGR5 takes on an important
effect in the initiation and progression of colon neoplasm.
However, there were several limitations in regard to interpre-
tation and generalization of our findings. We had relatively
small number of samples, which means we might broaden the
prevalence of LGR5 expression in colon cancer cases. Another
was no LGR5 knockout mice for the establishment of primary
colon cancer. This transgenic mouse could be used to explore
the possible function of LGRS5 in the initiation and develop-
ment of colon cancer. Further investigations are still needed
to be performed to explore the relationship intensity between
LGRS5 and colon cancer.
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