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Abstract: Objective: To investigate the Lgr5 (Leucine-rich repeat-containing G protein-coupled receptor 5) expression
in cervical carcinoma and to estimate its clinical significance. Methods: The expression of Lgr5 mRNA was evaluated
by Real-time PCR in 8 pairs of surgically removed cervical cancer and adjacent normal cervical tissues. Lgr5 protein
expression was evaluated by immunohistochemistry in 94 paraffin-embedded cervical carcinoma specimens. The
correlation between Lgr5 expression and clinicopathological features were statistically analyzed. Results: Lgr5 expression was significantly higher in cervical cancer tissues compared with that in adjacent normal cervix. High Lgr5
expression was positively correlated with tumor size (P = 0.025) and parametrial infiltration (P = 0.027). Moreover,
high levels of Lgr5 was associated with lower overall survival (P = 0.021) and recurrent-free survival (P = 0.008),
especially in stage II patients (P = 0.035). Multivariate analysis showed that the expression of Lgr5 was an independent factor of recurrent-free survival for the patients with cervical carcinoma (P = 0.135). Conclusion: Lgr5 may play
an important role in the development and progression of cervical carcinoma, and may be a potential therapeutic
target for the treatment of cervical carcinoma.
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Introduction
Cervical carcinoma is the third most prevalent
malignant gynecologic malignancies worldwide
and the one of the most frequent cause of cancer-related death in developing countries [1].
Although the prognosis of cervical carcinoma
has been greatly improved due to early screening over the past decades, the 5-year survival
of patients with advanced tumors remains less
than 40% [2]. One of the crucial problems is the
presence of advanced disease at diagnosis
and recurrent or metastatic diseases. More
than 30% patients die from metastatic or recurrent disease and the lack of treatment options
[3]. Therefore, it is necessary to develop new
biomarkers with the potential to predict the
tumor progression and to evaluate the efficacy
of therapeutic strategies.
Cancer stem cells (CSCs) have recently been
the focus in cancer related studies. CSCs are
defined as having the capacity to both selfrenewal and give rise to the heterogeneous

progeny of cancer cells that drive tumorigenesis, which may play critical roles in the development and maintenance of a malignant tumor
[4]. Recently, the importance of CSCs in tumorgenesis and development has been firmly
established in numerous tumors, and CSCs has
been proposed to be a potential target for elucidation of mechanisms on carcinogenesis and
exploration of new therapeutic strategies [5, 6].
It is generally accepted that Wnt/β-catenin signaling pathway plays a pivotal role in the CSCs
maintenance and tumorigenesis. Therefore,
various Wnt-related molecules are being investigated and proposed as putative markers of
CSCs [7]. CD133-positive progenitor cells have
been shown to initiate growth and metastasis
of colorectal cancer cells and to be related to
poor prognosis [8]. CD44 has been described
to possess cancer stem cell-like properties and
correlates to clinical endpoints with increased
risk of recurrence and shorter progression-free
survival in patients with ovarian cancer [9].
ALDH1 has been reported to be positively correlated with the stage, grade and clinical prog-
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Table 1. Association of Lgr5 expression with clinicopathologic features of cervical cancer
Variable
Age (y)
Tumor stage
Differentiation
Tumor size
Parametrial infiltration
LN Metastasis

Category No.
≤ 50
> 50
I
II
1/2
3
≤ 4 cm
> 4 cm
No
Yes
No
Yes

69
25
62
32
40
54
65
29
77
17
81
13

Lgr5 expression
high
low
39
30
16
9
37
25
18
14
21
19
34
20
33
32
22
7
41
36
14
3
47
34
8
5

Figure 1. Relative expression levels of Lgr5 in cervical cancer specimens was detected by Real-time
PCR (n = 8) compared with matched adjacent normal
tissues. Asterisks, P < 0.05.

nosis in patients with non-small cell lung cancer [10].
In this retrospective study, we investigated the
expression of CSC marker Leucine-rich repeatcontaining G protein-coupled receptor 5 (Lgr5)
in human cervical cancer. Then, we analyzed
the correlation of the Lgr5 expression levels
and clinical clinicopathological in cervical cancer patients. The relationship between Lgr5
expression and the clinical prognosis was also
investigated. The findings from this study will
provide novel insights into the carcinogenic process of cervical cancer from the perspective of
the cancer stem cell origin hypothesis.
Materials and methods
Patients and tissue specimens
Primary tumor specimens from 94 paraffinembedded primary cervical squamous cell car1784

P
0.516
0.749
0.309
0.025
0.027
0.811

cinoma tissues were obtained from The
First Affiliated Hospital of Shenzhen
University from January 2004 to
December 2007. The clinical and pathologic parameters were reviewed from
impatient medical records and presented in Table 1. The median follow-up period was 46 months (range, 0.5-60
months). In addition, 8 pairs of cervical
cancer tissues and matched adjacent
normal tissues were dissected and frozen liquid nitrogen until further use.
Informed consent was obtained from all
patients for the use of their resected
tumor specimens and approval from the
Institutional Research Ethics Committee
was obtained.
RNA extraction and Real-time PCR

The mRNA expression of Lgr5 in cervical cancer and matched cervical tissues was quantified by Real-time PCR. Approximate 100 mg tissues were used for RNA extraction using the
Trizol Reagent (Invitrogen) according to manufacturer’s instructions. The RNA was pretreated
with RNase-free DNase (Promega), and cDNA
was synthesized from 1 µg RNA. Real-time PCR
was performed using a Thermal Cycler Dice®
Real-time System TP800 (Takara Bio Inc., Otsu,
Japan) system. Sequences of the primers are:
Lgr5 forward primer 5’-GATGTTGCTCAGGGTGGACT-3’, backward primer 5’-GGGAGCAGCTGACTGATGTT-3’; Actin forward primer
5’-GCACCCAGCACAATGAAGA-3’, backward primer 5’-CGATCCACACGGAGTACTTG-3’.
Immunohistochemical staining
Paraffin-embedded samples were obtained
from 94 patients for immunohistochemical
analysis. In brief, slides were cut to a thickness
of 4 μm, deparaffinized in xylene, and rehydrated in a descending ethanol-to-water gradient
series. Endogenous peroxidase was blocked by
exposure to 3% H2O2, followed by antigen
retrieval via pressurized heating in 10 mmol/L
of citrate buffer (pH 6.0). Then sections were
incubated with 5% serum to avoid the non-specific binding. Lgr5 immunodetection was carried out by incubating with primary rabbit polyclonal antibody at dilutions for Lgr5 (Abcam,
USA; 1:100). After washing with phosphatebuffered saline (PBS), the slides were incubated with hoseradishperoxidase-conjugated
goat-anti-rabbit secondary antibody, followed
by reaction with diaminobenzidine, and counInt J Clin Exp Pathol 2014;8(2):1783-1789
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Figure 2. Representative immunohistochemical staining of Lgr5 in cervical cancer tissues. A and C: High expression
of Lgr5; B and D: Low expression of Lgr5 (A-B, 200X, C-D, 400 × magnification).

terstaining with Mayer hematoxylin. For blank
controls, the primary antibody was omitted.
Negative controls were created using the same
procedure but replacing the primary antibody to
nonimmune serum.
Evaluation of immunohistochemical staining
The processed immunostained sections were
examined by two pathologists, working independently and blinded to the corresponding
clinical data. The proportion of positive tumor
cells was scored according to the following criteria: 0 (no positive tumor cells); 1 (< 10% positive tumor cells); 2 (10-50% positive tumor
cells); 3 (51-80% positive tumor cells), and 4 (>
80% positive tumor cells). Staining intensity
was graded as follows: 1 (weak staining = light
yellow); 2 (moderate staining = yellow brown)
and 3 (strong staining = brown). Staining index
was calculated by multiplying the staining intensity score and the proportion of positive tumor
cells. The cut-off value for distinguishing high
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and low Lgr5 expression was set as an staining
index of 6.
Statistical analysis
All statistical analyses were carried out using
SPSS version 16.0 (SPSS, Chicago, IL). The Chisquare test was performed to evaluate the correlation of Lgr5 expression with clinicopathological characteristics. Survival curves were
generated using the Kaplan-Meier method and
compared using the log-rank test. Multivariate
survival analysis was performed using the Cox
proportional hazard model. Statistical significance was considered at a value of P < 0.05.
Results
Expression of Lgr5 in cervical cancer
Real-time PCR was performed to analyze Lgr5
mRNA expression levels in cervical cancer tissues. As shown in Figure 1, the expression
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Figure 3. Correlation between expression levels of Lgr5 and patients’ survival. Patients with higher Lgr5
expression were closely correlated with poorer overall (A) and recurrence- free survival (B) than patients with
tumor with lower Lgr5 expression. (C-D) Overall survival in relation to the Lgr5 status in stage II (C) and stage I (D)
patients.

level of Lgr5 was higher in cervical cancer samples compared to matched adjacent normal
cervical tissues. The immunohistochemical
data showed that Lgr5 protein was predominantly localized in the cytoplasm or on cell
membrane. The representative immunostaining of Lgr5 in cervical carcinoma tissues was
shown in Figure 2A-D.

nificantly correlated with tumor size (P = 0.025)
and parametrial infiltration (P = 0.027), but not
correlated with patients’ age, tumor stage,
tumor differentiation, or lymph node metastasis.

Association of Lgr5 expression with clinicopathological feature

Survival analysis showed that patients with
high level of Lgr5 expression had significantly
shorter overall survival time (Figure 3A, P =
0.021) and recurrent-free survival time (Figure
3B, P = 0.008) than patients with low level of
Lgr5 expression. Among patients with stage II
cervical cancer, the 5-year survival rate was
significantly lower in patients with high Lgr5

In order to investigate the clinical significance
of Lgr5 expression in cervical carcinoma, the
relationship between Lgr5 expression and clinicopathological features was further analyzed.
As shown in Table 1, Lgr5 expression was sig-
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Association of Lgr5 expression with clinical
prognosis
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Table 2. Multivariate Cox regression analysis of OS and RFS in cervical cancer patients
Prognostic variables
Age (> 50 vs. ≤ 50)
Tumor Stage (II vs. I)
Differentiation (Grade 3 vs. 1/2)
Tumor size (> 4 cm vs. ≤ 4 cm)
Parametrial infiltration (+ vs. -)
LN Metastasis (+ vs. -)
Lgr5 expression (high vs. low)

OS
HR (95% CI)
1.134 (0.261-4.038)
1.833 (0.418-7.126)
1.256 (0.721-4.356)
1.462 (0.247-5.624)
2.456 (1.422-5.529)
2.736 (0.153-9.012)
2.126 (0.754-5.164)

tumors than in those with low Lgr5 tumors
(Figure 3C, P = 0.035). However, no difference
was observed in the survival of patients with
stage IB cervical carcinoma according to Lgr5
status (Figure 3D, P = 0.203). Lgr5 expression
was further found to be an independent prognostic factor by the Cox proportional hazard
model (Table 2).
Discussion
To develop specific and sensitive molecular biomarkers is a major challenge in the management of cancers. In the present study, we
observed a different expression of Lgr5 mRNA
in cervical cancer tissues compared with
matched adjacent normal cervical tissues.
Moreover, the clinical clinicopathological significance of Lgr5 expression in cervical cancer
was demonstrated, and tumor size and parametrial infiltration were found to be correlated
with Lgr5 expression. Furthermore, statistical
analysis showed that high levels of Lgr5 expression were associated with poor prognosis in
patients with cervical cancer. Our data suggest
a critical role of Lgr5 in the progression of
human cervical carcinoma.
Lgr5 is a member of G-protein coupled receptor
class A orphan receptor protein family. The
LGR5 gene is 144, 810 bases long and located
at chromosome 12 at position 12q22-q23 [11].
The Lgr5 protein contains seven transmembrane domains and highly conserved in the
mammalian clade [12]. It’s expressed across
numerous tissues such as in the intestine epithelium, placenta, central nervous system,
muscle, and as a marker of adult stem cells in
several tissues [13]. Recent findings revealed
that Lgr5 is upregulated in a variety of human
cancers including colorectal cancer, hepatocellular carcinoma, endometrial cancer, and ovar1787

P
0.627
0.326
0.835
0.072
0.065
0.030
0.069

RFS
HR (95% CI)
1.428 (0.158-5.045)
1.724 (0.473-6.265)
1.245 (0.763-4.843)
1.674 (0.425-6.845)
1.934 (0.523-7.542)
2.245 (0.534-6.635)
3.763 (1.534-9.527)

P
0.572
0.247
0.824
0.089
0.095
0.043
0.135

ian cancer, indicating the possible role of Lgr5
expression cells in the progression and development of tumors [14]. Zheng et al. reported
that enhanced Lgr5 is related to dedifferentiation and metastasis of gastric cancer, indicating its potential as an early diagnostic and prognostic biomarker in gastric cancer [15]. Liu et
al. demonstrated that overexpression of Lgr5
might be a general characteristics and is correlated with poor survival of colon cancer both
in mice and in patients [16]. Ryuge et al.
described Lgr5 is expressed in a subset of lung
adenocarcinoma and its expression is related
to some clinicopathological parameters and
poorer clinical prognosis [17]. However, the role
of Lgr5 in the development of cervical cancer
remains unknown.
Herein, in our study, we firstly observed significantly higher Lgr5 expression in cervical cancer
tissues. Increased expression of Lgr5 was significantly correlated with parametrial infiltration. Besides, higher Lgr5 expression was seen
more frequently in advanced cervical cancer.
These results suggest that Lgr5 may play an
important role in the progression and development of this tumor. In agreement with our
results, Gao et al. suggested that Lgr5 overexpression is positively related to tumor progression in advanced colorectal cancer, and might
be involve in proliferation, invasion, and distant
and regional metastasis of colorectal cancer
cells [18]. Similarly, Kleist et al. reported that
Lgr5 is expressed in the metastatic cascade of
colorectal cancer and these cells might be biologically powerful in the metastatic process of
cancer subsets [19]. Rather, as Wnt signaling
has been considered to be involved in the regulation of cancer stem cells and tumor progression, Garcia et al. suggested that Lgr5 is a negative regulator of the Wnt signaling in the developing intestine [20]. These studies indicate the
Int J Clin Exp Pathol 2014;8(2):1783-1789
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complex roles of Lgr5 in tumorigenesis and
tumor progression. Further studies are needed
to investigate the underlying molecular
mechanism.
Intriguingly, we found that Lgr5 expression was
associated with poor clinical survival of patients
with cervical cancer, especially in Stage II
patients, indicating that high Lgr5 expression
cells might be more aggressive and progress
more quickly [21]. Saigusa et al. shown that
patients with high expression levels of both
LKB1 and LGR5 had a significantly lower recurrence-free survival in locally advanced rectal
cancer [22]. Wu et al. demonstrated that Lgr5
is a potential marker of colorectal carcinoma
stem cells that correlates with patient survival
[23]. Conversely, Bu et al. investigated that
LGR5 expression was more frequently
expressed in lower staged colorectal cancer
[24]. Takeda et al. also reported that Lgr5
expression in luminal surface showed a negative association with the progressive grade of
colorectal tumors [25]. Together these findings
underline that the prognostic role of Lgr5 might
be diverse in different tissues.

[3]

[4]

[5]
[6]
[7]

[8]

In conclusion, Lgr5, a putative cancer stem cell
marker, is frequently over-expressed in cervical
cancer tissues. The Lgr5 may play an important
role in cervical tumorigenesis and tumor development, and would be a powerful biomarker to
predict the prognosis of cervical cancer
patients, especially of advanced stage patients.
Our study indicates that Lgr5 could be a candidate target for future diagnosis and therapy in
cervical cancer management.
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