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Abstract: Objective: The prognostic and clinical significance of LGR5 in Colorectal Cancer (CRC) remains controver-
sial. Here, we conducted a systematic review and meta-analysis to evaluate the impact of LGR5 expression on prog-
nosis and clinicopathological features of CRC patients, clarifying a precise determinant of the clinical significance of 
LGR5. Methods: Pubmed, Web of Science, Medline and Chinese CNKI (from 1982 to December 15st, 2015) were 
searched for titles and abstracts, using the following keywords: “LGR5”, “GPR49”, and “colorectal cancer” to identify 
studies eligible for our analysis. Meta-analysis was performed by Reman5.2, and the used data were extracted from 
published hazard ratios (HRs), if available, or derived treatment estimates from survival curves. The outcomes in-
cluded overall survival, progression-free survival and various clinicopathological features. Results: A total of eleven 
eligible studies were finally included, and our results showed that LGR5 expression in CRC tissues was significantly 
correlated with overall survival (OR=2.01, 95% CI=1.16-3.47, P=0.01, Random model) and progression free survival 
(OR=2.27, 95% CI=1.37-3.77, P=0.002, Fixed model) of CRC patients. With respect to clinicopathological features, 
LGR5 expression was positively correlated with TNM stage (OR=2.18, 95% CI=0.97-4.92, P=0.06), but has no rela-
tionship with the differentiation (OR=1.40, 95% CI=0.55-3.57, P=0.48) of CRC patients. Conclusion: LGR5 expres-
sion trends to correlate with a worse overall survival and progression-free survival in CRC patients, which indicates 
that LGR5 could be a potential prognostic marker for CRC patients. In addition, a high TNM stage was found in LGR5 
positive CRC patients.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cause of cancer-related death worldwide, 
and yet a best understood neoplasms [1]. Since 
the cancer stem cells (CSCs) theory occurred in 
1997, tumors can be recognized as a result of 
abnormal organogenesis driven by a small sub-
population of cancer cells that are able to be 
self-renewal and to produce the heterogeneous 
lineages of cancer cells [2, 3]. LGR5 is one of 
the most common used stem cell markers in 
colorectal cancer which targets the Wnt signal-
ing [4-7]. Numerous studies have demonstrat-
ed that over-expression of LGR5 has close 
association with initiation and recurrence of 
colorectal cancer and predicts poor prognosis 
[7-10], which were hardly concurred by others 
[11]. This immediately challenges the conven-
tional interpretation and hinders the applica-

tion of LGR5 as a novel prognostic marker in 
CRC patients. Here, we performed a systematic 
review and meta-analysis in the published liter-
atures in order to appraise the prognostic value 
and the association with clinicopathological 
features of LGR5 in CRC patients with the goal 
of gaining insights into the clinical implica- 
tions.

Materials and methods

Literature search strategy

We adapted the Cochrane Central Register of 
Controlled Trials, and a comprehensive publica-
tion search was performed in the Pubmed, Web 
of Science, Medline, and Chinese CNKI data-
base using the following search strings: “LGR5” 
or “GPR49”, and “colorectal cancer” from Ja- 
nuary 1, 1982 to October 15th, 2015 to identify 
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studies eligible for our analysis. Titles and 
abstracts were reviewed to identify reports 
which examined the association of LGR5 ex- 
pression with clinical outcomes, such as overall 
survival (OS), progression-free survival (PFS), 
and clinicopathological features, including age, 
gender, differentiation, TNM stage and lymph 
node metastasis in CRC patients.

Selection criteria

The inclusion criteria were listed as follows: (1) 
studies dealing with CRC patients including the 
colon and rectum cancer patients; (2) articles 
concerning about the association of LGR5 
expression with either prognosis or clinicopath-
ological features; (3) the expression of LGR5 
was detected on cancer tissue, rather than in 
serum or any other kinds of specimens; (4) the 
detection method could be variable, including 
immunohistochemistry (IHC), tissue microarray 
and real-time PCR; (5) articles providing suffi-
cient data to allow the estimation of an odds 
ratio (OR) of OS, PFS and clinicopathological 
features; (6) reviews, duplicated studies, com-
ments, animal or cell experiments, and irrele-
vant articles were excluded (Figure 1).

Data extraction

The valuable data including author, country of 
study, publication year, number of patients, 
detection method, cut-off value, TNM stage 
and positive rates of LGR5 were extracted from 

data, we extracted the hazard ratios and 95% 
confidence intervals by the survival curves 
using the methods of Parmar. Heterogeneity 
across studies was evaluated by the Q test and 
P-values (Cochrans Q test, P-value >0.05 or 
I2>50% indicated the existence of heterogene-
ity across studies). Fixed or Random model was 
used depending on heterogeneity analysis. ORs 
and RRs were calculated by a fixed-effects 
model if I2<50%, otherwise a random effects 
model was used. And P<0.05 was considered 
as a statistical significance.

Results 

Included studies

A total of eleven studies including 1725 patients 
met with our criteria were finally included in this 
meta-analysis. The main features of each eligi-
ble study were extracted and illustrated in 
Table 1. 7 studies were determined with OS, 4 
studies indicated PFS and eleven reported clini-
copathological details. Two main methods were 
used to evaluate the expression of LGR5 in CRC 
patients, including immunohistochemistry (IHC) 
and real-time PCR (Table 1).

Effects of LGR5 on OS in CRC patients

Data of OS extracted from seven studies were 
included in the meta-analysis. Since the hetero-
geneity was significant (I2=78%, P=0.0002), a 
random-effect model was used to evaluate the 
OR of OS in CRC patients. Meta-analysis sh- 

Figure 1. Flow chart for selection of studies.

the included papers and 
illustrated in Table 1. Data 
were extracted indepen-
dently by three authors and 
discrepancies were discu- 
ssed among them in cases 
of conflicting evaluations.

Statistical analysis

Statistical analysis was pe- 
rformed by Review 5.2 soft-
ware. Hazard ratios (HRs) 
and the associated 95% co- 
nfidence intervals (CIs) for 
OS and PFS outcomes were 
extracted to assess treat-
ment efficacy between the 
LGR5 positive and negative 
subgroups. In order to in- 
clude the most updated OS 
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owed that LGR5 high expression was correlat-
ed with the poor OS of CRC patients (OR=2.01, 
95% CI=1.16-3.47, P=0.01, Random model), 
suggesting that LGR5 could be an independent 
prognostic marker for CRC patients (Figure 2).

Effects of LGR5 on PFS in CRC patients

Data on PFS were extracted from four studies 
including a total of 594 patients. A fixed-effect 
model (I2=0%, P=0.91) was used to calculate 
the OR of PFS in CRC patients. The meta-analy-

sis showed that patients with high expression 
of LGR5have a worse PFS compared with those 
with low expression of LGR5 (OR=2.27, 95% 
CI=1.37-3.77, P=0.002, the Fixed Model) 
(Figure 3).

LGR5 expression and clinicopathological pa-
rameters of CRC patients

All the eleven studies provided the information 
of various clinicopathological parameters. And 
their correlations with LGR5 expression were 

Table 1. General characteristics of included studies

First author Year Country Histology No. of 
patients Method Cut-off 

values
TNM 
stage

NO. of 
POS. (%)

Liu Z [4] 2014 China Colon 366 IHC/PCR - I-- 193 (53%)
Hsu HC [6] 2013 China Colorectal 296 IHC Score ≥180 I18 175 (59%)
Simon E [7] 2011 USA Colon 100 IHC >1% I%C 61 (61%)
Saigusa S [8] 2012 Japan Rectal 52 IHC/PCR - I-- -
Wu XS [9] 2012 China Colorectal 192 IHC Score ≥5 Ico 108 (56%)
Uchida H [10] 2010 Japan Colorectal 50 PCR - II-- 35 (70%)
deSousa EMF [11] 2011 Netherlands Colorectal 77 IHC Score ≥100 III10 30 (39%)
Fan XS [26] 2010 China Colorectal 102 IHC ≥5% I5% 55 (54%)
Takahashi H [27] 2011 Japan Colon/Rectal 180 PCR - I-- 90 (50%)
Valladares AM [28] 2012 Spain Colorectal 54 PCR - I-- 48 (89%)
Takeda K [29] 2011 Japan Colorectal 60 IHC ≥5% I5% 52 (87%)

Figure 2. Meta-analysis of overall survival between LGR5 positive and LGR5 negative in CRC patients.

Figure 3. Meta-analysis of Progression-Free Survival between LGR5 positive and LGR5 negative in CRC patients.
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summed in Table 2. 8 studies had the statistic 
data on age of patients, and among them just 1 
reported the existence of association between 
age and LGR5 expression. And 1 of 9 studies 
demonstrated that correlation was existed 
between LGR5 expression and gender. 

Except these above-mentioned parameters, 
controversies also existed in the correlation 
between differentiation, TNM stage and LGR5 
expression in these included studies. We con-
ducted a meta-analysis to clarify the associa-
tion of LGR5 expression and the two clinico-
pathological parameters. Five studies evalua- 
ted the relationship between LGR5 expression 

and differentiation in CRC Patients. The pooled 
OR was 1.40, (95% CI=0.55-3.57, P=0.48, ran-
dom effect), suggesting that LGR5 expression 
was not associated with differentiation of CRC 
patients (Figure 4). Notably, the meta-analysis 
suggested that LGR5 expression was positively 
correlated with TNM stage of CRC patients 
(OR=2.18, 95% CI=0.97-4.92, P=0.06, ran-
dom-effect) (Figure 5). 

Discussion

Colorectal cancer is the most common malig-
nancy of the gastrointestinal tract and causes 
60000 deaths worldwide every year [12, 13]. 

Table 2. Narrative review of the association between clinicopathological features and LGR5 expres-
sion with respect to non-small-cell-lung cancer patients

Items Significant correlation 
(P<0.05) Non-significant correlation (P≥0.05)

Age [27] [4], [5], [6], [7], [8], [9], [10], [26], [28], [29]
Gender [26] [4], [6], [8], [9], [10], [27], [28], [29]
TNM stage [4], [6], [7], [9], [27] [8], [26]
Differential [8], [9] [4], [6], [27]
Lymph node metastases [5], [6], [7], [9], [10] [8], [27]

Figure 4. Meta-analysisof correlation between LGR5 expression and differentiation in CRC patients.

Figure 5. Meta-analysis of correlation between LGR5 expression and TNM stage in CRC patients.
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Though many treatment protocols have been 
applied to deal with colorectal cancer, a com-
plete cure has not been obtained [12-15]. This 
may due to the existence of colorectal cancer 
stem cell (CSCs) which is resistant to radiation 
therapy, chemotherapy and even can enable 
the recurrence of cancers [16-19]. Therefore, 
identifying cancer stem cells among the block 
of cancer cells becomes urgent. Actually, the 
searches have been intense for the past 
decades to find a specific biomarker of CSCs 
[20, 21]. In 2007, Barker et al discovered that 
the leucine-rich repeat containing G protein-
coupled receptor 5 (LGR5) had a restrict 
expression in the crypt base of small and large 
intestines, and it could be a valuable stem cell 
marker for colorectal cancer [22]. This was 
received by more and more researchers, while 
still some studies were not in agreement with it 
[23-26].

LGR5 (leucine-rich repeat-containing G-protein-
coupled receptor 5) also known as Gpr49 is a 
target of Wnt signaling and is associated with 
carcinogenesis and tumor invasion in colorec-
tal cancer [11, 27, 28]. From the currently com-
pleted findings, we hypothesize that LGR5 
expression participates in the maintenance 
and proliferation of cells which was associated 
with poor survival of colorectal cancer. However, 
several reports surprisingly found that elevated 
expression of LGR5 was actually associated 
with good prognosis [27, 29-31]. Thus, the 
prognostic and clinicopathological values of 
LGR5 in colorectal cancer patients become 
unclear. 

The present study included a total of 11 eligible 
studies with 1725 patients for qualitative anal-
ysis. IHC and RT-PCR were the most commonly 
used for detection. Overall, the finally analysis 
showed that LGR5 positive expression predict-
ed poor prognosis of CRC patients. However, it 
should be noted that there are some limita-
tions existed here. First, publication bias should 
be concerned, because more positive results 
tended to be published, thus potentially exag-
gerating the association between LGR5 expres-
sion and poor outcomes. Second, most of the 
HRs and 95% confidence intervals (CIs) for OS 
and PFS were determined from survival curves 
in the published papers. This might be less reli-
able than that from direct analysis of variance. 
Third, the conditions of patients included in this 

study were not normalized. The stage of 
patients varied from I to IV, and the detection 
methods including immunohistochemistry (IHC) 
and real-time PCR. Finally, the number of stud-
ies included in this analysis is limited. These 
differences might partly impact the significance 
of LGR5 in the survival and the clinicopathologi-
cal analysis. 

In summary, the present meta-analysis indi-
cates that LGR5 expression is associated with 
a poor OS, PFS, and a higher TNM stage. And 
no correlation was found between LGR5 expres-
sion and tumor differentiation. These findings 
suggest that the cancer stem cells marker 
LGR5 might be a valuable prognostic marker 
and a potential new therapeutic target for the 
treatment of colorectal cancer patients. In 
addition, co-detection of LGR5 with other CSC 
markers such as CD133, ALDH1A1, Nanog and 
OCT4 may be more valuable and helpful in clini-
cal application in CRC patients [32, 33].

Disclosure of conflict of interest

None. 

Address correspondence to: Rong Liang, Depart- 
ment of First Chemotherapy, Affiliated Tumor Hos- 
pital of Guangxi Medical University, 71 He Di Road, 
Nanning 530021, P. R. China. Tel: +(86)-771-533- 
1955; E-mail: liangronggx@163.com

References

[1]	 Siegel R, Naishadham D and Jemal A. Cancer 
statistics, 2013. CA Cancer J Clin 2013; 63: 
11-30.

[2]	 Gespach C. Stem cells and colon cancer: the 
questionable cancer stem cell hypothesis. 
Gastroenterol Clin Biol 2010; 34: 653-661.

[3]	 Papailiou J, Bramis KJ, Gazouli M and Theodo-
ropoulos G. Stem cells in colon cancer. A new 
era in cancer theory begins. Int J Colorectal Dis 
2011; 26: 1-11.

[4]	 Liu Z, Dai W, Jiang L and Cheng Y. Over-expres-
sion of LGR5 correlates with poor survival of 
colon cancer in mice as well as in patients. 
Neoplasma 2014; 61: 177-185.

[5]	 Yamanoi K, Fukuma M, Uchida H, Kushima R, 
Yamazaki K, Katai H, Kanai Y and Sakamoto 
M. Overexpression of leucine-rich repeat-con-
taining G protein-coupled receptor 5 in gastric 
cancer. Pathol Int 2013; 63: 13-19.

[6]	 Hsu HC, Liu YS, Tseng KC, Hsu CL, Liang Y, 
Yang TS, Chen JS, Tang RP, Chen SJ and Chen 
HC. Overexpression of Lgr5 correlates with re-

mailto:liangronggx@163.com


LGR5 for CRC

10542	 Int J Clin Exp Med 2016;9(6):10537-10543

sistance to 5-FU-based chemotherapy in 
colorectal cancer. Int J Colorectal Dis 2013; 
28: 1535-1546.

[7]	 Simon E, Petke D, Boger C, Behrens HM, 
Warneke V, Ebert M and Rocken C. The spatial 
distribution of LGR5+ cells correlates with gas-
tric cancer progression. PLoS One 2012; 7: 
e35486.

[8]	 Saigusa S, Inoue Y, Tanaka K, Toiyama Y, 
Kawamura M, Okugawa Y, Okigami M, Hiro J, 
Uchida K, Mohri Y and Kusunoki M. Significant 
correlation between LKB1 and LGR5 gene ex-
pression and the association with poor recur-
rence-free survival in rectal cancer after preop-
erative chemoradiotherapy. J Cancer Res Clin 
Oncol 2013; 139: 131-138.

[9]	 Wu XS, Xi HQ and Chen L. Lgr5 is a potential 
marker of colorectal carcinoma stem cells that 
correlates with patient survival. World J Surg 
Oncol 2012; 10: 244.

[10]	 Uchida H, Yamazaki K, Fukuma M, Yamada T, 
Hayashida T, Hasegawa H, Kitajima M, Kitaga-
wa Y and Sakamoto M. Overexpression of leu-
cine-rich repeat-containing G protein-coupled 
receptor 5 in colorectal cancer. Cancer Sci 
2010; 101: 1731-1737.

[11]	 de Sousa EMF, Colak S, Buikhuisen J, Koster J, 
Cameron K, de Jong JH, Tuynman JB, Prasety-
anti PR, Fessler E, van den Bergh SP, Roder-
mond H, Dekker E, van der Loos CM, Pals ST, 
van de Vijver MJ, Versteeg R, Richel DJ, Ver-
meulen L and Medema JP. Methylation of can-
cer-stem-cell-associated Wnt target genes pre-
dicts poor prognosis in colorectal cancer 
patients. Cell Stem Cell 2011; 9: 476-485.

[12]	 Prados J, Melguizo C, Ortiz R, Perazzoli G, Ca-
beza L, Alvarez PJ, Rodriguez-Serrano F and 
Aranega A. Colon cancer therapy: recent devel-
opments in nanomedicine to improve the effi-
cacy of conventional chemotherapeutic drugs. 
Anticancer Agents Med Chem 2013; 13: 1204-
1216.

[13]	 Vo DM, Julien LA and Thorson AG. Current con-
troversies in colon and rectal cancer. Minerva 
Chir 2010; 65: 677-693.

[14]	 Sasaki Y, Kosaka H, Usami K, Toki H, Kawai H, 
Shiraishi N, Ota T, Nakamura K, Furuya A, Sa-
toh M, Hasegawa K and Masuda K. Establish-
ment of a novel monoclonal antibody against 
LGR5. Biochem Biophys Res Commun 2010; 
394: 498-502.

[15]	 Kobayashi S, Yamada-Okabe H, Suzuki M, Na-
tori O, Kato A, Matsubara K, Jau Chen Y, 
Yamazaki M, Funahashi S, Yoshida K, Hashi-
moto E, Watanabe Y, Mutoh H, Ashihara M, 
Kato C, Watanabe T, Yoshikubo T, Tamaoki N, 
Ochiya T, Kuroda M, Levine AJ and Yamazaki T. 
LGR5-positive colon cancer stem cells inter-

convert with drug-resistant LGR5-negative 
cells and are capable of tumor reconstitution. 
Stem Cells 2012; 30: 2631-2644.

[16]	 Barker N, Ridgway RA, van Es JH, van de Weter-
ing M, Begthel H, van den Born M, Danenberg 
E, Clarke AR, Sansom OJ and Clevers H. Crypt 
stem cells as the cells-of-origin of intestinal 
cancer. Nature 2009; 457: 608-611.

[17]	 Chu P, Clanton DJ, Snipas TS, Lee J, Mitchell E, 
Nguyen ML, Hare E and Peach RJ. Character-
ization of a subpopulation of colon cancer cells 
with stem cell-like properties. Int J Cancer 
2009; 124: 1312-1321.

[18]	 Kano Y, Tsuchiya K, Zheng X, Horita N, Fuku-
shima K, Hibiya S, Yamauchi Y, Nishimura T, 
Hinohara K, Gotoh N, Suzuki S, Okamoto R, 
Nakamura T and Watanabe M. The acquisition 
of malignant potential in colon cancer is regu-
lated by the stabilization of Atonal homolog 1 
protein. Biochem Biophys Res Commun 2013; 
432: 175-181.

[19]	 Vaz MA, Martinez JC, Devesa JM, Trill JD, Abr-
aira V, Riquelme A and Carrato A. Prognostic 
value of stem cell quantification in stage II co-
lon cancer. PLoS One 2014; 9: e88480.

[20]	 Trounson A and DeWitt ND. Pluripotent stem 
cells from cloned human embryos: success at 
long last. Cell Stem Cell 2013; 12: 636-638.

[21]	 Sato T, Vries RG, Snippert HJ, van de Wetering 
M, Barker N, Stange DE, van Es JH, Abo A, Ku-
jala P, Peters PJ and Clevers H. Single Lgr5 
stem cells build crypt-villus structures in vitro 
without a mesenchymal niche. Nature 2009; 
459: 262-265.

[22]	 Barker N, van Es JH, Kuipers J, Kujala P, van 
den Born M, Cozijnsen M, Haegebarth A, Korv-
ing J, Begthel H, Peters PJ and Clevers H. Iden-
tification of stem cells in small intestine and 
colon by marker gene Lgr5. Nature 2007; 449: 
1003-1007.

[23]	 Barker N and Clevers H. Leucine-rich repeat-
containing G-protein-coupled receptors as 
markers of adult stem cells. Gastroenterology 
2010; 138: 1681-1696.

[24]	 de Lau W, Barker N, Low TY, Koo BK, Li VS, 
Teunissen H, Kujala P, Haegebarth A, Peters 
PJ, van de Wetering M, Stange DE, van Es JE, 
Guardavaccaro D, Schasfoort RB, Mohri Y, 
Nishimori K, Mohammed S, Heck AJ and Clev-
ers H. Lgr5 homologues associate with Wnt 
receptors and mediate R-spondin signalling. 
Nature 2011; 476: 293-297.

[25]	 Kleist B, Xu L, Li G and Kersten C. Expression 
of the adult intestinal stem cell marker Lgr5 in 
the metastatic cascade of colorectal cancer. 
Int J Clin Exp Pathol 2011; 4: 327-335.

[26]	 Fan XS, Wu HY, Yu HP, Zhou Q, Zhang YF and 
Huang Q. Expression of Lgr5 in human colorec-



LGR5 for CRC

10543	 Int J Clin Exp Med 2016;9(6):10537-10543

tal carcinogenesis and its potential correlation 
with beta-catenin. Int J Colorectal Dis 2010; 
25: 583-590.

[27]	 Takahashi H, Ishii H, Nishida N, Takemasa I, 
Mizushima T, Ikeda M, Yokobori T, Mimori K, 
Yamamoto H, Sekimoto M, Doki Y and Mori M. 
Significance of Lgr5(+ve) cancer stem cells in 
the colon and rectum. Ann Surg Oncol 2011; 
18: 1166-1174.

[28]	 Valladares-Ayerbes M, Blanco-Calvo M, Re-
boredo M, Lorenzo-Patino MJ, Iglesias-Diaz P, 
Haz M, Diaz-Prado S, Medina V, Santamarina I, 
Pertega S, Figueroa A and Anton-Aparicio LM. 
Evaluation of the adenocarcinoma-associated 
gene AGR2 and the intestinal stem cell marker 
LGR5 as biomarkers in colorectal cancer. Int J 
Mol Sci 2012; 13: 4367-4387.

[29]	 Takeda K, Kinoshita I, Shimizu Y, Matsuno Y, 
Shichinohe T and Dosaka-Akita H. Expression 
of LGR5, an intestinal stem cell marker, during 
each stage of colorectal tumorigenesis. Anti-
cancer Res 2011; 31: 263-270.

[30]	 Yamamoto Y, Sakamoto M, Fujii G, Tsuiji H, 
Kenetaka K, Asaka M and Hirohashi S. Overex-
pression of orphan G-protein-coupled receptor, 
Gpr49, in human hepatocellular carcinomas 
with beta-catenin mutations. Hepatology 
2003; 37: 528-533.

[31]	 Wu C, Xie Y, Gao F, Wang Y, Guo Y, Tian H, Li Y 
and Fan W. Lgr5 expression as stem cell mark-
er in human gastric gland and its relatedness 
with other putative cancer stem cell markers. 
Gene 2013; 525: 18-25.

[32]	 Amsterdam A, Raanan C, Schreiber L, Freyhan 
O, Fabrikant Y, Melzer E and Givol D. Differen-
tial localization of LGR5 and Nanog in clusters 
of colon cancer stem cells. Acta Histochem 
2013; 115: 320-329.

[33]	 Fang DD, Kim YJ, Lee CN, Aggarwal S, McKin-
non K, Mesmer D, Norton J, Birse CE, He T, Ru-
ben SM and Moore PA. Expansion of CD133(+) 
colon cancer cultures retaining stem cell prop-
erties to enable cancer stem cell target discov-
ery. Br J Cancer 2010; 102: 1265-1275.


