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Abstract

Purpose The presence of circulating tumor cells (CTCs) has been found to correlate with colorectal cancer (CRC) prognosis,
whereas epithelial-mesenchymal transition (EMT) in CTCs has been found to be associated with CRC metastasis. LGRS is a
known target of Wnt signaling and plays an important role in CRC development. The aim of this study was to assess the clinical
relevance of EMT and LGRS expression in CTCs from CRC patients.

Methods Sixty-six CRC patients were included in this study. The detection and expression of EMT phenotypes in CTCs from
these patients were assessed using CanPatrol™ CTC enrichment and mRNA 1in situ hybridization (ISH), respectively. LGRS
expression in the CTCs was assessed using mRNA ISH.

Results CTCs were detected in 86.4% (57/66) of the CRC patients included. Both the numbers of total CTCs and of CTCs
displaying a mesenchymal phenotype (M+ CTCs) were found to significantly correlate with advanced disease stages and the
occurrence of metastasis (p < 0.05). An adjusted multivariate analysis also indicated that the number of M+ CTCs significantly
correlated with the occurrence of metastasis (p = 0.031). Additionally, we found that a high LGRS expression level significantly
correlated with the occurrence of metastasis (p <0.05). We also found that the presence of > 6 CTCs or>3 M+
CTCs per 5 ml blood significantly correlated with disease progression (p <0.05). Patients with > 6 CTCs or>3 M+
CTCs per 5 ml blood were found to exhibit poorer progression-free survival (PFS) and overall survival (OS) rates
(p<0.05 in all cases). Using Cox regression analyses, we found that only total CTC numbers remained as indepen-
dent prognostic factors for a worse PFS (p=0.043).

Conclusions From our data we conclude that CTC numbers and EMT phenotypes may serve as prognostic markers for disease
progression and metastasis in CRC patients. In addition, we conclude that LGRS expression in CTCs may serve as a marker for
CRC metastasis.

Keywords Colorectal cancer (CRC) - Circulating tumor cells (CTCs) - Epithelial-mesenchymal transition (EMT) - LGRS
expression

1 Introduction

Each year, about 1.2 million patients are diagnosed with co-
lorectal cancer (CRC), and more than 600 thousand patients
die as a direct or indirect result of the disease [1]. The 5-year
survival rate among CRC patients with stage I disease is over
90%, but only 10% among those diagnosed with stage IV
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disease [2]. Although the early prediction and diagnosis of
metastasis could have a significant impact on CRC patient
management, the diagnostic methods currently in use are usu-
ally unable to provide timely information about metastasis,
i.e., the likelihood of its occurrence and/or prognosis [3].
However, recent advances in so called liquid biopsies through
which circulating tumor cells (CTCs) can be collected at dif-
ferent time points as part of precision cancer treatment pro-
grams may be useful for assessing CRC tumor characteristics.
To improve the effectiveness of CRC treatment, and therefore
patient survival, attempts are being made to employ precision
cancer treatment through the selection of treatment regimens
based on molecular characteristics of individual patients [4].
The movement of tumor cells from primary tumors to distant
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sites may be achieved via hematogenous and/or lymphatic
systems [5, 6]. In CRC, hematogenous spread is a main route
of metastasis [7]. The detection of circulating CTCs may com-
plement current diagnostic techniques used for tumor staging
and for monitoring the response to treatment [8].

It has been reported that abnormal activation of epithelial-
mesenchymal transition (EMT) may contribute to both tumor
cell proliferation and invasion in human cancer cell lines and
mouse models [9, 10]. EMT endows epithelial cells with an
enhanced invasive potential by eliminating epithelial features
and inducing mesenchymal features. CTCs have been detect-
ed at all stages of CRC development [11]. Although in stage II
CRC cases CTC assessment may help to identify high-risk
patients for adjuvant chemotherapy [12], the presence of
CTCs has been found to serve as a poor prognostic feature
in patients with non-metastatic disease [13, 14]. In addition, it
has been reported that molecular characterization and muta-
tion analysis of CTCs could improve biomarker discovery and
drug selection [15, 16].

Wnat signaling plays a fundamental role in epithelial stem
cell biology, and it has been found that the intestinal crypt
stem cell marker leucine-rich repeat containing G protein-
coupled receptor 5 (LGRS; also known as G-protein coupled
receptor 49, Gpr49) is a key target in canonical Wnt signaling
[17]. Cells expressing LGRS represent the cells-of-origin of
intestinal epithelial tumors, and it has been reported that single
LGRS5-positive crypt stem cells can form multicellular struc-
tures in vitro [17, 18]. Increased LGRS expression has been
found to be associated with the development and progression
of several types of cancer, including CRC [19-23]. In partic-
ular, LGRS appears to play a key role in colorectal cancer
initiation and progression, probably through the Wnt/3-
catenin signaling pathway [22, 24-27], and to be associated
with a poor outcome of CRC patients [27-30]. We therefore
suggest that LGRS expression may serve as a biomarker re-
lated to a poor prognosis in CRC.

Here, we aimed at investigating the functional role of
LGRS in CTCs and to assess the potential diagnostic value
of CTCs in CRC. We used the CanPatrol™ CTC enrichment
technique [31] to characterize CTC phenotypes in peripheral
blood samples derived from CRC patients, and mRNA
in situ hybridization to detect LGRS expression in
CTCs. The CTC numbers and cell types, as well as
the LGRS expression levels were correlated with clinical
stages and the occurrence of metastasis.

2 Materials and methods
2.1 Patients, sample collection and CTC isolation

This study was conducted at the First Affiliated Hospital of
Chongqing Medical University from July 2015 to December
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2016. Sixty-six patients with CRC (stages I-1V) were includ-
ed. Peripheral blood samples for CTC analysis were collected
at the time of primary surgery. This study was approved by the
Institutional Human Ethics Committee, and prior informed
and written consent was obtained from all the patients.

From each patient 5 ml peripheral blood was collected in
K2-EDTA tubes. Using a tailored connection device, the sam-
ples were transferred to sample preservation tubes containing
erythrocyte lysis buffer, after which the erythrocytes were
lysed for 30 min at room temperature. The resulting lysates
were centrifuged for 5 min at 600 g, after which the cell pellets
were resuspended in PBS containing 4% formaldehyde for
8 min. Finally, the CTCs were isolated by filtration through
calibrated membranes with 8§ pm pores.

2.2 Identification and classification of CTCs

A multiplex mRNA in situ hybridization (ISH) assay was used
to identify and classify CTCs. The mRNA ISH experiments
were performed in 24-well plates at 40 °C for 3 h using a set of
EMT markers as probes (Thermo Fisher Scientific, Shanghai,
China). The expression of epithelial markers was detected
using a multi-marker probe mix encompassing EpCAM,
CKS8, CK18 and CK19, whereas the expression of mesenchy-
mal markers was detected using a multi-marker probe mix
encompassing Twistl, Vimentin, AKT2 and SNAII. A
CD45 probe was used as leukocyte marker [32]. Finally, the
cells were counter-stained for 10 min with DAPI after which
the ISH results were analyzed by qualified pathologists using
an automated imaging fluorescence microscope. If the number
of fluorescent dots for the epithelial and mesenchymal
markers or for CD45 was > 7 they were considered to be valid
fluorescent signals. Red and green fluorescent signals indicat-
ed the expression of epithelial and mesenchymal markers,
respectively, whereas bright white fluorescent signals indicat-
ed CD45 expression.

2.3 LGR5 expression analysis

The expression status of LGRS in each CTC was assessed
using a multiplex mRNA-ISH assay (Thermo Fisher
Scientific, Shanghai, China). The results were analyzed by
qualified pathologists using an automated imaging fluores-
cence microscope. A purple fluorescent signal (Alexa Fluor
647, purple dots > 7) from the CTCs indicated LGRS expres-
sion. Any patient positive for CTCs (> 1 CTCs in 5 ml blood)
was considered eligible for LGRS expression analysis. The
LGRS expression status in CTC-positive patients was evalu-
ated as follows: (i) patients with no LGRS5-expressing CTCs
were defined as LGR5-negative; (ii) patients with only one
LGRS5-positive CTC were considered to have a low or high
LGRS expression based on the detected LGRS level in the
CTC; (iii) patients with 2 or more LGRS5-positive CTCs were
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considered to have a low LGRS expression when the detected
expression was low in more than 50% of the CTCs; otherwise,
the LGRS expression was considered to be high.

2.4 Clinical follow-up

Patients were followed up with regular chart reviews at 3-
month intervals for 2 years and at 6-month intervals thereafter.
Discase assessment was carried out by the treating physicians,
and the patient cohort was divided into two groups based on
Response Evaluation Criteria in Solid Tumors (RECIST): (i)
non-progressive disease (NPD, including complete response
[CR], partial response [PR] and stable disease [SD] catego-
ries) and (ii) progressive disease (PD). Progression-free sur-
vival (PFS) was defined as the elapsed time from diagnosis to
progression, death, or censoring at last follow-up. Overall sur-
vival (OS) was defined as the interval between the date of
diagnosis to the date of death or the last follow-up.

2.5 Statistical analysis

Statistical analyses were performed using the SPSS 19.0 soft-
ware package. Correlations between two variables were
assessed using Spearman’s rank correlation test. Independent
correlations between two variables after adjustment for other
variables were assessed using partial correlation analysis.

Optimal CTC cutoff values for the stratification of patients
into favorable and unfavorable prognostic groups based on
CTC counts were determined using receiver operating charac-
teristic (ROC) curve analyses. PFS and OS rates were calcu-
lated using the Kaplan-Meier method, and survival rates were
compared using the log rank test. Univariate and multivariate
Cox regression models with hazard ratios (HRs) and 95%
confidence intervals (CIs) were used to evaluate associations
between potential prognostic factors and PFS/OS. All statisti-
cal analyses were two-tailed, and values p < 0.05 were consid-
ered to be significant.

3 Results
3.1 Patients and CTC characteristics

A total of 66 CRC patients (median age, 58 years; range, 26—
87 years) was included in this study. The detailed patient char-
acteristics are listed in Table 1. CTCs (> 1 per 5 ml blood)
were detected in 57 of the 66 patients (86.4%) with a median
count of 3.0 CTCs (range 0-36 per 5 ml blood). Based on the
EMT mRNA markers, the detected CTCs could be classified
into three phenotypes: epithelial, bi-phenotypic and mesen-
chymal (Fig. 1a). In 49 patients (74.2%) bi-phenotypic and/

Table 1 Univariate analysis of associations between CTCs and patient characteristics
Variables n (%) CTCs p M+ CTCs p
Positive, n (%) Negative, n (%) Positive, n (%) Negative, n (%)

All patients 66 (100.0) 57 (86.4) 9 (13.6) 49 (74.2) 17 (25.8)

Age (years)
<60 37 (56.1) 33 (89.2) 4 (10.8) 0.458 28 (75.7) 9(24.3) 0.768
> 60 29 (43.9) 24 (82.8) 5(17.2) 21(72.4) 8 (27.6)

Sex
Male 39 (59.1) 34 (87.2) 5(12.8) 0.820 30 (76.9) 9(23.1) 0.557
Female 27 (40.9) 23 (85.2) 4 (14.8) 19 (70.4) 8(29.6)

TNM stage
I 31 (47.0) 26 (83.9) 5(16.1) 0.337 22 (71.0) 9 (29.0) 0.216
I 15 (22.7) 12 (80.0) 3 (20.0) 9 (60.0) 6 (40.0)
r+1v 20 (30.3) 19(95.0) 1(6.2) 18 (90.0) 2 (10.0)

Tumor differentiation
Poor 10 (15.1) 9 (90.0) 1 (10.0) 0.739 8 (80.0) 2 (20.0) 0.695
Moderate 50 (75.8) 43 (86.0) 7 (14.0) 37 (74.0) 13 (26.0)

6(9.1) 5(83.3) 1(16.7) 4(66.7) 2 (33.3)

Unknown

Metastasis (lymph node or distant)
No 46 (69.7) 38 (82.6) 8(17.4) 0.183 31(67.4) 15 (32.6) 0.055
Yes 20 (30.3) 19 (95.0) 1(5.0) 18 (90.0) 2 (10.0)

M+ CTCs refers to the CTCs that are positive for mesenchymal markers, including bi-phenotypic CTCs and mesenchymal CTCs
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Fig. 1 CTCs detected in blood a

CTC phenotypes

samples from patients with CRC.
a CTC phenotypes classified
using epithelial and mesenchymal
markers. Epithelial CTCs (leff)
stained with red dots only; bi-
phenotypic CTCs (middle)
stained with both red and green
dots; mesenchymal CTCs (right)
stained with green dots only.
Bar=5 pum. b LGRS expression
in CTCs. Representative images
based on mRNA-ISH of epithelial
(red dots), mesenchymal (green b

Epithelial CTC

Bi-phenotypic CTC Mesenchymal CTC

LGR5 expression

dots), CD45 (bright white dots)
and LGRS (purple dots) markers.
Leukocytes expressing CD45
(first line) exhibit bright white
dots only; epithelial CTCs ex-
pressing LGRS (second line)
exhibiting red and purple dots; bi-
phenotypic CTCs expressing
LGRS (third line) exhibiting red,
green and purple dots; mesen-
chymal CTCs expressing LGRS
(fourth line) exhibiting green and
purple dots. Bar=5 pm

DAPI

Leukocyte

Epithelial CTC

Bi-phenotypic
CTC

Mesenchymal
CTC

or mesenchymal CTCs were detected, i.e., CTCs displaying a
mesenchymal phenotype (M+ CTCs).

3.2 Associations between CTC numbers, phenotypes
and patient characteristics

Univariate analyses of associations between CTC phenotypes
and patient characteristics are depicted in Table 1 and Fig. 2.
We found that there was no significant association between
CTC positivity and any of the patient characteristics (p > 0.05
in all cases; Table 1). We did find, however, that the number of
CTCs was associated with advanced stage disease and metas-
tasis (p <0.05; Fig. 2a, b). The median CTC number in pa-
tients with advanced stage CRC (stage III or IV) was 5.0,
which was higher than that in patients with stage I or II disease
(3.0 and 2.0, respectively; Fig. 2a). Similarly, we found that
the median CTC number was 2.5 and 5.0 in the non-metastatic
and metastatic CRC patients, respectively (Fig. 2b). These
data suggest that CTC numbers increase with increasing
stages and the development of metastasis.

Although not statistically significant (p =0.055), we
observed a positive trend in the correlation between the
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presence of M+ CTCs and metastasis, with 67.4% posi-
tivity in patients with non-metastatic CRC and 90.0%
positivity in patients with metastatic disease (Table 1).
Furthermore, we found that the number of M+ CTCs
correlated with both advanced disease stages and the oc-
currence of metastasis (p <0.01 in both cases; Fig. 2c,
d). The median number of M+ CTCs was found to be
5.0 in stage III and IV patients, which was higher than in
stage I or II patients (2.0 and 1.0, respectively; Fig. 2c).
Likewise, the median M+ CTC count was 1.5 and 5.0 for
non-metastatic and metastatic CRC cases, respectively
(Fig. 2d). These data suggest that the number of M+
CTCs increases along with increasing disease stages
and the development of metastasis.

In a multivariate analysis, the observed association be-
tween M+ CTC number and the development of metasta-
sis remained significant after adjustment for age, sex,
TNM stage, tumor differentiation and total CTC number
(p=0.031; data not shown). However, the association be-
tween M+ CTC number and TNM stage was no longer
significant after adjustment for age, sex, tumor differenti-
ation, metastasis and total CTC number (p > 0.05; data not
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Fig. 2 Correlation between CTC a b
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shown). We also found that the association between total
CTC number and TNM stage or the development of me-
tastasis lost significance after adjustment for other vari-
ables (p>0.05 in both cases; data not shown).

3.3 Associations between LGR5 expression in CTCs
and patient characteristics

Among the 57 patients with >1 CTCs per 5 ml blood eligible
for LGRS analysis, 34 (59.6%) were found to be positive for
LGRS. LGRS was expressed in all three CTC phenotypic
groups (Fig. 1b). The LGRS positive fraction was 59.9%
(91/152) among all CTCs, 68.8% (44/64) among epithelial
CTCs and 53.4% (47/88) among combined bi-phenotypic
and mesenchymal CTCs.

The associations between LGRS expression status and pa-
tient characteristics are listed in Table 2. We found that LGRS
expression exhibited no significant association with age, sex,
TNM stage or tumor differentiation (p>0.05 in all cases;
Table 2). We did find, however, that high LGRS expression
was associated with the development of metastasis. The
fraction of patients exhibiting a high LGRS expression
was 13.2% among non-metastatic patients, but 42.1%
among metastatic patients (p =0.027; Table 2). These
data suggest that the level of LGRS expression increases
with the development of metastasis.

3.4 Associations between CTC numbers, LGR5
expression and disease progression

A total of 55 patients were followed-up using RECIST
disease assessment. Of these, 46 (83.6%) exhibited non-
progressive disease (NPD; 41 had a complete response,
CR, and 5 had a stable disease, SD) and 9 (16.4%)
exhibited progressive disease (PD). Among the 9 pa-
tients with PD, 5 died. We also assessed associations
between CTC status and LGRS expression level and
disease status during follow-up. An optimal threshold
cutoff of 6 CTCs per 5 ml was calculated using ROC
curve analysis (data not shown). As expected, the pres-
ence of > 6 CTCs per 5 ml blood was more often found
in patients with PD, while the presence of < 6 CTCs
per 5 ml blood was more commonly found in patients
with NPD (p=0.023; Table 3). Similarly, the presence
of > 3 M+ CTCs per 5 ml blood was more likely to be
observed in patients with PD, while the presence of <
3 M+ CTCs per 5 ml blood was more likely to be
observed in patients with NPD (p=0.034; Table 3).
No significant association was observed between LGRS
expression and disease status (p>0.05; Table 3). In a
multivariate analysis adjusted for age, sex, TNM stage,
tumor differentiation and metastasis, again no significant
association was observed between CTC status and dis-
ease status (p>0.05; data not shown).
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Table 2 Clinical characteristics of patients with > 1 CTCs per 5 ml blood used for LGRS expression analysis (7 = 57)
Variables n LGRS expression level p
LGRS negative, n (%) Low, n (%) High, n (%)
All 57 23 (40.4) 21 (36.8) 13 (22.8)
Age (years)
<60 33 15 (45.5) 10 (30.3) 8(24.2) 0.620
> 60 24 8(33.3) 11 (45.9) 5(20.8)
Sex
Male 34 14 (41.2) 14 (41.2) 6 (17.6) 0.536
Female 23 9(39.2) 7 (30.4) 7 (30.4)
TNM stage
I 26 12 (46.2) 10 (38.4) 4 (15.4) 0.079
I 12 6 (50.0) 5@41.7) 1(8.3)
m+1v 19 5(26.3) 6 (31.6) 8 (42.1)
Tumor differentiation
Poor 9 4(44.4) 2(22.2) 3(33.3) 0.919
Moderate 43 16 (37.2) 18 (41.9) 9 (20.9)
Unknown 3(60.0) 1 (20.0) 1 (20.0)
Metastasis (lymph node or distant)
No 38 18 (47.4) 15(39.4) 5(13.2) 0.027
Yes 19 5(26.3) 6 (31.6) 8 (42.1)

3.5 Associations between CTC numbers, LGR5
expression and survival

Among the 55 patients with a disease follow-up assessment,
the follow-up period ranged from 3 to 49 months (median,
24 months). Next, we analyzed the PFS and OS, taking into
consideration CTC status and LGRS expression. As expected,
we found that patients with > 6 CTCs per 5 ml blood exhibited
apoorer PFS and OS than those with < 6 CTCs per 5 ml blood

(p=0.012 and 0.015, respectively; Fig. 3a, c). Likewise, pa-
tients with >3 M+ CTCs per 5 ml blood were found to exhibit
apoorer PFS and OS than those with < 3 M+ CTCs per 5 ml of
blood (»p=0.017 and 0.035, respectively; Fig. 3b, d).
Univariate Cox regression analyses revealed significant asso-
ciations between total CTC and M+ CTC numbers and PFS
(p=0.028 and 0.047, respectively; Table 4), but not OS (p >

0.05 in both cases; Table 4). Multivariate Cox regression anal-
ysis further showed that only the total CTC number served an

Table 3 Associations between

CTCs, LGRS and disease NPD or PD, n (%) p
progression
NPD PD
All followed-up patients with CTC data (n=55) 46 (83.6) 9(16.4)
Total CTC (per 5 ml blood)
<6 37 (80.4) 4 (44.4) 0.023
>6 9 (19.6) 5 (55.6)
M+ CTCs (per 5 ml blood)
<3 28 (60.9) 2(22.2) 0.034
>3 18 (39.1) 7 (77.8)
All followed-up patients with LGRS data (n =49) 40 (81.6) 9(18.4)
LGRS expression level
Negative 15 (37.5) 5(55.6) 0.724
Low 16 (40.0) 1(11.1)
High 9 (22.5) 3(33.3)

NPD non-progressive disease, PD progressive disease
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Fig. 3 Kaplan-Meier curves for a b g
progression-free survival (PFS) 1.0 10777
and overall survival (OS) in CRC
patients. a, ¢ Relation between 0.6+ 0.8-
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Table 4  Univariate and multivariate Cox regression analyses of associations between CTCs, LGRS expression and patient survival
Univariate analysis Multivariate analysis®
HR (95% CI) p HR (95% CI) p
Associated with PFS
Total CTC (> 6 vs. < 6 /5 ml) 6.407 (1.226-33.486) 0.028 7.417 (1.063-51.736) 0.043
M+ CTC (=3 vs. <3 /5 ml) 8.520 (1.024-70.878) 0.047 10.012 (0.988-101.456) 0.051
LGRS (Negative vs. Low vs. High) 0.454 0.294
LGRS (Negative vs. Low) 0.245 (0.027-2.204) 0.209 0.124 (0.009-1.732) 0.121
LGRS5 (Negative vs. High) 0.772 (0.136-4.399) 0.771 0.544 (0.049-6.043) 0.620
Associated with OS
Total CTC (= 6 vs. < 6 /5 ml) 168 (0.005-5.7 x 10°) 0.336 59.7 (0.002—1.6 x 10%) 0.433
M+ CTC (=3 vs. <3 /5 ml) 106 (0.007-1.6 x 10°) 0.343 64.1 (0.001-3.1 x 10%) 0.450
LGRS5 (Negative vs. Low vs. High) 0.710 0.880
LGRS (Negative vs. Low) 36,980 (0-3.4 x 10'%%) 0.957 5931 (0-7.9 x 10°%) 0.812
LGRS5 (Negative vs. High) 102,285 (0-9.4 x 10'%%) 0.953 43,525 (0-5.9 x 10%) 0.616

PFS progression-free survival, OS overall survival, HR hazard ratio, CI confidence interval

#Adjusted for age, sex, TNM stage, tumor differentiation and metastasis
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independent prognostic factor for a poor PFS (p=0.043;
Table 4). No significant association was observed between
LGRS expression and survival.

4 Discussion

Metastasis is a multistep process that involves CTCs and dis-
seminated tumor cells that home to distant sites, including the
bone marrow, liver and lungs [33-35]. Although patient-
specific characteristics of CTCs limits their clinical applica-
tion [36], CTC phenotypes in blood samples have attracted the
attention of researchers interested in EMT, which appears to
contribute to the process of metastasis [37, 38]. Our findings
are consistent with this notion and indicate that EMT is a
significant contributor to the metastasis of CRC cells.

In conformity with a previous report [11], we detected
CTCs in patients with both late stage (III/IV) and early stage
(I/IT) tumors. The presence of CTCs in early stage patients
may explain why some tumors quickly become more ad-
vanced. Furthermore, we found that different CTC subtypes
can be discerned using epithelial and mesenchymal mRNA
markers. Intriguingly, we found that the presence of M+
CTCs tended to correlate with metastasis, and that the number
of CTCs as well as the number of M+ CTCs correlated with
advanced disease and metastasis. These results suggest that
high CTC numbers, especially those positive for mesenchy-
mal markers, contribute to the development of metastasis, and
that EMT is related to this process in CRC. However, in a
multivariate analysis adjusting for other factors, we found that
only the association between M+ CTC number and metastasis
remained significant, indicating that not all patients with high
CTC numbers or mesenchymal marker-positive CTCs will
develop metastasis. Previous studies have indicated that
CTC numbers may serve as risk factors for CRC pro-
gression [39, 40]. Consistent with these studies, we
found that the presence of > 6 CTCs or>3 M+ CTCs
per 5 ml blood made patients more likely to have PD,
while the presence of < 6 CTCs or<3 M+ CTCs per
5 ml blood was more commonly found in patients with
NPD, indicating an association between both total CTC
and M+ CTC numbers and disease progression in CRC.

Several additional studies have suggested that the presence
of CTCs in the peripheral blood of CRC patients may be
associated with a poor prognosis [13, 14, 39, 40].
Concordantly, we found that both the PFS and OS rates were
poorer in patients with > 6 CTCs or>3 M+ CTCs per 5 ml
blood than in patients with < 6 CTCs or < 3 M+ CTCs per 5 ml
blood. On the other hand, we found through univariate Cox
regression analyses that total CTC and M+ CTC numbers
were related to PFS but not to OS. It is also noteworthy that
after adjusting for age, sex, TNM stage, tumor differentiation
and metastasis, only the association between total CTC
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number and PFS remained significant with a reduced statisti-
cal strength. These observations suggest that total CTC num-
bers overlap with patient characteristics and provide addition-
al independent prognostic value.

LGRS, a member of the G protein-coupled receptor
(GPCR) family of proteins, serves as a marker of cancer stem
cells that are relevant for the development and progression of
CRC [17, 18, 22]. Consistent with previous reports [28-30],
we found that high LGRS expression in CTCs was associated
with CRC metastasis, which suggests that LGRS is involved
in this process. As such, assessment of LGRS expression in
CTCs could be useful for metastasis evaluation in CRC pa-
tients. No significant correlations were observed between
LGRS5 expression and other clinical parameters such as
TNM stage, disease progression and survival. This discrepan-
cy may be attributed to differences in ethnic population back-
ground, sample size, technical issues or others. We conclude
that additional large sample studies to ascertain the clinical
prognostic value of LGRS are warranted.

In summary, we found that higher total CTC or M+ CTC
numbers are associated with advanced disease, metastasis and
a poor survival in CRC patients. Multivariate analysis re-
vealed a significant association between M+ CTC number
and metastasis and that total the CTC number may serve as
an independent prognostic factor for a poor PFS. Our data also
indicate that assessment of LGRS expression in CTCs may be
a novel and promising strategy for metastasis evaluation
in patients with CRC. Since our study cohort is limited
in size, further large-scale studies will be needed to
confirm our current data. In addition, it will be impor-
tant to explore putative correlations between dynamic
changes in CTC numbers and phenotypes, and re-
sponses to therapy and survival in CRC.
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