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ABSTRACT

Introduction: Liver is the most common site of distant metastasis in colorectal 
cancer (CRC). Early diagnosis and appropriate treatment selection decides overall 
prognosis of patients. However, current diagnostic measures were basically imaging 
but not functional. Circulating tumor cells (CTCs) known as hold the key to understand 
the biology of metastatic mechanism provide a novel and auxiliary diagnostic strategy 
for CRC with liver metastasis (CRC-LM).

Results: The expression of CD133+ and CD133+CD54+CD44+ cellular subpopulations 
were higher in the peripheral blood of CRC-LM patients when compared with those 
without metastasis (P<0.001). Multivariate analysis proved the association between 
the expression of CD133+CD44+CD54+ cellular subpopulation and the existence of CRC-
LM (P<0.001). The combination of abdominal CT/MRI, CEA and the CD133+CD44+CD54+ 
cellular subpopulation showed increased detection and discrimination rate for liver 
metastasis, with a sensitivity of 88.2% and a specificity of 92.4%. Meanwhile, it also 
show accurate predictive value for liver metastasis (OR=2.898, 95% C.I.1.374–6.110).

Materials and Method: Flow cytometry and multivariate analysis was performed 
to detect the expression of cancer initiating cells the correlation between cellular 
subpopulations and liver metastasis in patients with CRC. The receiver operating 
characteristic curves combined with the area under the curve were generated to 
compare the predictive ability of the cellular subpopulation for liver metastasis with 
current CT and MRI images.

Conclusions: The identification, expression and application of CTC subpopulations 
will provide an ideal cellular predictive marker for CRC liver metastasis and a potential 
marker for further investigation.

INTRODUCTION

One of the critical prognostic factors for CRC is 
the existence of liver metastasis and approximately 50% 
to 60% of CRC patients will develop synchronous or 

metachronous liver metastasis sooner or later [1-5]. Thus, 
the clinical evaluation of synchronous liver metastasis is 
necessary to determine an effective treatment strategy thus 
ultimately improve the survival of patients with CRC [2]. 
Currently, the diagnosis of liver metastasis mainly based 
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on CT and MRI images. However, these methods have 
limited value in precise diagnosis of early progression 
of liver metastasis or differential diagnosis from benign 
nodules of liver. Therefore, it is imperative to identify 
novel functional biomarkers in its diagnosis.

Tumor cells circulating in the blood stream are 
referred as circulating tumor cells (CTCs) [6] while a 
fraction of these CTCs are known as metastasis-initiating 
cells (MICs) [7]. The MICs hold the key to understand 
the biology of metastatic mechanism while also served as 
novel biomarkers of noninvasively measuring of tumor 
genotypes. The emergence of increasingly advanced 
and sensitive technologies to measure and isolate CTCs 
provides the opportunity to study these MICs in detail. 
Current approaches in cell selection mainly rely on those 
physical properties, expression of cell surface biomarkers, 
or functional characteristics of CTCs [6-8]. For example, 
the CellSearch System by Veridox enumerates those 
epithelial cell adhesion molecule (EPCAM) expressing 
carcinoma cells [9]. Nevertheless, recent studies have 
demonstrated that the disseminating carcinoma cells may 
undergo kind of epithelial-to-mesenchymal transition 
(EMT), which may result in at least partial down 
regulation or even loss of epithelium-specific molecules 
[10-12]. Thus, the use of the epithelial antigen EPCAM as 
a selection marker may not be an optimal choice due to its 
low sensitivity with a median yield of approximately one 
CTC per milliliter [11,12].

To circumvent these limitations, additional methods to 
detect CTC surface markers have been developed, including 
flow cytometry in the form of fluorescence-activated cell 
sorting (FACS) [6,13]. Furthermore, an abundance of cell 
surface markers, such as CD133 [14,15], CD44 [15,16], 
CD26 [17,18], CD24 [19], CD166 [20,21], have been 
reported to be useful in detection and identification of tumor 
cells, cancer initiating cells and CTCs, in breast, prostate, 
lung, colon, rectum, and other solid tumors. Previously, we 
found that the rare CD44+CD54+ cellular subpopulation in 
rectal [22] and gastric cancer tissues [23] can potentially 
identify the early progression of cancer. Here in this study, 
we aimed to investigate and identify new cell surface 
markers or their combinations that could be used as the 
baseline to measure CTC in the peripheral blood of patients 
with CRC. We hypothesized that the cellular subpopulations 
of CTCs in the peripheral blood have the potential of 
predicting liver metastasis in patients with CRC.

RESULTS

Cellular subpopulation with stable CD133+ 
expression could be used as the baseline 
measurement for peripheral blood CTCS in 
patients with CRC

Firstly, we collected 20 peripheral blood 
samples from 10 CRC patients and 10 age-matched 

healthy controls. The expression of thirteen cell 
surface markers, associated with epithelial cancers 
or poor prognosis were measured and compared 
between the two groups (Supplementary Table S1). 
Stable expression of CD26+, CD44+, CD54+, CD133+, 
EPCAM+ was demonstrated in the peripheral blood 
of both CRC and healthy controls by flow cytometry. 
Furthermore, compared with control, the expression 
of CD133+ was significantly higher in the CRC group 
(Supplementary Table S1, Figure 1). As showed in 
Figure 1, CD133+ cellular subpopulation could easily 
be identified from CD133- cellular subpopulation by 
flow cytometry. These data suggested an enrichment of 
CD133+ cellular subpopulation in CRC patients while 
the CD133+ cellular subpopulation could be used as the 
baseline measurement for CTCs in the peripheral blood 
of CRC patients in FACS analysis.

Identification of CD133+ Based CTC 
subpopulations in the peripheral blood of 
patients with CRC

Next, we measured the co-expression of three 
biomarkers to screen the potential biomarkers of 
metastasis-related in CRC. The first combination is 
CD133, CD54 and CD44, and the second combination 
is CD133, CD26 and CD44. Twenty peripheral blood 
samples were collected from five healthy controls, five 
patients with early stage CRC, five with N+ CRC (CRC-
LN), and five with CRC and liver metastasis (CRC-LM)). 
Flow cytometry analysis found that the co-expression of 
both the above 2 combinations was higher in the CRC-
LM group when compared with the other three groups. 
However, no significant difference was observed between 
the other three groups (Figure 1b, 1c, 1d, and 1e). In 
addition, the expression and co-expression of CD133, 
CD44, CD54 and CD26 were also examined in the cells 
suspension derived from fresh tissue of colorectal cancer 
and liver metastases. We found that the expression of the 
CD133+CD54+, CD133+CD26+, CD133+CD54+CD44+, 
CD133+CD26+CD44+cellular subpopulation was 
significantly higher in liver tissues (Figure 2b, 2c, 
and 2d). These data indicated that cells expressing 
CD133+CD54+CD44+ and CD133+CD26+CD44+ in the 
peripheral blood were associated with liver metastasis.

The relationship between clinicopathological 
characteristics and CTC subpopulations

Then, we collected 100 peripheral blood samples 
from CRC patients, including 36 patients with early stage 
CRC, 30 CRC-LN patients and 34 CRC-LM patients. In 
addition, we also collected 33 peripheral blood samples 
from healthy individuals. The relationship between 
clinicopathological characteristics of included patients 
and CTC subpopulations was summarized in Table 1  and 
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Figure 1: The expression of CD133+, CD133+CD54+CD44+ and CD133+CD26+CD44+ cellular subpopulation in the 
peripheral blood of CRC patients and individuals. a. Left. Gating strategy to detect cellular subpopulation in whole blood or blood 
depleted of hematopoietic cells by FACS. Middle and right. Gating strategy to select DAPI-CD45- cells. b - e. Plots are gated on DAPI-

CD45- cells. Contour plots show the expression of CD133+, CD133+CD54+CD44+ and CD133+CD26+CD44+ cellular subpopulation in the 
peripheral blood of CRC patients and health individuals. Percentages of cells are indicated for each gate or plot quadrant. (b, c, d, e) Left. 
The expression of CD133+ cellular subpopulation. (b, c, d, e) Low right. The expression of CD133+CD54+CD44+ cellular subpopulation. 
Right upper. The expression of CD133+CD26+CD44+ cellular subpopulation. (b) Peripheral blood of health individual. (c) Peripheral blood 
of early CRC patient (Dukes I/II). (d) Peripheral blood of CRC patient with lymph node metastasis (Dukes III). (e) Peripheral blood of CRC 
patient with liver metastasis (Dukes IV).
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Figure 3, 4. We found that liver metastasis is significantly 
associated with serum CEA levels (P<0.001), serum CA19-
9 levels (P <0.001), extra nodal tumor deposits (P<0.001), 
CD133+ subpopulation (P <0.001), CD133+CD44+ 
subpopulation (P=0.001), CD133+CD54+ subpopulation 

(P<0.001), CD133+CD44+CD26+ subpopulation 
(P<0.001) and CD133+CD44+CD54+ subpopulation 
(P<0.001). No clinicopathological characteristics or 
cellular subpopulations of CTCs found to be associated 
with lymph node metastasis (Table 1, Figure 3 and 4.). 

Figure 2: The expression of CD133+CD54+, CD133+CD26+, CD133+CD54+CD44+ and CD133+CD26+CD44+ cellular 
subpopulation in the cells suspension of tissues. a. Gating strategies to select DAPI- cells in the cells suspension. Plots are gated 
on the DAPI- cells. Contour plots show the expression of CD133+CD54+, CD133+CD26+, CD133+CD54+CD44+ and CD133+CD26+CD44+ 
cellular subpopulation in the cells suspension of CRC liver metastases, CRC primary tissue and corresponding normal tissues. b. Cells 
suspension of corresponding normal tissue. c. Cells suspension of CRC primary tissue. d. Cells suspension of CRC liver metastases.



Oncotarget77393www.impactjournals.com/oncotarget

Table 1: Clinical characteristics and cellular subpopulations of CTCs of CRC

Liver metastasis P value Lymph node metastasis P value

No (n) Yes (n) No (n) Yes (n)

Gender (male: female) 44:22 18:16 0.180 24:12 20:10 1

Age (years) 62.85±10.47 58.32±11.79 0.053 63.78±11.85 61.73±8.58 0.434

Locations 0.337 0.011

Rectum 47 21 21 26

Colon 19 13 15 4

Serum CEA levela (n) <0.001 0.295

0 43 5 26 17

1 9 10 6 4

2 11 14 3 7

3 3 5 1 2

Serum CA19-9 levelb (n) <0.001 0.336

0 47 15 28 20

1 12 8 6 5

2 6 3 2 5

3 0 8 0 0

Extra nodal tumor 
deposits

<0.001 0.051

Absent 60 14 35 25

Present 6 20 1 5

CD133+ subpopulation 
(×103)

2.81±0.23 6.12±0.67 <0.001 2.78±0.26 2.83±0.21 0.920

CD54+ subpopulation 
(×103)

136.80±26.29 340.12±40.15 0.003 42.97±11.26 100.02±18.42 0.082

CD26+ subpopulation 
(×103)

69.85±12.48 238.77±40.69 0.005 50.29±8.61 94.68±15.97 0.177

CD44+ subpopulation 
(×103)

183.87±40.69 254.37±68.80 0.370 95.50±14.04 289.91±57.10 0.053

CD133+CD44- 
subpopulation (×103)

1.87±0.39 2.48±0.57 0.427 0.99±0.13 1.47±0.27 0.047

CD133+CD44+ 
subpopulation(×103)

0.57±0.11 1.07±0.45 0.001 0.54±0.12 0.61±0.13 0.628

CD133-CD44+ 
subpopulation (×103)

7.54±0.72 17.64±2.67 0.003 6.99±0.86 7.12±0.53 0.947

CD133+CD54- 
subpopulation (×103)

0.97±0.18 1.84±0.19 0.023 1.16±0.19 1.42±0.24 0.054

CD133+CD54+ 
subpopulation (×103)

0.65±0.07 1.71±0.19 <0.001 0.58±0.14 0.73±0.17 0.378

CD133-CD54+ 
subpopulation (×103)

1.48±0.17 3.13±0.52 0.021 1.66±0.21 1.27±0.13 0.379

(Continued )
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Furthermore, we compared the cellular subpopulations of 
CTCs between health individuals and CRC patients. The 
results also indicated that the relationship between CRC and 
CD133+ subpopulation (P<0.001), CD54+ subpopulation 
(P=0.046), CD133+CD44+CD54+ subpopulation 
(P=0.003), CD133+CD44+CD54+ subpopulation (P=0.005), 
and CD133+CD44-CD54+ subpopulation (P=0.005) 
(Supplementary Table S2, Figure 3, 4.). No cellular 
subpopulation of CTCs found to be associated with early 
CRC (Supplementary Table S2, Figure 3, 4.).

Univariate and multivariate analysis of factors 
related to liver metastasis of CRC

To investigate the potential risk factors for CRC and 
liver metastasis, multivariable logistic regression analysis 
was performed using significant variables (Table 2 and 
Supplementary Table S3). Expression levels of serum 
CEA, CD133+CD44+CD54+ cellular subpopulation and 
extranodal tumor deposits showed predictive value for 
liver metastasis (P<0.05), and the odds ratios are 3.352 

Liver metastasis P value Lymph node metastasis P value

No (n) Yes (n) No (n) Yes (n)

CD133+CD26- 
subpopulation (×103)

0.26±0.03 0.47±0.05 0.022 0.26±0.03 0.26±0.02 0.977

CD133+CD26+ 
subpopulation (×103)

0.38±0.09 1.61±0.31 0.007 0.45±0.12 0.30±0.03 0.529

CD133-CD26+ 
subpopulation (×103)

64.65±12.14 210.81±37.03 0.008 43.27±7.58 91.79±15.96 0.129

CD26+CD44- 
subpopulation (×103)

36.71±8.86 128.90±24.50 0.012 38.86±5.60 69.38±12.56 0.195

CD26+CD44+ 
subpopulation (×103)

25.79±6.31 94.63±36.21 0.010 17.38±4.21 43.89±8.12 0.118

CD26-CD44+ 
subpopulation (×103)

4.76±0.98 13.47±1.65 0.004 4.87±1.15 4.61±0.73 0.919

CD54+CD44- 
subpopulation (×103)

61.47±12.78 121.80±19.56 0.057 65.86±9.87 193.64±35.29 0.042

CD54+CD44+ 
subpopulation (×103)

63.58±14.81 128.45±15.29 0.043 33.49±4.59 99.69±21.01 0.070

CD54-CD44+ 
subpopulation (×103)

23.92±2.90 46.16±5.49 0.039 19.24±3.04 29.53±2.65 0.152

CD133+CD44+CD26- 
subpopulation (×103)

0.20±0.01 0.47±0.05 0.227 0.19±0.01 0.20±0.02 0.892

CD133+CD44+CD26+ 
subpopulation (×103)

0.18±0.02 0.53±0.06 <0.001 0.16±0.02 0.20±0.02 0.503

CD133+CD44-CD26+ 
subpopulation (×103)

0.84±0.19 2.70±0.56 0.028 0.16±0.02 0.19±0.02 0.590

CD133+CD44+CD54- 
subpopulation (×103)

0.11±0.02 0.11±0.01 0.857 0.09±0.01 0.14±0.02 0.195

CD133+CD44+CD54+ 
subpopulation (×103)

0.31±0.03 0.91±0.11 <0.001 0.26±0.02 0.37±0.04 0.165

CD133+CD44-CD54+ 
subpopulation (×103)

0.32±0.05 0.75±0.29 0.021 0.24±0.02 0.31±0.03 0.762

CD133+CD44-CD54- 
subpopulation (×103)

1.19±0.32 1.31±0.37 0.115 1.01±0.26 1.20±0.31 0.521

a CEA 0 <5 ng/ml, 1>5 to<20 ng/ml, 2>20 to <100 ng/ml, 3>100 ng/ml
b CA19-9 0 <20 ng/ml, 1>20 to<50 ng/ml, 2>50 to <200 ng/ml, 3>200 ng/ml
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Figure 3: The comparison of the expression of cellular subpopulations in the peripheral blood of CRC patients and 
health control (Hc). The comparison of cellular subpopulations ( the expression of CD133, CD44, CD26 and CD54 respectively or two 
markers federatively) in the peripheral blood of CRC patients and health control. As Hc for the health individuals, I/II for CRC patients with 
Dukes I/II (early CRC), III for CRC patients with Dukes III (CRC patients with lymph node metastasis), IV for CRC patients with Dukes 
IV (CRC patients with liver metastasis). (**P<0.001, *P<0.05).
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(95%C.I., 1.824–6.839), 2.898 (95%C.I.1.374–6.110), 
25.820 (95%C.I.5.155–129.322), respectively. In addition, 
the expression levels of the CD133+CD44+CD26+ cellular 
subpopulation was also associated with the diagnosis of 
CRC (Supplementary Table S3). These data suggested 
that the CD133+CD44+CD54+ cellular subpopulation of 
peripheral blood was associated with liver metastasis of 
CRC thus has the potential of serving as novel predictor 
of liver metastasis.

CD133+CD44+CD54+ expression in peripheral 
blood may serve as a serum auxiliary diagnostic 
marker for liver metastasis of CRC

To validate the predictive ability of the 
CD133+CD44+54+ and CD133+CD44+26+ cellular 
subpopulations examined in peripheral blood, we 
calculated the ROC curve and the AUC for above 2 co-
expression cellular subpopulation and compared with 

Figure 4: The comparison of the expression of cellular subpopulations in the peripheral blood of CRC patients and 
health control (Hc). The comparison of cellular subpopulations (the expression of CD133, CD44, CD26 and CD54, two or three markers 
federatively) in the peripheral blood of CRC patients and health control. As Hc for the health individuals, I/II for CRC patients with Dukes 
I/II (early CRC), III for CRC patients with Dukes III (CRC patients with lymph node metastasis), IV for CRC patients with Dukes IV (CRC 
patients with liver metastasis). (**P<0.001, *P<0.05).
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those of CEA and abdomen CT/MRI in different test 
groups. The sensitivity of the CD133+CD44+CD26+ 
cellular subpopulation was higher than serum CEA in 
both diagnosis of CRC and early-stage CRC (70.4% 

vs. 50.0% and 61.1% vs. 27.8%, respectively) (Table 3, 
Supplementary Figure S2, left panel). The specificity 
and the AUC of those two marker combinations were 
similar in both the diagnosis of CRC and early-stage 

Table 2: Univariate and multivariate logistic regression analysis of expression of cellular subpopulation of CTCs and 
clinical characteristics for liver metastasis

Variable Univariate logistic analysis Multivariate logistic analysis

Regression 
coefficient

P 
value

Odds 
ratio

Confidence 
interval

Regression 
coefficient

P 
value

Odds 
ratio

Confidence 
interval

Age -0.38 0.058 0.963 0.926-1.001

Serum CEA 1.252 <0.001 3.498 1.998-6.125 1.262 <0.001 3.532 1.824-6.839

Serum CA19-9 0.749 0.007 2.115 1.226-3.647

Extra nodal tumor 
deposits

2.621 <0.001 13.750 4.508-41.938 3.251 <0.001 25.820 5.155-129.322

CD133+ 
subpopulation

<0.001 0.002 1.002 1.001-1.003

CD26+ 
subpopulation

<0.001 0.031 1.001 1.000-1.002

CD54+ 
subpopulation

0.001 0.010 1.001 1.000-1.002

CD133+CD26- 
subpopulation

<0.001 0.037 1.001 1.000-1.002

CD133+CD26+ 
subpopulation

0.615 0.003 1.850 1.224-2.795

CD133-CD26+ 
subpopulation

0.001 0.044 1.001 1.000-1.003

CD133+CD44+ 
subpopulation

0.697 0.002 2.007 1.296-3.109

CD133-CD44+ 
subpopulation

0.006 0.022 1.006 1.001-1.011

CD133+CD54- 
subpopulation

0.001 0.028 1.001 1.000-1.002

CD133+CD54+ 
subpopulation

0.611 0.011 1.841 1.149-2.952

CD133-CD54+ 
subpopulation

0.002 0.039 1.002 1.000-1.003

CD133+CD44+CD26+ 
subpopulation

0.601 0.019 1.823 1.103-3.012

CD133+CD44-

CD26+ 
subpopulation

<0.001 0.075 1.000 1.000-1.001

CD133+CD44+CD54+ 
subpopulation

0.645 0.002 1.907 1.259-2.888 1.064 0.005 2.898 1.374-6.110

CD133+CD44-

CD54+ 
subpopulation

<0.001 0.005 1.001 1.000-1.002
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CRC (Table 3, Supplementary Figure S2). Concerning 
liver metastasis of CRC, abdomen CT/MRI achieved 
78.6% sensitivity and 84.8% specificity, significantly 
higher than CEA level and the CD133+CD44+CD54+ 
cellular subpopulation (53.6% and 81.8% for CEA, 
71.0% and 75.4% for the CD133+CD44+CD54+ cellular 
subpopulation, respectively) (Table 3, Figure 5 left 
panel).

We next calculated the ROC and the AUC for 
the combinations of abdomen CT/MRI, CEA and 
CD133+CD44+CD54+ cellular subpopulation in samples 
with liver metastasis (CRC-LM1) and without (CRC-
LM0). Combination 3, abdomen CT/MRI plus CEA and 
CD133+CD44+CD54+ cellular subpopulation, showed 
increased detection and discrimination rate, with a 
sensitivity of 88.2%and a specificity of 92.4%, much 
higher than that of Combination 1 (abdomen CT/MRI plus 
CEA, 70.6% and 84.8% respectively) and Combination 
2 (abdomen CT/MRI plus CD133+CD44+CD54+ cellular 
subpopulation, 73.5% and 90.9% respectively). Thirty 
of 34 CRC-LM1 cases and 61 of 66 CRC-LM0 cases 
were correctly classified by combination 3, while four 
CRC-LM0 and five CRC-LM1 cases misclassified by 
combination 3. Most importantly, 37 patients with liver 
nodes could not be classified properly by single CT/MRI 
method. For these 37 patients, 15 of 19 CRC-LM1 cases 
and 13 of 18 CRC-LM0 cases were correctly classified 
by combination 3, while four CRC-LM0 cases and five 
CRC-LM1 cases misclassified. The AUC for Combination 

3 was 0.903 (95% confidence interval 0.830-0.976) 
(Table 3, Figure 5 right panel). These data indicated that 
CD133+CD44+CD54+ cellular subpopulation of peripheral 
blood could be used as an auxiliary diagnostic marker for 
liver metastasis of CRC-LM improving the early detection 
of liver metastasis.

DISCUSSION

Liver metastasis is the most important prognostic 
factor for CRC and the major cause of cancer-associated 
death in patients with CRC [1]. Therefore, the early 
and precise detection of liver metastasis is valuable in 
improving the overall prognosis of patients with CRC 
[2, 24-27]. The aim of this study was to investigate the 
cellular subpopulation of CTCs that may serve as a marker 
for the existence of CRC and/or CRC-LM.

We found that CD133, CD54, CD44 and CD26 is 
stably expressed in circulating cancer cells of the peripheral 
blood using FACS analysis and that the CD133+cellular 
subpopulation could be used as the baseline to select CTCs 
in patients with CRC due to its high expression. CD133 
has been accepted as a cancer stem cell marker for colon 
cancer [28-30] and the expression of CD133 in the CRC 
primary tissue or liver metastases has been reported to 
be a significant prognostic factor [15,31,32]. Although 
antibody-mediated selection of EPCAM was still widely 
used as the CTC-enumerating techniques, several studies 
investigated the potential of CD133 as a cell surface 

Table 3: Receiver operating characteristic curves (ROC) and the corresponding values of area under the curve 
(AUC) for CRC and CRC liver metastasis

Characteristic Sensitivity (%) Specificity (%) AUC Confidence 
interval

CRC

 CEA 50.0% 84.4% 0.625 0.517-0.733

 CD133+CD44+CD54+ 66.3% 75.0% 0.707 0.604-0.810

 CD133+CD44+CD26+ 70.4% 75.0% 0.727 0.625-0.829

Early CRC

 CEA 27.8% 84.4% 0.514 0.376-0.652

 CD133+CD44+CD54+ 58.3% 75.0% 0.667 0.537-0.797

 CD133+CD44+CD26+ 61.1% 75.0% 0.681 0.552-0.809

CRC with liver metastasis

 CEA 53.6% 81.8% 0.677 0.552-0.802

 CD133+CD44+CD54+ 71.0% 75.4% 0.707 0.583-0.832

 CT/MRI 78.6% 84.8% 0.817 0.715-0.919

 CT/MRI+CEA 70.6% 84.8% 0.777 0.674-0.881

 CT/MRI+ CD133+CD44+CD54+ 73.5% 90.9% 0.822 0.725-0.919

 CT/MRI+CEA+CD133+CD44+CD54+ 88.2% 92.4% 0.903 0.830-0.976
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marker in detection and isolation of CTCs. According 
to recent understanding, disseminating tumor cells may 
down-regulate their expression of epithelial-specific 
proteins via EMT transition and the EPCAM- or EPCAMlow 
CTCs might be undetectable by EPCAM-based detection 
and isolation methods such as the CellSearch [10-12]. To 
circumvent these limitations, additional cell surface makers 
and marker-based CTC detection and enrichment platforms 
should be evaluated.

In this study, we observed that the expression 
of CTC subpopulations CD133+CD54+CD44+ and 
CD133+CD26+CD44+ were significantly higher in the 
peripheral blood of CRC-LM patients when compared 
with those without liver metastasis. Moreover, we also 
proved the association between CD133+CD44+CD54+ 
cellular subpopulation and the existence of CRC-LM 
through multivariate analysis. CD54 (intercellular 
adhesion molecule-1) is a member of the immunoglobulin 
super-family and is widely expressed in tumors, stroma 
and immune cells [33]. CD44 is one of the most frequently 
described markers of cancer initiating cells in numerous 
other malignancies and has been described as a signature 
of colon carcinoma initiating cells [14,16]. Even though, 
the present result is consistent with our previous finding 
in colorectal cancer initiating cells, the markers CD44 and 
CD54 have not yet been used to detect and isolate CTCs.

Cancer initiating cells (CICs) were identified as a rare 
cellular subpopulation with self-renewal, tumor-initiating, 
motile, invasive, heightened resistance to apoptosis, and 
instrumental to facilitating metastasis. However, CTCs 
possess the ability to reconstruct metastatic tumor that are 
similar to primary tumor and share the features of CICs 

[6,7,34,34]. CTCs held the capability of metastases were 
known as metastatic initiating cells (MICs). Previously, 
cellular subpopulations such as CD26+, CD133+CD44+, 
CD133+CXCR4+ had been sorted and identified as 
CICs or MICs [14,17,36]. The existence and phenotype 
of MICs had not been demonstrated in the peripheral 
blood until recently when the MICs were identified in 
the peripheral blood of primary human luminal breast 
cancer using a xenograft assay [37]. In this study, the 
CD133+CD54+CD44+ and CD133+CD26+CD44+cellular 
subpopulations were highly expressed in the peripheral 
blood of CRC-LM and multivariate analysis showed 
that the CD133+CD44+CD54+ cellular subpopulation 
was associated with liver metastasis. These findings 
share the similar biomarkers with MIC derived from 
breast cancer [37]. Thus, we hypothesized that the 
CD133+CD44+CD54+ cellular subpopulation is a fraction 
of CD44+CD54+ CICs located in the peripheral blood 
of patients with CRC. Further studies are needed to 
isolate the CD133+CD44+CD54+ cellular subpopulation 
from peripheral blood or tumor tissue of CRC patients, 
investigating the metastatic potential of this subpopulation 
by xenograft assay.

In patients with CRC, the early and precise detection 
of liver metastases offers the opportunity to perform liver-
targeted therapy [2,26,27]. Nowadays, the general means 
of diagnosis is radioactive imaging with or without serum 
CEA and CA19-9 levels. The sensitivities of imaging 
methods for detecting liver metastasis range from 57% to–
100% for ultrasound, 36%–99% for abdomen CT, 69%–
96% for abdomen MRI according to current publications 
[27,38,39]. In our study, the sensitivity and specificity of 

Figure 5: The receiver operating characteristics curves (ROC) and the corresponding values of area under the curve 
(AUC) of CD133+CD54+CD44+ cellular subpopulation of peripheral blood, CEA, CT/MRI or the combinations for 
CRC liver metastasis. Left The ROC and AUC of CD133+CD54+CD44+ cellular subpopulation of peripheral blood, serum CEA level and 
CT/MRI for CRC liver metastasis. Right The ROC and AUC of CT/MRI combination with serum CEA level and/ or CD133+CD54+CD44+ 
cellular subpopulation of peripheral blood for CRC liver metastasis. The combination 1 (combination of abdomen CT/MRI with CEA), 
combination 2 (combination of abdomen CT/MRI with the CD133+CD44+CD54+ cellular subpopulation) and combination 3 (combination 
of abdomen CT/MRI with CEA and the CD133+CD44+CD54+ cellular subpopulation).
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CT/MRI was 78.6% and 84.8%, respectively. Meanwhile, 
the sensitivity of the CD133+CD44+CD54+ cellular 
subpopulation was higher than that of CEA (71.0%vs. 
53.6%) for liver metastasis. These data indicated that 
CD133+CD44+CD54+ cellular subpopulation of peripheral 
blood could be used as an auxiliary diagnostic marker for 
liver metastasis.

The combination of abdomen CT/MRI with 
CD133+CD44+CD54+ cellular subpopulation and CEA 
showed increased detection and discrimination rate, 
and achieved the most satisfactory levels of sensitivity 
(88.2%) and specificity (92.4%). Furthermore, the marker 
combination is capable of discriminating metastasis 
from control samples, with an AUC equal to 0.903 (95% 
C.I.0.830–0.976). The CD133+CD44+CD54+ cellular 
subpopulation of peripheral blood may play a role in 
prediction of liver metastases and served as an auxiliary 
diagnosis marker. Current studies mainly focused on 
the clinical significance of CTCs as a prognostic or 
predictive factor [40-45] (predicting response to specific 
therapies). Although several studies demonstrated the 
diagnostic capabilities of metastatic proteins for CRC 
liver metastasis, our combination is more robust in both 
design and performance [46,47]. However, whether the 
CD133+CD44+CD54+cellular subpopulations of peripheral 
blood could be used as an auxiliary diagnosis marker for 
CRC and CRC-LM, or play a role in the postoperative 
follow-up needs further investigation.

In summary, we showed that the CD133+ cellular 
subpopulation could be used as the baseline to select and 
isolate CTCs in the peripheral blood of CRC patients 
through the FACS platform. Our studies identified that 
the expression of the CD133+CD54+CD44+cellular 
subpopulation of CTCs was significantly higher in the 
peripheral blood of CRC patient and was associated 
with liver metastasis. Furthermore, we found that the 
CD133+CD44+CD54+ cellular subpopulation of peripheral 
blood maybe used as an auxiliary diagnosis marker for 
liver metastasis. The molecular characterization and 
metastatic capacity of the CD133+CD44+CD54+ cellular 
subpopulation of peripheral blood warrants further 
investigation in vitro and in vivo.

MATERIALS AND METHODS

Sample collection

Peripheral blood samples were obtained from CRC 
patients at the Department of Gastrointestinal Surgery and 
from age-matched healthy individuals at the Department 
of Health Care Center, West China Hospital, Sichuan 
University, Guoxue Line 37, Chengdu, China. Primary 
CRC and hepatic metastatic samples were obtained from 
patients undergoing surgical resection at the Department 
of Gastrointestinal Surgery, West China Hospital, Sichuan 
University, Guoxue Line 37, Chengdu, China. Informed 

consent was obtained from all of the included individuals 
and the protocol was approved by the Institutional Review 
Board of West China Hospital, Sichuan University, 
Guoxue Line 37, Chengdu, China.

Sample preparation

Peripheral blood samples were collected in a 5 ml 
Vacutainer tube containing EDTA as an anticoagulant and 
the CRC blood sample was collected before surgery or 
radiochemotherapy. All samples were shipped on ice to 
the laboratory and analyzed within 24 hours. Firstly, 4 ml 
of whole blood, 4 ml of red cell lysing/fixative solution 
and 32 ml of distilled water were mixed and incubated 
for 15 min. Red cell debris was washed out with two 
cycles of centrifugation (300 × g for 15 min and 10 min). 
After washing, phosphate buffered saline (PBS) was 
added to 200 µl of cell suspensions and added 4–10 µl 
each of fluorochrome labeled antibodies according to 
the protocol. The suspension was incubated in the room 
temperature for 30 min. The cells were then washed to 
remove excess reagents by centrifugation (300 × g for 10 
min). After the final wash, 0.8 ml of PBS was added and 
the cell suspension was added to the FACS Calibur (BD 
Biosciences, San Jose, CA, USA).

Fresh tissue specimens from primary CRC, liver 
metastatic cancer and the comparative normal tissues 
were immediately minced on ice, suspended in the PBS 
and then shipped to the laboratory. Next, the tissue was 
gently minced and filtered (100 um) to remove large 
aggregates. The samples were then incubated for 60 min 
at 37 ˚C suspended in 50 ml of PBS containing 0.05% 
collagenase, with continuous stirring. The cell suspension 
was filtered (40 um) and then washed by centrifugation 
(300 × g for 15 min). After washing, PBS was added to the 
cells and incubated with fluorochrome labeled antibodies 
as described above.

Flow cytometry analyses and sorting of CTCs

CTCs from cells suspension were characterized by 
multiparameter flow cytometry. The antibodies used in 
this study include: anti-human CD133-APC, CD44-FITC, 
CD44-APC-Cy7, CD54-Percp-cy5.5, CD54-PE, CD24-
PE/Cy7, CD10-PECF594, CD26-PE, CD166-Percp-cy5.5, 
CD45-BV510, CD58-PE, CD66-PE, CD71-PE, CD117-
PE, EPCAM-Percp-cy5.5, and EGFR-PE (all of the above-
mentioned antibodies were purchased from BD Biosciences). 
DAPI was used to identify the dead cells. Evaluation of 
nucleated cells from whole cells suspensions was carried 
out using a FACS Canto Flow Cytometer (BD Biosciences) 
and data were analyzed using BD FACS Diva software. A 
range of internal quality assurance procedures was employed, 
including daily calibration of the optical alignment and fluidic 
stability of the flow cytometer using the seven-color Set-up 
Beads (BD Biosciences). The absolute CTCs or antibody-
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positive cell number was derived from the absolute number 
of the white blood cells provided by the hematological 
analyzer and percentage of CTCs or antibody-positive cell as 
determined by flow cytometry, using the following formula: 
percentage of cells × white blood cells count/100.

Clinical information

All CRC patients were enrolled in the Department 
of Gastrointestinal Surgery, West China Hospital, Sichuan 
University, Guoxue Line 37, Chengdu, China from 
January 2014 to March 2015. All of the patients received 
an examination to determine the stage of cancer, including 
physical examination, colonoscopy, specimens histology, 
complete blood count, liver function, serum carcino-
embryonic antigen (CEA), serum carbohydrate antigen 
19-9 (CA19-9), thorax contrast-enhanced computed 
tomography (CT), abdomen contrast-enhanced CT or 
contrast-enhanced magnetic resonance imaging (MRI). 
The clinical T stage, lymph node metastasis and liver or 
lung metastases were made by the multidisciplinary teams 
though the iconographic examinations. The treatment 
decision for the patients, including surgical resection, 
preoperative chemotherapy, radiochemotherapy, palliation 
chemotherapy, radiochemotherapy, or palliation surgery 
was also made by the multidisciplinary teams.

Statistical analyses

All of the experimental data were expressed as 
mean ± SD and statistically analyzed. The distribution 
of nominal- or ordinal-scaled variables was compared 
using the Pearson x2 test. Cardinal variables were tested 
for normal distribution by the Kolmogorov–Smirnov 
test. Explorative comparison of independent groups 
was performed by the t test for normal distribution and 
the Mann–Whitney U test (two groups) or Kruskal–
Wallis test (more than two groups) for the abnormal 
distributions. Univariate and multivariate analyses of 
potential metastatic predictive variables were carried out 
using the logistic regression model. Receiver operating 
characteristic (ROC) curves and the corresponding 
values of area under the curve (AUC) were generated 
to compare the predictive sensitivity and specificity. All 
statistical tests were performed two-sided, and P values 
less than 0.05 (P<0.05) were considered to be statistically 
significance. All statistical analyses were performed using 
SPSS Statistics Version 22 (SPSS Software, Inc., Chicago, 
IL, USA) and the GraphPad Prism 5 statistical software 
(GraphPad Software, Inc., San Diego, CA, USA).
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