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Introduction
Colorectal cancer is ranked globally as the third most diagnosed 

cancer, and as a leading cause of cancer-related deaths [1]. In recent 
years, it has been hypothesised that cancer stem cells are the basis 
for both the development of solid tumours and their continuance. It 
is suggested by the cancer stem cell (CSC) model that a unique sub-
group of tumour resident cells are pluripotent and can give rise to 
the heterogeneous cell populations that constitute a tumour, through 
continued cycles of self-renewal and differentiation [2-4]. Stem cells 
isolated from colorectal cancer express a number of stem cell-specific 
surface markers, including amongst others, CD133, Epithelial cell 
adhesion molecule (EpCAM), CD44, CD166, and CD94f [4,5]. In 
the present study, CD133 and EpCAM expression were evaluated in 
colorectal adenocarcinoma cell lines, representative of early, mid and 
late stage colorectal tumours. 

Besides being a marker for colorectal cancer stem cells, CD133 
has been identified as a stem cell marker in a number of other solid 
tumours, including brain, liver, ovarian, lung, pancreas, prostate and 
skin cancers [6-8]. CD133 is a pentaspan trans-membrane protein that 
is detected by an antibody binding to its two glycosylated extracellular 
moieties [9,10]. Whilst its function is not clearly understood, this 
glycoprotein is localised to cell membrane protrusions and microvilli, 
where it associates with cholesterol domains, suggesting a functional 
role in membrane transport processes [11,12]. 

Similarly, to CD133, EpCAM or CD326 is a trans-membrane 
protein expressed in epithelial cells, having both extracellular and intra-
cytoplasmic domains, but with a single trans-membrane domain; and the 
extracellular domain containing two EGF-like repeats [13]. Functionally, 
it is associated with the regulation of calcium independent, cadherin 
mediated homophilic cell adhesion. EpCAM originally identified as a 
highly expressed cell surface marker on human colon carcinoma cells is 
also associated with a number of other rapidly proliferating carcinomas 
[14]. Moreover, raised expression levels of EpCAM have been linked 
with cellular de-differentiation and proliferation of tumour cells [15] 
with an associated increase in oncogenic c-myc expression [16]. 

As evidence indicates that CSCs are metastatic, highly drug resistant, 
and cause tumour relapse even after chemotherapy, they therefore present 
as novel targets in cancer therapy [2,17]. In the present study, the likely 
presence of CSC populations are evaluated in human adenocarcinoma 
cell lines originally established from early, mid- and late stage colon 
cancers, respectively. Here using flow cytometry, the co-expression of 
two cancer stem cell surface markers, CD133 and EpCAM are assessed in 
cells derived from each of the SW1116, HT29 and DLD1 cell lines. In this 
study, we hypothesise that the expression of these two cancer stem cell 
markers CD133 and EpCAM, increase with metastatic stage. 

Materials and Methods
Cell lines

The SW1116 cell line (ATCC, donated by Dr J. Magré, INSERM) 
was originally isolated from a 73 year old Caucasian male and represents 
a Dukes’ stage A (stage I) colon cancer. The HT29 (ATCC, Manassas, 
United States), microsatellite-stable cell line was derived from a 44 year 
old Caucasian female and is Dukes’ stage B (stage II) [18]. The Dukes’ 
stage C (stage III) DLD1 cell line (HSSRB, Osaka, Japan) was isolated 
from an adult male and is microsatellite-unstable, with inactivating 
APC mutations [19]. 

Each cell line was cultured in Dulbecco’s Modified Eagle’s 
Medium:Hams F12 (DMEM:F12, Invitrogen, Carlsbad, United 
States), supplemented with 10% foetal bovine serum (FBS, Invitrogen, 
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Abstract
In solid tumours, a discreet population of tumour associated cancer stem cells (CSCs) are proposed to drive 

and sustain tumour development and be responsible for tumour relapse. Colorectal cancer stem cells express cell-
specific surface markers, including amongst others, CD133, EpCAM, CD44, CD166, and CD94f. In the present 
study, we characterised cell populations in the human colon adenocarcinoma cell lines, SW1116, HT29 and DLD1, 
expressing both CSC markers CD133 and EpCAM. These cell lines represent early, mid and late stages of colorectal 
tumours, respectively. Up to 107 SW1116, HT29 and DLD1 cells, co-stained with anti-CD133 and anti-EpCAM, 
were evaluated using flow cytometry. We report here progressively increasing proportions of cells co-expressing 
the CD133/EpCAM epitopes in the respective cell lines. In the SW1116 cell line, 2.42 ± 0.20 percent of cells were 
CD133+EpCAM+, in the HT29 cell line, 5.13 ± 0.17 percent of cells were CD133+EpCAM+, and in the DLD1 cell line, 
10.30 ± 0.2 percent of cells were CD133+EpCAM+. These data suggest the frequency of CD133/EpCAM marker 
expression may be associated with tumour stage and aggression. 
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Carlsbad, United States) and 10 000U/ml penicillin with 10 000μg/
ml streptomycin (Lonza, Basel, Switzerland). The cells were incubated 
at 37°C with an atmosphere of 5% CO2 and 90% humidity and were 
passaged at 70% confluency, every 2-3 days. 

Antibodies

Anti-CD133/2 (293C3-PE, 50μg/ml) was obtained from Miltenyi 
Biotec (Bergisch Gladbach, Germany) and anti-EpCAM (FITC, 3μg/
ml) from BD Biosciences (Franklin Lakes, United States). The AC133 
epitope was used here since it and not the CD133 protein specifically 
identifies colon cancer stem cells [20]. 

Flow Cytometry

Up to 107 SW1116, HT29 and DLD1 cells were re-suspended 
in 80μl of a PBS solution (Sigma Aldrich, St. Louis, United States) 
containing 2mM EDTA (Sigma Aldrich, St. Louis, United States) and 
0.5% bovine serum albumin (Sigma Aldrich, St. Louis, United States), 
20μl FcR blocking reagent (Miltenyi Biotec, Bergisch Gladbach, 
Germany), 10μl CD133/2 antibody (PE) and 20μl EpCAM antibody 

(FITC), respectively. The cells were incubated in the dark at 4°C for 20 
minutes. Unstained cells served as a gating control and single stained 
cells served as compensation controls. The cells from each cell line 
were washed in 2ml of buffer, and centrifuged for 10 minutes at 300g. 
Next, the cells were re-suspended in a suitable amount of buffer and 
50 000 events were acquired on a BD LSR Fortessa flow cytometer (La 
Jolla, United States). The acquired data was analysed using “FlowJo” 
analysis software (version 9.4.11, TreeStar). To exclude doublets from 
singlets, the cells were gated on a forward scatter-area versus forward 
scatter-height graph and the singlets were further gated on a forward 
scatter-area versus side scatter-area graph. The results are presented as 
a proportion of cells, which is independent of the original sample size 
(see Figure 1). The experiment was repeated a further two times (N=3) 
using independent cell cultures.

Statistics

Microsoft Office Excel, 2007 was used for statistical analyses and 
cells expressing both surface markers were represented in bar graphs as 
means ± the standard deviation (SD) (95% CI). 

Figure 1: Dot plots showing increasing co-expression of CD133 and EpCAM in SW1116 (Dukes’ stage A), HT29 (Dukes’ stage B) and DLD1 (Dukes’ stage C) cell 
lines. Cells co-expressing CD133 and EpCAM (upper right quadrants in each stained dot plot) may represent CSC populations. Unstained cells were used to position 
quadrant gates (left column of dot plots) for each cell line and co-expression of CD133 and EpCAM was determined by staining with anti-CD133 (PE) and anti-EpCAM 
(FITC) antibodies. Each cell line was stained in triplicate.
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Results 
The CD133/2 and EpCAM antibodies that recognise the CD133 

and EpCAM epitopes respectively, were used to detect surface marker 
expression of CD133 and EpCAM in SW1116, HT29 and DLD1 cells. 
The unstained SW1116 cells were 99.5% negative for CD133 and 
EpCAM expression, and the unstained HT29 and DLD1 cells were 
100% negative for CD133 and EpCAM. The slight detection CD133 
and EpCAM positive cells within the unstained SW1116 population 
most likely relates to the high levels of autofluorescence detected in 
this cell line. The stained SW1116 cells, but not the HT29 and DLD1 
cell lines included a group of about 10.26% cells negative for both 
CD133 and EpCAM (Figure 1 and Figure 2A). With regards to EpCAM 
alone, a large percentage of cells expressed this epitope; approximately 
87.30% of SW1116 cells, 94.30% of HT29 cells and 89.30% of DLD1 
cells (Figure 2B). In assessing CD133 expression, CD133 positive cells 
also expressed EpCAM in each cell line (Figure 1 and Figure 2C). 
Moreover, the proportion of CD133 and EpCAM antigen co-expressing 
cells increased in the respective cell lines, which represent progressive 
stages of colorectal tumours; within the SW1116 cell line, about 2.42% 
of cells were CD133+EpCAM+, in the HT29 cell line, 5.13% of cells were 
CD133+EpCAM+, whilst within the DLD1 cell line, 10.30% of the cells 
were CD133+EpCAM+ (Figure 2C). 

Discussion 
In this study, the co-expression of the CD133 (AC133) and EpCAM 

epitopes identified a potential CSC population in each of the SW1116, 
HT29 and DLD1 colorectal adenocarcinoma cell lines. A combination 
of both markers may distinguish CSCs that are more tumourigenic, and 
supports the likelihood that these cells are CSCs. Here, we report an 
increase in the frequency of the CD133/EpCAM CSC population from 
early to mid– and late stage adenocarcinomas (stages I to III) (Figure 
2C). More specifically, there was a two-fold increase in CD133/EpCAM 
positive cell frequencies in the stage II derived HT29 cell line, when 
compared to the stage I sourced SW1116 cells. Within the DLD1 stage 
III cell population, there was a two-fold increase in cells co-expressing 
CD133/EpCAM in contrast to the HT29 cell line, and a four-fold increase, 
relative to the SW1116 cell line. From our in vitro study, it would seem 
that raised proportions of CSCs are associated with increasing tumour 
grade and may be an important prognostic factor [21]. 

Both CD133 and EpCAM are associated with poor patient 
prognosis. Shimada et al. [22] noted a significant correlation between 

increased CD133 mRNA expression levels and tumour stage, where 
patients with either stage II or stage III colorectal cancer had both poorer 
disease free and overall survival than in CD133 negative patients. More 
recently, raised CD133 levels were reported as a significant predictor for 
poor disease-free survival and for overall survival in stage II colorectal 
cancer [23]. In addition, tumour cells expressing EpCAM have 
been observed to proliferate more rapidly, to grow in an anchorage-
independent manner, and also have a reduced requirement for growth 
factors [24,25]. While the role of CD133 is unclear, it does interact in a 
regulatory signalling complex with histone deacetylase 6 (HDAC6) and 
β-catenin in colon and ovarian carcinomas [26]. Targeting of HDAC6 
expression or its activity, diminished CD133 signalling, leading to 
reduced tumourigenesis and increased cell death in colon and ovarian 
adenocarcinomas. In conclusion, the association of CD133 and EpCAM 
with the Wnt pathway, their seemingly functional roles in neoplasia, 
together with their raised frequency with tumour grade as showed here, 
makes for promising therapeutic targets. 
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