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Abstract 

Personalized medicine in oncology aims to tailor a particular dynamic treatment for the individual, starting from the 
diagnostic throughout therapy. To guide the appropriate treatment decisions, liquid biopsy is being used as a real time 
monitoring analysis targeting the detection and analysis of: (i) circulating tumour cells that shed from the tumours and 
circulate through the blood stream, (ii) circulating tumour DNA (cell free DNA originated from apoptotic and necrotic 
tumour cells) and (iii) exosomes of tumour origin. Many techniques were developed to isolate cells of epithelial origin in 
whole blood based on the expression of cell-surface markers like EpCAM and panCK. However, due to their low number (1 - 
10 cells/mL of whole blood) as compared to normal blood cells, enrichment strategies are to be developed for optimum 
results. In this context, the aim of this study was to develop a flow cytometry protocol to detect the circulating tumour cells in 
patients with colon cancer, with high impact on therapy modulation. 
 
Rezumat 

Medicina personalizată în oncologie își propune să individualizeze un anumit tratament, în mod dinamic, pornind de la 
diagnostic, pe tot parcursul terapiei. În acest sens, biopsia lichidă este utilizată ca o analiză de monitorizare în timp real, care 
vizează detectarea și analiza: (i) celulelor tumorale circulante, eliberate din tumori epiteliale, (ii) ADN tumoral circulant 
(ADN liber provenit din celule tumorale apoptotice și necrotice) și (iii) exozomi de origine tumorală. Au fost dezvoltate 
numeroase tehnici pentru izolarea celulelor de origine epitelială în sânge pe baza expresiei markerilor de suprafață EpCAM și 
panCK. Cu toate acestea, datorită numărului scăzut de celule tumorale circulante (1 - 10 celule/mL de sânge) în raport cu 
numărul celulelor sanguine normale, este necesară dezvoltarea unor strategii de concentrare. În acest context, scopul acestui 
studiu a fost dezvoltarea un protocol de citometrie în flux pentru detecția celulelor tumorale circulante la pacienții cu cancer 
de colon, cu impact asupra modulării terapiei. 
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Introduction 

Currently, cancer is a major cause of death worldwide, 
which has led to increasing interest in finding new and 
more effective therapies and monitoring approaches. 

Moreover, considering that tumours might alter their 
molecular genotype over time as a result of treatment, 
historical biopsy data might lose their relevance. In 
this regard, personalized medicine has gained ground in 
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recent years [1] and aims to tailor a particular dynamic 
treatment for the individual, starting from the diagnostic 
throughout therapy. To guide the appropriate treatment 
decisions, a real time monitoring analysis would be 
mandatory in order to accurately characterize at any 
time the tumour’s particular molecular profile. Not 
only this, but also the impediments caused by the 
tissue biopsy harvest have led to the development of 
the so called: “liquid biopsy”, a non-invasive analysis 
of the peripheral blood, that allows repeat sampling to 
monitor both the presence of the circulating tumour 
cells and the genetic changes over time without the 
need for a tissue biopsy [2, 3]. 
Liquid biopsies target the detection and analysis of 
three types of biomarkers: (i) circulating tumour cells 
that shed from the tumours and circulate through the 
blood stream, potentially initiating metastatic lesions 
development, (ii) circulating tumour DNA (cell free 
DNA originated from apoptotic and/or necrotic 
tumour cells) and (iii) exosomes of tumour origin 
(cell membrane covered small vesicles continuing 
functional biomolecules of tumour origin such as 
proteins, RNA or DNA) [4, 5]. Such ctDNA fragments 
contain considerable information that allows for more 
accurate characterization of the cancer type and, 
moreover, for complex analysis by next generation 
sequencing [6]. More, tumour-originated exosomes 
are thought to be a means to prepare a suitable micro-
environment of pre-metastatic niches [7]. 
CTCs have been detected in various metastatic 
carcinomas [8, 9]. However, considering that 1 ml of 
whole blood contains ~ 7 × 106 white blood cells and 
~ 5 × 109 red blood cells, their low number (~ 1 - 10 
CTCs per mL of whole blood) [10] makes them 
very difficult to be detected. Many affinity - based 
techniques such as the CellSearch assay [11] (the 
only FDA approved method of detecting CTCs in 
breast cancer), the Herringbone - CTC chip [12, 13], 
and flow cytometry - based approaches [14, 15] were 
developed to isolate cells based on the expression of 
cell-surface markers. Independent of the technique 
used, the detection of tumour cells by liquid biopsy 
targets mainly the epithelial cell adhesion molecule 
(EpCAM) [16] and the cytokeratins (panCK) [17] 
from the population of nucleated cells in the blood. 
Many of these selection technologies are criticized for 
their reliance on cell-surface expression of EpCAM 
to capture (and define) CTCs because some tumours 
down-regulate expression of this marker during EMT 
[18, 19]. Additional markers such as: HER-2 [20, 21], 
EGFR [22, 23], MUC-1 [24, 25] or SOX-2 [26, 27] 
could be relevant for targeting colon cancer cells. 
In this context, the current study aims to develop a 
circulating colorectal tumour cells detection protocol 
by using flow cytometry. For this, according to the 
above state of the art we selected a colorectal tumour 
specific antigens panel and validated it both by confocal 
microscopy and flow cytometry on HT-29 colorectal 

adenocarcinoma cells. Next, we developed an HT-29 
enrichment protocol from blood samples by comparing 
the outcomes of the positive and negative selection 
strategies after fluorescent staining with the appropriate 
antibodies and flow cytometry analysis of the samples. 
 
Materials and Methods 

Cell culture model and blood samples 
HT-29 human colon adenocarcinoma cells (ATCC – 
American Type Culture Collection – HTB-38) were 
grown in standard conditions of culture (37ºC, under 
humidified atmosphere and 5% CO2) in Dulbecco`s 
modified Eagle`s Medium (DMEM), supplemented 
with 10% foetal bovine serum (FBS) and 1% cell 
culture specific antibiotic/antimycotic mix. 
For propagation, cells were detached from the mono-
layers by enzymatic treatment with trypsin/EDTA and 
split 1:3, two times per week. 
The blood samples were harvested by qualified medical 
staff and all the medical procedures were performed in 
compliance with the Helsinki Declaration. The blood 
samples were provided by LotusMed under agreement 
with OncoTeam Diagnostic for research purposes. 
All the in vitro studies presented in this paper were 
approved by the University of Bucharest Ethical 
Committee (reference number: 1/28.02.2018). 
Tumour specific antigens panel validation 
Based on the literature screening we selected the 
following target antigens in order to detect colorectal 
tumour cells in the peripheral blood of the patients 
already diagnosed with this pathology: EpCAM, 
Her-2, EGFR, panCK, c-MET, MUC-1 and Sox-2. 
Considering both the fluorochromes spectral overlap 
and the configuration of our instruments (Carl Zeiss 
LSM710 confocal microscope and Beckman Coulter 
CytoFLEX flow cytometer), we have designed the 
antibodies panel presented in Table I. 

Table I 
Antibodies panel for HT-29 adenocarcinoma cells 

detection 
 Antigen Fluorochrome 

1 EpCAM FITC 
2 Her-2 PerCp Cy 5.5 
3 EGFR APC 
4 panCK AF647 
5 c-MET AF700 
6 MUC-1 AF750 
7 Sox-2 PB 

 
Furthermore, we subjected to validation by confocal 
microscopy and flow cytometry this antigens panel on 
HT-29 adenocarcinoma cells in order to confirm both: 
(i) the expression of these markers in our in vitro 
cellular model and (ii) the technical possibility of their 
detection with the instruments available in our labs. 
Confocal microscopy validation of antigens panel. 
HT-29 adenocarcinoma cells were seeded at an initial 
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density of 2.5 x 104 cells/cm2 on coverslips, in 24 well-
plates. After 24 h of culture in standard conditions, 
the culture medium was removed and the monolayers 
were washed with PBS twice. Next, the cells were 
fixed with 4% para-formaldehyde (PFA) and after a 
PBS wash step; the cell membrane was permeabilized 
with 2% bovine serum albumin (BSA) and 0.1% 
Triton X-100 solution. After another PBS wash step, 
the monolayers were incubated overnight at 4ºC 
with the following antibodies solution (each solution 
was prepared according to the manufacturer’s 
indication): EpCAM-FITC (StemCell Technologies, 
code: 60136FI), Her-2-PerCp Cy5.5 (Biolegend, code: 
324416), EGFR-APC (Biolegend, code: 352906), 
panCK-AF647 (Santa-Cruz Biotechnology, code: 
sc-8018-AF647), c-MET-AF700 (Novusbio, code: 
FAB3582N), MUC-1-AF750 (Novusbio, code: 
FAB6298S) and Sox-2-PB (Biolegend, code: 656112). 
The next day, the antibodies solutions were removed 
and after a PBS wash step, the nuclei of the cells 
were stained with DAPI for 1 h at room temperature 
and darkness. In the end, the monolayers were 
inspected using the 405, 488 and 543 nm excitation 
laser lines of a Zen710 Carl Zeiss confocal microscope. 
The specimens were observed with a Zeiss 20x 0.5 
NA objective and the images were captured and 
analysed using the Carl Zeiss Zen 2010 software, 
version 6.0.    
Flow cytometry validation of antigens panel. HT-29 
adenocarcinoma cells were harvested by enzymatic 
treatment with trypsin/EDTA solution from the 75 cm2 
culture flasks, counted in a Burker-Turk chamber and 
distributed in analysis tubes (105 cells/sample). The 
cells were fixed using component A from the Fix& 
Perm kit (Nordic Mubio, GAS-002), centrifuged and 
washed with PBS. The permeabilization and staining 
steps were performed simultaneously by incubating 
the cells in the component B from the Fix&Perm kit 
(Nordic Mubio, GAS-002) containing the following 
antibodies (the antibodies concentrations were in 
accordance with the manufacturer’s indications): 
EpCAM-FITC (StemCell Technologies, code: 
60136FI), Her-2-PerCp Cy5.5 (Biolegend, code: 
324416), EGFR-APC (Biolegend, code: 352906), 
panCK-AF647 (Santa-Cruz Biotechnology, code: 
sc-8018-AF647), c-MET-AF700 (Novusbio, code: 
FAB3582N), MUC-1-AF750 (Novusbio, code: 
FAB6298S) and Sox-2-PB (Biolegend, code: 
656112). Isotype control samples were additionally 
prepared by using the following antibodies: IgG- 
FITC (Beckman Coulter, code A07795), IgG- PerCp 
Cy5.5 (Biolegend, code 400149), IgG- APC (Biolegend, 
code 400121), IgG- AF700 (Novusbio, code IC002N), 
IgG-AF750 (Novusbio, code IC002S) and IgG-PB 
(Biolegend, code 400131). After this step, the cells 
were washed, resuspended in 0.5 mL PBS and 
acquired in Cytoflex flow cytometer (Beckman 
Coulter). All the samples were prepared in triplicate. 

Positive selection of HT-29 cells from peripheral 
blood samples 
HT-29 adenocarcinoma cells were harvested by 
enzymatic treatment from the culture flasks, counted 
and spiked into a blood sample (106 HT-29 cells/ 
sample) to be isolated by using EasySepTM Human 
EpCAM Positive Selection Kit (StemCell Technologies, 
code 18356). Briefely, 10 mL of peripheral blood 
containing HT-29 cells were diluted 1:1 with 2% 
FBS supplemented DPBS (StemCell Technologies, 
code 7905) in a 50 mL SepMateTM tube (StemCell 
Technologies, code 86450). Lymphoprep gradient 
density medium (StemCell Technologies, code 7811) 
was added and then the tube was centrifuged at 
1.200 x g for 10 minutes. The enriched fraction was 
collected, centrifuged at 300 x g for 10 minutes and 
the cellular pellet was re-suspended in 1 mL of cold 
medium. This cells suspension containing HT-29 cells 
was added in a 5 mL round bottom tube and mixed 
with 100 µL Selection Cocktail from the above 
mentioned kit. After 20 minutes of incubation at 4ºC, 
50 µL of Magnetic Particles were added and further 
incubated for another 15 minutes at 4ºC. Next, cold 
medium was added up to 2.5 mL (total volume) and 
the tube was placed into the magnet (StemCell 
Technologies, code 18000) at room temperature. 
After 5 minutes, the supernatant was discarded and 
the resulting cells were re-suspended in cold culture 
medium and further used for flow cytometry analysis 
of their phenotype. 
Negative selection of HT-29 cells from peripheral 
blood samples 
HT-29 adenocarcinoma cells were harvested by 
enzymatic treatment from the culture flasks, counted 
and spiked into a blood sample (106 HT-29 cells/ 
sample) to be isolated by using RosetteSepTM Human 
CD45 Depletion Cocktail (StemCell Technologies, 
code 15122), based on negative selection strategy. 
Briefly, 10 mL of peripheral blood containing HT-29 
cells were diluted 1:1 with 2% FBS supplemented 
DPBS (StemCell Technologies, code 7905) in a 50 mL 
SepMateTM tube (StemCell Technologies, code 86450). 
Lymphoprep gradient density medium (StemCell 
Technologies, code 7811) containing RosetteSepTM 
Cocktail from the depletion kit was added and then 
the tube was centrifuged at 1.200 x g for 10 minutes. 
The enriched fraction was collected, and the cells 
were further used for their phenotype analysis by 
flow cytometry. 
Flow cytometry characterization of the isolated cells 
All the isolated cells were fixed using component A 
from the Fix&Perm kit (Nordic Mubio, GAS-002), 
centrifuged and washed with PBS. The permeabilization 
and staining steps were performed simultaneously 
by incubating the cells in the component B from the 
Fix&Perm kit (Nordic Mubio, GAS-002) containing 
the following antibodies (the antibodies concentrations 
were in accordance with the manufacturer’s indications): 
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EpCAM-FITC (StemCell Technologies, code: 60136FI), 
panCK-AF647 (Santa-Cruz Biotechnology, code: 
sc-8018-AF647), MUC-1-AF750 (Novusbio, code: 
FAB6298S) and CD45-V500 (Becton Dickinson, 
code 560779). The EpCAM staining was done only 
for the cells isolated based on the negative selection 
strategy, as all the cells isolated based on the positive 
selection strategy were supposed to be EpCAM 
positive. CD45 staining was performed in order to 
confirm the depletion of CD45+ cells. After staining, 
the samples were analysed using a Cytoflex flow 
cytometer (Beckman Coulter). 
Data analysis 
All the samples were prepared in 3 biological replicates. 
The confocal microscopy images were acquired and 
analysed using the Zen 2010 Software, version 6.0. 
All the flow cytometry data were obtained and 
analysed using the CytExpert Software version 
2.0.0.153 and Kaluza Software version 1.5a (Beckman 
Coulter). 
 
Results and Discussion 

One of the main reasons in choosing flow cytometry 
for the development of a liquid biopsy protocol was 
the flexibility of selecting the panel of markers of 
interest. Considering that each tumour cell type could 

be characterized by a tumour - specific panel of 
antigens, this flow cytometry protocol could be easily 
adjusted depending on the cancer type to be detected. 
However, the major milestone to be overcome in 
order to validate such a protocol is the detection of 
the tiny epithelial-like population inside the normal 
blood cells populations. 
In order to achieve this, we developed in this study 
an in vitro model for the detection of circulating 
colorectal cancer cells in peripheral blood. For this, we 
designed a seven colours panel of colorectal specific 
antigens, we selected the markers expressed in our 
particular experimental conditions both by confocal 
microscopy and flow cytometry and we developed 
an efficient protocol for the recovery of the tumour 
colorectal cells from peripheral blood. 
Confocal microscopy validation of the designed panel 
of antigens 
The monolayers of HT-29 adenocarcinoma cells were 
double stained for: (i) one of the following antigens 
of interest: EpCAM, Her-2, EGFR, panCK, c-MET, 
MUC-1 and Sox2, and (ii) cells nuclei (DAPI staining). 
The specimens were inspected using the Zeiss710 
Carl Zeiss confocal microscope and a selection of the 
most relevant images captured with the Zen 2010 
software, version 6.0. is presented in Figure 1. 

 

 
Figure 1. 

Confocal microscopy images of HT-26 adenocarcinoma cells stained with a) EpCAM-FITC, b) Her-2-PerCp 
Cy5.5, c) EGFR-APC, d) panCK-AF647, e) c-MET-AF700, f) MUC-1-AF750, g) Sox-2-PB and DAPI (blue 

fluorescence) for the nuclei labelling 
 
As shown in Figure 1, our data shows that we were 
able to identify positive fluorescence signal only for 
EpCAM and panCK markers, when all the samples 
displayed a positive staining with DAPI, for the 
labelling of the nuclei. 
 

Flow cytometry validation of the designed panel of 
antigens 
HT-29 adenocarcinoma cells were stained for each of 
the following antigens: EpCAM, Her-2, EGFR, panCK, 
c-MET, MUC-1 and Sox2 in separate tubes. The 
corresponding Isotype controls were prepared in order 
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to accurately determine the positive fluorescence 
signal for each antigen. The histograms showing the 

fluorescence signal on each detector were presented 
in Figure 2. 

 

 
Figure 2. 

Flow cytometry histograms of the HT-29 adenocarcinoma cells single stained with EpCAM-FITC, Her-2-PerCp 
Cy5.5, EGFR-APC, panCK-AF647, c-MET-AF700, MUC-1-AF750 and Sox-2-PB and their corresponding 

isotype controls 
 
As shown in Figure 2, the flow cytometry analysis 
confirmed the confocal microscopy observations in 
terms of EpCAM and panCK expression as the 
intensity of their corresponding fluorochromes: FITC 
and AF647 were found increased as compared to 
the isotype control. In addition, we were able to 

identify by flow cytometry only, the expression of 
MUC-1 antigen on HT-29 cells. 
In conclusion, based on both confocal microscopy and 
flow cytometry results, we decided to develop our 
detection protocol by using the EpCAM and panCK 
antigens. Additionally, considering that according to 
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the literature HT-29 cells express the MUC-1 antigen 
[28] and that we were able to detect it by flow 
cytometry, we decided to add this marker to our 
panel. 
HT-29 adenocarcinoma cells isolation from peripheral 
blood samples by using EpCAM positive selection 
strategy 
The cells isolated based on EpCAM positive selection 
strategy were analysed by flow cytometry in order to 
evaluate the efficiency of the HT-29 adenocarcinoma 
cells recovery from the peripheral blood. In this view, 
the isolated cells were labelled with antibodies against 
panCK, MUC-1, to highlight the population of interest 
and also with the CD45 antibody, to identify any 

potential residual blood cells specific population in 
the sample. The resulting Forward Scatter (FS)/Side 
Scatter (SS) and panCK/MUC-1 dot plot as well as 
the histogram corresponding to CD45 conjugated 
fluorochrome were presented in Figure 3. 
The cells isolated from the peripheral blood by EpCAM 
positive selection strategy were distributed in two 
populations. Further analysis of these populations 
proved that one was positive for CD45 and one was 
negative for this marker. The CD45 positive population 
represents 47.06% from all the cells (Figure 3a). More, 
the CD45 negative population was found to be 
doubled positive for panCK and MUC-1 (Figure 3b). 

 

 
Figure 3. 

Flow cytometry diagrams of the cells isolated from peripheral blood using EpCAM positive selection strategy: 
a) CD45-V500 histogram and b) panCK-AF647/MUC-1-AF750 dot plot 

 
HT-29 adenocarcinoma cells isolation from peripheral 
blood samples by using CD45+ cells depletion as 
negative selection strategy  
The cells isolated using the CD45+ depletion as a 
negative selection strategy were analysed by flow 
cytometry in order to evaluate the efficiency of the 
HT-29 adenocarcinoma cells recovery from the 
peripheral blood. In this view, the isolated cells were 

labelled with antibodies against EpCAM, panCK, 
MUC-1, to highlight the population of interest and 
also with the CD45 antibody, to identify any potential 
residual blood cells specific population in the sample. 
The resulting Forward Scatter (FS)/Side Scatter (SS) 
dot plot as well as the histograms corresponding to 
EpCAM, panCK, MUC-1 and CD45 conjugated 
fluorochromes were presented in Figure 4. 

 

 
Figure 4. 

Flow cytometry diagrams of the cells isolated from peripheral blood by CD45+ depletion as a negative selection 
strategy: a) CD45-V500 histogram and b) EpCAM-FITC/panCK-AF647 dotplot, c) EpCAM-FITC/MUC-1-

AF750 dot plot 
 
The cells isolated from the peripheral blood by CD45 
depletion as a negative selection strategy were 
distributed in two populations, of which one positive 

for CD45 and one negative for CD45 (96.04 % out of 
all the cells in the sample). More, the CD45 negative 
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population was found to be triple positive for EpCAM, 
panCK and MUC-1 (Figures 4b and 4c). 
 
Conclusions 

In our in vitro experimental model, we were able to 
validate the expression of EpCAM, panCK and MUC-1 
markers in HT-29 adenocarcinoma cells. More, we 
were able to detect 47.06% panCK and MUC-1 double 
positive cells from the EpCAM positive population 
isolated by positive selection strategy from a peripheral 
blood sample containing HT-29 cells. Furthermore, 
following the colon adenocarcinoma cells spike into 
peripheral blood samples we were able to detect 
96.04% EpCAM, panCK and MUC-1 triple positive 
cells out of the cells population isolated by CD45+ 
depletion as a negative selection strategy. 
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