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of cancer SCs (CSCs) was established in hematologic 
malignancies and recently in several human solid 
tumors including CRC.[9‑12] According to the CSC 
concept, CRC originates from a small fraction of cancer 
cells that show self‑renewal and pluripotency and is 
capable of initiating and sustaining tumor growth.[10,13]

Recent studies demonstrate that CD133, a cell surface 
antigen, has been widely used as a marker for 
identification and isolation of colorectal CSCs from 
malignant colorectal tissues.[10,14,15] These studies 
suggest that CRC clone is organized as a hierarchy that 

INTRODUCTION

Colorectal cancer (CRC) is one of the most commonly 
diagnosed and lethal cancers worldwide.[1‑3] In many 
years, CRC accomplishment has been explained as a 
multistep process that requires the accumulation of 
genetic/epigenetic aberrations in signal transduction 
pathways.[4‑6] A growing body of evidence is increasingly 
supporting the idea that human cancers can be 
considered as a stem cell (SC) disorder.[7,8] The existence 

Background: It is supposed that human colorectal cancer consists of a phenotypically distinct population of tumorigenic cancer 
cells known as cancer stem cells (CSCs) which play a pivotal role in cancer progression, maintenance, metastasis, and the relapse. 
The aim of this effort was to investigate and compare biological characterizations of CD133+ with CD133− cell subsets isolated from 
both primary and metastatic human colorectal tumors. Materials and Methods: Using our optimized protocols, unfixed colorectal 
tumors were enzymatically and mechanically dissociated into single cells followed by evaluation of postdigestion viability. The 
obtained single cell suspensions were then subjected to cell sorting using magnetic beads according to CD133 marker. The resultant 
CD133+ and CD133− cell subsets were cultured in specific cell culture medium followed by aldehyde dehydrogenases (ALDH) activity 
assessment and flow cytometric analyses. Results: The results demonstrate that CD133+ cells have smaller size and lower complexity 
of intracellular structure, sphere formation ability, and ALDH enzyme activity while CD133− cells isolated from primary colon cancer 
samples were not able to form a sphere and did not show ALDH enzyme activity. Intriguingly, CD133− cells isolated from metastatic 
colorectal cancer specimen were able to form a sphere and shown ALDH enzyme activity. The present study indicates that our 
results are in agreement with SC theory and possibility of the existence of cellular plasticity among cancer subpopulations should 
be portrayed. Conclusion: We also conclude that this cellular plasticity is greatly affected by tumor microenvironment cues and the 
role of CSCs niche in cancer therapeutic strategies should be precisely considered.
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originates from rare SCs with CD133+ phenotype. These 
cells described to be responsible for tumor initiation, 
progression, maintenance, metastasis, and the relapse of 
the CRC.[14‑17] Furthermore, since the most of the current 
cellular data of colorectal CSCs such as cell size, complexity 
of intracellular structure, sphere formation ability, and 
aldehyde dehydrogenases (ALDH) enzyme activity 
have been restricted to cell line studies as well as little 
is known about these features in CSCs separated from 
colorectal tumor tissues, therefore, a better realizing of 
cellular properties of CSCs isolated from patient specimen 
is aiding in understanding of the behavior of colorectal 
CSCs, as the root of cancer, and devising innovative and 
novel therapeutic strategies.[6,18] The present study aimed 
to investigate and compare cellular characteristics of both 
CD133+ and CD133− cell subsets isolated from both human 
primary and liver metastatic colorectal cancers.

MATERIALS AND METHODS

Collection of colon specimens
Patients were selected from referrals to Alzahra Hospital of 
Isfahan University of Medical Sciences. Human tumor tissues 
were obtained from twenty consenting patients (age range: 
45–79 years) undergoing colorectal resection [Table 1] 
according to the Internal Review and the Ethics Boards of 
the Isfahan University of Medical Sciences, Isfahan, Iran. 
The patients’ cancer status in both primary tumor site and 
liver was carefully evaluated for the location and extent of 
the cancer by a surgeon during surgery. Once the disease 
was localized to a surgically resectable area of the liver, 

patients were treated by wedge excision, segmentectomy, 
lobectomy, or extended lobectomy (trisegmentectomy) 
depending on the extent of disease. Twenty colorectal 
cancer specimens from the histologic diagnostic assessment 
and sampled by pathologists were collected in serum 
free‑Dulbecco’s modified Eagle’s medium (DMEM) 
containing 25 units/ml of penicillin and 25 μg/ml of 
streptomycin (at 4°C) and transferred to the laboratory 
within 30 min of surgery and immediately mechanically 
and enzymatically disaggregated.

Tissue disaggregation
In the laboratory, cancer tissues were extensively washed 
in phosphate‑buffered saline (PBS) containing antibiotics 
penicillin (500 IU/ml), streptomycin (500 μg/ml), and 
amphotericin B (1.25 μg/ml). To prepare single‑cell 
suspension, tumor tissues were minced into tiny 
fragments (~2 mm3), followed by enzymatic digestion 
with 1.5 mg/mL collagenase, 20 μg/ml hyaluronidase for 
1 h at under continuous shaking at 37°C. Cells were then 
filtered sequentially through 70 μm and 40 μm cell strainers, 
followed by a wash with excess MACS buffer. Red blood 
cells were lysed during a brief exposure to ammonium 
chloride (5 min at 4°C) and washed again with excess 
MACS buffer. All materials were obtained from Sigma, USA, 
exception MACS buffer from Miltenyi Biotec, Germany. 
Then, cells were subjected to magnetic bead separation.[19]

Magnetic cell sorting
All analyses and cell isolations were performed using 
freshly dispersed cell suspensions. Cell suspensions were 
incubated with a monoclonal CD133 antibody labeled 
with MicroBeads (Miltenyi Biotech) for 30 min at 4°C, and 
CD133+ cells were enriched using a MiniMACS magnet 
and MS columns (Miltenyi Biotech). Briefly, magnetic 
labeling with 1 μl CD133/1 microbeads/1 million cells was 
performed using the Miltenyi Biotec CD133 cell isolation kit. 
Ten microliters of CD133‑2‑PE (fluorochrome‑conjugated 
mouse monoclonal IgG1, clone 293C3; Miltenyi Biotec) was 
added for an additional 30 min to evaluate the efficiency of 
magnetic separation by flow cytometry. After incubation, 
cells were washed in MACS buffer (Miltenyi Biotec 
GmbH, Germany) and centrifuged at 300 ×g for 10 min. 
Magnetic cell separation was carried out on the MiniMACS 
column (Miltenyi Biotec) and the column was washed 
with MACS buffer to remove unbound cells. Positive and 
negative fractions were eluted with a double‑sensitive 
mode. After magnetic sorting, both cell subsets were 
counted on a neubauer counting chamber and cell viability 
was assessed using trypan blue exclusion. Aliquots of 
CD133+ and CD133− sorted cells were evaluated for purity 
by flow cytometry with an FACSCalibur machine (BD 
Biosciences, San Diego, USA). CD133+ and CD133− sorted cell 
populations were resuspended in DMEM/F12 with growth 

Table 1: Patient description and tumor characteristics
Patient Age/sex Tumor site Tumor 

differentiation
Tumor 
stage

P1 47/female Liver Moderate IV
P2 66/female Right colon Moderate IIIB
P3 65/female Rectosigmoid Well IIIB
P4 54/female Right colon Well to moderate I
P5 79/male Left colon Well to moderate IIA
P6 68/male Sigmoid Well IIA
P7 63/female Rectosigmoid Well IIA
P8 60/male Sigmoid Well IIA
P9 45/male Liver Poor IV
P10 79//male Right colon Moderate IIA
P11 59/male Liver Moderate IV
P12 61/female Liver Well IV
P13 77/male Rectosigmoid Moderate IIIB
P14 47/male Right colon Well to moderate IIIB
P15 48/female Liver Moderate IV
P16 61/male Rectosigmoid Well IIA
P17 75/female Rectosigmoid Well IIA
P18 71/male Right colon Well IIA
P19 73/male Rectosigmoid Well to moderate IIIB
P20 67/male Sigmoid Well to moderate IIIB
P = Patient
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hormones and supplements. All MACS procedures were 
performed according to the manufacturer’s instructions. 
The purity of isolated CD133+ regularly exceeded 95%.[19]

Sphere formation assay
Both postsorted CD133+ and CD133− cell compartments, 
as described above, were plated in 96‑well plates (Orange 
Inc., United Kingdom.) at a density of 100,000 cells per 
well in specific SC medium DMEM/F12 supplemented 
with glucose 6 mg/ml, NaHCO3 1 mg/ml, HEPES 5 mM, 
L‑glutamine 2 mM, heparin 4 μg/ml, BSA 4 mg/ml, bFGF 
10 ng/ml, EGF 20 ng/ml, apotransferrin 100 μg/ml, insulin 
25 μg/ml, putrescin 9.6 μg/ml, sodium selenite anhydrous 
30 nM, and progesterone 20 nM (Sigma, USA) without 
serum. Plates were gently spun at 500 rpm for 5 min at 
room temperature following plating. Plates were cultured 
in vitro (37°C and 5% CO2) for more than 28 days and media 
was replaced every 2 days. After reaching a confluency 
of 70%, CSCs colonies were splitted by the mechanical 
method through several ups and downs. Then, CSCs were 
centrifuged at 800 rpm for 5 min. Following centrifugation, 
cell pellet was resuspended in 3 mM EDTA plus 0.05 mM 
dithiothreitol in PBS or in 0.05% trypsin plus 0.02% EDTA 
until the cells were not well dissociated and incubated at 
37°C. After an incubation time of 5 min, cell suspension 
was centrifuged at 800 rpm for 5 min again. Specific 
medium for supernatant was discarded and the pellet 
containing CSCs was resuspended in the specific medium 
for next subcultures and passages. Images of each well 
were captured using an inverted microscope (Olympus 
Inc., USA). Moreover, to evaluate cell colony formation 
capacity in a specific medium, sphere formation assay was 
carried out. Colony formation in such specific medium is 
representative of self‑renewal activity of given cells.[20]

Analysis of aldehyde dehydrogenases enzyme activity
ALDH activity is a marker commonly used to isolate 
SCs, particularly CSCs and it was originally designed 
to isolate viable hematopoietic SCs. To describe ALDH 
activity of both CD133+ and CD133− cancer cell subsets, 
ALDEFLUOR® assay was performed. The assay is thought 
to specifically detect ALDH isoform ALDH1A1 activity. 
To assess ALDH activity of the two cell subsets, the 
ALDEFLUOR® assay kit (StemCell Technologies, Canada) 
was utilized. The basis for this assay is that uncharged 
ALDH substrate (BODIPY‑aminoacetaldehyde [BAAA]) 
is taken up by living cells via passive diffusion. Once 
inside the cell, BAAA is converted into negatively charged 
BODIPY‑aminoacetate (BAA) by intracellular ALDH. 
BAA − is then retained inside the cell, causing the cell to 
become highly fluorescent. Only cells with an intact cell 
membrane can retain BAA−, so only viable cells can be 
identified. The ALDEFLUOR® assay was conducted as 
described previously. Briefly, CD133− and CD133+ cells 

were harvested, placed in ALDEFLUOR® assay buffer 
(2 × 106/ml) and incubated with the ALDEFLUOR® 
substrate for 45 min at 37°C to allow substrate conversion. 
As a negative control for all experiments, an aliquot of 
ALDEFLUOR®‑stained cells was immediately quenched 
with 1.5‑mM diethylaminobenzaldehyde, a specific ALDH 
inhibitor. Cells were analyzed using the green fluorescence 
channel on a BD FACSCalibour flow cytometer (BD Inc., 
USA). K562 cell line as an ALDH‑positive SC fraction was 
labeled and assayed for ALDH activity in order to optimize 
and validate the flow cytometry protocol.[21,22]

RESULTS

The present effort enrolled 20 patients, aged 45 years or 
older (mean age, 63.25 years; range: 45–79) [Table 1].

To assess cell size and complexity of intracellular structure 
of CD133+ and CD133−, sorted CD133+ and CD133− cell 
subsets were analyzed by flow cytometry. Forward‑angle 
light scatter (FSC) and side‑angle light scatter (SSC) were 
used for cell size and complexity of intracellular structure, 
respectively. Our results show that CD133− cells are bigger 
and more complex than CD133+ cells. Figure 1a and b 
represent cell size and complexity of intracellular structure 
analyses, respectively. Culturing of both cell compartments 
revealed that CD133+ cells isolated from primary colon 
cancers were able to grow in specific medium while 
CD133− cells were unable to form colonies in specific serum 
free medium. Interestingly, both CD133+ and CD133− cells 
isolated from liver metastatic colon cancers were grown in 
specific serum‑free medium [Figure 1c].

The assay demonstrated that CD133+ cells show ALDH 
enzyme activity while CD133− cells isolated from primary 
colon cancer samples do not show ALDH enzyme activity. 
Intriguingly, CD133− cells isolated from metastatic 
colorectal cancer specimen exhibit ALDH enzyme activity. 
Figure 1d‑g are representatives of flow cytometric analysis 
of ALDH enzyme activity in both CD133− and CD133+ cell 
subsets.

DISCUSSION

In this study, we showed that phenotypic isolation of colon 
CSCs is not reliable and it should be further validated by their 
growth capacity in a specific cell culture. Moreover, herein, 
we also described the possibility of an interconversion 
between differentiated colon cancer cells and colon 
CSCs, a phenomenon that is more likely due to tumor 
microenvironment cues. This highlight the importance of 
cancer microenvironment cues in this phenomenon and 
potential of tumor microenvironment‑modulating agents 
in cancer therapy.
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SCs are undifferentiated cells that can differentiate into 
specialized cells. Some important distinct features of SCs 
are slowly cycling or fast cycling during homeostasis in vivo, 
low intracellular complexity (low SSC values), small size 
(low FSC values) with poor differentiation, and potential 
of high proliferation ability after injury or placement.[23,24]

A great deal of study revealed that hematological cancers 
and most of the solid tumors such as colorectal cancer 
contain a subpopulation which possess characteristics 
associated with normal SCs specifically the ability to 
give rise to all cell types found in a particular cancer 
sample.[9‑11,15] This subpopulation is also known of CSCs. 
In fact, this subset of cancer cells in some cancers exhibited 
higher tumorigenicity and proposed to cause relapse and 
metastasis by giving rise to new tumors. These cells were 
isolated and identified by different approaches from cell 
surface markers and cell culture methods to ability of dye 

elimination.[12,25‑27] Currently, identification and isolation of 
CSCs are largely dependent on the presence of specific cell 
surface markers, although the expression of such markers 
depends on various factors (e.g., the cell differentiation 
states and microenvironment factors).[28‑31] Many of the 
markers utilized to identify CSCs are derived from the 
surface markers known to be present on normal SCs. One 
of these markers, CD133, is a well‑described CSCs marker 
in various types of cancers including colorectal cancer.[15,25]

In this study, we speculated that if we could evaluate 
some cellular characteristics in two different cell subsets, 
an appropriate estimation would be available for cancer 
therapies and progression. Moreover, the study of these 
cellular characteristics in cancer cell subsets might be a 
suitable indicator for the evaluation of treatment outcome 
and even prediction of cancer relapse. In our study, we 
used the CD133 antigen as a CSC marker in order to 

Figure 1: (a) Tumor cell size. (b) Complexity of intracellular structure of a tumor. (c) Sphere formation assay. (d) Aldehyde dehydrogenases enzyme activity of 
CD133− cell subset isolated from primary colorectal cancer sample, (e) aldehyde dehydrogenases enzyme activity of CD133− cell subset isolated from liver metastatic 
colorectal cancer sample, (f) aldehyde dehydrogenases enzyme activity of CD133+ cell subset isolated from primary colorectal cancer sample, and (g) aldehyde 
dehydrogenases enzyme activity of CD133+ cell subset isolated liver metastatic colorectal cancer sample
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identify, isolate, and further investigate some cellular 
characteristics within human colon cancer tissues. In this 
study, we reported cell size and complexity of intracellular 
structure of two (CD133+ and CD133−) cell subsets isolated 
from human colorectal cancers. The results reported here 
clearly show that CD133− cells are bigger and more complex 
than CD133+ cells. These observations are in agreement with 
previous SC theory demonstrating SCs are small size with 
poor differentiation, and low complexity of intracellular 
structure.[23,24] Furthermore, intriguingly obtained results 
from sphere formation and ALDH enzyme activity assays 
revealed that contrary to our first assumption, CD133− cell 
subsets isolated from liver metastatic colorectal cancer 
samples, similar to CD133+ cell subsets isolated from both 
primary and liver metastatic colorectal cancer samples, were 
able to form sphere in vitro and exhibited ALDH enzyme 
activity. Our latter result would be indicated the ability 
for CD133+ cell subsets to produce CD133− cell subsets and 
surprisingly also CD133− cells to produce CD133+ cells, 
especially in metastatic state. These findings would be 
consistent with an earlier investigation where it exhibited 
that during the metastatic transition, CD133+ tumor cells 
might give rise to the more aggressive CD133– subset, which 
is also capable of tumor initiation in NOD/SCID mice.[14] Such 
a dynamic evokes one possibility, there is a dynamic relation 
between CD133+ and CD133− subpopulations and allows for 
interconversion between the two states. This equilibrium 
may be switched bidirectionally by tumor niche cues that 
influence the probability of interconversion between the 
CD133+ and CD133− cell compartments.[32,33] Another more 
recent study showed that there is a dynamic relationship 
among subpopulations of human breast cancer for a given 
phenotypic state over time. This study was explained by 
observations using Markov model in which cancer cells can 
be transit between phenotypic states (herein, for example, 
CD133+ and CD133− subpopulations) stochastically. 
According to this model, it has predicted that given certain 
conditions, any subpopulation of cancer cells come back to 
equilibrium based on phenotypic compartments over time 
and CSCs originate from non‑SCs (herein, CD133− cancer 
subpopulation). Collectively, these findings demonstrate 
that cancers are heterogeneous and also a phenotypic 
interconversion may be existing in populations of cancer 
cells which are greatly affected by tumor microenvironment 
cues.[34] The role of CSCs niche in cancer therapeutic 
strategies should be precisely considered and targeted. It 
seems that targeting of CSCs niche is as pivotal as or more 
pivotal than targeting of CSCs themselves. Nowadays, 
current cancer therapies are emphasizing on eradication 
or differentiation of CSCs as a therapeutic strategy in 
tumor‑derived CSCs; however, it would be predicted that 
recurrence of cancers will be inevitable because although 
they may target CSCs, the cancer niche is in the original 
state, in turn, normal tissue‑resident SCs or progenitors will 

be exposed to already existing transforming cues and maybe 
lead to new CSCs formation and finally cancer relapse.

CONCLUSION

It seems that new therapies should be directed against 
both CSCs niche and neoplastic SCs or their niche at least. 
The concept of the role of CSCs niche and its targeting 
appear to be a pivotal approach for treatment and/or cure 
of cancers. Ultimately, an understanding of the CSCs 
niche in addition to the CSCs themselves lead to a better 
understanding of the therapeutic approaches for future 
cancer therapy.
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