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Abstract
AIM: To isolate and identify the biological characteris-
tics of human colon cancer stem cells (SW1116 cells) 
and further study their proteome.

METHODS: SW1116 cells were isolated and cultured 
with a serum-free medium (SFM). Sphere formation 
was assayed to observe the formation of colon cancer 
stem cell spheres. SW1116 cells were inoculated into a 
serum-containing medium for observing their differenti-
ation characteristics. Proliferation curve and cross-resis-
tance of SW1116 cells to different drugs were detected 
by MTT. Percentage of SP cells in SW1116 cells was de-
tected with Hoechst33342 staining. Telomerase activity 
in SW1116cells was checked by polymerase chain reac-
tion (PCR)-enzyme linked immunosorbent assay. Ex-
pressions of stem cell relevant genes and proteins were 
detected by reverse transcription-PCR and Western blot, 
respectively. Total protein was isolated from SW1116 
cells by two-dimensional gel electrophoresis (2-DE) and 

differentially expressed proteins were identified by tan-
dem mass spectrometry (MALDI-TOF/TOF).

RESULTS: The isolated SW1116 cells presented as 
spheroid and suspension growths in SFM with a strong 
self-renewal, proliferation, differentiation and drug-re-
sistance ability. The percentage of SP cells in SW1116 
cells was 38.9%. The SW1116 cells co-expressed the 
CD133 and CD29 proteins. The telomerase activity in 
SW1116 cells was increased. The expressions of differ-
ent stem cell relevant genes and proteins were detect-
ed. The proteomic analysis showed that the 26 protein 
spots were differently expressed in SW1116 cells and 
10 protein spots were identified as ubiquitin fusion-
degradation 1-like protein, nuclear chloride channel 
protein, tubulin b, Raichu404X, stratifin, F-actin cap-
ping protein a-1 subunit, eukaryotic translation elon-
gation factor 1 delta isoform 2, hypothetical protein, 
glyceraldehyde-3-phosphate dehydrogenase and gua-
nine nucleotide binding protein b polypeptide 2-like 1, 
respectively.

CONCLUSION: SW1116 cells are biologically charac-
terized by self-renewal, proliferation and differentia-
tion, and the differently expressed proteins in SW1116 
cells may be essential for isolating cancer stem cells.
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INTRODUCTION
Colon cancer is the leading cause of  cancer-related death 
in developed countries[1]. Although its incidence has sig-
nificantly reduced in most Asian countries, the incidence 
of  colorectal cancer in Japan is increasing due to western-
ized diets. More information on factors influencing the 
increase, progression, and metastasis of  colon cancer 
will lead to the development of  its novel diagnostic and 
treatment methods. One of  these factors is stem cells, 
but their function in the early stage of  cancer is not com-
pletely understood.

Stem cells are defined as cells able to perpetuate them-
selves through self-renewal and to generate mature cells 
of  a particular tissue through differentiation. They play an 
important role in the maintenance of  organ homeostasis 
and may be responsible for tumorigenesis and contribute 
to resistance to cancer therapy[2]. Since the identification 
and characterization of  cancer stem cells (CSC) in hema-
tological malignancies, an increasing number of  studies 
have described CSC in solid tumors such as ovarian tu-
mor[3], colon tumor[4], lung tumor[5], breast tumor[6], liver 
tumor[7], melanoma[8] and pancreatic tumor[9], raising that 
the cancer stem cell hypothesis can be applied to all neo-
plastic systems. CSC are more important than other tumor 
cells because they are capable of  self-renewing, differen-
tiating, and maintaining tumor growth and heterogeneity, 
thus playing an important role in both tumorigenesis and 
therapeutics. However, research has been hampered by 
the lack of  distinct molecular markers for CSC.

The most recent research findings have extended the 
criteria for CSC to human colon cancers, suggesting that 
colon carcinoma is organized in a hierarchical fashion, 
where only a CD133+ small subset of  cells with self-
renewal properties are able to recapitulate the bulk tumor 
population[4,10]. CD133+ cells within colon carcinoma 
can be propagated in vitro as spheroid culture retains the 
tumorigenic capacity under these conditions. The high 
resistance of  CD133+ cells to apoptosis induced by che-
motherapeutic drugs is additionally consistent with the 
cancer stem cell hypothesis, whereas the number of  CSC 
is particularly resistant to death-induced signals. In addi-
tion to CD133- based identification of  colon cancer stem 
cells, Dalerba and co-workers[11] have recently reported an 
alternative protocol for the isolation of  human colon CSC 
by exploiting the surface phenotype EpCAMhigh/CD44+/
CD166+. In their study, EpCAM and CD44 antigens were 
selected on the basis of  their previously described expres-
sion in human breast cancer stem cells. CD166 is known 
as a mesenchymal stem cell marker and its increased ex-
pression in colon cancer is associated with a poor clinical 
outcome[12]. In this study, a comparative proteomic analy-
sis of  a human colon CSC line was performed to find 
more specific phenotypic markers for colon cancer.

MATERIALS AND METHODS
Reagents and cell line
Human colon cancer cells (SW1116 cells) were purchased 

from Shanghai Institute of  Life Science, Chinese Academy 
of  Sciences. TeloTAGGG Telomerase polymerase chain 
reaction (PCR) ELISAPLUS kit was purchased from Roche 
Molecular Biochemicals (Basel, Switzerland). Chemilu-
minescent detection kit was from SuperArray Bioscience 
(Frederick, MD, USA). Bio-Rad protein assay kit and silver 
stain plus™ kit were from Bio-Rad (Hercules, CA, USA).

Isolation and culture of human SW1116 cells
Human SW1116 cells were maintained in RPMI-1640 
medium (Invitrogen, Carlsbad, CA, USA) containing 10% 
fetal bovine serum (Gibco BRL, USA), 1 × 105 U/L peni-
cillin G and 100 mg/L streptomycin in an atmosphere 
containing 5% CO2 at 37℃. Adherent SW1116 cells were 
dissociated to single cell suspensions and seeded in serum-
free medium (SFM). After spheres of  SW1116 cells were 
formed, proliferation and differentiation potentials of  
SW1116 cells were observed. SW1116 cells were isolated 
and maintained in a SFM (DMEM/F12 medium) con-
taining 20 μg/L human recombinant epidermal growth 
factor (EGF; Invitrogen, Carlsbad, CA, USA), 20 μg/L 
human recombinant basic fibroblast growth factor (bFGF; 
Invitrogen, Carlsbad, CA, USA), 2 mmol/L L-glutamine, 
4 U/L insulin, 1 × 105 U/L penicillin G, and 100 mg/L 
streptomycin.

Sphere formation assay
Primary spheres of  SW1116 cells were dissociated to sin-
gle cell suspensions and inoculated in ultra-low attachment 
96-well plates (Corning Life Sciences, Acton, MA) (100 
cells per well) supplemented with 200 μL SFM. Then,  
25 μL SFM per well was added every 2 d. The number of  
spheres of  SW1116 cells in each well was evaluated 14 d 
after culture.

Differentiation assay of spheres
Two days after primary culture, SW1116 cells were plated 
in 24-well culture plates with 10% FBS and cultured with 
FBS-supplemented medium every two days. Differentia-
tion potentials of  SW1116 cells were observed under a 
microscope.

Cell proliferation assay
SW1116 cells were seeded onto 35 mm Petri dishes at a 
density of  1 × 104. Cultured SW1116 cells were stained 
with trypan blue and counted in triplicate under a micro-
scope for 6 wk.

Chemosensitivity test
SW1116 cells were seeded onto 96-well plates at a den-
sity of  5 × 103 per well. Twenty four hours after drugs 
were added at different concentrations, SW1116 cells 
were exposed to drugs for 2 d. Then MTT (5 mg/mL) 
was added and the plates were incubated at 37℃ for  
4 h before 100 μL 100% dimethyl sulfoxide was added 
to each well. The optical density of  SW1116 cells in each 
well was detected with a microplate reader (Bio-Rad, 
Model 550) at a wavelength of  570 nm. The survival time 
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of  SW1116 cells was calculated as OD value of  OM- ex-
erted cells/OD value of  mocked-cells × 100%.

Fluorescence-activated cell sorting analysis
Stained SW1116 cells at a concentration of  1 × 106 cells 
per 100 μL buffer contained PBS at pH 7.2, 0.5% BSA, 
and 2 mmol/L EDTA. Antibodies against CD133 (anti-
CD133-PE, BD Pharmingen, Franklin Lakes, USA) 
and CD29 (anti-CD29-FITC, Chemicon, Billerica, MA, 
USA) were used. Antibody was incubated at 4℃ for  
30 min. FACS analysis was done using a FACS calibur 
flow cytometer (Becton Dickinson).

Hoechst33342 staining
SW1116 cells were maintained in a SFM containing  
5 mg/L Hoechst 33342, cultured in an atmosphere con-
taining 5% CO2 at 37℃ for 90 min, harvested, trypsinized 
and fixed with 4% methanol for 20 min. SP cells were 
counted under a fluorescence microscope.

Telomerase assay
To quantitatively detect changes in telomerase activity, 
SW1116 cells were assayed with a telomerase PCR-enzyme 
linked immunosorbent assay (ELISA) kit according to its 
manufacturer’s instructions. After PCR-ELISA, telomerase 
activity was detected using a microplate reader (Bio-Rad, 
Model 550) and recorded as the absorbance units. Relative 
telomerase activity (RTA) within different samples was 
obtained according to the following equation. RTA = [(AS 
- AS0)/AS,IS]/[(ATS8 - ATS8.0)/ATS8,IS] × 100 Where AS is the 
absorbance of  sample, AS0 is the absorbance of  heat- or 
RNase-treated sample, AS,IS is the absorbance of  internal 
standard (IS) of  the sample, ATS8 is the absorbance of  
control template (TS8), ATS8.0 is the absorbance of  lysis 
buffer, and ATS8.0 is the absorbance of  IS of  the TS8.

Reverse transcription-PCR
Total RNA was isolated from SW1116 cells using Trizol 
reagent (Invitrogen, Carlsbad, CA, USA) following its 
manufacturer’s instructions. First strand cDNA was syn-
thesized using M-MLV for reverse transcription (RT-
PCR) in a 24 μL solution containing 2 μL Oligo(dT)18  
(500 μg/mL) (Sangon Co., Shanghai, China), 1 μg total 
RNA, 2 μL dNTP (10 mmol/L) (Sangon Co., Shanghai, Chi-
na) and 7 μL DEPC water. Then, 5 μL 5 × first-strand buf-
fer, 6 μL DEPC water, 1 μL RNasin ribonuclease inhibitor 
(40 U/μL) (Hua Mei Co., Guangzhou, China) were added 
and incubated at 42℃ for 2 min. One μL M-MLV reverse 
transcriptase (Hua Mei Co., Guangzhou, China, 200 U) was 
added, the solution was placed into water bath at 42℃ for 
50 min and then at 70℃ for 15 min. A 50 μL solution con-
taining 1 μL Taq DNA polymerase (Hua Mei Co., Guang-
zhou, China), 5 μL 10 × buffer, 1 μL dNTP (10 mmol/L),  
2 μL primer (10 μmmol/L) and 1 μL cDNA (0.1 μg/μL) 
was used for PCR. PCR amplification was performed in a 
thermal cycler (Perkin-Elmer Co., USA). The PCR prod-
ucts were analyzed and photographed with a gel documen-
tation system (FR-200, Shanghai Fu Ri Bio Co., China). RT-

PCR primers were designed and synthesized by Sangon Co, 
Shanghai, China (Table 1).

Western blotting
SW1116 cell extract was prepared using a lysing buffer 
containing 20 mmol/L Tris-HCl at pH 7.5, 0.1% Triton 
X, 0.5% sodium deoxycholate, 1 mmol/L phenylmeth-
ylsulfonyl fluoride, 10 μg/mL aprotinin, and 10 μg/mL 
leupeptin and centrifuged (12 000 × g) at 4℃. Total pro-
tein concentration was measured by BCA assay. Cellular 
extracts containing 50 μg total protein were subjected 
to 10% SDS-PAGE, and then transferred electropho-
retically to polyvinylidene difluoride membranes (Invi-
trogen, Carlsbad, CA, USA). Blots were probed at 4℃ 
overnight with primary antibodies in 5% milk/TBST. 
The antibodies used for Western blotting were CD133, 
CD29, Musashi-1, ABCG2, TERT and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (Santa Cruz Bio-
technology, Santa Cruz, CA).

Two-DE and silver-staining
Cultured SW1116 cells were harvested, washed with 
PBS, and lysed in a lysis buffer containing 8 mol/L 
urea, 4% CHAPS, 40 mmol/L Tris, 65 mmol/L DTT, 
2% Bio-Lytes+ and centrifuged at 25 000 × g for 1 h at 
4℃. Protein concentrations were measured by a modi-
fied Bradford assay. All samples were stored at -80℃ 
for electrophoresis. Two-DE was performed using the 
PROTEAN IEF and PROTEAN xi Ⅱ systems (Bio-Rad, 
Hercules, CA, USA). Total protein (80 mg) was run in an 
IEF system using a 17 cm pH 3 - 10 ReadyStrip (Bio-Rad, 
Hercules, CA, USA). The total Vh was 47 000-52 000. 
Following IEF separation, gel strips were equilibrated 
with buffer Ⅰ containing 6 mol/L urea, 30% glycerol, 
2% SDS, 1% DTT, followed by buffer Ⅱ (DTT was re-
placed with 2.5% IAA), each for 15 min. The equilibrated 
gel strips were placed on top of  a 12% T slab gel and 
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Table 1 Sequences of primers for RT-PCR and length of RT-
PCR products

Genes Primer sequences Products 

GAPDH 5’-TTGGTATCGTGGAAGGACTCA-3’ 270 bp
5’-TGTCATCATATTTGGCAGGTT-3’

CD133 5’-TGGGGCTGCTGTTTATTATTCT-3’ 194 bp
5’-TGCCACAAAACCATAGAAGATG-3’

CD29 5’-GGAAAACGGCAAATTGTCAG-3’ 600 bp
5’-TTGGGGTTGCACTCACACAC-3’

Mus-1 5’-GGCTTCGTCACTTACATGGACCAGGCG-3’ 542 bp
5’-GGAAACTGGTAGGTGTAG-3’

ABCG2 5’-GGGTTCTCTTCTTCCTGACGACC-3’ 398 bp
5’-TGGTTGTGAGATTGACCAACAGACC-3’

TERT 5’-CGGAAGAGTGTCTGGAGCAA-3’ 145 bp
5-GGATGAAGCGGAGTCTGGA-3

Oct-4 5’-GACAACAATGAGAACCTTCAGA-3’ 218 bp
5’-CTGGCGCCGGTTACAGAACCA-3’

Sca-1 5’-AACCATATTTGCCTTCCCGTCT-3’ 135 bp
5’-CCAGGTGCTGCCTCCAGTG-3’

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; Mus-1: Musashi-1.

Zou J et al . Proteome of colon cancer stem cells



sealed with 0.5% agarose. SDS-PAGE was performed for  
30 min at a constant current of  10 mA and then at 25 mA 
until bromophenol blue reached the bottom of  gels. The 
separated proteins were visualized with silver diamine-
staining. For preparative 2-DE, 400 μg of  total proteins 
was separated as described above. The total Vh of  IEF 
was 90 000-120 000. Proteins were detected with modified 
silver-staining compatible with MS analysis. Experiments 
(from cell culture to 2-DE) were performed in triplicate.

Image acquisition and statistical analysis
Silver-stained 2-DE gels were scanned at an optical resolu-
tion of  84.7 μm perpixel using a GS-710 imaging densi-
tometer (Bio-Rad, Hercules, CA, USA). Digitized images 
were analyzed with the PD Quest 7.1 software package 
(Bio-Rad, Hercules, CA, USA). Following spot detection, 
a matchset including the three batches of  SW1116 cells 
was built. A reference gel was selected from one of  the 

SW1116 gels, and unmatched protein spots of  the mem-
ber gels were automatically added to the reference gel. The 
raw quantity of  each spot in a member gel was divided by 
the total quantity of  valid spots in the gel. Quantitative 
analysis of  SW1116 gels was performed by Student’s t-test.

Protein identification
Protein spots were excised from gels, destained and 
washed until the gels became clear. The spots were kept 
in 0.2 mol/L NH4HCO3 for 20 min, dried by lyophiliza-
tion, and digested overnight in 12.5 ng/mL trypsin in  
0.1 mol/L NH4HCO3. Peptides were extracted three times 
with 50% ACN (Fisher, Fair Lawn, New Jersey, USA), 0.1% 
TFA (Merck, Schuchardt, Hohenbrunn, Germany) and 
dried in vacuum. The peptide mixture was dissolved in 0.1% 
TFA and desalted using a C18 ZipTip (Millipore, Bedford, 
MA). The eluted peptides in 0.1% TFA/50% ACN mixed 
with an equal volume of  0.1% TFA/30% ACN saturated 
with CHCA solution were applied onto the target, air-dried 
and analyzed by Ultraflex Ⅲ matrix-assisted laser desorption 
ionization time-of-flight (MALDI-TOF)/TOF mass spec-
trometry (MS; Bruker, Bremen, Germany). The extraction 
voltage was set at 20 kV and the cut-off  mass value was set 
at 500. Tandem mass spectrometry (MS/MS) spectra were 
used to search protein identity from NCBI human database 
using Mascot search engine (www.matrixscience.com).

RESULTS 
Isolation and growth characterization of SW1116 cells
Serum-free culture condition was used to isolate and 
maintain SW1116 cells. SFM could maintain an undiffer-
entiated stem cell state, and addition of  bFGF and EGF 
induced the proliferation of  multipotent, self-renewing, 
and expandable colon stem cells. Within 24-48 h of  pri-
mary culture, a minority fraction of  SW1116 cells that 
demonstrated growth into clonally derived spheres was 
yielded (Figure 1A). Primary sphere formation assay 
showed that the frequency of  SW1116 cells was 1.9% 
± 0.3%. The majority of  the remaining cancer SW1116 
cells exhibited adherence, loss of  proliferation, and sub-
sequent differentiation, whereas tumor spheres remained 
non-adherent, continuous proliferation and expansion in 
tumor cell culture over time. When plated in a medium 
with 10% FBS, SW1116 cells exhibited adherent growth 
phenomena. After 72 h, no difference was observed in 
cellular volume or shape of  SW1116 cells.

The self-renewing capacity of  SW1116 cell spheres 
was assayed by dissociating primary tumor spheres, and 
plating SW1116 cells at serial dilutions down to 1 cell/
well. Nearly all the dissociated primary tumor spheres 
were able to form secondary tumor spheres, exhibiting 
a self-renewing ability. SW1116 cells at a density of  100 
cells/well generated a greater mean number of  second-
ary tumor spheres (87.4 ± 5.1) than that (1.9 ± 0.3) of  
SW1116 cells (Figure 1B).

Difference was also detected in proliferation rate of  
SW1116 cells. The number of  SW1116 cells was calcu-
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Figure 1  Spheres (A), sphere formation assay (B), and proliferation assay 
(C) of SW1116 cells.
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lated during the first 7 wk after seeding. A difference was 
observed in growth rate of  SW1116 cells (Figure 1C). 
SW1116 cells grew slowly and showed a growth inhibition 
after 5 wk.

Cross-resistance of SW1116 cells to chemotherapeutic 
drugs
Chemosensitivity of  SW1116csc and SW1116 cells to che-
motherapeutic drugs was detected by MTT, which showed 
that the resistance of  SW1116 cells to paclitaxel, adriamy-
cin, etoposide, cytarabine, fluorouracil, cisplatin and mito-
mycin was 15.6-fold, 6.8-fold, 4.7-fold, 3.6-fold, 2.2-fold, 
1.6-fold and 1.5-fold higher than that of  SW1116csc (Table 
2), indicating that SW1116 cells are more sensitive than 
SW1116csc to therapeutic drugs. 

Identification of CD133 and CD29 expression in SW1116 
cells
FACS analysis showed that 65% and 36.8% of  SW1116 
cells were positive for CD133 and for CD29 protein, re-
spectively. SW1116 cells (34%) co-expressed CD133 and 
CD29, suggesting that the in vitro propagated spheroid 
cells can express both markers (Figure 2A and B).

Side population cells in SW1116 cells
After cultured for 30 d, SW1116csc and SW1116 cells 
were stained with Hoechst 33 342 to analyze differences 
in the SP proportion. The data showed that SW1116csc 

contained 38.9% ± 7.5% of  Hoechst 33342-stained dull 
cells, while SW1116 cells contained only 1.2% ± 0.3% 
of  Hoechst 33 342-stained dull cells.

Telomerase activity of SW1116 cells
Telomerase reactivation is essential for stabilization of  
telomere length in attaining cellular immortality and telom-
erase is activated in human CSC. In this study, the RTA of  
SW1116csc and SW1116 cells was 3 674 ± 287 and 2 518 
± 140, respectively, indicating that the telomerase activity 
of  SW1116csc is higher than that of  SW1116 cells (Figure 3, 
P < 0.01).

Expressions of stem cell genes and proteins in SW1116 
cells
RT-PCR showed that the expressions of  CD133, CD29, 
Musashi-1, ABCG2, TERT genes increased significantly 
in SW1116 cells, while no change occurred in expressions 
of  Oct-4 and Sca-1 gene in SW1116csc and SW1116 cells 
(Figure 4A). Western blot showed that the expressions of  
CD133, CD29, Musashi-1, ABCG2, and TERT proteins 
in SW1116csc and SW1116 cells were increased at tran-
scriptional level (Figure 4B).

Proteome differential expression in SW1116csc and 
SW1116 cells
The silver-stained 2-DE gels of  proteomes expressed in 
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Table 2 Chemosensitivity of SW1116csc and SW1116 cells 
to chemotherapeutic drugs (mean ± SD)

IC50 (mg/L)

Drugs SW1116csc SW1116 cells Times (fold)

Paclitaxel 23.4 ± 1.8    1.5 ± 0.2 15.6
Adriamycin 29.7 ± 2.1    4.4 ± 0.4 6.8
Etoposide   9.8 ± 0.3    2.1 ± 0.2 4.7
Cytarabine 34.2 ± 2.5    9.6 ± 0.7 3.6
Fluorouracil 57.7 ± 3.8 26.5 ±1.5 2.2
Cisplatin 11.6 ± 0.9    7.3 ± 0.3 1.6
Mitomycin   0.67 ± 0.04    0.46 ± 0.03 1.5

IC50: The half maximal inhibitory concentration.
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SW1116csc and SW1116cells were presented. The protein 
spots detected in gels of  total protein were 2 115 ± 137 
and 2 133 ± 153, respectively. One of  the gels was selected 
as a reference gel. Student’s t-test showed that the volume 
of  26 protein spots was significantly changed in gels (Figure 
5A, P < 0.05). The expression levels were increased and 
decreased, respectively, in 15 and 11 out of  the 26 protein 
spots of  SW1116 cells (Figure 5B).

Identification of differentially expressed proteins in 
SW1116 cells
Ten out of  the differently expressed protein spots were 
chosen and identified as ubiquitin fusion-degradation 1 
like protein, nuclear chloride channel protein, tubulin b, 
Raichu404X, stratifin, F-actin capping protein a-1 subunit, 
eukaryotic translation elongation factor 1 delta isoform 2, 
hypothetical protein, glyceraldehyde-3-phosphate dehydro-
genase and guanine nucleotide binding protein b polypep-
tide 2-like 1, respectively, as detected by Western blotting 
(Table 3). 

DISCUSSION
Cancer is composed of  heterogeneous cells. A cancer 
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stem cell concept means that cancer cells exhibit a hierar-
chy and a small number of  cancer cells are maintained as 
cancer stem cells able to renew and differentiate. There-
fore, presumably all cancers come from stem cells and 
these cancer stem cells may be associated with metastasis, 
treatment resistance, and recurrence. Biologically distinct 
and relatively rare populations of  tumor-initiating cells 
have been detected by several methods and markers in 
a variety of  cancers. Putative breast cancer  tumorigenic 
cells and CD44+ CD24-/ low ESA+ cells are able to drive 
tumor formation when a few hundred cells are injected 
into the mammary fat pad of  NOD/SCID mice[13]. In ad-
dition, different populations of  cancer cells derived from 
primary head and neck squamous cell carcinomas display 
a tumorigenic potential. A minority number of  CD44+ 
cells give rise to new tumors in vivo[14]. Pancreatic cancer 
cells with the CD44+ CD24+ ESA+ phenotype have stem 
cell properties and exhibit a 100-fold higher tumorigenic 
potential than nontumorigenic cancer cells[15]. In this 
study, colon CSC were found in the CD133+ CD29+ frac-
tion and colon cancer stem cells with this phenotype were 
biologically characterized by self-renewal, proliferation 
and differentiation.

CD133 (prominin-1, PROM1) is a 5-transmembrane 
glycoprotein of  865 amino acids with a total molecular 
weight of  120 kDa. It has been shown that CD133 anti-
gen is expressed in undifferentiated endothelial progeni-
tor cells[16], hematopoietic stem cells[17], fetal brain stem 
cells[18], embryonic epithelium[19], prostatic epithelial stem 
cells[20], and myogenic cells[21]. CD133 has also been found 
on cancer stem or tumor-initiating cells in cancers such as 
retinoblastoma[22], teratocarcinoma[23], leukemia[24], brain 
tumor[25], hepatocellular carcinoma[26], and colon cancer[27]. 
It was reported that a small number of  CD133+ cells from 
primary colon cancer tissue have a tumorigenic potential 
in immunodeficient mice[4], indicating that CD133+ cells in 
colon cancer tissue have a high tumorigenic ability. 

Integrin is a non-covalently-bound heterodimeric cell 
adhesion molecule that links ECM to cytoskeleton. b1 
integrin family (b1 integrins, CD29), the largest group of  
integrins, is composed of  a b1 and one of  the 12 a sub-
units and functions predominantly as cell-ECM adhesion. 
Both subunits have single hydrophobic transmembrane 
domains and transmit information from ECM context 
surrounding cells into outside-in signaling cells, while 
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Figure 4  Expressions of CD133, CD29, Musashi-1, TERT, ABCG2, Oct-4 and 
Sca-1 genes (A) and CD133, CD29, Musashi-1, ABCG2 and TERT proteins 
(B) in SW1116csc and SW1116 cells (left: SW1116 cells, right: SW1116csc). 
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; Mus-1: Musashi-1.

Table 3 Differently expressed proteins in SW1116csc and SW1116 cells

Protein Protein description NCBI ID Theoretical Mr Theoretical pI Protein coverage
(%)

 Summary
index score

7387 stratifin     gi | 5454052 27774   4.68   3   41
6402 Raichu404X       gi | 14595132 85016   6.45 10 102
6963 Ubiquitin fusion-degradation 1 like protein     gi | 1654346 39170   6.04   7   58
7013 eukaryotic translation elongation factor 1 delta isoform 2       gi | 25453472 31121 4.9   8 119
6840 tubulin beta   gi | 223429 50223   4.67   6   79
7335 nuclear chloride channel protein     gi | 4588526 27249   5.02  10   54 
7049 glyceraldehyde-3-phosphate dehydrogenase gi | 31645 36202   8.26   8 143
6946 F-actin capping protein alpha-1 subunit     gi | 5453597 32923   5.45   9   84
6852 hypothetical protein       gi | 51476996 40696   6.43   7   68
7137 guanine nucleotide binding protein beta polypeptide 2-like 1       gi | 21619296 35077 7.6   6 125
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B

Figure 5  Two-dimensional gel electrophoresis profile (A) and histogram (B) showing expression levels of 26 protein spots in SW1116 cells and SW-
1116csc. 
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neoplasms, and found that UFD1L is a molecular signa-
ture of  malignancy. In this study, the UFD1L protein was 
intensively expressed in SW1116csc and hardly expressed 
in SW1116 cells, indicating that the degradation pathway 
for ubiquitin fused products is active in colon CSC.

Stratifin is a member of  14-3-3 protein family, a highly 
conserved group of  proteins consisting 7 isoforms in-
volved in numerous crucial intracellular functions such as 
cell cycle and apoptosis, regulation of  signal transduction 
pathways, cellular trafficking, cell proliferation and dif-
ferentiation, cell survival, protein folding and processing. 
In eukaryotes, peptide chain elongation is mediated by 
elongation factors, EF-1 and EF-2. EF-1 is composed 
of  a nucleotide-binding protein EF-1a, and a nucleotide 
exchange protein complex EF-1b gamma. Elongation fac-
tors are highly conserved among different species and may 
be involved in functions other than protein synthesis, such 
as organization of  the mitotic apparatus, signal transduc-
tion, developmental regulation, ageing and transformation. 
Increased expression levels of  stratifin and EF-1 delta in 
SW1116 cells may be related to cell proliferation and dif-
ferentiation.

In this study, the expression of  glyceraldehyde-3-pho-
sphate dehydrogenase (GAPDH) was down-regulated in 
SW1116 cells. GAPDH, a multifunctional protein with 
defined functions in numerous subcellular processes, plays 
an integral role in glycolysis. New investigations are needed 
to establish the primary role of  GAPDH in a variety of  
critical nuclear pathways apart from its already recognized 
role in apoptosis. The new roles of  GAPDH include its 
requirement for transcriptional control of  histone gene 
expression[36], its essential function in nuclear membrane 
fusion, its necessity for recognition of  fraudulently incor-
porated nucleotides in DNA, and its mandatory participa-
tion in maintenance of  telomere structure. To undertake 
these new functions, GAPDH is recruited to the nuclei 
in S phase or its intracellular distribution is regulated as a 
function of  drug exposure. Further study is needed to ex-
plore the functions of  GAPDH in SW1116 cells.

In conclusion, SW1116 cells and CD133+/CD29+ 
fraction in human colon cancer cells are biologically char-
acterized by self-renewal, proliferation and differentiation. 
SW1116csc is also more chemoresistant than SW1116 
cells. CD133, CD29 and Mus-1 may be used in isolation 
and identification of  colon cancer stem cells.

COMMENTS
Background
Cancer stem cell hypothesis is currently at the centre of a rapidly evolving field, 
involving a change of perspective in development and treatment of cancers. 
However, research has been hampered by the lack of distinct molecular mark-
ers of cancer stem cells.
Research frontiers
Since the identification and characterization of cancer stem cells (CSC) in 
hematological malignancies, an increasing number of studies have described 
CSC in solid tumors such as ovarian tumor, colon tumor, lung tumor, breast tu-
mor, liver tumor, melanoma and pancreatic tumor, raising that the cancer stem 
cell hypothesis can be applied to all neoplastic systems.
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the extracellular binding activity of  integrin is regulated 
from the inside of  cells (inside-out signaling). It was re-
ported that integrins are involved in many biological pro-
cesses such as cell growth, differentiation, migration, and 
death[28], suggesting that CD29 (b1 integrin) is a new stem 
cell marker for colon cancer.

In mouse small intestine and human colon, Musashi-1 
(Mus-1), a mammalian RNA-binding protein associated 
with the maintenance of  neural stem cell state and its dif-
ferentiation, has been found only in the lower third crypt, 
with a distribution that is compared in terms of  cell posi-
tion with the theoretical distribution of  potential stem 
cells in the intestinal epithelium[29]. It has been shown that 
Mus-1 can activate the Notch signaling pathway by sup-
pressing the translation of  the Notch inhibitor m-Numb[30]. 
The Numb protein is asymmetrically distributed in neural 
progenitor cells in Drosophila and a similar asymmetrical 
distribution can maintain the intestinal epithelium stem cell 
compartment. However, interaction of  Mus-1 with Notch, 
Delta and Tcf-4 (which appears to be intimately involved 
in intestinal stem cell maintenance) together with the wide 
variety of  stem cells that express Mus-1[31,32], suggest that 
this protein plays a general role in regulation of  stem cell 
maintenance and differentiation, thus representing distinct 
progenitor cells.

In this study, the expression of  stem cell genes (Mus-
ashi-1, TERT, ABCG2, Oct-4, Sca-1) was detected by 
RT-PCR, which showed that the expression levels of  
Musashi-1, TERT, ABCG2 genes were significantly in-
creased in SW1116 cells, indicating that the expression of  
these genes in SW1116 cells is up-regulated at transcription-
al level and that SW1116 cells can express stem cell genes 
and proteins biologically characterized by self-renewal, pro-
liferation and differentiation.

Telomerase is a ribonucleoprotein that extends the 
telomeric ends of  chromosomes to counterbalance their 
natural shortening due to incomplete DNA replication in 
eukaryotic cells. It has been demonstrated that telomerase 
is activated in 90% of  malignant tumors, but is stringently 
repressed in normal somatic cells[33,34], displaying that 
telomerase reactivation is a critical step in carcinogenesis. 
In this study, the activity of  telomerase was increased in 
SW1116 cells, which is essential for the stabilization of  
telomere length in attaining cellular immortality.

In this study, proteomics of  SW1116 cells was used 
to identify more specific phenotypic markers of  colon 
CSC and elucidate the mechanism underlying their self-
renewal and differentiation[26]. Differential protein spots 
were found and 10 proteins were identified. Among the 
differentially expressed proteins, some may be essential 
for isolation and identification of  colon CSC.

Ubiquitin fusion degradation 1 L (UFD1L) is a human 
homologue of  the yeast ubiquitin fusion degradation 1 
(Ufd1) gene. In yeast, Ufd1 protein is involved in a degra-
dation pathway for ubiquitin fused products (UFD path-
way). The biochemical role of  UFD1L protein in human 
cells is unknown. Velazquez-Fernandez D[35] used micro-
array to study the expression profiling of  adrenocortical 
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Innovations and breakthroughs
In our study, human CSC were isolated, which presented as spheroid and 
suspension growths in serum-free medium, with a strong ability of self-renewal, 
proliferation, differentiation and drug-resistance. Proteomic analysis showed 
that 26 differentially expressed protein spots were detected and 10 protein 
spots were chosen and identified.
Applications
The results of this study have important implications for future cancer treat-
ment. The CSC hypothesis infers that if the CSC were eliminated, the tumor 
would simply regress due to cell differentiation and death. It is possible to treat 
patients with aggressive, non-resectable tumors and prevent their metastasis 
by selectively targeting CSC.
Terminology
Cancer stem cells are a sub-population of cancer cells that possess character-
istics associated with normal stem cells, such as self renewal and differentiation 
into multiple cell types. CSC are tumorigenic while the bulk of cancer cells are 
non-tumorigenic. CSC persist in tumors as a distinct population and cause re-
lapse and metastasis by giving rise to new tumors.
Peer review
The authors identified the biological characteristics and proteome of human co-
lon cancer stem cells. The results are interesting and may be essential for CSC 
isolation and characterization.
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