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Abstract
AIM: To understand CD133 promoter hypermethyl-
ation and expression in 32 colorectal cancer cell lines. 

METHODS: Nucleic acid was isolated from 32 colorectal 
cancer cell lines and CD133 expression levels were mea-
sured by reverse transcription-polymerase chain reaction 
(RT-PCR) and real-time PCR. Promoter methylation sta-
tus of the CD133 gene was analyzed with a methylation-
specific PCR after sodium-bisulfite modification and by 
clonal sequencing analysis. The correlation between ex-
pression and promoter methylation of CD133 gene was 
confirmed with treatment of 5-aza-2’-deoxycytidine.

RESULTS: We measured CD133 expression levels in 32 
colorectal cancer cell lines. RT-PCR analysis showed un-
detectable or low levels of CD133 expression in 34.4% 

of cell lines. To verify the relation between CD133 ex-
pression and methylation status of the CD133 gene 
promoter in colorectal carcinogenesis, CD133 gene 
promoter hypermethylation was analyzed in 32 cancer 
cell lines. Promoter hypermethylation was detected in 
13 (40.6%) of the cell lines using methylation specific-
PCR and confirmed by bisulfite sequencing analysis. 
Treatment of 11 of the cell lines with the demethylation 
agent 5-aza-2’-deoxycytidine recovered CD133 expres-
sion in most of them.

CONCLUSION: Transcriptional repression of CD133 
is caused by promoter hypermethylation of the CD133 
CpG islands in some of colorectal cancer cell lines. The 
study may contribute to the understanding of the role 
of CD133 inactivation in the progression of colorectal 
cancers.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
The cell surface antigen CD133 is a glycoprotein of  
858-865 amino acids with a total molecular weight of  
97-120 kDa and five transmembrane domains. Originally 
identified in neuroepithelial stem cells, CD133 has been 
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detected in hematopoietic stem cells, endothelial progeni-
tor cells, glioblastomas, neuronal and glial stem cells, and 
some other cell types[1,2]. As it has also been identified in 
cancer-initiating cells in several solid malignancies, it is 
regarded as one of  the cancer stem cell (CSC) markers 
in colorectal carcinoma[3,4]. CD133 was the first identified 
member of  a pentaspan membrane protein family in both 
humans and mice[1]. The glycoprotein specifically localizes 
in microvilli and protruding plasma membrane[5]. 

The CSC theory is a newly emerged concept of  cancer 
initiation and development. According to this theory, only a 
small population of  cells is clonogenic and contains tumor 
initiating potency, whereas the majority of  the tumor cells 
have undergone differentiation and lost this potency. In 
colorectal cancer, these cells have been reported to express 
CD133 and a CD133-positive population of  colon cancer 
cells was recently demonstrated to be highly enriched in 
tumor-initiating colon CSCs that have the ability to self-
renew and to recapitulate the bulk tumor population[3,6-9]. 

The CD133 gene transcriptional regulation is rather 
complicated and poorly understood. A possible involve-
ment of  five alternative TATA-less promoters has been 
suggested to explain the pattern of  transcripts differing 
in the lengths and sequences of  5′ untranslated regions 
(UTRs). Two of  these promoters, P1 and P2 (Figure 1A), 
are active in in vitro tests with a reporter gene. A common 
transcriptional initiation site was assigned to exons 1A 
and 1B (Figure 1A), and an mRNA transcribed from exon 
1A or 1B was found to be the major transcript, with the 
choice between the transcription start sites depending on 
tissues. In particular, colon-expressed transcripts contain 
both exons 1A and 1B[10-12]. 

Changes in DNA methylation patterns are an important 
hallmark of  tumor development and progression. Methyla-
tion of  the C5 position of  cytosine residues in DNA is one 
of  the most fundamental epigenetic characteristics. This 
methylation is performed by DNA methyl-transferases 
(DNMTs), which have been implicated in many processes 
including transcriptional regulation, genomic stability, X 
chromosome inactivation and silencing of  parasitic DNA 
transposable elements[13]. The importance of  DNA meth-
ylation is highlighted by the finding that many human 
diseases result from its abnormal control[14]. Moreover, the 
aberrant methylation of  CpG islands is characteristic of  
many human cancers and is detected during early carcino-
genesis[15]. Hypermethylation of  promoter CpG islands is 
the signature of  transcriptional silencing of  tumor suppres-
sor genes in various human cancers, and this is as effective 
as inactivation by gene mutation or deletion[16,17]. 

To examine whether CD133 expression is related to 
promoter methylation of  the gene, we assessed the ex-
pression of  the CD133 gene in 32 colorectal cancer cell 
lines and determined the methylation status of  the CD133 
promoter in each cell line.

MATERIALS AND METHODS
Cell culture 
A total of  32 colorectal cancer cell lines were obtained 

from the Korean Cell Line Bank (KCLB; Seoul, Korea). 
Sixteen SNU-colorectal cancer cell lines were established 
as previously reported by our laboratory[18]. All the cell 
lines were maintained in RPMI1640 medium except for 
two cell lines; Caco-2 and WiDr were maintained in Mini-
mum Essential Medium and Dulbecco’s modified Eagle’s 
medium, respectively. The media were supplemented with 
10% fetal bovine serum (FBS), 100 units/mL penicillin, 
and 0.1 mg/mL streptomycin. Cultures were maintained 
in humidified incubators at 37℃ in a 5% CO2 and 95% 
air atmosphere. All cell lines were absent of  mycoplasma 
(e-myco mycoplasma PCR detection kit, Intron Biotech-
nology, Gyeonggi, Korea) and bacteria contamination 
and genetic heterogeneity by DNA fingerprinting analysis 
(AmpFlSTR Identifiler PCR amplification kit, Applied 
Biosystems, Foster City, CA, USA). 
 
Nucleic acid isolation and cDNA synthesis
Genomic DNA and total RNA were isolated from washed 
cell pellets. Genomic DNA was extracted using a G-DEX™  
kit (Intron Biotechnology) according to the manufacturer’s  
instructions. Total RNA was isolated according to the 
manufacturer’s instructions using easy-BLUE™ kits (In-
tron Biotechnology). For cDNA synthesis, 2 µg of  total 
RNA was reversely transcribed using a random primer, 
dNTP, and 1 µL (200 units) of  Superscript™ Ⅱ reverse 
transcriptase (Invitrogen, Carlsbad, CA, USA) in a final 
volume of  20 µL for 80 min at 42℃ after a 15-min dena-
turation at 80℃. Eighty microliters of  distilled water was 
then added to the reverse-transcription reaction.

Reverse transcription-polymerase chain reaction
For CD133 expression analysis, the cDNA was ampli-
fied in 25 µL of  a PCR reaction mixed with 1 µL of  
the reverse-transcription reaction, primers and 1 unit of  
Taq DNA polymerase. Reverse transcription-polymerase 
chain reaction (RT-PCR) was carried out using RT spe-
cific primers (located +343 to +679 from the transla-
tion start site in the mRNA sequence); CD133 RT sense 
(5'-CTGGGGCTGCTGT TTATTATTCTG-3'), and 
CD133 RT antisense (5'-ACGCCTTGTCCTTGGTAGT-
GTTG-3'). PCR conditions consisted of  5 min at 94℃ 
for initial denaturation, followed by 35 cycles of  94℃ 
(30 s), 55℃ (30 s), and 72℃ (60 s) and a final elongation 
of  7 min at 72℃. PCR amplification was performed in a 
programmable thermal cycler (PCR System 9700; Applied 
Biosystems; Foster City, CA, USA). Primers for β-actin 
were used to confirm RNA integrity. Both CD133 and 
β-actin RT-PCR reactions used the same cDNA synthesis. 
The amplified DNA fragments were fractionated in 2% 
agarose gel and stained with ethidium bromide. 

Quantitative real-time PCR
Real-time PCR was performed in 386 well PCR plates 
containing the 2X FastStart Universal SYBR Green 
Master (ROX) mix (Roche, Basel, Switzerland), 10 ng of  
cDNA template, 300 nmol/L of  CD133 RT sense primer 
and 600 nmol/L of  CD133 RT antisense primer in a final 
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volume of  10 µL. Each primer/cDNA set was set up in 
triplicate. Real-time PCR reactions in a 7900HT Fast Real-
Time PCR System (Applied Biosystems) were initiated by 
heating to 50℃ for 2 min and then to 95℃ for 10 min, 
followed by 40 cycles of  95℃ (15 s), and 60℃ (60 s). The 
relative quantification of  gene expression was performed 
using the standard curve method. The standard curve for 
CD133 expression level was constructed using serial dilu-
tions of  SNU-407 cDNA, which in preliminary experi-
ments displayed strong RT-PCR expression of  the CD133 
gene. Samples normalized to β-actin served as an internal 
control.

Methylation specific-PCR
For methylation analysis, 2 µg of  genomic DNA ob-
tained from colorectal cancer cell lines was modified 
using EZ DNA Methylation™ Kit (Zymo Research, Or-
ange, CA, USA). The primers specific for bisulfite modi-
fied DNA were designed using MethPrimer software 
(http://www.urogene.org/methprimer/index1.html). 
The used primers (located -8061 to -7782 from transcrip-
tion start site) were as follows; CD133 M primer sense 
(5'-TTCGGGATAGAGGAAGTCGTAA-3'), CD133 M 
primer antisense (5'-CTCCCGCCCTAATCACCGCT-3'), 
CD133 U primer sense (5 '-TTTGGGATAGAG-
GAAGTTGTAA-3') and CD133 U primer antisense 
(5'-CTCCCACCCTAATCACCACT-3'). The PCR condi-
tions were as follows : 94℃ for 5 min, and then 43 cycles 
of  94℃ for 30 s, 60℃(methylation specific PCR, MSP) 
or 62℃ (unmethylation specific PCR, USP) for 30 s, and 
72℃ for 60 s, and finally 72℃ for 7 min. The amplified 
DNA fragments were fractionated in a 2% agarose gel 
and stained with ethidium bromide. 

Bisulfite sequencing analysis
Sequencing primers recognizing both methylated and 
unmethylated sites (MU), CD133 MU sense (5'-TATTT-
GGTTATGTTTTTAGTTTTTT-3') and CD133 MU an-
tisense (5'-CCTAATCAACAAATACCTCTCTC-3') prim-
ers also were designed using the MethPrimer software. 
These primers were located approximately -8103 to -7708 
from transcription start site. The PCR conditions used 
were 5 min at 94℃ for initial denaturation, 40 amplifica-

tion cycles of  94℃ (30 s), 59℃ (30 s) and 72℃ (60 s) and 
a final elongation of  7 min at 72℃. The PCR products 
obtained with bisulfite sequencing primers were inserted 
into the pGEM-T Easy vector (Promega, Madison, WI, 
USA) for cloning. Sequences of  five individual colonies 
for each analyzed cell line were determined using universal 
pUC/M13 primers and each sequence was analyzed using 
a Taq dideoxy terminator cycle sequencing kit on an ABI 
3730 DNA sequencer (Applied Biosystems).

5-aza-2’-deoxycytidine treatment to cell lines 
For treatment with 5-aza-2’-deoxycytidine, 2 × 105 cells 
were seeded in two 75 cm2 culture flasks on day 0. The cells 
were untreated or treated with 5 µmol/L of  5-aza-2’-de-
oxycytidine (Sigma-Aldrich, St. Louis, MO, USA) for 24 h 
on day 2. The culture was re-dosed every 48 h (days 4 and 
6) and medium was changed 24 h after adding 5-aza-2’- 
deoxycytidine. The cells were harvested on day 8 for RNA 
isolation. The RNA was used for cDNA synthesis and 
analysis of  the CD133 expression as described above.

RESULTS
Expression of CD133 in colorectal cancer cell lines
We analyzed expression of  CD133 in 32 colorectal cancer 
cell lines by both RT-PCR and quantitative real-time PCR. 
In RT-PCR analysis, CD133 expression was observed in 
21 of  the 32 cell lines (65.6%) (Figure 2A). On the other 
hand, in 11 cell lines (34.4%), CD133 expression was ei-
ther undetectable (SNU-81 and SW480) or low (SNU-61, 
SNU-503, SNU-769A, SNU-C4, Colo320, HCT-8, 
LS174T, NCI-H716 and SW1116). To verity the RT-
PCR results, we performed real-time PCR and quantified 
CD133 expression against β-actin expression. All 11 cell 
lines showed low relative expression (< 3.5%) (Figure 2B). 
Real-time PCR also demonstrated that 16 of  20 cell lines 
having strong expression of  the CD133 gene displayed 
high relative expression (> 6%); the four exceptions were 
SNU-1197, SNU-C1, SNU-C5 and DLD-1.

Analysis of CD133 methylation status by methylation 
specific-PCR
To assess if  CD133 gene expression was influenced 
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Figure 1  Schemes of the promoter region of CD133. A: Schemes of the CD133 gene 5′ terminus; B: Distribution of CpG dinucleotides in a fragment of the CD133 
gene harboring full P2 (250 bp) promoter and 5′-UTR exon 1B (The citation from Tabu et al[5] and Pleshkan et al[11]). 
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by methylation of  its promoter, we checked whether 
promoter CpG islands of  the gene were methylated or 
unmethylated in the 32 colorectal cancer cell lines by 
performing methylation specific-PCR (MS-PCR) with de-
signed methylation and unmethylation primers (Figure 3). 
Methylated DNAs were amplified in 26 cell lines (SNU-81, 

SNU-175, SNU-407, SNU-503, SNU-769B, SNU-1040, 
SNU-1047, SNU-1197, SNU-C1, SNU-C2A, SNU-C4, 
SNU-C5, Caco-2, Colo201, Colo205, Colo320, DLD-1, 
HCT-8, HCT-15, HCT116, LoVo, LS174T, NCI-H716, 
SW403, SW480 and SW1116) and unmethylated DNAs 
were amplified in 24 cell lines (SNU-175, SNU-283, 
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Figure 2  Expression analysis of CD133 gene in 32 colorectal cancer cell lines. A: Reverse transcription-polymerase chain reaction (RT-PCR) analysis of the 
CD133 gene in 32 colorectal cell lines; B: Quantitative differences of CD133 expression by real-time PCR analysis. 
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Figure 3  Methylation analysis of CD133 gene in 32 colorectal cancer cell lines by methylation specific-PCR (MS-PCR). Lanes M and U denote that the product 
amplified by primer recognizing a methylated sequence and the product amplified by primer recognizing an unmethylated sequence, respectively.
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SNU-407, SNU-769A, SNU-769B, SNU-1033, SNU-1040, 
SNU-1047, SNU-1197, SNU-C1, SNU-C2A, SNU-C4, 
SNU-C5, Colo201, Colo320, HCT-8, HCT-15, HCT116, 
HT-29, LoVo, LS174T, NCI-H716, SW403, SW1116 and 
WiDr). Only methylated DNA bands were evident in 
SNU-81 and SW480, with undetectable CD133 expres-
sion, and in the SNU-503 cell line, with weak CD133 gene 
expression. In contrast, only unmethylated DNA bands 
were evident in SNU-283, SNU-1033, HT-29, and WiDr, 
in which CD133 gene expression was strong. Both methyl-
ated and unmethylated DNA bands were detected in 13 
cell lines (SNU-175, SNU-407, SNU-769B, SNU-1040, 
SNU-1047, SNU-1197, SNU-C1, SNU-C2A, SNU-C5, 
Colo201, HCT116, LoVo and SW403), which also showed 
strong expression of  the CD133 gene. Three cell lines 
(Caco-2, Colo205 and DLD-1) contained only methyl-
ated DNA bands, even though these cell lines expressed 
CD133. Methylated or unmethylated DNA bands were not 
evident in SNU-61 cell line.

Analysis of promoter methylation status of CD133 gene 
by bisulfite sequencing analysis 
A study reported that methylation of  promoter P1 and 
exon A1 did not correlate with the CD133 gene transcrip-
tion level because promoter P1 and exon 1A were hyper-
methylated with a high (90%-94%) content of  methylated 
CpG dinucleotides in all cell lines examined[11]. Appropri-
ately, we investigated the methylation status of  32 CpG 
sites in promoter P2 and exon 1B (Figure 1B) relative to 
the transcription initiation site of CD133 gene by clonal 
bisulfite sequencing analysis. Representative sequence dia-
grams of  two cell lines are shown in Figure 4A. The meth-
ylation status of  promoter CpG dinucleotides (Figure 4B)  
was correlated with CD133 expression (Table 1). The 
promoter CpG dinucleotides of  CD133 of  13 cell lines 
(SNU-175, SNU-283, SNU-407, SNU-769B, SNU-1033, 
SNU-1040, SNU-1197, SNU-C1, SNU-C5, Colo201, 
Colo205, HT-29, SW403 and WiDr) were mostly unmeth-
ylated. Hypermethylation of  CpG islands was 64% in the 
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Figure 4  Analysis of methylation status of promoter CpG islands of CD133 by clonal sequencing. A: Representative sequence diagrams of DNA sequencing 
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SW480 cell line (undetectable CD133 gene expression), 
64%-95% in SNU-503, HCT-15 and LS174T cell lines (low 
expression of  CD133 gene) and 9%-24% in SNU-C4, 
HCT-8, NCI-H716 and SW1116 cell lines (also low ex-
pression of  CD133 gene). The distribution of  methylated 
CpG dinucleotides in different clones was not uniform. 
For example, in SNU-C2A cells the methylation level of  
CpG in promoter was markedly increased through hyper-
methylation in two clones, whereas the CpG dinucleo-
tides in other clones were fully unmethylated (Figure 4B). 
Similar variations were observed in SNU-1047, DLD-1, 
HCT116, and LoVo cell lines. The variance was suggestive 
of  the origin of  different clones from different alleles of  
the gene. However, further studies are needed to confirm 
this possibility.

Re-expression of CD133 after treatment with 
5-aza-2’-deoxycytidine
To confirm whether the differential CD133 expression was 
related to DNA methylation, 11 cell lines with undetectable 
or low expression of  CD133 were treated with 5-aza-2’- 

deoxycytidine. The treatment recovered CD133 expression 
in four of  the weakly CD133 expressing cell lines (SNU-61, 
SNU-769A, SNU-C4 and Colo320) and two cell lines 
without detectable CD133 expression (Figure 5A). How-
ever, 5-aza-2’-deoxycytidine treatment did not significantly 
influence CD133 gene expression in SNU-503, HCT-8, 
LS174T, NCI-H716 and SW1116 cell lines. Examination of  
CD133 expression by real- time PCR revealed that CD133 
expression was increased after 5-aza-2’-deoxycytidine treat-
ment in SNU-503, HCT-8, LS174T and SW1116 cell lines  
(Figure 5B), and decreased in the NCI-H716 cell line.

DISCUSSION
It has been postulated that CSCs are able to maintain tu-
mor bulk due to the abilities of  self-renewal and differen-
tiation into cells with low potential. CD133 is one of  CSC 
markers in colorectal carcinoma and CD133-positive cells 
in colon cancer exhibit a high tumorigenic ability in vivo. In 
a previous study, the CD133-positive cells separated from 
tumors were able to form tumor bulk in the immuno-
compromised mouse models with less numbers than the 
CD133-negative cells and these cells showed a long-term 
tumorigenic potential[4]. Furthermore, CD133-positive 
cells in colon cancer cell lines showed higher levels of  
proliferation, colony formation and invasive ability in vitro 
than CD133-negative cells[19]. 

Presently, CD133 was down-regulated in 11 of  the 32 
colorectal cancer cell lines. Since abnormal DNA meth-
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Table 1  Correlation between promoter methylation status 
and CD133 expression

Cell lines (32 in total) M U % methylation % expression

SNU-61 - - 1 3.1
SNU-81 + + 4 2.8
SNU-175 ++ + 1 19.9
SNU-283 - + 0 30.7
SNU-407 + + 1 86.2
SNU-503 ++ - 95 2.4
SNU-769A - + 3 0.7
SNU-769B + ++ 1 10.2
SNU-1033 - + 0 14.7
SNU-1040 + ++ 0 40.2
SNU-1047 ++ + 16 20.3
SNU-1197 + ++ 0 2.4
SNU-C1 + + 3 4.0
SNU-C2A ++ + 29 14.7
SNU-C4 ++ ++ 21 0.5
SNU-C5 + + 3 3.7
Caco-2 ++ - 95 79.6
Colo201 ++ ++ 6 27.4
Colo205 ++ - 2 6.8
Colo320 ++ + 1 0.7
DLD-1 ++ - 21 2.4
HCT-8 ++ ++ 9 1.4
HCT-15 ++ + 73 4.7
HCT-116 ++ ++ 31 11.2
HT-29 - ++ 0 96.0
LoVo ++ + 14 13.9
LS174T ++ + 53 2.4
NCI-H716 ++ ++ 24 2.6
SW403 + ++ 0 19.7
SW480 ++ - 64 0.6
SW1116 ++ ++ 10 0.7
WiDr + ++ 0 33.3

M: Methylated CpG site; U: Unmethylated CpG site; -: Not detected; +: 
Barely detected; ++: Detected; +++: Greatly detected; % methylation: 
Methylation level of CpGs, (# methylated CpG/# total CpG) × 100; % 
expression: Relative expression level of CD133 as the ratio to the β-actin 
expression level, (CD133 level/β-actin level) × 100.
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Figure 5  Expression analysis after treatment with 5-aza-2’-deoxycytidine 
(5-Aza). A: RT-PCR analysis of CD133 expression in 11 cell lines with or without 
5-aza-2’-deoxycytidine treatment; B: Representative results of real-time PCR 
analysis revealing CD133 expression in 5 cell lines with or without 5-aza-2’-
deoxycytidine treatment. 
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ylation of  CD133 gene is related to CD133 expression in 
colorectal tumors[20], we hypothesize that CD133 expres-
sion is regulated by hypermethylation of  the promoter 
region in this gene, and analyzed promoter methylation 
status of  the CD133 gene with a methylation-specific 
PCR after sodium-bisulfite modification and by clonal 
sequencing analysis. A methylation analysis of  promoters 
P1 and P2 in cell lines demonstrated tissue specificity of  
the promoter P2 methylation and practically no specific-
ity in the methylation of  the P1 promoter[11]. Therefore, 
we designed the primers with promoter P2 sequences for 
MS-PCR and bisulfite sequencing analysis and sequencing 
primers containing 32 of  CpG dinucleotides (Figure 1B).

Methylation of  the CD133 gene promoter was ob-
served in 13 cell lines (SNU-503, SNU-1047, SNU-C2A, 
SNU-C4, Caco-2, DLD-1, HCT-15, HCT116, LoVo, 
LS174T, NCI-H716, SW403 and SW1116). These cells 
exhibited significant methylation bands in MS-PCR analy-
sis, and bisulfite sequencing analysis revealed that > 10% 
of  the total CpG islands were hypermethylated. DNA 
methylation in the promoter region of  a gene is associated 
with a loss of  gene expression and plays an important role 
in gene silencing. The inactivation of  tumor-suppressor 
genes by aberrant methylation in the promoter region is 
well-recognized in carcinogenesis[20]. 

However, loss of  CD133 expression in early colorectal 
cancer is different from expression loss of  tumor suppres-
sor genes. Acquisition of  CD133 promoter methylation of  
cells without CD133 expression resulted from CD133 pos-
itive cell division. The inverse correlation between CD133 
transcription and methylation provides a mechanistic ex-
planation for the loss of  cell surface CD133 expression in 
differentiated cells. This is consistent with the notion that 
cell differentiation is accompanied by epigenetic changes 
that are responsible for guiding the future phenotypic 
profile of  the progeny[21]. This phenomenon is not only 
unique to normal stem cells but also presents aberrantly in 
CSCs, which may initiate carcinogenesis[22,23]. In advanced 
colorectal carcinoma, the CD133 gene was more frequent-
ly demethylated[24]. The carcinomas with demethylation of  
CD133 gene showed a bigger maximal tumor size and a 
trend toward the development of  a lymph node metastasis. 

In our results of  bisulfite sequencing analysis, there are 
differences of  methylation status among the colonies of  
the same cell line. The variance was suggestive of  the ori-
gin of  different clones from different alleles of  the gene. 
Definitely, heterogeneity of  DNA methylation for several 
genes has been observed in total cell populations from cul-
tured and primary cancers. The present observations for 
CD133 promoter methylation are unique in showing strik-
ing heterogeneity between isolated cell populations in sin-
gle-tumor culture lines. This seems to be a more uniform 
heterogeneity involving cells of  the tumor and manifesting 
as quantitative differences between alleles of  a given gene. 
These quantitative differences of  abnormal promoter 
DNA methylation can be quantitatively altered by changes 
in environmental surrounding for cultured tumor cells[25].

CD133 has been re-expressed by demethylation with 
5-aza-2’-deoxycytidine in some cell lines. This agent reac-

tivates gene expression when gene expression is reduced 
by methylation of  CpG islands. Our results confirm that 
inactivation of  CD133 expression is related to epigenetic 
modification, which, in colorectal cancer cell lines, is pro-
moter methylation. The function of  CD133 is currently 
unknown, but it was reported that CD133 expression is re-
pressed by DNA methylation in CD133-negative progeny 
of  CD133-positive cells[26], supporting a role for CD133 
in CD133-positive cells. It has been found that the expres-
sion pattern of  several genes was changed in neurosphere 
cells by treatment of  chromatin-modifying agents, 5-aza-2’
-deoxycytidine and trichostatin A, and these cells induced 
hematopoietic activity in vivo[27]. Therefore, re-expression 
of  CD133 by treatment of  demethylation agent is expect-
ed to discover the functions of  CD133 gene in cancer. 

The failure to detect methylated or unmethylated 
DNA bands in MS-PCR SNU-61 cells warrants comment. 
We believe that there are some problems with the qual-
ity of  the modified DNA. This remains to be confirmed. 
The strong expression of  CD133 by Caco-2 cells, in 
which promoter hypermethylation was detected, supports 
the suggestion that regulation of  CD133 expression might 
be caused by another mechanism. 

In conclusion, we observed hypermethylation in the 
promoter region of  the CD133 gene in 13 of  32 colorec-
tal cancer cell lines. We confirmed the methylation status 
by MS-PCR, bisulfite sequencing analysis and treatment 
of  5-aza-2’-deoxycytidine. The expression status of  the 
CD133, one of  CSC markers, was correlated with meth-
ylation status of  CpG islands in the CD133 promoter. 
These results may contribute to the understanding of  
the role of  CD133 inactivation in the pathogenesis of  
colorectal cancers.

COMMENTS 
Background
The caner stem cell theory is a newly emerged concept of cancer initiation and 
development. These cells have the ability to self-renew and to recapitulate the 
bulk tumor population. In colorectal cancer, a CD133-positive population of 
colon cancer cells was recently demonstrated to be highly enriched in tumor-
initiating colon cancer stem cells. 
Research frontiers
It is reported that tumor initiating cells in colorectal cancer cells express CD133, 
the cell surface glycoprotein. However, the CD133 gene transcriptional regula-
tion is rather complicated and poorly understood. This study demonstrates that 
CD133 expression could be regulated by methylation status of promoter of the 
gene. 
Innovations and breakthroughs
Recently, a CD133 has become a matter of common interest in the research of 
colorectal cancer stem cells. This study suggests that transcriptional repression 
of CD133 is caused by promoter hypermethylation of the CD133 in some of 
colorectal cancer cell lines. Moreover, each colorectal cancer cell line repre-
sented different methylation status of promoter and each colony of cell lines 
exhibited different levels of methylation. 
Applications 
Cancer stem cells lost their potential during differentiation by loss of expression 
of stem cell-specific expressed genes. Therefore, this study may contribute 
to the understanding of the role of CD133 inactivation in the progression of 
colorectal cancers.
Terminology
Promoter methylation is one of the most essential epigenetic characteristics. 

3159 July 7, 2010|Volume 16|Issue 25|WJG|www.wjgnet.com

 COMMENTS

Jeon YK et al . CD133 and colon cancer



The importance of DNA methylation is highlighted by the finding that many hu-
man diseases result from its abnormal control. Moreover, the aberrant methyla-
tion of CpG islands is characteristic of many human cancers and is detected 
during early carcinogenesis. 

Peer review
This manuscript investigates the promoter hypermethylation and expression 
status of CD133, which is one of several putative cancer stem cell markers in 
colon cancer. The overall findings indicate that there is a correlation between 
this epigenetic change in some cancer cell lines, and that demethylation is 
capable of restoring CD133 expression in some cell lines. Furthermore, there 
is a surprising finding that different colonies of a particular cell line exhibited 
different levels of methylation, indicating as the authors point out, that other 
influences (e.g. tumor environment) may be involved. 
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