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Abstract

Colorectal cancer is one of the most common malignant tumors worldwide. A model of cancer development involving cancer stem cells has been put forward because it provides a possible explanation of tumor hierarchy. Cancer stem cells are characterized by their proliferation, tumorigenesis, differentiation, and self-renewal capacities, and chemoradiotherapy resistance. Due to the role of cancer stem cells in tumor initiation and treatment failure, studies of cancer stem cell markers, such as CD133, have been of great interest. CD133, a five-transmembrane glycoprotein, is widely used as a marker to identify and isolate colorectal cancer stem cells. This marker has been investigated to better understand the characteristics and functions of cancer stem cells. Moreover, it can also be used to predict tumor progression, patient survival, chemoradiotherapy resistance and other clinical parameters. In this review, we discuss the use of CD133 in the identification of colorectal cancer stem cell, which is currently controversial. Although the function of CD133 is as yet unclear, we have discussed several possible functions and associated mechanisms that may partially explain the role of CD133 in colorectal cancers. In addition, we focus on the prognostic value of CD133 in colorectal cancers. Finally, we predict that CD133 may be used as a possible target for colorectal cancer treatment.

© 2013 Baishideng. All rights reserved.  
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Core tip: CD133 is not a reliable marker to identify the entire population of cancer stem cells (CSCs). However, the abundance of CD133 may be a good indicator of CSC identity and consistent with the biological characteristics of CSCs; The expression of CD133 is correlated to the poor survival; CD133 (+) cells exhibit more chemoresistant behavior than CD133 (-) cells; Whether CD133-targeting therapies can be a specific or efficient treatment for colorectal cancer has not been confirmed.
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INTRODUCTION 
Colorectal cancer is regarded as one of the most common cancers in the world, and a main cause of cancer-related death in western countries. In spite of progressing treatments, a large percentage of advanced tumors have poor prognosis. Recent studies have shown that a small population of tumor cells, known as cancer stem cells (CSCs), may be considered the main initiators of recurrence and metastasis. It is critical to find specific biomarkers to identify and isolate CSCs as well as to predict patient prognosis. CD133 is one of the best-characterized markers of CSCs. However, its role in colorectal cancer needs further study. Here, we have attempted to elucidate the relationship between CD133 and colorectal cancer based on the results of previous studies.

INTRODUCTION OF CD133

CD133, a five-transmembrane glycoprotein, was first found to be expressed in hematopoietic stem and progenitor cells by Yin et al1


[ ADDIN EN.CITE ]
. The protein has a molecular weight of 120 kD1[]
 and localizes to membrane protrusions. The protein may be expressed as one of two isoforms, CD133-1 and CD133-2. CD133-1 was the first to be discovered, by Yin et al1


[ ADDIN EN.CITE ]
, and it is mainly expressed in human fetal liver, bone marrow and blood. CD133-2, first cloned and identified by Yu et al2


[ ADDIN EN.CITE ]
, is another cell surface antigen that is recognized by anti-AC133 monoclonal antibodies. Relative to AC133-1 cDNA, a small exon of 27 nucleotides is deleted in AC133-2 by alternative mRNA splicing2


[ ADDIN EN.CITE ]
. CD133-2 mRNA is prominently expressed in human fetal tissue, adult tissues and several carcinomas2


[ ADDIN EN.CITE ]
. It has also been suggested that CD133-2 is expressed in multiple stem cell niches2


[ ADDIN EN.CITE ]
. Based on these biological characteristics, CD133 is widely used to identify and isolate stem cells and cancer stem cells. However, its function is still unclear. It is hypothesized to be associated with the cell-cell interaction or signal transduction.

CANCER STEM CELLS AND CD133

Tumor cells show heterogeneity in their morphology, inheritance, functions and other characteristics. However, some tumor cells present not only heterogeneity but also hierarchy. The increasing CSCs model represents a breakthrough in explaining this phenomenon. In this model, CSCs, despite being only a small subset of cancer cells, have the capability to self-renew and sustain the tumor. These CSCs also have the ability to proliferate, resulting in expansion of the CSC pool, and to differentiate into the heterogeneous cancer cell subgroups that may not themselves be tumorigenic but usually constitute the majority of the tumor3


[ ADDIN EN.CITE ]
.

More and more studies have indicated that CD133 is a surface marker of CSCs. CD133 has been found in many tumors, including cancers of the brain4[]
, colon
 ADDIN EN.CITE 
[5,6]
, liver7[]
, pancreas8[]
, kidney
 ADDIN EN.CITE 
[9]
, lung
 ADDIN EN.CITE 
[10]
, endometrium11


[ ADDIN EN.CITE ]
, ovary12[]
 and bone
 ADDIN EN.CITE 
[13]
. The exploration of CD133 as a surface marker of colon cancer stem cells (Co-CSCs) is still in progress. In 2007, both O'Brien et al14[]
 and Ricci et al15[]
 found that CD133 (+) cells in colon cancers had the ability to initiate tumor growth. The colon cancer-initiating cells (CC-ICs) represented enrichment in CD133 (+) populations. These two studies strongly support CD133 as a marker of Co-CSCs based on the evidence that CD133 (+) cells could produce tumors with preserved self-renewal and differentiation capabilities and without phenotypic alterations after serial transplantation. The long-term tumorigenic potential of CD133 (+) colon cancer cells has also been confirmed in vitro15[]
. More importantly, CD133 (-) colon cancer cells have no ability to form tumors. However, Shmelkov et al16


[ ADDIN EN.CITE ]
 discovered that CD133 was ubiquitously expressed in differentiated colonic epithelium rather than restricted to stem cells. Furthermore, in vitro, both CD133 (+) and CD133 (-) metastatic tumor subpopulations formed colonospheres. Both subpopulations maintained long-term tumorigenesis in a NOD/SCID serial xenotransplantation model. It should be noted that Shmelkov et al16


[ ADDIN EN.CITE ]
 used subpopulations from metastatic tumors. However, the distinction of CSCs and the function of CD133 in primary and metastatic tumors are still unknown. Despite this fact, the discovery challenged the view of CD133 as a marker of Co-CSCs, and further studies were performed to investigate the discrepancy.

Kawamoto et al17


[ ADDIN EN.CITE ]
 showed that although both CD133 (+) and CD133 (-) cells could form tumors after injection into NOD/SCID mice, the CD133 (+) cells formed larger tumors. There remained a difference in these tumors. CD133 (+) cells could not be found in tumors generated by the injection of CD133 (-) cells but were observed in tumors from injections of CD133 (+) cells, suggesting that CD133 (+) cells had self-renewing capability whereas CD133 (-) cells did not. The investigation is consistent with Shmelkov’s finding that CD133 (-) cells also have the ability to form tumors, although it seems that the CD133 (+) cells were associated with stronger tumorigenesis than CD133 (-) cells. Thus, the presence of CD133 may not be a reliable indicator of CSC vs non-CSC identity. A more appropriate distinction is the relative abundance of the CD133 protein18[]
. Liao et al19[]
 attempted to confirm this hypothesis by sorting cancer cells according to the abundance of CD133. CD133 (Hi), CD133 (Mid), and CD133 (Low) subgroups of SW620 cells (a colorectal cancer cell line) were distinguished, and their biological characteristics were analyzed. The CD133 (Hi) subgroup exhibited a higher growth rate than the CD133 (Mid) and CD133 (Low) subgroups did. However, despite its much slower growth, the CD133 (Low) subgroup retained its tumorigenicity. 

One likely explanation is that CD133 is expressed on not only CSCs but also differentiated tumor cells. However, during CSC differentiation, the specific epitopes recognized by AC133 are masked due to differential glycosylation
 ADDIN EN.CITE 
[20]
. The expression of CD133 could be modulated by factors in the microenvironment, such as energy supply21[]
. In addition, the inactivation of CD133 during the progression of colorectal cancer can be considered a result of transcriptional repression, due to promoter hypermethylation of the CD133 CpG islands22[]
. CD133 (-) cells likely lack the AC133 epitopes, the expression of which is influenced by posttranslational modification under certain conditions. It appears that CD133 is not a reliable marker to identify the entire population of CSCs. However, the abundance of CD133 may be a good indicator of CSC identity.

Although some studies suggest that CD133 (+) cells have characteristics consistent with those of CSCs, such as tumor initiation, proliferation, invasion, differentiation and self- renewing capacities23-26


[ ADDIN EN.CITE ]
, CD133 should be used as the sole marker of Co-CSCs with caution. Thus, additional markers for detecting CSCs and evaluating their clinical significance in colorectal cancers have been proposed. These markers include CD44
 ADDIN EN.CITE 
[27-31]
, CD166
 ADDIN EN.CITE 
[25,32]
, CD29
 ADDIN EN.CITE 
[25,32,33]
, CD24
 ADDIN EN.CITE 
[5,32,34]
, Lgr5
 ADDIN EN.CITE 
[6,32]
, nuclear beta-catenin
 ADDIN EN.CITE 
[32,35]
, EpCam
 ADDIN EN.CITE 
[33,36]
, ALDH1
 ADDIN EN.CITE 
[33,37]
, CDCP1
 ADDIN EN.CITE 
[5]
, CXCR4
 ADDIN EN.CITE 
[5]
 and CC188
 ADDIN EN.CITE 
[38]
. The use of the combination of these markers to identify CSCs in colorectal cancers will uncover more about the function of CSCs and will also play a significant role in clinical usage.

Some pathways, including the wingless related (Wnt), transforming growth factor-beta (TGF-β), Notch and Hedgehog signaling pathways39[]
, and other mechanisms have been found to be associated with CSCs and CD133 expression in colorectal cancers. The Wnt pathway plays an essential role in the growth and maintenance of CSCs40[]
. This pathway is regulated at the level of β-catenin, which is degraded by adenomatous polyposis coli (APC). Mutations in the APC gene are found in most colorectal tumors41[]
. As a result, β-catenin is accumulated in the nucleus, where it activates target genes with important functions in colorectal cancer development42[]
. Some studies have confirmed the activation of the Wnt pathway in CD133 (+) cells
 ADDIN EN.CITE 
[43,44]
. The TGF-β pathway acts as a tumor suppressor pathway in healthy tissues but as a promoter in colorectal cancers45[]
. Mutations in the type II receptor gene
 ADDIN EN.CITE 
[46]
, type I receptor gene45[]
, Smad family member 447[]
 and other Smads are observed in colorectal cancer specimens. Notch signaling is active in CC-ICs and is essential for the intrinsic maintenance of CC-ICs self-renewal and the repression of secretory cell lineage differentiation gene
 ADDIN EN.CITE 
[48]
. It has also been reported that the Hedgehog signaling, which is active in both colon cancer epithelial cells and, strikingly, CD133 (+) cancer stem cells, promotes colon cancer growth, stem cell self-renewal and metastatic behavior in advanced cancers
 ADDIN EN.CITE 
[49,50]
. In addition, the CD133 (+) CSCs may be relevant to the Ras-Raf
 ADDIN EN.CITE 
[51,52]
, STAT353


[ ADDIN EN.CITE ]
, Akt, mitogen-activated protein kinase
 ADDIN EN.CITE 
[54]
, hypoxia-inducible factor-1α
 ADDIN EN.CITE 
[55]
 and microRNAs56[]
. Although CD133 was observed to be associated with actively proliferating cells, few studies have investigated the role of CD133 in the cell cycle. However, these studies could not explain the function of CD133 directly.
In colorectal cancer tissues, CD133 is localized to apical/endoluminal surfaces, the cytoplasm and to luminal contents
 ADDIN EN.CITE 
[57-60]
. CD133 is concentrated in plasma membrane protrusions
 ADDIN EN.CITE 
[61]
, suggesting that CD133 may play a role in cell-cell and cell-matrix contact formation. CD133 (+) cells have an enhanced ability to interact with adjacent carcinoma-associated fibroblasts
 ADDIN EN.CITE 
[26,62]
, indicating that CD133 (+) cells are more interactive with the stromal microenvironment, and thus more tumorigenic and invasive, than CD133 (-) cells. Furthermore, CD133 contains a ganglioside-binding domain at its N-terminus. Through this epitope, certain gangliosides could modulate the accessibility of CD133 and regulate cell-cell contacts
 ADDIN EN.CITE 
[63]
. 

However, knocking down the CD133 did not affect the biological characteristics of the colon cancers, which indicated that CD133 has no obvious functions in tumor malignancy
 ADDIN EN.CITE 
[64]
. Whether CD133 has biological function remains a question, but the use of CD133 as one of the CSC markers in colorectal cancers is widely accepted.
THE PROGNOSTIC VALUE OF CD133 IN COLORECTAL CANCERS

As CD133 is a notable marker of CSC identity, it is thought to be a predictive indicator for colorectal cancer. A number of studies have demonstrated that CD133 expression was correlated with survival, recurrence, metastasis and chemotherapy resistance. Horst et al60


[ ADDIN EN.CITE ]
 analyzed tissues from 57 colorectal cancer patients (T2/T3, N0, and M0) using immunohistochemistry (IHC). The CD133-high patients had a worse 5- and 10- survival than CD133-low patients. Further investigations have been performed with larger sample sizes, specific tumor stage, different IHC evaluations, combinations with other markers, the use of polymerase chain reaction (PCR) and preoperative chemotherapy conditions. The majority of these results support the hypothesis that CD133 expression is predictive of survival
 ADDIN EN.CITE 
[35,51,55,57,59,65-68]
. However, Choi et al34


[ ADDIN EN.CITE ]
 investigated 523 colorectal cancer patients with various tumor stages using the IHC approach and reported that survival was not significantly related to CD133 expression. In addition, Kijima et al69


[ ADDIN EN.CITE ]
 analyzed samples from 189 patients with different stages of colorectal cancer by IHC and found that patients with and without CD133 overexpression exhibited no differences in recurrence-free survival but had significantly poorer overall survival. A summary of related studies published is presented in Table 1. Different patient patterns, study designs and the use of commercial antibodies for IHC, which may lead to high background noise, could cause the discrepancies among these studies. In studies involving IHC, different researchers used different valuation criteria. Some studies evaluated IHC results as positive or negative. Others evaluated the results according to the positivity extent. As discussed above, the abundance of CD133 may be a better indicator of CSCs than the presence vs absence of CD133. Despite a large sample size, Choi evaluated the presence or absence of CD133, which might not reliably indicate CSC identity. In addition, that study included patients with various stages of colorectal cancers. Those who had poorly-differentiated tumors or higher stage, especially stage IV, but were CD133 negative, could introduce significant statistical confounding. Because no biologically relevant IHC cut-off point has been established to date, most studies set the cut-off arbitrarily. The use of a receiver operating characteristic curve to determine the cut-off point has been proposed to improve the clinical utility of IHC findings
 ADDIN EN.CITE 
[70]
. All studies
 ADDIN EN.CITE 
[51,55,59,65,67]
 that used PCR to measure CD133 expression at the mRNA level, concluded that CD133 expression is inversely correlated with survival. The majority of these studies included post-chemoradiotherapy patients. However, all of these studies used small sample sizes. Although some studies had deficiency in their design, majority of them came to the similar conclusion that the expression of CD133 was correlated to the poor survival, and more uniform studies should be performed to demonstrate this confusion.
CD133 can be found in not only primary tumors but also metastatic tumors such as liver metastases. It was reported that the CD133 (+)/CD44 (+) subpopulation was responsible for this metastasis
 ADDIN EN.CITE 
[30,71]
. Neumann et al72


[ ADDIN EN.CITE ]
 reported that cases with MLH1 (+), CD133 (high scores) and β-catenin (high scores) tumors were associated with a very high rate of distant metastases (94.4%). Thus, it seems that CD133, in combination with other markers, may be a good predictor of metastasis risk.

Several studies have investigated whether the CD133 mRNA level in peripheral blood is useful for prognosis in colorectal cancers. Lin et al73


[ ADDIN EN.CITE ]
 first described that an increased level of CD133 mRNA in the peripheral blood could predict colon cancer recurrence, independent of tumor-node-metastasisstage. Pilati et al68


[ ADDIN EN.CITE ]
 investigated patients with liver-confined hepatic metastasis from colorectal cancers. The level of CD133, used as a marker of circulating tumor cells, increased inversely with the survival. Iinuma et al74


[ ADDIN EN.CITE ]
 showed that in patients with Dukes' stage B and C cancer, CEA/CK/CD133 demonstrated significant prognostic value. In contrast, no significant differences were seen in patients with Dukes' stage A disease. These studies support the use of CD133 mRNA in peripheral blood as prognostic marker. However, Gazzaniga et al75


[ ADDIN EN.CITE ]
 reported that there was no correlation between the expression of CD133 in circulating tumor cells isolated from peripheral blood and outcomes in patients with metastatic colorectal cancers. All these studies used an reverse-transcription polymerase chain reaction approach, but this method may have low sensitivity and lead to a high rate of false positive results in detecting circulating tumor cells76[]
. Due to the limitation of this method and the inclusion of early stage (stage I) patients with better outcomes as well as advanced stage (stage IV) patients with worse outcomes, current studies may not accurately distinguish between the outcomes in patients with early and advanced stages of colorectal cancer. However, the prognostic value of CD133 mRNA in the peripheral blood of patients with middle-stage disease (stages II and III) has been confirmed by some studies.

Chemoradiotherapy (CRT) resistance is a major problem that affects the survival of patients with colorectal cancer. Furthermore, the acquired resistance has a long-term memory
 ADDIN EN.CITE 
[77]
. Conventional chemotherapy targets rapidly dividing cells, but CSCs divide slowly. Therefore, CSCs are likely to contribute to the resistance of cytotoxic systemic therapies
 ADDIN EN.CITE 
[78]
. Efforts have been made to demonstrate that the role of CD133 (+) colorectal tumors are more resistant to 5-fluorouracil-based chemotherapy than CD133 (-) tumors. Ong et al79


[ ADDIN EN.CITE ]
 conducted a clinical study containing 501 primary colorectal cancer cases that provided evidence supporting this hypothesis. Moreover, recent studies showed that the level of CD133 increased in post-CRT specimens
 ADDIN EN.CITE 
[65]
 and that CD133 expression was detected in 27.5% of non-CRT and 70% of CRT specimens
 ADDIN EN.CITE 
[80]
. In vitro, CD133 was overexpressed in human colon cancer cell lines that were resistant to 5-fluorouracil and oxaliplatin, such as HT29/5FU-R and HT29/OxR
 ADDIN EN.CITE 
[81]
. These results suggest that CD133 is a good predictor of CRT resistance. However, Hongo et al82


[ ADDIN EN.CITE ]
 recently reported that CD133 (-) cells are more resistant to 5-fluorouracil than CD133 (+) cells, which challenged the previous view. However, these authors isolated CD133 (+) and CD133 (-) cells from a single colorectal cancer cell line, and the original characteristics may have been altered during long-term culture. Therefore, the clinical studies are more reliable than in vitro studies. Meanwhile, Ong’s research was conducted in a large clinical sample size, and other clinical
 ADDIN EN.CITE 
[57,80,83]
 and in vitro studies
 ADDIN EN.CITE 
[81,84]
 supported their results. Considering that Hongo’s study was based on a single cell line and that no further studies have drawn similar conclusions to date, we feel it is appropriate to conclude that CD133 (+) cells exhibit more chemoresistant behavior than CD133 (-) cells. However, more studies, especially clinical studies, should be performed to clarify the role of CD133 in chemoresistance.

The mechanism of chemoresistance is still under investigation. Intrinsic factors such as antiapoptotic proteins and soluble microenvironmental molecules, including growth factors and cytokines, may cause the refractoriness of CSCs. Several studies have demonstrated that the interleukin 4 (IL-4) produced by cancer cells themselves negatively regulated apoptosis
 ADDIN EN.CITE 
[85-87]
. Todaro et al88[]
 reported that IL-4 protected CD133 (+) cells from apoptosis in colon cancer. They later found that treatment with an IL-4 receptor alpha chain antagonist or anti-IL-4 neutralizing antibody strongly enhances the antitumor efficacy of standard chemotherapeutic drugs through selective sensitization of CD133 (+) cells
 ADDIN EN.CITE 
[89]
. These studies highlight the importance of IL-4 in chemoresistance. In addition, the secretion of IL-4 induced an immunosuppressive state in the microenvironment of the tumor, which facilitates the tumor progression. These results indicate that IL-4 may be a good target of colorectal cancer treatment.

COLORECTAL CANCER TARGET THERAPIES

There are two major targets for advanced colorectal cancer therapy: epidermal growth factor receptor and vascular endothelial growth factor. The Wnt pathway is an additional potential target. Data has shown that Wnt pathway activity could be responsible for the chemoresistance of CD133 (+) cells in colorectal cancer cells. Deng et al43


[ ADDIN EN.CITE ]
 demonstrated that 5-fluorouracil upregulated Wnt activity in CD133 (+) colon cancer stem-like cells. Dickkopf-1, an inhibitor of Wnt signaling, decreased the expression of CD133 and Lgr5. It also reduced the proliferation, migration, and invasion of colon cancer cells90[]
. This indicates that blocking the Wnt pathway may be one possible solution to the problem of chemoresistance. Furthermore, other pathways, such as the Notch and Hedgehog signaling pathways involved in maintaining CSC identity, and other regulators, such as STAT3
 ADDIN EN.CITE 
[53,91,92]
 and microRNAs, could be conceivable targets.

CSCs can be eliminated by targeting membrane proteins such as CD133 and then delivering medicines that can specifically induce to death. Several efforts have been made to utilize CD133 in the treatment of cancers. Damek-Poprawa et al93


[ ADDIN EN.CITE ]
 conjugated a CD133 monoclonal antibody (MAb) to a genetically modified cytolethal distending toxin (Cdt). The proliferation of CD133 (+) cells in cell lines derived from head and neck squamous cell carcinomas was preferentially inhibited in a rate- and dose-dependent manner by the Cdt-MAb complex. Moreover, Rappa et al94


[ ADDIN EN.CITE ]
 decreased the number of CD133 molecules using two different short hairpin RNAs in FEMX-I melanoma cells. The cell growth, cell motility and spheroids-forming capacity were inhibited as a result of downregulation of CD133. In addition, Wang et al95[]
 investigated glioblastoma (GBM) using single-walled carbon nanotubes (SWNTs) conjugated with CD133 monoclonal antibodies. GBM cells were exposed to these SWNTs and then irradiated with near-infrared laser light. They found that the CD133 (+) cells were eliminated, and the tumorigenic and self-renewal characters of CD133 (+) cells were also blocked. However, some have argued that CD133 (-) cells can be reversed to CD133 (+) cells through microenvironmental factors and that CD133 is not the only marker able to identify CSCs, indicating that targeting CSCs through CD133 alone is not sufficient to cure tumors. Whether CD133-targeting therapies can be a specific or efficient treatment for colorectal cancer requires further exploration.

CONCLUSION
Although CD133 has been used as a CSC marker, it cannot be the only marker used to characterize CSCs in colorectal cancers. It seems that a small population of CD133 (-) cells also have the biological characteristics of CSCs. Other markers should be used in combination to identify CSCs. Which combination of these markers is the best to identify CSC or shows consistent biological characters with CSC remains a question. Moreover, little is known about the function of CD133. Whether CD133 participates in the biological behavior of CSC or merely acts as a marker of the CSC phenotype is not clear. A variety of studies have confirmed the prognostic value of CD133 in colorectal cancers. However, these studies lack uniform samples, clinical conditions, methods and evaluations. Although CD133 is believed to be a target of advanced colorectal cancer, few efforts have been made to confirm this hypothesis directly. Regardless, it is desirable to explore new strategies of colorectal cancers by the use of CD133.

REFERENCES 
1 Yin AH, Miraglia S, Zanjani ED, Almeida-Porada G, Ogawa M, Leary AG, Olweus J, Kearney J, Buck DW. AC133, a novel marker for human hematopoietic stem and progenitor cells. Blood 1997; 90: 5002-5012 [PMID: 9389720]

2 Yu Y, Flint A, Dvorin EL, Bischoff J. AC133-2, a novel isoform of human AC133 stem cell antigen. J Biol Chem 2002; 277: 20711-20716 [PMID: 12042327 DOI: 10.1074/jbc.M202349200]

3 Clarke MF, Dick JE, Dirks PB, Eaves CJ, Jamieson CH, Jones DL, Visvader J, Weissman IL, Wahl GM. Cancer stem cells--perspectives on current status and future directions: AACR Workshop on cancer stem cells. Cancer Res 2006; 66: 9339-9344 [PMID: 16990346 DOI: 10.1158/0008-5472.CAN-06-3126]

4 Wu N, Xiao L, Zhao X, Zhao J, Wang J, Wang F, Cao S, Lin X. miR-125b regulates the proliferation of glioblastoma stem cells by targeting E2F2. FEBS Lett 2012; 586: 3831-3839 [PMID: 22999819 DOI: 10.1016/j.febslet.2012.08.023]

5 Schneider M, Huber J, Hadaschik B, Siegers GM, Fiebig HH, Schüler J. Characterization of colon cancer cells: a functional approach characterizing CD133 as a potential stem cell marker. BMC Cancer 2012; 12: 96 [PMID: 22433494 DOI: 10.1186/1471-2407-12-96]

6 Yang ZL, Zheng Q, Yan J, Pan Y, Wang ZG. Upregulated CD133 expression in tumorigenesis of colon cancer cells. World J Gastroenterol 2011; 17: 932-937 [PMID: 21412503 DOI: 10.3748/wjg.v17.i7.932]

7 Ma S. Biology and clinical implications of CD133(+) liver cancer stem cells. Exp Cell Res 2013; 319: 126-132 [PMID: 22999864 DOI: 10.1016/j.yexcr.2012.09.007]

8 Hermann PC, Huber SL, Herrler T, Aicher A, Ellwart JW, Guba M, Bruns CJ, Heeschen C. Distinct populations of cancer stem cells determine tumor growth and metastatic activity in human pancreatic cancer. Cell Stem Cell 2007; 1: 313-323 [PMID: 18371365 DOI: 10.1016/j.stem.2007.06.002]

9 Yanagisawa S, Kadouchi I, Yokomori K, Hirose M, Hakozaki M, Hojo H, Maeda K, Kobayashi E, Murakami T. Identification and metastatic potential of tumor-initiating cells in malignant rhabdoid tumor of the kidney. Clin Cancer Res 2009; 15: 3014-3022 [PMID: 19383826 DOI: 10.1158/1078-0432.CCR-08-2237]

10 Salnikov AV, Gladkich J, Moldenhauer G, Volm M, Mattern J, Herr I. CD133 is indicative for a resistance phenotype but does not represent a prognostic marker for survival of non-small cell lung cancer patients. Int J Cancer 2010; 126: 950-958 [PMID: 19676044 DOI: 10.1002/ijc.24822]

11 Rutella S, Bonanno G, Procoli A, Mariotti A, Corallo M, Prisco MG, Eramo A, Napoletano C, Gallo D, Perillo A, Nuti M, Pierelli L, Testa U, Scambia G, Ferrandina G. Cells with characteristics of cancer stem/progenitor cells express the CD133 antigen in human endometrial tumors. Clin Cancer Res 2009; 15: 4299-4311 [PMID: 19509143 DOI: 10.1158/1078-0432.CCR-08-1883]

12 Long H, Xie R, Xiang T, Zhao Z, Lin S, Liang Z, Chen Z, Zhu B. Autocrine CCL5 signaling promotes invasion and migration of CD133+ ovarian cancer stem-like cells via NF-κB-mediated MMP-9 upregulation. Stem Cells 2012; 30: 2309-2319 [PMID: 22887854 DOI: 10.1002/stem.1194]

13 Tirino V, Desiderio V, d'Aquino R, De Francesco F, Pirozzi G, Graziano A, Galderisi U, Cavaliere C, De Rosa A, Papaccio G, Giordano A. Detection and characterization of CD133+ cancer stem cells in human solid tumours. PLoS One 2008; 3: e3469 [PMID: 18941626 DOI: 10.1371/journal.pone.0003469]

14 O'Brien CA, Pollett A, Gallinger S, Dick JE. A human colon cancer cell capable of initiating tumour growth in immunodeficient mice. Nature 2007; 445: 106-110 [PMID: 17122772 DOI: 10.1038/nature05372]

15 Ricci-Vitiani L, Lombardi DG, Pilozzi E, Biffoni M, Todaro M, Peschle C, De Maria R. Identification and expansion of human colon-cancer-initiating cells. Nature 2007; 445: 111-115 [PMID: 17122771 DOI: 10.1038/nature05384]

16 Shmelkov SV, Butler JM, Hooper AT, Hormigo A, Kushner J, Milde T, St Clair R, Baljevic M, White I, Jin DK, Chadburn A, Murphy AJ, Valenzuela DM, Gale NW, Thurston G, Yancopoulos GD, D'Angelica M, Kemeny N, Lyden D, Rafii S. CD133 expression is not restricted to stem cells, and both CD133+ and CD133- metastatic colon cancer cells initiate tumors. J Clin Invest 2008; 118: 2111-2120 [PMID: 18497886 DOI: 10.1172/JCI34401]

17 Kawamoto H, Yuasa T, Kubota Y, Seita M, Sasamoto H, Shahid JM, Hayashi T, Nakahara H, Hassan R, Iwamuro M, Kondo E, Nakaji S, Tanaka N, Kobayashi N. Characteristics of CD133(+) human colon cancer SW620 cells. Cell Transplant 2010; 19: 857-864 [PMID: 20587144 DOI: 10.3727/096368910X508988]

18 LaBarge MA, Bissell MJ. Is CD133 a marker of metastatic colon cancer stem cells? J Clin Invest 2008; 118: 2021-2024 [PMID: 18497883 DOI: 10.1172/JCI36046]

19 Liao Y, Hu X, Huang X, He C. Quantitative analyses of CD133 expression facilitate researches on tumor stem cells. Biol Pharm Bull 2010; 33: 738-742 [PMID: 20460748 DOI: JST.JSTAGE/bpb/33.738]

20 Kemper K, Sprick MR, de Bree M, Scopelliti A, Vermeulen L, Hoek M, Zeilstra J, Pals ST, Mehmet H, Stassi G, Medema JP. The AC133 epitope, but not the CD133 protein, is lost upon cancer stem cell differentiation. Cancer Res 2010; 70: 719-729 [PMID: 20068153 DOI: 10.1158/0008-5472.CAN-09-1820]

21 Yang Z, Wang Z, Fan Y, Zheng Q. Expression of CD133 in SW620 colorectal cancer cells is modulated by the microenvironment. Oncol Lett 2012; 4: 75-79 [PMID: 22807964 DOI: 10.3892/ol.2012.694]

22 Jeon YK, Kim SH, Choi SH, Kim KH, Yoo BC, Ku JL, Park JG. Promoter hypermethylation and loss of CD133 gene expression in colorectal cancers. World J Gastroenterol 2010; 16: 3153-3160 [PMID: 20593500]

23 Ieta K, Tanaka F, Haraguchi N, Kita Y, Sakashita H, Mimori K, Matsumoto T, Inoue H, Kuwano H, Mori M. Biological and genetic characteristics of tumor-initiating cells in colon cancer. Ann Surg Oncol 2008; 15: 638-648 [PMID: 17932721 DOI: 10.1245/s10434-007-9605-3]

24 Feng HL, Liu YQ, Yang LJ, Bian XC, Yang ZL, Gu B, Zhang H, Wang CJ, Su XL, Zhao XM. Expression of CD133 correlates with differentiation of human colon cancer cells. Cancer Biol Ther 2010; 9: 216-223 [PMID: 20023382]

25 Fang DD, Kim YJ, Lee CN, Aggarwal S, McKinnon K, Mesmer D, Norton J, Birse CE, He T, Ruben SM, Moore PA. Expansion of CD133(+) colon cancer cultures retaining stem cell properties to enable cancer stem cell target discovery. Br J Cancer 2010; 102: 1265-1275 [PMID: 20332776 DOI: 10.1038/sj.bjc.6605610]

26 Cui L, Ohuchida K, Mizumoto K, Moriyama T, Onimaru M, Nakata K, Nabae T, Ueki T, Sato N, Tominaga Y, Tanaka M. Prospectively isolated cancer-associated CD10(+) fibroblasts have stronger interactions with CD133(+) colon cancer cells than with CD133(-) cancer cells. PLoS One 2010; 5: e12121 [PMID: 20711432 DOI: 10.1371/journal.pone.0012121]

27 Chu P, Clanton DJ, Snipas TS, Lee J, Mitchell E, Nguyen ML, Hare E, Peach RJ. Characterization of a subpopulation of colon cancer cells with stem cell-like properties. Int J Cancer 2009; 124: 1312-1321 [PMID: 19072981 DOI: 10.1002/ijc.24061]

28 Du L, Wang H, He L, Zhang J, Ni B, Wang X, Jin H, Cahuzac N, Mehrpour M, Lu Y, Chen Q. CD44 is of functional importance for colorectal cancer stem cells. Clin Cancer Res 2008; 14: 6751-6760 [PMID: 18980968 DOI: 10.1158/1078-0432.CCR-08-1034]

29 Haraguchi N, Ohkuma M, Sakashita H, Matsuzaki S, Tanaka F, Mimori K, Kamohara Y, Inoue H, Mori M. CD133+CD44+ population efficiently enriches colon cancer initiating cells. Ann Surg Oncol 2008; 15: 2927-2933 [PMID: 18663533 DOI: 10.1245/s10434-008-0074-0]

30 Chen KL, Pan F, Jiang H, Chen JF, Pei L, Xie FW, Liang HJ. Highly enriched CD133(+)CD44(+) stem-like cells with CD133(+)CD44(high) metastatic subset in HCT116 colon cancer cells. Clin Exp Metastasis 2011; 28: 751-763 [PMID: 21750907 DOI: 10.1007/s10585-011-9407-7]

31 Dalerba P, Dylla SJ, Park IK, Liu R, Wang X, Cho RW, Hoey T, Gurney A, Huang EH, Simeone DM, Shelton AA, Parmiani G, Castelli C, Clarke MF. Phenotypic characterization of human colorectal cancer stem cells. Proc Natl Acad Sci U S A 2007; 104: 10158-10163 [PMID: 17548814 DOI: 10.1073/pnas.0703478104]

32 Vermeulen L, Todaro M, de Sousa Mello F, Sprick MR, Kemper K, Perez Alea M, Richel DJ, Stassi G, Medema JP. Single-cell cloning of colon cancer stem cells reveals a multi-lineage differentiation capacity. Proc Natl Acad Sci U S A 2008; 105: 13427-13432 [PMID: 18765800 DOI: 10.1073/pnas.0805706105]

33 Langan RC, Mullinax JE, Ray S, Raiji MT, Schaub N, Xin HW, Koizumi T, Steinberg SM, Anderson A, Wiegand G, Butcher D, Anver M, Bilchik AJ, Stojadinovic A, Rudloff U, Avital I. A Pilot Study Assessing the Potential Role of non-CD133 Colorectal Cancer Stem Cells as Biomarkers. J Cancer 2012; 3: 231-240 [PMID: 22670157 DOI: 10.7150/jca.4542]

34 Choi D, Lee HW, Hur KY, Kim JJ, Park GS, Jang SH, Song YS, Jang KS, Paik SS. Cancer stem cell markers CD133 and CD24 correlate with invasiveness and differentiation in colorectal adenocarcinoma. World J Gastroenterol 2009; 15: 2258-2264 [PMID: 19437567]

35 Horst D, Kriegl L, Engel J, Jung A, Kirchner T. CD133 and nuclear beta-catenin: the marker combination to detect high risk cases of low stage colorectal cancer. Eur J Cancer 2009; 45: 2034-2040 [PMID: 19403300 DOI: 10.1016/j.ejca.2009.04.004]

36 Mélin C, Perraud A, Akil H, Jauberteau MO, Cardot P, Mathonnet M, Battu S. Cancer stem cell sorting from colorectal cancer cell lines by sedimentation field flow fractionation. Anal Chem 2012; 84: 1549-1556 [PMID: 22236375 DOI: 10.1021/ac202797z]

37 Huang EH, Hynes MJ, Zhang T, Ginestier C, Dontu G, Appelman H, Fields JZ, Wicha MS, Boman BM. Aldehyde dehydrogenase 1 is a marker for normal and malignant human colonic stem cells (SC) and tracks SC overpopulation during colon tumorigenesis. Cancer Res 2009; 69: 3382-3389 [PMID: 19336570 DOI: 10.1158/0008-5472.CAN-08-4418]

38 Xu M, Yuan Y, Xia Y, Achilefu S. Monoclonal antibody CC188 binds a carbohydrate epitope expressed on the surface of both colorectal cancer stem cells and their differentiated progeny. Clin Cancer Res 2008; 14: 7461-7469 [PMID: 19010863 DOI: 10.1158/1078-0432.CCR-07-4430]

39 Roy S, Majumdar AP. Signaling in colon cancer stem cells. J Mol Signal 2012; 7: 11 [PMID: 22866952 DOI: 10.1186/1750-2187-7-11]

40 Kanwar SS, Yu Y, Nautiyal J, Patel BB, Majumdar AP. The Wnt/beta-catenin pathway regulates growth and maintenance of colonospheres. Mol Cancer 2010; 9: 212 [PMID: 20691072 DOI: 10.1186/1476-4598-9-212]

41 Miyoshi Y, Nagase H, Ando H, Horii A, Ichii S, Nakatsuru S, Aoki T, Miki Y, Mori T, Nakamura Y. Somatic mutations of the APC gene in colorectal tumors: mutation cluster region in the APC gene. Hum Mol Genet 1992; 1: 229-233 [PMID: 1338904]

42 de Sousa EM, Vermeulen L, Richel D, Medema JP. Targeting Wnt signaling in colon cancer stem cells. Clin Cancer Res 2011; 17: 647-653 [PMID: 21159886 DOI: 10.1158/1078-0432.CCR-10-1204]

43 Deng YH, Pu XX, Huang MJ, Xiao J, Zhou JM, Lin TY, Lin EH. 5-Fluorouracil upregulates the activity of Wnt signaling pathway in CD133-positive colon cancer stem-like cells. Chin J Cancer 2010; 29: 810-815 [PMID: 20800023 DOI: 1944-446X201009810]

44 Corbo C, Orrù S, Gemei M, Noto RD, Mirabelli P, Imperlini E, Ruoppolo M, Vecchio LD, Salvatore F. Protein cross-talk in CD133+ colon cancer cells indicates activation of the Wnt pathway and upregulation of SRp20 that is potentially involved in tumorigenicity. Proteomics 2012; 12: 2045-2059 [PMID: 22623141 DOI: 10.1002/pmic.201100370]

45 Xu Y, Pasche B. TGF-beta signaling alterations and susceptibility to colorectal cancer. Hum Mol Genet 2007; 16 Spec No 1: R14-R20 [PMID: 17613544 DOI: 10.1093/hmg/ddl486]

46 Shima K, Morikawa T, Yamauchi M, Kuchiba A, Imamura Y, Liao X, Meyerhardt JA, Fuchs CS, Ogino S. TGFBR2 and BAX mononucleotide tract mutations, microsatellite instability, and prognosis in 1072 colorectal cancers. PLoS One 2011; 6: e25062 [PMID: 21949851 DOI: 10.1371/journal.pone.0025062]

47 Fleming N, Jorissen RN, Mouradov D, Christie M, Sakthianandeswaren A, Palmieri M, Day F, Li S, Tsui C, Lipton L, Desai J, Jones IT, McLaughlin S, Ward RL, Hawkins NJ, Ruszkiewicz AR, Moore J, Zhu HJ, Mariadason JM, Burgess AW, Busam D, Zhao Q, Strausberg RL, Gibbs P, Sieber OM. SMAD2, SMAD3 and SMAD4 Mutations in Colorectal Cancer. Cancer Res 2013; 73: 725-735 [PMID: 23139211 DOI: 10.1158/0008-5472.CAN-12-2706]

48 Sikandar SS, Pate KT, Anderson S, Dizon D, Edwards RA, Waterman ML, Lipkin SM. NOTCH signaling is required for formation and self-renewal of tumor-initiating cells and for repression of secretory cell differentiation in colon cancer. Cancer Res 2010; 70: 1469-1478 [PMID: 20145124 DOI: 10.1158/0008-5472.CAN-09-2557]

49 Varnat F, Duquet A, Malerba M, Zbinden M, Mas C, Gervaz P, Ruiz i Altaba A. Human colon cancer epithelial cells harbour active HEDGEHOG-GLI signalling that is essential for tumour growth, recurrence, metastasis and stem cell survival and expansion. EMBO Mol Med 2009; 1: 338-351 [PMID: 20049737 DOI: 10.1002/emmm.200900039]

50 Varnat F, Siegl-Cachedenier I, Malerba M, Gervaz P, Ruiz i Altaba A. Loss of WNT-TCF addiction and enhancement of HH-GLI1 signalling define the metastatic transition of human colon carcinomas. EMBO Mol Med 2010; 2: 440-457 [PMID: 20941789 DOI: 10.1002/emmm.201000098]

51 Kemper K, Versloot M, Cameron K, Colak S, de Sousa e Melo F, de Jong JH, Bleackley J, Vermeulen L, Versteeg R, Koster J, Medema JP. Mutations in the Ras-Raf Axis underlie the prognostic value of CD133 in colorectal cancer. Clin Cancer Res 2012; 18: 3132-3141 [PMID: 22496204 DOI: 10.1158/1078-0432.CCR-11-3066]

52 Tabu K, Kimura T, Sasai K, Wang L, Bizen N, Nishihara H, Taga T, Tanaka S. Analysis of an alternative human CD133 promoter reveals the implication of Ras/ERK pathway in tumor stem-like hallmarks. Mol Cancer 2010; 9: 39 [PMID: 20167130 DOI: 10.1186/1476-4598-9-39]

53 Lin L, Liu Y, Li H, Li PK, Fuchs J, Shibata H, Iwabuchi Y, Lin J. Targeting colon cancer stem cells using a new curcumin analogue, GO-Y030. Br J Cancer 2011; 105: 212-220 [PMID: 21694723 DOI: 10.1038/bjc.2011.200]

54 Wang YK, Zhu YL, Qiu FM, Zhang T, Chen ZG, Zheng S, Huang J. Activation of Akt and MAPK pathways enhances the tumorigenicity of CD133+ primary colon cancer cells. Carcinogenesis 2010; 31: 1376-1380 [PMID: 20530554 DOI: 10.1093/carcin/bgq120]

55 Saigusa S, Tanaka K, Toiyama Y, Yokoe T, Okugawa Y, Koike Y, Fujikawa H, Inoue Y, Miki C, Kusunoki M. Clinical significance of CD133 and hypoxia inducible factor-1α gene expression in rectal cancer after preoperative chemoradiotherapy. Clin Oncol (R Coll Radiol) 2011; 23: 323-332 [PMID: 20970309 DOI: 10.1016/j.clon.2010.09.012]

56 Fang Y, Xiang J, Chen Z, Gu X, Li Z, Tang F, Zhou Z. miRNA expression profile of colon cancer stem cells compared to non-stem cells using the SW1116 cell line. Oncol Rep 2012; 28: 2115-2124 [PMID: 23007737 DOI: 10.3892/or.2012.2054]

57 Jao SW, Chen SF, Lin YS, Chang YC, Lee TY, Wu CC, Jin JS, Nieh S. Cytoplasmic CD133 expression is a reliable prognostic indicator of tumor regression after neoadjuvant concurrent chemoradiotherapy in patients with rectal cancer. Ann Surg Oncol 2012; 19: 3432-3440 [PMID: 22739652 DOI: 10.1245/s10434-012-2394-3]

58 Weiswald LB, Guinebretière JM, Richon S, Bellet D, Saubaméa B, Dangles-Marie V. In situ protein expression in tumour spheres: development of an immunostaining protocol for confocal microscopy. BMC Cancer 2010; 10: 106 [PMID: 20307308 DOI: 10.1186/1471-2407-10-106]

59 Saigusa S, Tanaka K, Toiyama Y, Yokoe T, Okugawa Y, Ioue Y, Miki C, Kusunoki M. Correlation of CD133, OCT4, and SOX2 in rectal cancer and their association with distant recurrence after chemoradiotherapy. Ann Surg Oncol 2009; 16: 3488-3498 [PMID: 19657699 DOI: 10.1245/s10434-009-0617-z]

60 Horst D, Kriegl L, Engel J, Kirchner T, Jung A. CD133 expression is an independent prognostic marker for low survival in colorectal cancer. Br J Cancer 2008; 99: 1285-1289 [PMID: 18781171 DOI: 10.1038/sj.bjc.6604664]

61 Corbeil D, Marzesco AM, Wilsch-Bräuninger M, Huttner WB. The intriguing links between prominin-1 (CD133), cholesterol-based membrane microdomains, remodeling of apical plasma membrane protrusions, extracellular membrane particles, and (neuro)epithelial cell differentiation. FEBS Lett 2010; 584: 1659-1664 [PMID: 20122930 DOI: 10.1016/j.febslet.2010.01.050]

62 Chao C, Carmical JR, Ives KL, Wood TG, Aronson JF, Gomez GA, Djukom CD, Hellmich MR. CD133+ colon cancer cells are more interactive with the tumor microenvironment than CD133- cells. Lab Invest 2012; 92: 420-436 [PMID: 22157717 DOI: 10.1038/labinvest.2011.185]

63 Taïeb N, Maresca M, Guo XJ, Garmy N, Fantini J, Yahi N. The first extracellular domain of the tumour stem cell marker CD133 contains an antigenic ganglioside-binding motif. Cancer Lett 2009; 278: 164-173 [PMID: 19216024 DOI: 10.1016/j.canlet.2009.01.013]

64 Horst D, Scheel SK, Liebmann S, Neumann J, Maatz S, Kirchner T, Jung A. The cancer stem cell marker CD133 has high prognostic impact but unknown functional relevance for the metastasis of human colon cancer. J Pathol 2009; 219: 427-434 [PMID: 19621338 DOI: 10.1002/path.2597]

65 Yasuda H, Tanaka K, Saigusa S, Toiyama Y, Koike Y, Okugawa Y, Yokoe T, Kawamoto A, Inoue Y, Miki C, Kusunoki M. Elevated CD133, but not VEGF or EGFR, as a predictive marker of distant recurrence after preoperative chemoradiotherapy in rectal cancer. Oncol Rep 2009; 22: 709-717 [PMID: 19724847]

66 Li CY, Li BX, Liang Y, Peng RQ, Ding Y, Xu DZ, Zhang X, Pan ZZ, Wan DS, Zeng YX, Zhu XF, Zhang XS. Higher percentage of CD133+ cells is associated with poor prognosis in colon carcinoma patients with stage IIIB. J Transl Med 2009; 7: 56 [PMID: 19583834 DOI: 10.1186/1479-5876-7-56]

67 Artells R, Moreno I, Díaz T, Martínez F, Gel B, Navarro A, Ibeas R, Moreno J, Monzó M. Tumour CD133 mRNA expression and clinical outcome in surgically resected colorectal cancer patients. Eur J Cancer 2010; 46: 642-649 [PMID: 20005089 DOI: 10.1016/j.ejca.2009.11.003]

68 Pilati P, Mocellin S, Bertazza L, Galdi F, Briarava M, Mammano E, Tessari E, Zavagno G, Nitti D. Prognostic value of putative circulating cancer stem cells in patients undergoing hepatic resection for colorectal liver metastasis. Ann Surg Oncol 2012; 19: 402-408 [PMID: 22071867 DOI: 10.1245/s10434-011-2132-2]

69 Kojima M, Ishii G, Atsumi N, Fujii S, Saito N, Ochiai A. Immunohistochemical detection of CD133 expression in colorectal cancer: a clinicopathological study. Cancer Sci 2008; 99: 1578-1583 [PMID: 18754869 DOI: 10.1111/j.1349-7006.2008.00849.x]

70 Zlobec I, Steele R, Terracciano L, Jass JR, Lugli A. Selecting immunohistochemical cut-off scores for novel biomarkers of progression and survival in colorectal cancer. J Clin Pathol 2007; 60: 1112-1116 [PMID: 17182662 DOI: 10.1136/jcp.2006.044537]

71 Bellizzi A, Sebastian S, Ceglia P, Centonze M, Divella R, Manzillo EF, Azzariti A, Silvestris N, Montemurro S, Caliandro C, De Luca R, Cicero G, Rizzo S, Russo A, Quaranta M, Simone G, Paradiso A. Co-expression of CD133(+)/CD44(+) in human colon cancer and liver metastasis. J Cell Physiol 2013; 228: 408-415 [PMID: 22740326 DOI: 10.1002/jcp.24145]

72 Neumann J, Horst D, Kriegl L, Maatz S, Engel J, Jung A, Kirchner T. A simple immunohistochemical algorithm predicts the risk of distant metastases in right-sided colon cancer. Histopathology 2012; 60: 416-426 [PMID: 22276605 DOI: 10.1111/j.1365-2559.2011.04126.x]

73 Lin EH, Hassan M, Li Y, Zhao H, Nooka A, Sorenson E, Xie K, Champlin R, Wu X, Li D. Elevated circulating endothelial progenitor marker CD133 messenger RNA levels predict colon cancer recurrence. Cancer 2007; 110: 534-542 [PMID: 17594720 DOI: 10.1002/cncr.22774]

74 Iinuma H, Watanabe T, Mimori K, Adachi M, Hayashi N, Tamura J, Matsuda K, Fukushima R, Okinaga K, Sasako M, Mori M. Clinical significance of circulating tumor cells, including cancer stem-like cells, in peripheral blood for recurrence and prognosis in patients with Dukes' stage B and C colorectal cancer. J Clin Oncol 2011; 29: 1547-1555 [PMID: 21422427 DOI: 10.1200/JCO.2010.30.5151]

75 Gazzaniga P, Gradilone A, Petracca A, Nicolazzo C, Raimondi C, Iacovelli R, Naso G, Cortesi E. Molecular markers in circulating tumour cells from metastatic colorectal cancer patients. J Cell Mol Med 2010; 14: 2073-2077 [PMID: 20597995 DOI: 10.1111/j.1582-4934.2010.01117.x]

76 Ko Y, Klinz M, Totzke G, Gouni-Berthold I, Sachinidis A, Vetter H. Limitations of the reverse transcription-polymerase chain reaction method for the detection of carcinoembryonic antigen-positive tumor cells in peripheral blood. Clin Cancer Res 1998; 4: 2141-2146 [PMID: 9748132]

77 Tentes IK, Schmidt WM, Krupitza G, Steger GG, Mikulits W, Kortsaris A, Mader RM. Long-term persistence of acquired resistance to 5-fluorouracil in the colon cancer cell line SW620. Exp Cell Res 2010; 316: 3172-3181 [PMID: 20849845 DOI: 10.1016/j.yexcr.2010.09.003]

78 Boman BM, Huang E. Human colon cancer stem cells: a new paradigm in gastrointestinal oncology. J Clin Oncol 2008; 26: 2828-2838 [PMID: 18539961 DOI: 10.1200/JCO.2008.17.6941]

79 Ong CW, Kim LG, Kong HH, Low LY, Iacopetta B, Soong R, Salto-Tellez M. CD133 expression predicts for non-response to chemotherapy in colorectal cancer. Mod Pathol 2010; 23: 450-457 [PMID: 20081809 DOI: 10.1038/modpathol.2009.181]

80 Saigusa S, Tanaka K, Toiyama Y, Yokoe T, Okugawa Y, Kawamoto A, Yasuda H, Morimoto Y, Fujikawa H, Inoue Y, Miki C, Kusunoki M. Immunohistochemical features of CD133 expression: association with resistance to chemoradiotherapy in rectal cancer. Oncol Rep 2010; 24: 345-350 [PMID: 20596619]

81 Dallas NA, Xia L, Fan F, Gray MJ, Gaur P, van Buren G, Samuel S, Kim MP, Lim SJ, Ellis LM. Chemoresistant colorectal cancer cells, the cancer stem cell phenotype, and increased sensitivity to insulin-like growth factor-I receptor inhibition. Cancer Res 2009; 69: 1951-1957 [PMID: 19244128 DOI: 10.1158/0008-5472.CAN-08-2023]

82 Hongo K, Tanaka J, Tsuno NH, Kawai K, Nishikawa T, Shuno Y, Sasaki K, Kaneko M, Hiyoshi M, Sunami E, Kitayama J, Takahashi K, Nagawa H. CD133(-) cells, derived from a single human colon cancer cell line, are more resistant to 5-fluorouracil (FU) than CD133(+) cells, dependent on the β1-integrin signaling. J Surg Res 2012; 175: 278-288 [PMID: 21601882 DOI: 10.1016/j.jss.2011.03.076]

83 Shinto E, Hashiguchi Y, Ueno H, Kobayashi H, Ishiguro M, Mochizuki H, Yamamoto J, Hase K. Pretreatment CD133 and cyclooxygenase-2 expression as the predictive markers of the pathological effect of chemoradiotherapy in rectal cancer patients. Dis Colon Rectum 2011; 54: 1098-1106 [PMID: 21825889 DOI: 10.1097/DCR.0b013e3182218155]

84 Margolin DA, Silinsky J, Grimes C, Spencer N, Aycock M, Green H, Cordova J, Davis NK, Driscoll T, Li L. Lymph node stromal cells enhance drug-resistant colon cancer cell tumor formation through SDF-1α/CXCR4 paracrine signaling. Neoplasia 2011; 13: 874-886 [PMID: 21969820]

85 Francipane MG, Alea MP, Lombardo Y, Todaro M, Medema JP, Stassi G. Crucial role of interleukin-4 in the survival of colon cancer stem cells. Cancer Res 2008; 68: 4022-4025 [PMID: 18519657 DOI: 10.1158/0008-5472.CAN-07-6874]

86 Stassi G, Todaro M, Zerilli M, Ricci-Vitiani L, Di Liberto D, Patti M, Florena A, Di Gaudio F, Di Gesù G, De Maria R. Thyroid cancer resistance to chemotherapeutic drugs via autocrine production of interleukin-4 and interleukin-10. Cancer Res 2003; 63: 6784-6790 [PMID: 14583474]

87 Todaro M, Zerilli M, Ricci-Vitiani L, Bini M, Perez Alea M, Maria Florena A, Miceli L, Condorelli G, Bonventre S, Di Gesù G, De Maria R, Stassi G. Autocrine production of interleukin-4 and interleukin-10 is required for survival and growth of thyroid cancer cells. Cancer Res 2006; 66: 1491-1499 [PMID: 16452205 DOI: 10.1158/0008-5472.CAN-05-2514]

88 Todaro M, Perez Alea M, Scopelliti A, Medema JP, Stassi G. IL-4-mediated drug resistance in colon cancer stem cells. Cell Cycle 2008; 7: 309-313 [PMID: 18235245 DOI: 5389]

89 Todaro M, Alea MP, Di Stefano AB, Cammareri P, Vermeulen L, Iovino F, Tripodo C, Russo A, Gulotta G, Medema JP, Stassi G. Colon cancer stem cells dictate tumor growth and resist cell death by production of interleukin-4. Cell Stem Cell 2007; 1: 389-402 [PMID: 18371377 DOI: 10.1016/j.stem.2007.08.001]

90 Qi L, Sun B, Liu Z, Li H, Gao J, Leng X. Dickkopf-1 inhibits epithelial-mesenchymal transition of colon cancer cells and contributes to colon cancer suppression. Cancer Sci 2012; 103: 828-835 [PMID: 22321022 DOI: 10.1111/j.1349-7006.2012.02222.x]

91 Lin L, Fuchs J, Li C, Olson V, Bekaii-Saab T, Lin J. STAT3 signaling pathway is necessary for cell survival and tumorsphere forming capacity in ALDH⁺/CD133⁺ stem cell-like human colon cancer cells. Biochem Biophys Res Commun 2011; 416: 246-251 [PMID: 22074823 DOI: 10.1016/j.bbrc.2011.10.112]

92 Lin L, Liu A, Peng Z, Lin HJ, Li PK, Li C, Lin J. STAT3 is necessary for proliferation and survival in colon cancer-initiating cells. Cancer Res 2011; 71: 7226-7237 [PMID: 21900397 DOI: 10.1158/0008-5472.CAN-10-4660]

93 Damek-Poprawa M, Volgina A, Korostoff J, Sollecito TP, Brose MS, O'Malley BW, Akintoye SO, DiRienzo JM. Targeted inhibition of CD133+ cells in oral cancer cell lines. J Dent Res 2011; 90: 638-645 [PMID: 21220361 DOI: 10.1177/0022034510393511]

94 Rappa G, Fodstad O, Lorico A. The stem cell-associated antigen CD133 (Prominin-1) is a molecular therapeutic target for metastatic melanoma. Stem Cells 2008; 26: 3008-3017 [PMID: 18802032 DOI: 10.1634/stemcells.2008-0601]

95 Wang CH, Chiou SH, Chou CP, Chen YC, Huang YJ, Peng CA. Photothermolysis of glioblastoma stem-like cells targeted by carbon nanotubes conjugated with CD133 monoclonal antibody. Nanomedicine 2011; 7: 69-79 [PMID: 20620237 DOI: 10.1016/j.nano.2010.06.010]

P-Reviewer Nakajima N S-Editor Gou SX L-Editor    E-Editor
Table 1 Studies of the relationship between CD133 expression and survival
	Reference
	n
	Cancer category
	Tumor stage
	Method
	Did CD133 expression predict poor survival?

	Choi et al34


[ ADDIN EN.CITE ]

	523
	Colorectal adenocarcinomas
	Stages I-IV
	IHC
	No: overall survival

	Kemper et al51


[ ADDIN EN.CITE ]

	90
	Colorectal cancers
	Stage II
	RT-PCR
	Yes: relapse-free survival

	Saigusa et al55


[ ADDIN EN.CITE ]

	52
	Rectal cancers (post-CRT)
	Unclear
	RT-PCR
	Yes: recurrence-free survival

	Jao et al 57[]

	233
	Colorectal adenocarcinomas (post-CRT)
	Stages I-IV
	IHC
	Yes: overall survival

	Saigusa et al59


[ ADDIN EN.CITE ]

	33
	Rectal cancers (post-CRT)
	Stage II/III
	RT-PCR
	Yes: disease-free survival

	Horst et al
 ADDIN EN.CITE 
[60]

	77
	Colorectal adenocarcinomas
	T2/T3, N0, M0
	IHC
	Yes: cancer-specific survival

	Yasuda et al65


[ ADDIN EN.CITE ]

	40
	Rectal cancers (post-CRT)
	Advanced
	RT-PCR
	Yes: disease-free survival

	Li et al
 ADDIN EN.CITE 
[66]

	104
	Colon carcinomas
	Stage IIIB
	IHC
	Yes: overall survival

	Artells et al67


[ ADDIN EN.CITE ]

	60
	Colorectal cancers
	Stages I-III
	RT-PCR
	Yes: overall survival

	Kojima et al
 ADDIN EN.CITE 
[69]

	160
	Colorectal cancers
	Stages I-IV(well- and moderately-differentiated)
	IHC
	Yes: overall survival

	Kojima et al
 ADDIN EN.CITE 
[69]

	140
	Colorectal cancers
	Stages I-IV (well- and moderately-differentiated)
	IHC
	No: recurrence-free survival


IHC: Immunohistochemistry; RT-PCR: Reverse-transcription polymerase chain reaction; CRT: Chemoradiotherapy.
