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The cancer stem cell (CSC) hypothesis states that these subpopulation of cells 
are responsible for the initiation of tumor and its recurrence. It has been 
shown that these cancer stem cells can be enriched in-vitro as tumorspheres 
under serum-free conditions. The objectives of this study is to establish and 
characterize the tumorspheres generated from a colon adenocarcinoma cell 
line (HT29) and a nasopharyngeal carcinoma cell line (TW06), and also to 
evaluate the chemoresistance properties of these tumorspheres of these cells. 
Here, two cell lines were grown as tumorspheres in vitro in serum-free 
DMEM/F12-supplemented medium with methylcellulose and plated on 
poly(2-hydroxyethyl methacrylate)-coated plates. Flow cytometric studies 
were performed to evaluate the surface markers expression of the 
tumospheres. Reverse-transcription-qPCR was also conducted to evaluate 
the expression level of cancer stem cell-related genes. Also, chemotoxicity 
assay was carried out to evaluate the chemoresistant properties of these 
tumorspheres to chemotherapeutic agents. In this study, it was found that 
both TW06-passage 0 and late passage tumorspheres had higher percentage 
of CD44+/CD24-/EpCAM+ population compared to parental adherent cells. 
HT29 only show differences in terms of CD133 expression where only HT29-
late passage tumorspheres were found to have higher CD133+ population. In 
addition, the expression of both SOX2 and ALDH1A3 was significantly 
lower in the passage 0 and late passage TW06 tumorspheres while the 
expression of Bmi1 is much higher in the late passage TW06 tumorsphere. A 
lower expression of the Bmi1 gene was found in the late passage 
tumorsphere of HT29. Chemotoxicity assay result showed that the TW06-late 
passage tumorspheres was resistant towards docetaxel at concentrations at 
or below 2.5 times of IC50 but not at higher concentrations. As for the HT29 
tumorspheres, it was found that a few tumorspheres from passage 0 was able 
to survive oxaliplatin treatment and its size appeared to be much larger as 
compared to the untreated tumorspheres. The DTX resistant tumorspheres of 
TW06 (TW06-DTX-R) and OXA resistant tumorspheres of HT29 (HT29-OXA-
R) were isolated and then cultured with DTX and OXA respectively for 
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further evaluation of their chemoresistant properties. Both cell cycle assay 
and apoptosis assay further confirmed that TW06-DTX-R generated from 
TW06-late passage tumorspheres  showed resistance towards docetaxel and 
HT29-OXA-R generated from HT29-parental tumorspheres were resistant to 
the oxaliplatin treatment. Finally, this study concluded that serially passaged 
tumorspheres may be enriched in cancer stem cells and were towards 
specific chemotherapeutic agents. 
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Hipotesis sel stem kanser menyatakan bahawa subpopulasi sel inilah yang 
bertanggungjawab untuk permulaan dan perulangan sesuatu tumor. Ianya 
dipercayai bahawa sel stem kanser dapat diperkayai in-vitro sebagai sfera 
tumor di bawah keadaan bebas serum. Objektif kajian ini adalah untuk 
mencirikan sfera-sfera tumor dari sel adenokarsinoma kolon (HT29) dan sel 
karsinoma nasofarinks (TW06), dan juga untuk menilaikan sifat-sifat 
rintangan terhadap ubat-ubat kemoterapi yang ditunjukkan oleh sfera tumor 
sel-sel tersebut. Kedua-dua sel tersebut telah ditumbuh sebagai sfera-sfera 
tumor in-vitro dalam medium DMEM/F12 yang ditambah dengan 
menggunakan metilselulosa sebagai dasarnya. Sitometri aliran telah 
dijalankan untuk menilai ekspresi penanda permukaan sfera-sfera tumor. 
Selain daripada itu, qPCR juga dijalankan untuk menilai ekspresi gen yang 
berkaitan dengan sel-sel stem kanser. Cerakin ketoksikan ubat kemoterapi 
juga dijalankan bagi menentukan reaksi sfera-sfera tumor kepada beberapa 
ejen kemoterapi yang biasa digunakan. Dalam kajian ini, ia didapati bahawa 
populasi sel CD44+/CD24-/EpCAM+ di kedua-dua sfera-sfera tumor pasaj 0 
dan pasaj lewat sel TW06 adalah jauh lebih tinggi berbanding dengan sel 
lekat induknya. HT29 hanya mempunyai perbezaan dari segi expressi CD133 
di mana sfera-sfera tumor lewat pasaj mempunyai populasi CD133+ adalah 
lebih tinggi. Di samping itu, ekspresi kedua-dua gen SOX2 dan ALDH1A3 
adalah jauh lebih rendah dalam sfera-sfera tumor pasaj 0 dan pasaj lewat sel 
TW06 manakala ekspresi gen Bmi1 adalah lebih tinggi di dalam sfera-sfera 
tumor pasaj lewat tumorsphere sel TW06. Ekspresi yang lebih rendah bagi 
gen Bmi1 dapat dilihat dalam sfera-sfera tumor pasaj lewat HT29. Cerakin 
ketosikan ubat kemoterapi menunjukan bahawa sfera-sfera tumor TW06 
pasaj lewat memperolehi rintangan terhadap dos DTX hingga 2.5 kali ganda 
dos IC50 tetapi bukan pada dos-dos DTX yang lebih tinggi. Bagi sfera-sfera 
tumor HT29, keputusan cerakin ketoksikan ubat kemoterapi tidak 
menunjukkan berbezaan signifikan antara reaksi sfera-sfera tumor pasaj 0 
tumorspheres, pasaj awal dan pasaj lewat terhadap oxaliplatin (OXA). Sfera-
sfera tumor TW06 yand mempunyai rintangan terhadap DTX (TW06-DTX-R) 
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dan sfera-sfera tumor HT29 yang mempunyai rintangan terhadap OXA 
(HT29-OXA-R) diasingkan untuk terus ditumbuh dalam keadaan dirawat 
bagi mengkaji ciri-ciri rintangan tersebut. Cerakin kitaran sel-sel dan cerakin 
apoptosis kemudian mengesahkan bahawa TW06-DTX-R mempunyai 
rintangan terhadap docetaxel dan HT29-OXA-R mempunyai rintangan 
terhadap oxaliplatin. Akhirnya, kajian in menyimpulkan bahawa sel stem 
kanser dapat diperkayai daripada sfera-sfera tumor yang telah dipasaj secara 
bersiri. Selain daripada itu, sfera-sfera tumor juga mempunyai ciri-ciri 
rintangan terhadap ubat kemoterapi. 
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CHAPTER 1 
 

INTRODUCTION 
 
Tumor recurrence and metastasis are two of the major obstacles in cancer 
treatment which result in making most cancer incurable. Cancer stem cells 
(CSCs) are widely linked to tumorigenesis and metastasis (Charafe-Jauffret et 
al., 2010; F. Li et al., 2007; Wicha, 2006). In addition, these cells have also been 
proposed to be linked to chemoresistance and also resistance to radiotherapy 
(Debeb et al., 2009; Diehn et al., 2009; Li et al., 2008; Phillips et al., 2006; 
Woodward et al., 2007). According to the CSC model, tumor is initiated by a 
subpopulation of cancer cells termed as cancer stem cells. These CSCs have 
the intrinsic properties that is identical to normal stem cells which include 
longevity and self-renewing ability. Normal adult tissues have a small 
portion of stem cells that plays a role in the replacement of terminally 
differentiated cells. During self-renewal, these stem cells generate two 
daughter cells which are identical to its parental cell. Similarly, these cancer 
stem cells have the ability of initiate tumor in immune-deficient mice. CSCs 
were first identified in leukemia and later found in a wide variety of solid 
tumors. The presence of CSCs may be the reason behind the cancer 
recurrence and chemoresistance towards many chemotherapeutic drugs. One 
of the methods that is frequently used as a way to maintain these CSCs in 
vitro is to culture them in anchorage-independent conditions as 
tumorspheres (Dontu et al., 2003). This culture method was originally 
established from a neural cell activity assay (Reynolds et al., 1992). This 
method is soon adapted into many other studies that are linked to CSCs. 
 
Currently in Asia, colorectal cancer is the third most common malignant 
disease in both men and women (Sung et al., 2005). According to a case 
review done on CRC patients at Universiti Kebangsaan Medical Centre 
(UKMMC), it was found that 26% of the patients developed metastasis after 
surgery with adjuvant therapy (Rashid et al., 2009). On the other hand, 
nasopharyngeal carcinoma occurs more frequently occur in regions of 
Southern China and South East Asia (Ayadi et al., 2010; Toumi et al., 2010). 
Most of this mortality in NPC patients is believed to be due to distant 
metastasis and local recurrence of the cancer (Lo et al., 2004). Resistance 
towards chemotherapeutic agent which is one of the characteristic of CSC, is 
thought to be one of the main cause of cancer recurrence. Many other 
theories have attempted to explain chemoresistance, but this CSC theory has 
attracted much interest. Chemotherapies are developed based on the ability 
of these chemotherapeutic agents to cause regression in the tumor in animal 
models.  Since CSCs are believed to be only less than 10% of the total tumor 
population, this tumor regression by chemotherapeutic drug is expected to 
be mainly due to the elimination of the non-CSC population. This allows 
CSCs to remain after chemotherapy and they are able to regenerate the 
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tumor causing tumor recurrence. CSCs can be also progenitor cells in the 
bulk tumor by going through self-renewal and cell division which causes 
metastasis. Knowledge concerning the changes that causes chemoresistance 
in CSC are limited. The effects of chemotherapeutic agents on CSC, the 
changes that these drugs cause induce in CSC, the association between CSC 
and proteins connected to drug-resistance, and also the relationship between 
CSCs and anti-apoptosis genes may enable researchers to find more effective 
therapy which targets CSCs.  
 
The hypothesis of this study is that the tumorspheres are enriched in CSCs 
which has resistance towards chemotherapeutic agents and express putative 
CSC surface markers and CSC-related genes. 
 
This work aimed to achieve the following objectives: 
 

1) To compare the expression of CSC surface markers and genes in 
tumorspheres from HT29 (colon adenocarcinoma) and TW06 
(nasopharyngeal carcinoma) versus parental adherent cells 

2) To determine the chemoreactivity of the tumorspheres towards 
common chemotherapeutic agents 

3) To evaluate the effect of the drugs on the cell cycle status and 
apoptotic effects on resistant tumorspheres 

 
 
 
  



© C
OPYRIG

HT U
PM

63 

REFERENCES 

 
 

Al-Hajj, M., Wicha, M. S., Benito-Hernandez, A., Morrison, S. J., & Clarke, M. 
F. (2003). Prospective identification of tumorigenic breast cancer cells. 
Proc Natl Acad Sci U S A, 100, 3983-3988. 

Alison, M. R., Lim, S. M., & Nicholson, L. J. (2011). Cancer stem cells: 
problems for therapy? J Pathol, 223, 147-161. 

Allsopp, R. C., Morin, G. B., DePinho, R., Harley, C. B., & Weissman, I. L. 
(2003). Telomerase is required to slow telomere shortening and extend 
replicative lifespan of HSCs during serial transplantation. Blood, 102, 
517-520. 

Alvero, A. B., Chen, R., Fu, H. H., Montagna, M., Schwartz, P. E., Rutherford, 
T., et al. (2009). Molecular phenotyping of human ovarian cancer stem 
cells unravels the mechanisms for repair and chemoresistance. Cell 
Cycle, 8, 158-166. 

Athar, M., Tang, X., Lee, J. L., Kopelovich, L., & Kim, A. L. (2006). Hedgehog 
signalling in skin development and cancer. Exp Dermatol, 15, 667-677. 

Avilion, A. A., Nicolis, S. K., Pevny, L. H., Perez, L., Vivian, N., & Lovell-
Badge, R. (2003). Multipotent cell lineages in early mouse 
development depend on SOX2 function. Genes Dev, 17, 126-140. 

Ayadi, W., Khabir, A., Hadhri-Guiga, B., Fki, L., Toumi, N., Siala, W., et al. 
(2010). [North African and Southeast Asian nasopharyngeal 
carcinomas: between the resemblance and the dissemblance]. Bull 
Cancer, 97, 475-482. 

Bao, S., Wu, Q., McLendon, R. E., Hao, Y., Shi, Q., Hjelmeland, A. B., et al. 
(2006). Glioma stem cells promote radioresistance by preferential 
activation of the DNA damage response. Nature, 444, 756-760. 

Bapat, S. A., Mali, A. M., Koppikar, C. B., & Kurrey, N. K. (2005). Stem and 
progenitor-like cells contribute to the aggressive behavior of human 
epithelial ovarian cancer. Cancer Res, 65, 3025-3029. 

Boyer, L. A., Lee, T. I., Cole, M. F., Johnstone, S. E., Levine, S. S., Zucker, J. P., 
et al. (2005). Core transcriptional regulatory circuitry in human 
embryonic stem cells. Cell, 122, 947-956. 

Cammareri, P., Scopelliti, A., Todaro, M., Eterno, V., Francescangeli, F., 
Moyer, M. P., et al. (2010). Aurora-a is essential for the tumorigenic 
capacity and chemoresistance of colorectal cancer stem cells. Cancer 
Res, 70, 4655-4665. 

Charafe-Jauffret, E., Ginestier, C., Iovino, F., Tarpin, C., Diebel, M., Esterni, 
B., et al. (2010). Aldehyde dehydrogenase 1-positive cancer stem cells 
mediate metastasis and poor clinical outcome in inflammatory breast 
cancer. Clin Cancer Res, 16, 45-55. 

Chau, W. K., Ip, C. K., Mak, A. S., Lai, H. C., & Wong, A. S. (2013). c-Kit 
mediates chemoresistance and tumor-initiating capacity of ovarian 



© C
OPYRIG

HT U
PM

64 

cancer cells through activation of Wnt/beta-catenin-ATP-binding 
cassette G2 signaling. Oncogene, 32, 2767-2781. 

Chiba, S. (2006). Notch signaling in stem cell systems. Stem Cells, 24, 2437-
2447. 

Chow, E. K., Fan, L. L., Chen, X., & Bishop, J. M. (2012). Oncogene-specific 
formation of chemoresistant murine hepatic cancer stem cells. 
Hepatology, 56, 1331-1341. 

Chow, L. M., & Baker, S. J. (2006). PTEN function in normal and neoplastic 
growth. Cancer Lett, 241, 184-196. 

Clarke, M., Dick, J., Dirks, P., Eaves, C., Jamieson, C., Jones, L., et al. (2006). 
Cancer stem cells--perspectives on current status and future 
directions: AACR Workshop on cancer stem cells. Cancer research, 66, 
9339-9344. 

Clarke, M. F., Dick, J. E., Dirks, P. B., Eaves, C. J., Jamieson, C. H., Jones, D. 
L., et al. (2006). Cancer stem cells--perspectives on current status and 
future directions: AACR Workshop on cancer stem cells. Cancer Res, 
66, 9339-9344. 

Collins, A. T., Berry, P. A., Hyde, C., Stower, M. J., & Maitland, N. J. (2005). 
Prospective identification of tumorigenic prostate cancer stem cells. 
Cancer Res, 65, 10946-10951. 

Cooray, H. C., Blackmore, C. G., Maskell, L., & Barrand, M. A. (2002). 
Localisation of breast cancer resistance protein in microvessel 
endothelium of human brain. Neuroreport, 13, 2059-2063. 

Counter, C. M., Avilion, A. A., LeFeuvre, C. E., Stewart, N. G., Greider, C. 
W., Harley, C. B., et al. (1992). Telomere shortening associated with 
chromosome instability is arrested in immortal cells which express 
telomerase activity. EMBO J, 11, 1921-1929. 

Dalerba, P., Dylla, S. J., Park, I. K., Liu, R., Wang, X., Cho, R. W., et al. (2007). 
Phenotypic characterization of human colorectal cancer stem cells. 
Proc Natl Acad Sci U S A, 104, 10158-10163. 

de Lau, W., Barker, N., & Clevers, H. (2007). WNT signaling in the normal 
intestine and colorectal cancer. Front Biosci, 12, 471-491. 

Debeb, B. G., Xu, W., & Woodward, W. A. (2009). Radiation resistance of 
breast cancer stem cells: understanding the clinical framework. J 
Mammary Gland Biol Neoplasia, 14, 11-17. 

Dick, J. E. (2008). Stem cell concepts renew cancer research. Blood, 112, 4793-
4807. 

Diehn, M., Cho, R. W., Lobo, N. A., Kalisky, T., Dorie, M. J., Kulp, A. N., et al. 
(2009). Association of reactive oxygen species levels and 
radioresistance in cancer stem cells. Nature, 458, 780-783. 

Dontu, G., Abdallah, W. M., Foley, J. M., Jackson, K. W., Clarke, M. F., 
Kawamura, M. J., et al. (2003). In vitro propagation and transcriptional 
profiling of human mammary stem/progenitor cells. Genes Dev, 17, 
1253-1270. 

Dou, J., & Gu, N. (2010). Emerging strategies for the identification and 
targeting of cancer stem cells. Tumour Biol, 31, 243-253. 



© C
OPYRIG

HT U
PM

65 

Dou, J., Pan, M., Wen, P., Li, Y., Tang, Q., Chu, L., et al. (2007). Isolation and 
identification of cancer stem-like cells from murine melanoma cell 
lines. Cell Mol Immunol, 4, 467-472. 

Du, Z., Jia, D., Liu, S., Wang, F., Li, G., Zhang, Y., et al. (2009). Oct4 is 
expressed in human gliomas and promotes colony formation in 
glioma cells. Glia, 57, 724-733. 

Dylla, S. J., Beviglia, L., Park, I. K., Chartier, C., Raval, J., Ngan, L., et al. 
(2008). Colorectal cancer stem cells are enriched in xenogeneic tumors 
following chemotherapy. PLoS One, 3, e2428. 

Eramo, A., Lotti, F., Sette, G., Pilozzi, E., Biffoni, M., Di Virgilio, A., et al. 
(2008). Identification and expansion of the tumorigenic lung cancer 
stem cell population. Cell Death Differ, 15, 504-514. 

Ezeh, U. I., Turek, P. J., Reijo, R. A., & Clark, A. T. (2005). Human embryonic 
stem cell genes OCT4, NANOG, STELLAR, and GDF3 are expressed 
in both seminoma and breast carcinoma. Cancer, 104, 2255-2265. 

Fabbri, F., Carloni, S., Brigliadori, G., Zoli, W., Lapalombella, R., & Marini, 
M. (2006). Sequential events of apoptosis involving docetaxel, a 
microtubule-interfering agent: a cytometric study. BMC Cell Biol, 7, 6. 

Fan, X., Ouyang, N., Teng, H., & Yao, H. (2011). Isolation and 
characterization of spheroid cells from the HT29 colon cancer cell line. 
Int J Colorectal Dis, 26, 1279-1285. 

Fang, D., Nguyen, T. K., Leishear, K., Finko, R., Kulp, A. N., Hotz, S., et al. 
(2005). A tumorigenic subpopulation with stem cell properties in 
melanomas. Cancer Res, 65, 9328-9337. 

Fischbach, N. A., Rozenfeld, S., Shen, W., Fong, S., Chrobak, D., Ginzinger, 
D., et al. (2005). HOXB6 overexpression in murine bone marrow 
immortalizes a myelomonocytic precursor in vitro and causes 
hematopoietic stem cell expansion and acute myeloid leukemia in 
vivo. Blood, 105, 1456-1466. 

Flahaut, M., Meier, R., Coulon, A., Nardou, K. A., Niggli, F. K., Martinet, D., 
et al. (2009). The Wnt receptor FZD1 mediates chemoresistance in 
neuroblastoma through activation of the Wnt/beta-catenin pathway. 
Oncogene, 28, 2245-2256. 

Fong, H., Hohenstein, K. A., & Donovan, P. J. (2008). Regulation of self-
renewal and pluripotency by Sox2 in human embryonic stem cells. 
Stem Cells, 26, 1931-1938. 

Fox, S. B., Fawcett, J., Jackson, D. G., Collins, I., Gatter, K. C., Harris, A. L., et 
al. (1994). Normal human tissues, in addition to some tumors, express 
multiple different CD44 isoforms. Cancer Res, 54, 4539-4546. 

Friedman, H. S., Colvin, O. M., Kaufmann, S. H., Ludeman, S. M., Bullock, 
N., Bigner, D. D., et al. (1992). Cyclophosphamide resistance in 
medulloblastoma. Cancer Res, 52, 5373-5378. 

Galli, R., Binda, E., Orfanelli, U., Cipelletti, B., Gritti, A., De Vitis, S., et al. 
(2004). Isolation and characterization of tumorigenic, stem-like neural 
precursors from human glioblastoma. Cancer Res, 64, 7011-7021. 

Gallmeier, E., Hermann, P. C., Mueller, M. T., Machado, J. G., Ziesch, A., De 
Toni, E. N., et al. (2011). Inhibition of ataxia telangiectasia- and Rad3-



© C
OPYRIG

HT U
PM

66 

related function abrogates the in vitro and in vivo tumorigenicity of 
human colon cancer cells through depletion of the CD133(+) tumor-
initiating cell fraction. Stem Cells, 29, 418-429. 

Gangemi, R. M., Griffero, F., Marubbi, D., Perera, M., Capra, M. C., 
Malatesta, P., et al. (2009). SOX2 silencing in glioblastoma tumor-
initiating cells causes stop of proliferation and loss of tumorigenicity. 
Stem Cells, 27, 40-48. 

Ghani, F. I., Yamazaki, H., Iwata, S., Okamoto, T., Aoe, K., Okabe, K., et al. 
(2011). Identification of cancer stem cell markers in human malignant 
mesothelioma cells. Biochem Biophys Res Commun, 404, 735-742. 

Gilbert, C. A., & Ross, A. H. (2009). Cancer stem cells: cell culture, markers, 
and targets for new therapies. J Cell Biochem, 108, 1031-1038. 

Ginestier, C., Hur, M. H., Charafe-Jauffret, E., Monville, F., Dutcher, J., 
Brown, M., et al. (2007). ALDH1 is a marker of normal and malignant 
human mammary stem cells and a predictor of poor clinical outcome. 
Cell Stem Cell, 1, 555-567. 

Ginestier, C., Korkaya, H., Dontu, G., Birnbaum, D., Wicha, M. S., & Charafe-
Jauffret, E. (2007). [The cancer stem cell: the breast cancer driver]. Med 
Sci (Paris), 23, 1133-1139. 

Gonzalez, C. (2002). Aurora-A in cell fate control. Sci STKE, 2002, pe48. 
Guzman, M. L., & Jordan, C. T. (2004). Considerations for targeting 

malignant stem cells in leukemia. Cancer Control, 11, 97-104. 
Haldar, S., Basu, A., & Croce, C. M. (1997). Bcl2 is the guardian of 

microtubule integrity. Cancer Res, 57, 229-233. 
Hammond, E. M., Denko, N. C., Dorie, M. J., Abraham, R. T., & Giaccia, A. J. 

(2002). Hypoxia links ATR and p53 through replication arrest. Mol Cell 
Biol, 22, 1834-1843. 

Haraguchi, N., Utsunomiya, T., Inoue, H., Tanaka, F., Mimori, K., Barnard, 
G. F., et al. (2006). Characterization of a side population of cancer cells 
from human gastrointestinal system. Stem Cells, 24, 506-513. 

Hemmati, H. D., Nakano, I., Lazareff, J. A., Masterman-Smith, M., 
Geschwind, D. H., Bronner-Fraser, M., et al. (2003). Cancerous stem 
cells can arise from pediatric brain tumors. Proc Natl Acad Sci U S A, 
100, 15178-15183. 

Hilton, J. (1984). Role of aldehyde dehydrogenase in cyclophosphamide-
resistant L1210 leukemia. Cancer Res, 44, 5156-5160. 

Hirschmann-Jax, C., Foster, A. E., Wulf, G. G., Nuchtern, J. G., Jax, T. W., 
Gobel, U., et al. (2004). A distinct "side population" of cells with high 
drug efflux capacity in human tumor cells. Proc Natl Acad Sci U S A, 
101, 14228-14233. 

Ho, M. M., Ng, A. V., Lam, S., & Hung, J. Y. (2007). Side population in 
human lung cancer cell lines and tumors is enriched with stem-like 
cancer cells. Cancer Res, 67, 4827-4833. 

Hsu, L. C., Chang, W. C., Hoffmann, I., & Duester, G. (1999). Molecular 
analysis of two closely related mouse aldehyde dehydrogenase genes: 
identification of a role for Aldh1, but not Aldh-pb, in the biosynthesis 
of retinoic acid. Biochem J, 339 ( Pt 2), 387-395. 



© C
OPYRIG

HT U
PM

67 

Huang, E. H., Hynes, M. J., Zhang, T., Ginestier, C., Dontu, G., Appelman, 
H., et al. (2009). Aldehyde dehydrogenase 1 is a marker for normal 
and malignant human colonic stem cells (SC) and tracks SC 
overpopulation during colon tumorigenesis. Cancer Res, 69, 3382-3389. 

Inagaki, A., Soeda, A., Oka, N., Kitajima, H., Nakagawa, J., Motohashi, T., et 
al. (2007). Long-term maintenance of brain tumor stem cell properties 
under at non-adherent and adherent culture conditions. Biochem 
Biophys Res Commun, 361, 586-592. 

Janisiewicz, A. M., Shin, J. H., Murillo-Sauca, O., Kwok, S., Le, Q. T., Kong, 
C., et al. (2012). CD44(+) cells have cancer stem cell-like properties in 
nasopharyngeal carcinoma. Int Forum Allergy Rhinol, 2, 465-470. 

Jonker, J. W., Merino, G., Musters, S., van Herwaarden, A. E., Bolscher, E., 
Wagenaar, E., et al. (2005). The breast cancer resistance protein BCRP 
(ABCG2) concentrates drugs and carcinogenic xenotoxins into milk. 
Nat Med, 11, 127-129. 

Kawabata, S., Oka, M., Shiozawa, K., Tsukamoto, K., Nakatomi, K., Soda, H., 
et al. (2001). Breast cancer resistance protein directly confers SN-38 
resistance of lung cancer cells. Biochem Biophys Res Commun, 280, 1216-
1223. 

Kim, N. W., Piatyszek, M. A., Prowse, K. R., Harley, C. B., West, M. D., Ho, P. 
L., et al. (1994). Specific association of human telomerase activity with 
immortal cells and cancer. Science, 266, 2011-2015. 

Kitamura, H., Okudela, K., Yazawa, T., Sato, H., & Shimoyamada, H. (2009). 
Cancer stem cell: implications in cancer biology and therapy with 
special reference to lung cancer. Lung Cancer, 66, 275-281. 

Koch, U., Krause, M., & Baumann, M. (2010). Cancer stem cells at the 
crossroads of current cancer therapy failures--radiation oncology 
perspective. Semin Cancer Biol, 20, 116-124. 

Kolligs, F. T., Hu, G., Dang, C. V., & Fearon, E. R. (1999). Neoplastic 
transformation of RK3E by mutant beta-catenin requires deregulation 
of Tcf/Lef transcription but not activation of c-myc expression. Mol 
Cell Biol, 19, 5696-5706. 

Kondo, T. (2007). Stem cell-like cancer cells in cancer cell lines. Cancer 
Biomark, 3, 245-250. 

Kondo, T., Setoguchi, T., & Taga, T. (2004). Persistence of a small 
subpopulation of cancer stem-like cells in the C6 glioma cell line. Proc 
Natl Acad Sci U S A, 101, 781-786. 

Kumar, S. M., Acs, G., Fang, D., Herlyn, M., Elder, D. E., & Xu, X. (2005). 
Functional erythropoietin autocrine loop in melanoma. Am J Pathol, 
166, 823-830. 

Lawrence, H. J., Helgason, C. D., Sauvageau, G., Fong, S., Izon, D. J., 
Humphries, R. K., et al. (1997). Mice bearing a targeted interruption of 
the homeobox gene HOXA9 have defects in myeloid, erythroid, and 
lymphoid hematopoiesis. Blood, 89, 1922-1930. 

Leizer, A. L., Alvero, A. B., Fu, H. H., Holmberg, J. C., Cheng, Y. C., Silasi, D. 
A., et al. (2011). Regulation of inflammation by the NF-kappaB 



© C
OPYRIG

HT U
PM

68 

pathway in ovarian cancer stem cells. Am J Reprod Immunol, 65, 438-
447. 

Lessard, J., & Sauvageau, G. (2003). Bmi-1 determines the proliferative 
capacity of normal and leukaemic stem cells. Nature, 423, 255-260. 

Leung, C., Lingbeek, M., Shakhova, O., Liu, J., Tanger, E., Saremaslani, P., et 
al. (2004). Bmi1 is essential for cerebellar development and is 
overexpressed in human medulloblastomas. Nature, 428, 337-341. 

Li, C., Heidt, D. G., Dalerba, P., Burant, C. F., Zhang, L., Adsay, V., et al. 
(2007). Identification of pancreatic cancer stem cells. Cancer Res, 67, 
1030-1037. 

Li, F., Tiede, B., Massague, J., & Kang, Y. (2007). Beyond tumorigenesis: 
cancer stem cells in metastasis. Cell Res, 17, 3-14. 

Li, X., Lewis, M. T., Huang, J., Gutierrez, C., Osborne, C. K., Wu, M. F., et al. 
(2008). Intrinsic resistance of tumorigenic breast cancer cells to 
chemotherapy. J Natl Cancer Inst, 100, 672-679. 

Lin, T. L., & Matsui, W. (2012). Hedgehog pathway as a drug target: 
Smoothened inhibitors in development. Onco Targets Ther, 5, 47-58. 

Litman, T., Brangi, M., Hudson, E., Fetsch, P., Abati, A., Ross, D. D., et al. 
(2000). The multidrug-resistant phenotype associated with 
overexpression of the new ABC half-transporter, MXR (ABCG2). J Cell 
Sci, 113 ( Pt 11), 2011-2021. 

Liu, Z., Qiu, M., Tang, Q. L., Liu, M., Lang, N., & Bi, F. (2010). Establishment 
and biological characteristics of oxaliplatin-resistant human colon 
cancer cell lines. Chin J Cancer, 29, 661-667. 

Lo, K. W., To, K. F., & Huang, D. P. (2004). Focus on nasopharyngeal 
carcinoma. Cancer Cell, 5, 423-428. 

Longley, D. B., Harkin, D. P., & Johnston, P. G. (2003). 5-fluorouracil: 
mechanisms of action and clinical strategies. Nat Rev Cancer, 3, 330-
338. 

Ma, S., Lee, T. K., Zheng, B. J., Chan, K. W., & Guan, X. Y. (2008). CD133+ 
HCC cancer stem cells confer chemoresistance by preferential 
expression of the Akt/PKB survival pathway. Oncogene, 27, 1749-1758. 

Mahon, K. L., Henshall, S. M., Sutherland, R. L., & Horvath, L. G. (2011). 
Pathways of chemotherapy resistance in castration-resistant prostate 
cancer. Endocr Relat Cancer, 18, R103-123. 

Mani, S. A., Guo, W., Liao, M. J., Eaton, E. N., Ayyanan, A., Zhou, A. Y., et al. 
(2008). The epithelial-mesenchymal transition generates cells with 
properties of stem cells. Cell, 133, 704-715. 

Mannelli, G., & Gallo, O. (2012). Cancer stem cells hypothesis and stem cells 
in head and neck cancers. Cancer Treat Rev, 38, 515-539. 

Marcato, P., Dean, C. A., Giacomantonio, C. A., & Lee, P. W. (2011). 
Aldehyde dehydrogenase: its role as a cancer stem cell marker comes 
down to the specific isoform. Cell Cycle, 10, 1378-1384. 

Marcato, P., Dean, C. A., Pan, D., Araslanova, R., Gillis, M., Joshi, M., et al. 
(2011). Aldehyde dehydrogenase activity of breast cancer stem cells is 
primarily due to isoform ALDH1A3 and its expression is predictive of 
metastasis. Stem Cells, 29, 32-45. 



© C
OPYRIG

HT U
PM

69 

Matsui, W., Huff, C. A., Wang, Q., Malehorn, M. T., Barber, J., Tanhehco, Y., 
et al. (2004). Characterization of clonogenic multiple myeloma cells. 
Blood, 103, 2332-2336. 

Matsui, W., Wang, Q., Barber, J. P., Brennan, S., Smith, B. D., Borrello, I., et al. 
(2008). Clonogenic multiple myeloma progenitors, stem cell 
properties, and drug resistance. Cancer Res, 68, 190-197. 

McAuliffe, S. M., Morgan, S. L., Wyant, G. A., Tran, L. T., Muto, K. W., Chen, 
Y. S., et al. (2012). Targeting Notch, a key pathway for ovarian cancer 
stem cells, sensitizes tumors to platinum therapy. Proc Natl Acad Sci U 
S A, 109, E2939-2948. 

Meng, R. D., Shelton, C. C., Li, Y. M., Qin, L. X., Notterman, D., Paty, P. B., et 
al. (2009). gamma-Secretase inhibitors abrogate oxaliplatin-induced 
activation of the Notch-1 signaling pathway in colon cancer cells 
resulting in enhanced chemosensitivity. Cancer Res, 69, 573-582. 

Miele, L., Miao, H., & Nickoloff, B. J. (2006). NOTCH signaling as a novel 
cancer therapeutic target. Curr Cancer Drug Targets, 6, 313-323. 

Misset, J. L., Bleiberg, H., Sutherland, W., Bekradda, M., & Cvitkovic, E. 
(2000). Oxaliplatin clinical activity: a review. Critical Reviews in 
Oncology/Hematology, 35, 75-93. 

Mitsui, K., Tokuzawa, Y., Itoh, H., Segawa, K., Murakami, M., Takahashi, K., 
et al. (2003). The homeoprotein Nanog is required for maintenance of 
pluripotency in mouse epiblast and ES cells. Cell, 113, 631-642. 

Mittal, S., Mifflin, R., & Powell, D. W. (2009). Cancer stem cells: the other face 
of Janus. Am J Med Sci, 338, 107-112. 

Molofsky, A. V., Pardal, R., Iwashita, T., Park, I. K., Clarke, M. F., & 
Morrison, S. J. (2003). Bmi-1 dependence distinguishes neural stem cell 
self-renewal from progenitor proliferation. Nature, 425, 962-967. 

Molyneux, G., Geyer, F. C., Magnay, F.-A., McCarthy, A., Kendrick, H., 
Natrajan, R., et al. (2010). BRCA1 Basal-like Breast Cancers Originate 
from Luminal Epithelial Progenitors and Not from Basal Stem Cells. 
Cell Stem Cell, 7, 403-417. 

Morrison, S. J., Prowse, K. R., Ho, P., & Weissman, I. L. (1996). Telomerase 
activity in hematopoietic cells is associated with self-renewal 
potential. Immunity, 5, 207-216. 

Nakamura, T., Largaespada, D. A., Lee, M. P., Johnson, L. A., Ohyashiki, K., 
Toyama, K., et al. (1996). Fusion of the nucleoporin gene NUP98 to 
HOXA9 by the chromosome translocation t(7;11)(p15;p15) in human 
myeloid leukaemia. Nat Genet, 12, 154-158. 

Nehme, A., Varadarajan, P., Sellakumar, G., Gerhold, M., Niedner, H., 
Zhang, Q., et al. (2001). Modulation of docetaxel-induced apoptosis 
and cell cycle arrest by all- trans retinoic acid in prostate cancer cells. 
Br J Cancer, 84, 1571-1576. 

Nichols, J., Zevnik, B., Anastassiadis, K., Niwa, H., Klewe-Nebenius, D., 
Chambers, I., et al. (1998). Formation of pluripotent stem cells in the 
mammalian embryo depends on the POU transcription factor Oct4. 
Cell, 95, 379-391. 



© C
OPYRIG

HT U
PM

70 

Noda, T., Nagano, H., Takemasa, I., Yoshioka, S., Murakami, M., Wada, H., 
et al. (2009). Activation of Wnt/beta-catenin signalling pathway 
induces chemoresistance to interferon-alpha/5-fluorouracil 
combination therapy for hepatocellular carcinoma. Br J Cancer, 100, 
1647-1658. 

O'Brien, C. A., Pollett, A., Gallinger, S., & Dick, J. E. (2007). A human colon 
cancer cell capable of initiating tumour growth in immunodeficient 
mice. Nature, 445, 106-110. 

Olcina, M., Lecane, P. S., & Hammond, E. M. (2010). Targeting hypoxic cells 
through the DNA damage response. Clin Cancer Res, 16, 5624-5629. 

Palma, V., Lim, D. A., Dahmane, N., Sanchez, P., Brionne, T. C., Herzberg, C. 
D., et al. (2005). Sonic hedgehog controls stem cell behavior in the 
postnatal and adult brain. Development, 132, 335-344. 

Park, I. K., Morrison, S. J., & Clarke, M. F. (2004). Bmi1, stem cells, and 
senescence regulation. J Clin Invest, 113, 175-179. 

Park, I. K., Qian, D., Kiel, M., Becker, M. W., Pihalja, M., Weissman, I. L., et 
al. (2003). Bmi-1 is required for maintenance of adult self-renewing 
haematopoietic stem cells. Nature, 423, 302-305. 

Perkins, N. D. (2012). The diverse and complex roles of NF-kappaB subunits 
in cancer. Nat Rev Cancer, 12, 121-132. 

Pesce, M., & Scholer, H. R. (2001). Oct-4: gatekeeper in the beginnings of 
mammalian development. Stem Cells, 19, 271-278. 

Phi, J. H., Park, S. H., Kim, S. K., Paek, S. H., Kim, J. H., Lee, Y. J., et al. (2008). 
Sox2 expression in brain tumors: a reflection of the neuroglial 
differentiation pathway. Am J Surg Pathol, 32, 103-112. 

Phillips, T. M., McBride, W. H., & Pajonk, F. (2006). The response of CD24(-
/low)/CD44+ breast cancer-initiating cells to radiation. J Natl Cancer 
Inst, 98, 1777-1785. 

Plunkett, W., Huang, P., Xu, Y. Z., Heinemann, V., Grunewald, R., & Gandhi, 
V. (1995). Gemcitabine: metabolism, mechanisms of action, and self-
potentiation. Semin Oncol, 22, 3-10. 

Ponti, D., Costa, A., Zaffaroni, N., Pratesi, G., Petrangolini, G., Coradini, D., 
et al. (2005). Isolation and in vitro propagation of tumorigenic breast 
cancer cells with stem/progenitor cell properties. Cancer Res, 65, 5506-
5511. 

Prince, M. E., Sivanandan, R., Kaczorowski, A., Wolf, G. T., Kaplan, M. J., 
Dalerba, P., et al. (2007). Identification of a subpopulation of cells with 
cancer stem cell properties in head and neck squamous cell carcinoma. 
Proc Natl Acad Sci U S A, 104, 973-978. 

Ranganathan, P., Weaver, K. L., & Capobianco, A. J. (2011). Notch signalling 
in solid tumours: a little bit of everything but not all the time. Nat Rev 
Cancer, 11, 338-351. 

Rashid, M. R., Aziz, A. F., Ahmad, S., Shah, S. A., & Sagap, I. (2009). 
Colorectal cancer patients in a tertiary referral centre in Malaysia: a 
five year follow-up review. Asian Pac J Cancer Prev, 10, 1163-1166. 

Reguart, N., He, B., Taron, M., You, L., Jablons, D. M., & Rosell, R. (2005). The 
role of Wnt signaling in cancer and stem cells. Future Oncol, 1, 787-797. 



© C
OPYRIG

HT U
PM

71 

Reya, T., Duncan, A. W., Ailles, L., Domen, J., Scherer, D. C., Willert, K., et al. 
(2003). A role for Wnt signalling in self-renewal of haematopoietic 
stem cells. Nature, 423, 409-414. 

Reya, T., Morrison, S., Clarke, M., & Weissman, I. (2001). Stem cells, cancer, 
and cancer stem cells. Nature, 414, 105-111. 

Reynolds, B. A., Tetzlaff, W., & Weiss, S. (1992). A multipotent EGF-
responsive striatal embryonic progenitor cell produces neurons and 
astrocytes. J Neurosci, 12, 4565-4574. 

Rhinn, M., & Dolle, P. (2012). Retinoic acid signalling during development. 
Development, 139, 843-858. 

Riccardi, C., & Nicoletti, I. (2006). Analysis of apoptosis by propidium iodide 
staining and flow cytometry. Nat Protoc, 1, 1458-1461. 

Ricci-Vitiani, L., Lombardi, D. G., Pilozzi, E., Biffoni, M., Todaro, M., Peschle, 
C., et al. (2007). Identification and expansion of human colon-cancer-
initiating cells. Nature, 445, 111-115. 

Rich, J. N., & Bao, S. (2007). Chemotherapy and cancer stem cells. Cell Stem 
Cell, 1, 353-355. 

Rountree, C. B., Senadheera, S., Mato, J. M., Crooks, G. M., & Lu, S. C. (2008). 
Expansion of liver cancer stem cells during aging in methionine 
adenosyltransferase 1A-deficient mice. Hepatology, 47, 1288-1297. 

Rowinsky, E. K., Onetto, N., Canetta, R. M., & Arbuck, S. G. (1992). Taxol: the 
first of the taxanes, an important new class of antitumor agents. Semin 
Oncol, 19, 646-662. 

Ruiz i Altaba, A., Sanchez, P., & Dahmane, N. (2002). Gli and hedgehog in 
cancer: tumours, embryos and stem cells. Nat Rev Cancer, 2, 361-372. 

Saw, Y. T., Yang, J., Ng, S. K., Liu, S., Singh, S., Singh, M., et al. (2012). 
Characterization of aldehyde dehydrogenase isozymes in ovarian 
cancer tissues and sphere cultures. BMC Cancer, 12, 329. 

Sawa, M., Yamamoto, K., Yokozawa, T., Kiyoi, H., Hishida, A., Kajiguchi, T., 
et al. (2005). BMI-1 is highly expressed in M0-subtype acute myeloid 
leukemia. Int J Hematol, 82, 42-47. 

Scharenberg, C. W., Harkey, M. A., & Torok-Storb, B. (2002). The ABCG2 
transporter is an efficient Hoechst 33342 efflux pump and is 
preferentially expressed by immature human hematopoietic 
progenitors. Blood, 99, 507-512. 

Shapiro, A. B., Corder, A. B., & Ling, V. (1997). P-glycoprotein-mediated 
Hoechst 33342 transport out of the lipid bilayer. Eur J Biochem, 250, 
115-121. 

Shi, Z., Bai, R., Fu, Z. X., Zhu, Y. L., Wang, R. F., & Zheng, S. (2012). Induced 
pluripotent stem cell-related genes influence biological behavior and 
5-fluorouracil sensitivity of colorectal cancer cells. J Zhejiang Univ Sci 
B, 13, 11-19. 

Sholl, L. M., Long, K. B., & Hornick, J. L. (2010). Sox2 expression in 
pulmonary non-small cell and neuroendocrine carcinomas. Appl 
Immunohistochem Mol Morphol, 18, 55-61. 

Simeone, D. M. (2008). Pancreatic cancer stem cells: implications for the 
treatment of pancreatic cancer. Clin Cancer Res, 14, 5646-5648. 



© C
OPYRIG

HT U
PM

72 

Singh, S., Chitkara, D., Mehrazin, R., Behrman, S. W., Wake, R. W., & 
Mahato, R. I. (2012). Chemoresistance in prostate cancer cells is 
regulated by miRNAs and Hedgehog pathway. PLoS One, 7, e40021. 

Singh, S. K., Hawkins, C., Clarke, I. D., Squire, J. A., Bayani, J., Hide, T., et al. 
(2004). Identification of human brain tumour initiating cells. Nature, 
432, 396-401. 

Song, Z., Yue, W., Wei, B., Wang, N., Li, T., Guan, L., et al. (2011). Sonic 
Hedgehog Pathway Is Essential for Maintenance of Cancer Stem-Like 
Cells in Human Gastric Cancer. PLoS One, 6, e17687. 

Steg, A. D., Bevis, K. S., Katre, A. A., Ziebarth, A., Dobbin, Z. C., Alvarez, R. 
D., et al. (2012). Stem cell pathways contribute to clinical 
chemoresistance in ovarian cancer. Clin Cancer Res, 18, 869-881. 

Storms, R. W., Trujillo, A. P., Springer, J. B., Shah, L., Colvin, O. M., 
Ludeman, S. M., et al. (1999). Isolation of primitive human 
hematopoietic progenitors on the basis of aldehyde dehydrogenase 
activity. Proc Natl Acad Sci U S A, 96, 9118-9123. 

Su, J., Xu, X. H., Huang, Q., Lu, M. Q., Li, D. J., Xue, F., et al. (2011). 
Identification of cancer stem-like CD44+ cells in human 
nasopharyngeal carcinoma cell line. Arch Med Res, 42, 15-21. 

Sugawara, I. (1990). Expression and functions of P-glycoprotein (mdr1 gene 
product) in normal and malignant tissues. Acta Pathol Jpn, 40, 545-553. 

Sun, S., & Wang, Z. (2010). ALDH high adenoid cystic carcinoma cells 
display cancer stem cell properties and are responsible for mediating 
metastasis. Biochem Biophys Res Commun, 396, 843-848. 

Sung, J. J., Lau, J. Y., Goh, K. L., & Leung, W. K. (2005). Increasing incidence 
of colorectal cancer in Asia: implications for screening. Lancet Oncol, 6, 
871-876. 

Taipale, J., & Beachy, P. A. (2001). The Hedgehog and Wnt signalling 
pathways in cancer. Nature, 411, 349-354. 

Takebe, N., Harris, P. J., Warren, R. Q., & Ivy, S. P. (2011). Targeting cancer 
stem cells by inhibiting Wnt, Notch, and Hedgehog pathways. Nat Rev 
Clin Oncol, 8, 97-106. 

Todaro, M., Alea, M. P., Di Stefano, A. B., Cammareri, P., Vermeulen, L., 
Iovino, F., et al. (2007). Colon cancer stem cells dictate tumor growth 
and resist cell death by production of interleukin-4. Cell Stem Cell, 1, 
389-402. 

Toumi, N., Frikha, M., Siala, W., Khabir, A., Karray, H., Boudawara, T., et al. 
(2010). [Juvenile nasopharyngeal carcinoma: anatomoclinic, biologic, 
therapeutic and evolutive aspects]. Bull Cancer, 97, 427-433. 

Ulasov, I. V., Nandi, S., Dey, M., Sonabend, A. M., & Lesniak, M. S. (2011). 
Inhibition of Sonic hedgehog and Notch pathways enhances 
sensitivity of CD133(+) glioma stem cells to temozolomide therapy. 
Mol Med, 17, 103-112. 

van der Pluijm, G. (2011). Epithelial plasticity, cancer stem cells and bone 
metastasis formation. Bone, 48, 37-43. 

van Staveren, W. C., Solis, D. Y., Hebrant, A., Detours, V., Dumont, J. E., & 
Maenhaut, C. (2009). Human cancer cell lines: Experimental models 



© C
OPYRIG

HT U
PM

73 

for cancer cells in situ? For cancer stem cells? [Research Support, Non-
U.S. Gov't 

Review]. Biochim Biophys Acta, 1795, 92-103. 
Venkatesha, V. A., Parsels, L. A., Parsels, J. D., Zhao, L., Zabludoff, S. D., 

Simeone, D. M., et al. (2012). Sensitization of pancreatic cancer stem 
cells to gemcitabine by Chk1 inhibition. Neoplasia, 14, 519-525. 

Vermeulen, L., Todaro, M., de Sousa Mello, F., Sprick, M. R., Kemper, K., 
Perez Alea, M., et al. (2008). Single-cell cloning of colon cancer stem 
cells reveals a multi-lineage differentiation capacity. Proc Natl Acad Sci 
U S A, 105, 13427-13432. 

Visvader, J. E., & Lindeman, G. J. (2008). Cancer stem cells in solid tumours: 
accumulating evidence and unresolved questions. [Research Support, 
Non-U.S. Gov't 

Review]. Nat Rev Cancer, 8, 755-768. 
Voland, C., Bord, A., Peleraux, A., Penarier, G., Carriere, D., Galiegue, S., et 

al. (2006). Repression of cell cycle-related proteins by oxaliplatin but 
not cisplatin in human colon cancer cells. Mol Cancer Ther, 5, 2149-
2157. 

Wang, J., Guo, L. P., Chen, L. Z., Zeng, Y. X., & Lu, S. H. (2007). Identification 
of cancer stem cell-like side population cells in human 
nasopharyngeal carcinoma cell line. Cancer Res, 67, 3716-3724. 

Wang, M., Xiao, J., Shen, M., Yahong, Y., Tian, R., Zhu, F., et al. (2011). 
Isolation and characterization of tumorigenic extrahepatic 
cholangiocarcinoma cells with stem cell-like properties. Int J Cancer, 
128, 72-81. 

Wei, B., Han, X. Y., Qi, C. L., Zhang, S., Zheng, Z. H., Huang, Y., et al. (2012). 
Coaction of spheroid-derived stem-like cells and endothelial 
progenitor cells promotes development of colon cancer. PLoS One, 7, 
e39069. 

Wicha, M. S. (2006). Cancer stem cells and metastasis: lethal seeds. Clin 
Cancer Res, 12, 5606-5607. 

Wicha, M. S., Liu, S., & Dontu, G. (2006). Cancer stem cells: an old idea--a 
paradigm shift. Cancer Res, 66, 1883-1890; discussion 1895-1886. 

William-Faltaos, S., Rouillard, D., Lechat, P., & Bastian, G. (2007). Cell cycle 
arrest by oxaliplatin on cancer cells. Fundamental & Clinical 
Pharmacology, 21, 165-172. 

Woodward, W. A., Chen, M. S., Behbod, F., Alfaro, M. P., Buchholz, T. A., & 
Rosen, J. M. (2007). WNT/beta-catenin mediates radiation resistance 
of mouse mammary progenitor cells. Proc Natl Acad Sci U S A, 104, 
618-623. 

Wu, Z., Min, L., Chen, D., Hao, D., Duan, Y., Qiu, G., et al. (2011). 
Overexpression of BMI-1 promotes cell growth and resistance to 
cisplatin treatment in osteosarcoma. PLoS One, 6, e14648. 

Yang, W., Yan, H. X., Chen, L., Liu, Q., He, Y. Q., Yu, L. X., et al. (2008). 
Wnt/beta-catenin signaling contributes to activation of normal and 
tumorigenic liver progenitor cells. Cancer Res, 68, 4287-4295. 



© C
OPYRIG

HT U
PM

74 

Yang, Z. F., Ho, D. W., Ng, M. N., Lau, C. K., Yu, W. C., Ngai, P., et al. (2008). 
Significance of CD90+ cancer stem cells in human liver cancer. Cancer 
Cell, 13, 153-166. 

Yang, Z. F., Ngai, P., Ho, D. W., Yu, W. C., Ng, M. N., Lau, C. K., et al. (2008). 
Identification of local and circulating cancer stem cells in human liver 
cancer. Hepatology, 47, 919-928. 

Yao, J., An, Y., Wie, J. S., Ji, Z. L., Lu, Z. P., Wu, J. L., et al. (2011). 
Cyclopamine reverts acquired chemoresistance and down-regulates 
cancer stem cell markers in pancreatic cancer cell lines. Swiss Med 
Wkly, 141, w13208. 

Yeung, T. M., Gandhi, S. C., Wilding, J. L., Muschel, R., & Bodmer, W. F. 
(2010). Cancer stem cells from colorectal cancer-derived cell lines. Proc 
Natl Acad Sci U S A, 107, 3722-3727. 

Yilmaz, O. H., Valdez, R., Theisen, B. K., Guo, W., Ferguson, D. O., Wu, H., et 
al. (2006). Pten dependence distinguishes haematopoietic stem cells 
from leukaemia-initiating cells. Nature, 441, 475-482. 

Yip, N. C., Fombon, I. S., Liu, P., Brown, S., Kannappan, V., Armesilla, A. L., 
et al. (2011). Disulfiram modulated ROS-MAPK and NFkappaB 
pathways and targeted breast cancer cells with cancer stem cell-like 
properties. Br J Cancer, 104, 1564-1574. 

Yoon, S. K. (2012). The biology of cancer stem cells and its clinical implication 
in hepatocellular carcinoma. Gut Liver, 6, 29-40. 

Yu, F., Sim, A. C., Li, C., Li, Y., Zhao, X., Wang, D. Y., et al. (2013). 
Identification of a subpopulation of nasopharyngeal carcinoma cells 
with cancer stem-like cell properties by high aldehyde dehydrogenase 
activity. Laryngoscope, 123, 1903-1911. 

Zhang, H., Li, W., Nan, F., Ren, F., Wang, H., Xu, Y., et al. (2011). MicroRNA 
expression profile of colon cancer stem-like cells in HT29 
adenocarcinoma cell line. Biochem Biophys Res Commun, 404, 273-278. 

Zhang, S., Balch, C., Chan, M. W., Lai, H. C., Matei, D., Schilder, J. M., et al. 
(2008). Identification and characterization of ovarian cancer-initiating 
cells from primary human tumors. Cancer Res, 68, 4311-4320. 

Zhou, S., Schuetz, J. D., Bunting, K. D., Colapietro, A. M., Sampath, J., Morris, 
J. J., et al. (2001). The ABC transporter Bcrp1/ABCG2 is expressed in a 
wide variety of stem cells and is a molecular determinant of the side-
population phenotype. Nat Med, 7, 1028-1034. 

 
 
 
 
 
 
 
 
 
 


	CHARACTERIZATION AND CHEMORESISTANCE OF HT29 (COLON CANCER) AND TW06 (NASOPHARYNGEAL CANCER) TUMORSPHERES
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER 1
	INTRODUCTION
	REFERENCES



