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Urothelial carcinoma of the bladder is a common malignant neoplasm that has a 

poor prognosis and high grade. In order to prevent the tumour from recurring or 

becoming invasive, constant disease surveillance with periodic and long term 

cystoscopy examination is necessary. However, the monitoring and therapy 

regimen is expensive and causes a massive burden to patients and the government. 

Therefore, development of specific biomarkers for urothelial carcinoma for 

detection of early stage tumours as well as prediction of tumour recurrence becomes 

top priority. Homeobox genes are a family of genes that are involved in 

tumourigenesis. They might be potential prognostic markers for urothelial 

carcinoma of the bladder. The objectives of our study were to describe the 

expression of homeobox genes (NANOG, ISL1 and LHX5) and identify their 

cellular localisation in urothelial carcinoma. The correlation expressions between 

these three proteins were also carried out. Lastly, we correlated the expression of 

these genes with demographic factors and clinicopathological parameters.  

 

 

The expression of NANOG, ISL1 and LHX5 in 100 formalin-fixed paraffin-

embedded urothelial carcinoma of the bladder tissues that were collected from 

Hospital Kuala Lumpur were determined by immunohistochemistry. 

Immunohistochemical staining results showed that the localization of NANOG, 

ISL1 and LHX5 antibodies were detected in the cytoplasm, nuclei and nuclear 

membrane of urothelial carcinoma of the urothelial cells. Positive expression of 

NANOG, ISL1 and LHX5 was detected in 100%, 94% and 98% of specimens 

respectively. The immunohistochemical expression of NANOG, ISL1 and LHX5 

were not significantly associated with pathological stage (p= 0.127, 0.846 and 0.681 

respectively) and grade (p=0.580, 0.588 and 0.099 respectively). There was also no 

significant correlation between NANOG expression with ISL1 and LHX5 

expression. The immunohistochemical expression of NANOG, ISL1 and LHX5 

were also not significantly associated with demographic factors such as gender 

(p=0.469, p=0.637 and p=0.910 respectively), race (p=0.718, p=0.858 and p=0.285 

respectively) and age (p=0.067, p=0.803 and p=0.203 respectively) as well as with 
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clinicopathological parameters such as lymph node metastasis (p=0.208, 0.621 and 

0.586 respectively) and distant metastasis (p=0.240, p=0.170 and p=0.303 

respectively). Interestingly, NANOG expression showed significant correlation 

with tumour invasion whereby the p-value is p=0.01. However, there was no 

significant association between tumour invasion and the expression of ISL1 and 

LHX5 in urothelial carcinoma of the bladder.  

 

 

In conclusion, NANOG and ISL1 are potential biomarkers for urothelial carcinoma 

of the bladder. NANOG is also a potential prognostic marker for urothelial 

carcinoma of the bladder invasion. Their role in urothelial carcinoma might be better 

understood with more functional studies that elucidate the phenotype-genotype 

correlations.  
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Kanser urotelial pundi kencing adalah satu neoplasma malignan yang kerap berlaku. 

Ia mempunyai kadar prognosis yang rendah dang red yang tinggi. Untuk 

mengelakkan tumor daripada berulang atau menjadi invasif, pengawasan melalui 

sistokopi secara berkala dan konsisten dalam jangka masa yang panjang perlu 

dijalankan. Walaubagaimanapun, pemantauan dan rawatan adalah mahal dan 

membebankan pesakit serta kerajaan. Di samping itu, prosedur sistokopi yang 

invasif juga tidak menyenangkan pesakit. Oleh itu, pembangunan penanda biologi 

khusus untuk mengesan tumor pada peringkat awal dan juga untuk meramal kadar 

berulangnya tumor menjadi keutamaan. Gen homeobox adalah salah satu keluarga 

gen yang terlibat dengan pembentukan tumor terutama kepada tumor di dalam 

badan manusia. Ia berpotensi sebagai penanda ramalan yang berpotensi untuk 

karsinoma urotelia pundi kencing. Objektif kajian dibuat adalah untuk mengenal 

pasti kedudukan selular serta melihat corak ekspresi protein pada gen homeobox 

(NANOG, ISL1 dan LHX5) di dalam tisu kanserurotelialpundi kencing. Kajian ini 

juga dijalankan untuk menyiasat hubung-kait antara ketiga-tiga corak ekspresi 

protein pada gen homeobox berkenaan. Seterusnya menghubung kaitkan ekspresi 

protein pada semua gen homeobox berkenaan dengan faktor-faktor demografik dan 

klinikal pesakit.   

 

 

Kaedah pewarnaan immunohistokimia digunakan untuk mengkaji ekspresi 

NANOG, ISL1 dan LHX5 di dalam 100 sampel tisu kanser urotelia pundi kencing 

yang diambil dari Hospital Kuala Lumpur. Keputusan pewarnaan 

immunohistokima adalah seperti berikut: 1) kedudukan selular NANOG, ISL1 dan 

LHX5 dikesan di sistoplasma, nukleus dan membrane nuklear di dalam tisu 

karsinoma urotelia pundi kencing. 2) Pewarnaan positif dapat dilihat 100% dengan 

NANOG antibodi, 94% untuk ISL1 antibodi dan 98% untuk LHX5 antibodi. 

Ekspresi immunohistokimia daripada NANOG, ISL1 dan LHX5 tidak mempunyai 

hubungan yang signifikan dengan peringkat patologi dan gred kanser.  Nilai p 

masing-masing adalah p= 0.127, 0.846 dan 0.681 untuk setiap gen bagi peringkat 

patologi dan untuk gred kanser pula nilai p masing-masing adalah p=0.580, 0.588 



© C
OPYRIG

HT U
PM

iv 

 

and 0.099 untuk setiap gen.Kajian menunjukkan tidak terdapat hubungan yang 

signifikan diantara ekspresi NANOG dengan ISL1 dan ekspresi LHX5 di dalam tisu 

karsinoma. 4) Ekspresi immunohistokimia bagi NANOG, ISL1 dan LHX5 juga 

tidak mempunyai hubungan yang signifikan dengan faktor-faktor demografik  

seperti jantina ( masing-masing p=0.469, p=0.637 dan p=0.910) bangsa (masing-

masing p = 0.718 , p = 0.858 dan p = 0.285 ) dan umur ( masing-masing p=0.067, p 

= 0.803 dan p = 0.203 ) manakala untuk parameter klinikal, seperti  metastasis noda 

limfa juga tidak menunjukkan hubungan yang signifikan di mana nilai p masing-

masing ialah p=0.208, 0.621 and 0.586 dan untuk metastasis yang jauh nilai p 

masing-masing ialah p=0.240, p=0.170 and p=0.303. Menariknya, ekspresi 

NANOG menunjukkan hubungan yang signifikan terhadap kadar invasif kanser di 

mana nilai p ialah p=0.01. Walaubagaimanapun, untuk ekspresi protein ISL1 dan 

LHX5 tidak menunjukkan hubungan yang signifikan terhadap kadar invasif kanser 

urotelia pundi kencing.  

 

 

Kesimpulannya, NANOG dan ISL1 adalah ramalan penanda biologi yang 

berpotensi untuk karsinoma urotelia pundi kencing. NANOG juga berperanan 

sebagai penanda prognostik kepada karsinoma urotelia pundi kencing. Peranan 

mereka dalam karsinoma urotelia pundi kencing mungkin lebih difahami dengan 

teknik yang lebih maju seperti kajian molekul. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 General Introduction 

 

Cancer is the main cause of death in economically developed countries. In 2008, 

about 12.7 million cancer cases and 7.6 million cancer deaths were reported 

worldwide (Jemal et al., 2008). Based on the Malaysia Cancer Statistic 2006, a total 

of 21733 of people in peninsular Malaysia were diagnosed with cancer and 

registered with the National Cancer Registry. The total number of patients 

comprised of 9974 males and 11799 females. Among the cancer cases reported, 

bladder cancer was the tenth leading cause of death worldwide. However, the 

incidence of this cancer varies worldwide and it was highly reported in North 

America and Europe. In Peninsular Malaysia bladder cancer is the sixth most 

common cancer in males but is less common in females (Omar et al., 2006). Bladder 

cancer is the second most frequent cancer that occurs in the urogenital system after 

prostate cancer. Early diagnosis and persistent surveillance can reduce the risk of 

death among patients because of its high recurrent rate and risk of metastasis if there 

is a delay in the diagnosis and treatment. 

 

 

There are various histological types of bladder cancer in humans. Examples of 

histopathological subtypes are transitional cell carcinoma (TCC), squamous cell 

carcinoma and adenocarcinoma. The most common type of bladder cancer 

diagnosed is TCC which accounts for more than 90% of all bladder cancer cases 

(Braud et al., 2002). Transitional cell carcinoma is currently known as urothelial 

carcinoma. Urothelial carcinoma of the bladder starts in the cells that line the 

bladder spreads to bladder wall and will later involve to the neighbouring organs or 

other body parts if it is not treated at an early stage. Smoking, chemical exposure, 

age, sex and chronic bladder inflammation are risk factors that contribute to the 

development of bladder cancer. However, the pathogenesis of bladder cancer is still 

largely unknown.  Urothelial carcinoma is treated based on the tumour stage and 

grade. Besides the treatment protocols, the incidence of therapeutic resistance and 

failure is often reported. 

 

 

The exact genetic events that lead to urothelial transformation involve the activation 

or gain of oncogenes, inactivation or loss of tumour suppressor genes and alterations 

in apoptotic gene modulators (Sandberg et al., 1994). A study showed that there are 

a lot of genetic abnormalities but the specific genes involved are still unidentified. 

This is because there are a lot of genetic mutations that have been detected in 

urothelial carcinoma (Cantile et al., 2003). One of the gene families which was 

found to be involved in the development of urothelial carcinoma is homeobox gene. 

Homeobox gene is a family of regulatory genes containing a common 183-

nucleotide sequence (homeobox) and coding for specific nuclear proteins 

(homeoproteins) which act as transcription factors (Cillo et al., 1999). Homeobox 

genes are involved in the development of adult organ tissue and are also important 

in the development of the central nervous system, axial skeleton, limb and 
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urogenital tract (Goodman et al., 2001). The oncogenic potential of homeobox 

genes has clearly been implicated in leukaemia (Calvo et al., 2000). Homeobox 

genes are involved in cell proliferation, differentiation, apoptosis and metastasis by 

regulating other genes. For example, HOXA9 was found to suppress BRCA1which 

is involved in the development of breast cancer (Gilbert et al., 2010). As a result, 

the deregulation of homeobox genes was shown to be associated with cancer 

development and malignant progression such as invasion and metastasis (Takahashi 

et al., 2003).  

 

 

NANOG is one of the homeobox genes that act as a transcription factor and is 

involved in maintaining pluripotency and self-renewal of embryonic stem cells. 

Recent studies have reported that NANOG is also involved in self-renewal and the 

tumourigenicity of cancer stem cells in a variety of human cancers (Boyer et al., 

2005; Wang et al., 2006; Hu et al., 2010 and Wen et al., 2010). The upregulation of 

NANOG was found to be associated with tumour metastasis and poor prognosis in 

various human malignancies including prostate cancer, lung adenocarcinoma, 

gliomas, rectal cancer, gastric cancer and oral squamous cell carcinoma (Luo et al., 

2013). In bladder cancer cases, it was proven to show that increased expression of 

NANOG was associated with the increase in pathological grade (Zhang Y et al., 

2012). However, the relationship of NANOG expression with other 

clinicopathological parameters and the pathways involved in the increase of its 

expression is still unknown. 

 

 

Thus far, 353 genes have undergone further analyses in the pursuit to identify the 

transcriptionally active and inactive genes that are co-regulated with NANOG 

expression. Transcriptionally inactive genes co-regulated by NANOG are the genes 

that specify transcription factors which are important for differentiation into extra-

embryonic, endodermal, mesodermal and ectodermal lineages. NANOG also found 

to be potential therapeutic target for cancers. Among the 353 genes, LHX5 and ISL1 

are homeobox genes that are involved in lineage differentiation. LHX5 was believed 

to be involved in ectoderm differentiation, while ISL1 takes part in both ectoderm 

and endoderm differentiation.  

 

 

Studies done on ISL1 and LHX5 also showed that they played important role in a 

few types of cancer.  For example, ISL1 was found to play an important role in 

development of pancreatic endocrine tumours, diffuse large B-cell lymphoma 

(DLBCL) and gastric cancer. LHX5 was found to have a prognostic role in breast 

cancer. Thus understanding on how these genes are co-expressed in bladder cancer 

will aid in delineating the role of these genes in bladder cancer development. 

Besides, the study will help in the current management and treatment as bladder 

cancer has high tendency rate to recur from low grade to high grade of tumour.  

 

 

Therefore, a study to delineate the expression of homeobox genes (NANOG, ISL1 

and LHX5) in urothelial carcinoma cells across its different stages and grades is 

necessary in order to identify the relationship between the expression of ISL1 and 

LHX5 with NANOG. The relationship of these genes expression will also be 

correlated with clinicopathological parameters to assess the utility of the protein 
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expression of these genes as potential biomarkers for prognostication. The 

identification of cancer cell populations that express or suppress these expressions 

of these genes will help in the discovery of new and effective therapies for bladder 

cancer in the future.  

 

 

1.2 Problem statement 

 

The diagnosis of urothelial carcinoma of the bladder is generally achieved through 

cystoscopy and biopsy. Urothelial carcinoma has a very high frequency of 

recurrence and therefore requires follow-up cystoscopy as well as urine cytology 

for periodic surveillance to identify early recurrence. Failure to treat this cancer at 

an early stage will lead to the development of advance stage disease which may 

further complicate the management of the patient. Radical cystectomy is the current 

treatment for urothelial carcinoma. As this cancer needs long-term follow-up and 

surveillance procedures to monitor for tumour recurrence, many of the patients tend 

to default their follow up or suffer the morbidities associated with the procedure. 

This study was conducted to delineate the association of homeobox protein 

(NANOG, IS1 and LHX5) expression with the progression of urothelial carcinoma 

in the hope that new biomarkers that can predict bladder cancer progression can be 

developed. These biomarkers may help urologists make clinical decisions that will 

reduce the need for periodic cystoscopy surveillance and improve patient outcomes 

by identifying potentially aggressive disease early.   

 

 

1.3  Objective 

 

 

1.3.1       General objective 

 

To characterise the protein expression of NANOG, ISL1 and LHX5 in urothelial 

carcinoma of the bladder. 

 

 

1.3.2       Specific objectives 

 

1. To determine the protein expression and localization of NANOG, ISL1 

and LHX5 in urothelial carcinoma of the bladder.  

2. To determine the pattern of protein expression of NANOG, ISL1 and 

LHX5 across different stages and grades of urothelial carcinoma of the 

bladder. 

3. To determine the association between the protein expression of 

NANOG, ISL1 and LHX5. 

4. To determine the association between the protein expression of 

NANOG, ISL1 and LHX5 and patient demographic factors as well as 

clinicopathological parameter 

 

 

 



© C
OPYRIG

HT U
PM

4 

 

1.4 Research Hypothesis 

 

1.4.1 There is a significant difference in the expression pattern of NANOG, ISL1 

and LHX5 in different stages and grades of urothelial carcinoma of the 

bladder. 

1.4.2 There is a significant association between the expression of ISL1, LHX5 

and NANOG. 

1.4.3 There is a significant association between the expression of NANOG, ISL1 

and LHX5 and patient demographic factors as well as clinicopathological 

parameters. 
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1.5 Conceptual Framework  
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      He et al., 2011 
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 Tumour invasion 
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 Distant metastasis 

 

He et al., 2011 

 

 Localisation of NANOG, 

ISL1 and LHX5 

Ye et al., 2008 



© C
OPYRIG

HT U
PM

68 

 

REFERENCES 

 

Adam, L., Zhong, M., Choi, W., Qi, W., Nicoloso, M., Arora, A., Calin, G., Wang,

 H., Siefler-Radtke, A., McConkey, D., Baar-Eli, M. and Dinney, C. 2009. 

miR-200 expression regulates epithelial-to-mesenchymal transition in 

bladder cancer cells and reserves resistance to epidermal growth factor 

receptor theraphy. Human cancer biology 15(16): 5060-5072. 

Agaimy, A., Erlenbach-Wunsch,K., Konukiewitz, B., Schmitt, A.M., Rieker, R.J.,

 Vieth, M., Kiesewetter, F., Hartmann, A., Zamboni, G., Perren, A. and

 Kloppel, G. 2013. ISL1 expresion is not restricted to pancreatic well

 differentiatied neuroendocrine neoplasms, but is also commonly found in 

well andmpoorly differentiated neuroendocrine neoplasms of 

extrapancreatic origin. Modern Pathology 26:995-1003 

Albrecth, S. (2011). Baldder Cancer: A Review. USPhamacist. 36(6): HS-3-HS-7. 

Bhatlekar, S., Fields, J.Z. and Boman, B.M. 2014.HOX genes and their role in the

 development of human cancers. Journal of Molecular Medicine 92: 811    

823. 

Boffetta, P., Hecht, S., Gray, N., Gupta, D. and Straif, K. 2008 Smokeless tobacco

 and cancer, Lancet Oncology 9(7):667-675 

Boyer, L.A., Lee, T.I., Cole, M.F., Johnstone, S.E., Levine, S.S., Zucker, J.P.,

 Guenther, M.G., Kumar, R.M., Murray, H.L., Jenner, R.G.,  

Gifford, D.K., Melton, D.A., Jaenisch, R. and Young, R.A. 2005. Core 

Transcriptional Regulatory Circuitry in Human Embryonic Stem Cells.

 Cell 122: 947-956.   

Braud, F.D., Maffezzini, M., Vitale, V., Bruzzi, P., Gatta, G., Hendry, W.F. and

 Sternberg, C.N. 2002.Bladder cancer. Critical Reviews in 

Oncology/Hematology 41: 89-106.  

Brunocilla, E., Pernetti, R. and Martorana, G. 2011. The Role of Pelvic Lymph 

Node Disecction During Radical Cystectomy for Bladder Cancer. 

Anticancer Research 31: 271-276. 

Calsson, J., Wester, K., Torre, M.D.L., Malmstrom, P.U. and Gardmark, T. 2015.

 EGFR expression in primary urinary bladder cancer and corresponding

 metastases and the relation to HER2-expression. On the possibility to

 target these receptors with radionuclides.Radiology and Oncology 49(1):

 50-58. 

Calvo, R., West, J., Franklin, W., Erickson, P., Bemis, L., Li, E., Helfrich, B., Burn,

 P., Roche, J., Brambilla, E., Rosell, R., Gemmill, R.M and Drabkin, H.A.

 2000. Altered HOX and WNT7A expression in human lung cancer. PNAS

 97:12776-12781. 



© C
OPYRIG

HT U
PM

69 

 

Cantile, M., Cindolo, L., Napadono, G., Altieri, V. and Cillo, C. 2003. 

Hyperexpression of locus C genes in the HOX network is strongly 

associated in vivo with human bladder transitional cell carcinomas. 

Oncogene 22: 6562-6468. 

Chang D.F., Tsai, S.C., Wang, X.C., Senadheera, D and Lutzko, C. 2009.Molecular

 Characterization of the Human NANOG Protein. Stem Cells 27:812–82. 

 

Charfi, S., Khabir, A., Mnif, H., Ellouze, S., Mhiri, M.N. and Boudawara-Sellami, 

T. 2013. Immunohistochemical exression of HER2 in urothelial bladder

 carcinoma and its correlation with p53 and p63 expression. Journal of

 Microscopy and Ultrastructure 1: 17-21. 

Cheng, L., Montironi, R., Davidson, D.D. and Lopez-Beltran, A. 2009. Staging and

 reporting of urothelial carcinoma of the urinary bladder. Modern 

Pathology 2:570:595. 

Cheung, G., Sahai, A., Billia, M., Dasgupta, P. and Khan, M.S. 2013. Recent

 advances in the diagnosis and treatment of bladder cancer. BMC 

Medicine 11: 13. 

Chiou, S.H., Wang, M.L., Chou, Y.T., Chen, C.J., Hong, C.F., Hsieh, W.J., Chang,

 H.T., Chen, Y.S., Lin, T.W., Hsu, H.S. and Wu, C.W. 2010. 

Coexpression of Oct4 and Nanog enhances malignancy in lung 

adenocarcinoma by including cancer stem cell like properties and 

epithelial-mesenchymal transdifferentiation. Cancer research 70: 10434-

10444. 

Chiou, S.H., Yu, C.C., Huang, C.Y, Lin, S.C., Liu, C.J., Tsai, T.H., Chou, S.H., 

Chien, C.S., Ku, H.H. and Lo, J.F. 2014 Positive correlations of OCT4 and 

NANOG in oral cancer stem-like cells and high grade oral squamous cell 

carcinoma. Clinical Cancer Resources 14(13):4085-4095. 

Cillo, C., Faiella, A., Cantile, M and Boncinelli, E. 1999.Homeobox genes and

 cancer. Experimental cell research 248, 1-9. 

Colombel, M., Soloway, M., Akaza, H., Bohle, A., Palou, J., Buckley, R., Lamm, 

D., Brausi, M., Witjes, J.A. and Persad, R. Epidermiology, Staging, 

Grading and Risk Stratification of Bladder Cancer.European Urology 

Supplements 7: 618-626. 

Colquhoun, A.J. and Mellon, J.K. 2002.Epidermal growth factor receptor and

 bladder cancer. Postgraduate Medicine Journal 78: 584-589. 

Danilova, N., Sakamoto, K.M. and Lin. 2008 P53 family in development.

 Mechanism of development 125:919-931.  

Duriseti, S., Winnard, P.T., Mironchik, Y., Vesuna, F., Raman, A. and Raman, V.

 2005. HOXA5 Regulates hMLH1 Expression in Breast Cancer Cells.

 Neoplasia 8(4): 250-258. 



© C
OPYRIG

HT U
PM

70 

 

Eble, J.N, Sauter, G., Epstein, J.I and Sesterhenn, I.A. Pathology & Genetics

 Tumours of the urinary system and male genital organs 2004, 2nd Edition 

IARC press pp 92-123 

 

Fajkovic, H. Helper, J.A, Cha EK Bahadori, A, Chromeki, T.F, Karakieovics, D.I

 impact of gender on bladder cancer incidence staging and prognosis worlf

 journal urology 2011 29:457-463 

 

Gilbert, P.M., Mouw, J.K., Unger, M.A., Lakins, J.N., Gbegnon, M.K., Clemmer,

 V.B., Benezra, M., Licht, J.D.,Boudreau, N.J., Tsai, K.K.C., Welm, 

A.C., Feldman, M.D., Weber, B.L. and Weaver, V.M. 2010. HOX A9 regulates

 BRCA1 expression to modulate human breast tumor phenotype. The

 Journal of Clinical Investigation 120(5): 153-155 

Goodman, F.R. and Scambler, P.J. 2001.Human HOX gene mutations. Clinical

 Genetics 59: 1-11. 

Graham, R.P., Shrestha, B., Caron, B.L., Smyrk, T.C., Grogg, K.L., Lloyd, R.V.,

 and Zhang, L. 2013. Islet-1 Is a Sensitive But Not Entirely Specific

 Marker for Pancreatic Neuroendocrine Neoplasms and Their Metastases.

 American Journal of Surgical Pathology.37:399–405. 

 
Grier, D.G., Thompson, A., Kwasniewska, A., McGonigle, G.J., Halliday, H.L. and

 Lappin, T.R. 2005.The pathophysiology of HOX genes and their role in

 cancer. Journal Pathology 205: 154-171. 

Grignon, D.J 2009 The current classification of urothelial neoplasm. Modern

 Pathology 22:S60:S69, 

 

Guancil, E.A, Rosenberg, J.E, Sweeney, C.J. 2011. Update in Urothelial 

Carcinoma: Novel Agnets and Targeted Theraphy. Am. Soc Clinical 

Oncology Education Book 171-176 

 

Gu, T.T., Liu, S.Y. and Zheng, P.S. 2012. Cytoplasmic NANOG-Positive Stromal

 Cells Promote Human Cervical Cancer Progression. The American 

Journal of Pathology 181(2) 652-661. 

 

Guo, C., Wang, W., Shi, Q., Chen, P. and Zhou, C., 2015. An Abnormally high

 expression of ISL-1 represents a potential prognostics factor in gastric

 cancer. Human pathology 46: 1282-1289.  

 

He, H.C., Chen, J.H., Chen, X.B., Qin, G.Q., Chai, C., Liang, Y.X., Han, Z.D., Dai,

 Q.S., Chen, Y.R., Zeng, G.H., Zhu, J.G., Jiang, F.N. and Zhong, W.D.

 2011. Expression of Hedgehog Pathway Components is Associated with

 Bladder Cancer Progression and Clinical Outcome. Pathology Oncology

 Resources 18:349-355. 

 

Holland, P.W.H., Booth, H.A.F. and Bruford, E.A. 2007.Classification and

 nomenclature of all homeobox genes. BMC Biology 5:47 



© C
OPYRIG

HT U
PM

71 

 

Hu, L., McArthur, C. and Jafte, R.B. 2010. Ovarian cancer stem-like side population

 cells are tumorigeneric and chemoresistant. British Journal of Cancer 102:

 1276-1283. 

Jemal, A., Siegel, R., Ward, E., Hao, Y., Xu, J., Murray, T. and Thun, M.J. 2008.

 Cancer Statistics, 2008.CA Cancer Journal for Clinicians 58: 71-96. 

Jemal, A., Siegel, R., Xu, J. and Ward, E. 2010. Cancer Statistics, 2010.CA Cancer

 Journal for Clinicians 60:277-300. 

Jemal, A., Bray, F., Center, M.M., Ferlay, J., Ward, E. and Forman, D. 2011. Global

 Cancer Statistics.CA: A Cancer Journal for Clinicians 61: 69-90. 

Jester, C.R, Yang, T, Wang, J, Chao, H.P, Tang, D.G. 2015 NANOG in Cancer 

Stem Cells and Tumour Development. An Update and Outsanding 

Question. Stem Cells 33(8):2381-2390 

 

Junker, K., Oers, J.M.M.V., Zwarthoff, E.C., Kania, I., Schubert, J. and Hartmann, 

A. 2008. Fibriblast Growth Factor Receptor 3 Mutations in Bladder 

Tumors Correlates with Low Frequency of Chromosome Alterations. 

Neoplasia 10(1): 1-7. 

Kamalakaran, S., Varadan, V., Rushes, H.E.G., Levy, D., Kendall, J., Janevski, A.,

 Riggs M., Banerjee, N., Synnestvedt, M., Schlickting, E, Kareson, R., 

Prasada, K.S., Rotti, H., Rao, R., Rao, L., Tang, M.E., Satyamoorthy, K., 

Lucito, R., Wigler, M., Dimitrova, N., Naume, B., Borrrsedn-Dale, A. and 

Hicks, J.B. 2010. DNA methylation patterns in luminal breast cancers 

differ from non-limunal subtypes and can identify relapse risk independent 

of other clinical variables. Molecular Oncolgy 5: 77-92. 

 

Kadrmas, J.L and Beckerle, M.C. 2004. The Lim Domain: From The Cytoskeleton

 to The Nucleus. Nature. 5:920-931. 

 

Kim, W.J., Park, S. and Kim, Y.J. 2007. Biomarkers in Bladder Cancer: Present

 Status and Perspectives. Biomarker Insight 2: 95-105. 

Kim, Y.J., Yoon, H.Y., Kim, J.S., Kag, H.W., Min, B.D., Kim, S.K., Ha, Y.S.,

 Kim.I.Y., Ryu, K.H., Lee, S.C. and Kim, W.J. 2013. HOXA9, ISL1 and

 ALDH1A3 methylation patterns as prognostic markers for nonmuscle

 invasive bladder cancer: Array-based DNAmethylation and expression 

profiling. International Journal of Cancer. 00: 000-000. 

Kirkali, Z., Chan, T., Manoharan, M., Algaba, F., Busch, C., Cheng, L., Kiemeney,

 L., Kriegmair, M., Montironi, R., Murphy, W.M., Sesterhenn, I. A.,

 Tachibana, M. And Weider, J. 2005. Bladder Cancer: Epidermiology,

 staging and grading and diagnosis. Urology 66: 4-34. 

Kitchen, M.O., Bryan, R.T., Haworth, K.E., Emes, R.D., Luscombe, C., 

Gommersall, L., Cheng, K.K., Zeegers, M.P., James, N.D., Deval., A.J., 

Fryers, A.A. and Farrell, W.E.  (2015) Methylation of HOXA9 and ISL1 

Predicts Patient Outcome in High-Grade Non-Invasive Bladder Cancer. 

PLoS ONE 10(9). 



© C
OPYRIG

HT U
PM

72 

 

 

Kucuk, U, pala, E.E cakrir, sezar, o, bugol, u, dourik, rt cakmak, o 2015.

 Clinical, demographic and histopathological prognostic factors for 

urothelial carcinoma of the bladder control european journal of urology 

68:30-36 

 

Leal, J.A. Llionart, M.E 2012. MicroRNAs and Cancer Stem Cells: Therapeutic

 approaches and future persective. Cancerletters. 338: 174-183 

 

Luo, W., Li, S., Peng, B., Ye, Y., Deng, X. and Yao, K. 2013. EEmbryonic Stem

 Cell Markers SOX2, OCT4 and Nanog Expression and Their 

Correlations with Ephitelial_Mesenchymal Transition in Nasopharyngeal 

Carcinoma. Plos ONE 8(2): e56324. 

Li, X.Q., Yang, X.L., Zhang, G., Wu, S.P., Deng, X.B., Xiao, S.J., Liu, Q.Z., Yao,

 K.T. and Xiao G.H. 2013. Nuclear β-catenin accumulation is associated  

with increased expression of Nanog protein and predicts poor prognosis of

 non-small cell lung cancer. Journal of Translational Medicine.11: 114. 

Lindgren, D., Liedberg, F., Andersson, A., Chebil, G., Gudjonsson, S., Borg, A.,

 Mansson, W., Fiorestos, T. and Hoglund, M. 2006. Molecular

 characterization of early stage bladder carcinomas by expression 

profiles, FGFR3 mutation status, and loss of 9q. Oncogene 25: 2685

 2696. 

Lewis, M.T. 2000 Homeobox genes in mammary gland development and neoplasia.

 Breast Cancer Resources. 2(3): 158-169.  

Malats, N., Bvstos, A., Nascimento, C.M., Fernandez, F., Rivas, M., Pvente, D.,

 Kogewinas, M. and Real, F. 2005. P53 as a prognostic marker for bladder

 cancer: a meta-analysis and review. Lancet Oncology 6: 678-686. 

Madeb, R. and Messing, E.M. 2004. Gender, Racial and age differences in bladdet

 cancer incidence and mortality. Urologic Oncology 22(2): 86-92.  

Marra, L., Cantile, M., Scognamiglio, G., Marra, L., Perdona, S., Mantia, E.L.,

 Cerrone, E., Gigantino, V., Cillo, C., Caraglia, M., Pignata, S., Facchini, 

G., Botti, G., Chieffi, S. and Franco, R. 2013. Deregulation of HOX B13

 Expression in Urinary Bladder Cancer Progression.Current Medicinal 

Chemistry 20 (1) 

Merseburger, A.S., Matuschek, I. and Kuczyk, M.A. 2008. Bladder preserving

 stratergies for muscle-invasive bladder cancer. Current Opinion in 

Urology 18: 513-518. 

Miquelajauregui, A.M., Varela-Echavarria, A., Ceci, M.L., Garcia-Moreno, F.,

 Ricano, I., Hoang, K., Frade-Perrez, D., Portera-Cailliau, C., Tamariz, E.,

 Carlos, J. A. D., Westphal, H. and Zhao, Y. 2010. LIM-homeobox

 geneLHX5 is requiredfor normal development of Cajal-Retzius cells.

 Journal Neuroscience. 30(31): 10551-10562. 



© C
OPYRIG

HT U
PM

73 

 

Mitra, A.D, Bartsch, C.C., Miranda, G. Skimme, E.C. Daneshmand, S., 2014. Does

 presences of squamous and glandular differentiation in urothelial 

carcinoma of the bladder at cystectomy portend poor prognosis ns 

intensive case-control analysis uro oncology 32:117-127 

 

Morgan, R 2011 HOX genes: HOX transcription factors as biomarker in cancer 

Naing, L., Winn, T. and Rusli, B.N. 2006.Practical Issues in Calculating the Sample

 Size for Prevalence Studies.Archives of Orofacial Sciences 1: 9-14 

Nepple, K.G. and O’Donnell, M.A. 2009. The optimal management of T1 high 

 grade bladder cancer. Cancer Urology Association Journal 3: 188-192. 

Omar, Z.A., Ali, Z.M. and Tamin, N.S.I. 2006. Malaysian Cancer Statistics-Data 

and Figure in Peninsular Malaysia 2006. National Registry, Malaysia.  

Otto, W, May, T.M Fritsche, H.M, Drason, D, Aziz, A, Gierth, M analysis of sex 

differences in cancer-specific survivak and prospective mortality following 

radical cystectomy: results of a large Geman, multicenter study of nearly 

25000 patients with urothelial carcinoma of the bladder. Gend medic 2012, 

:481-489 

 

Pan, G. and Thompson, J.A. 2007. Nanog and transcriptional networks in 

embryonic stem cell pluripotency. Cell Research 17: 42-49. 

Rodda, D.J., Chew, J.L., Lim, L.H., Loh, Y.H., Wang, B., Ng, H.H. and Robson, P.

 2005. Transcriptional Regulation of Nanog by OCT4 and SOX2.The 

Journal of Biological Chemistry 290(26): 24731-24737. 

Sandberg, A.A. and Berger, C.S. 1994 Review chromosomes studies in urologic

 tumors cytogenetics and molecular genetics of bladder. Cancer Journals 

of Urology 151(3): 545-560. 

Schmitt, A.M., Riniker, D., Anlauf, M., Schmid, S., Soltermann, A., Moch, H.,

 Heitz, P.U., Kloppel, G., Komminoth, P. and Perren, A. 2008. Islet (Isl1)

 Expression is a reliable marker for pancreatic endocrine tumors and

 their metastases. Am Journal of Surgical Pathology. 32: 420-425.   

Shariat, S.F., Zlotta, A.R., Ashfaq, R., Sagalowsky, A.I. and Lotan, Y. 2007.

 Cooperative effect of cell-cycle regulators expression on bladder cancer

 development and biologic aggressiveness. Modern Pathology 20: 445

 459. 

Shirodkar, S.P. and Lokeshwar, V.B. 2009.Potential New Markers in Early 

Detection of Bladder Cancer.Current Opinion in Urology. 19(5): 488. 

Sievert, K.D., Amend, B., Nagele, U., Schilling, D., Bedke, J., Horstmann, M.,

 Hennenlotter, J., Kruck, S. and Stenzl, A. 2009. Economic aspect of 

bladder cancer: what are the benefits and costs? World Journal of Urology 

27: 295 300. 



© C
OPYRIG

HT U
PM

74 

 

Stenzl, A., Cowan, N., Santis, M.D., Kuezyk, M., A., Messeburger, A.S., Ribal, 

M.J., Sherif, A. and Witjes, J. 2011. Treatment od muscle-invasive and 

metastatic bladder cancer: Update of the EAU guidelines. European 

Urology 59:1009 1018. 

Sverrisson, E.F, Espiritu, P.N, Spiess, P.E, 2013. New Therapeutic Targets in the

 Management of Urothelil Carcinoma of the Bladder, Research and reports 

in Urology 5:53-65 

 

Sylvester, R.J., Meijden, A.P.M.V.D., Oosterlinck, W., Witjes, J.A., Bouffioux, C.,

 Denis, L., Newling, D.W.W. and Kurth, K. 2006. Predicting Recurrence 

and Progression in Individual Patients with Stage Ta T1 Bladder Cancer 

Using EORTG Risk Tables: A Combined Analysis of 2596 Patients From 

Seven EORTG Trials. European Urology 49: 466-477. 

Takahashi, T. and Holland, P.W.H. 2004. Amphioxus and ascidian Dmbx 

Homeobox genes give clues to the vertebrate origins of midbrains 

development. Development 131: 3285-3294. 

Tortora, G.J. and Derrickson, B.H. Principles of Anatomy and Physiology; 2009. 

12th Edition; John Wiley & Sons, pp 1049-1050.  

Wang, J., Rao, S., Chu, J, Shen, X, Levasseur, D.N., Theunissen, T.W. and Orkin,

 S.H. 2006. A protein interaction network for pluripotency of embryonic

 stem cells. Nature444(7117):364-368. 

Wang, X. and Guda, C. 2014. Computational Analysis of Transcriptional Circuitries

 in Human Embryonic Stem Cells Reveals Multiple and Independent 

Networks. Biomedical Research International.1-10. 

Wen, J., Park, J.Y., Chung, H.W., Bang, S., Park, S.W. and Sung, S.Y. 2010 OCT4

 and NANOG expression is associated with early stages of pancreatic

 carcinogenesis. Pancreas 39(5): 622-626. 

Wu, X.S., Akiyama, Y., Igari, T., Kawamura, T., Hiranuma, S., Shibata, T., Tsuruta,

 K., Koike, M., Arii, S. and Yuasa, Y. 2005.Expression of Homeodomain

 Protein CDX2 in gallbladder carcinomas. Journal Cancer Resources 

Clinical Oncology 131: 271-278. 

Yu, Zuoren, Pestell, T.G, Lisanti, M.P, Pestell, R.G 2012. Cancer Stem Cells: The

 international Journal of biochemistry and cell biology 44:2144-2151 

 

Zhang, H., Wang, W.P., Guo, T., Yang, J.C., Chen, P., Ma, K.T., Guan, Y.F. and

 Zhou, C.Y. 2009. The LIM-homeodomainprotein ISL1 activates insulin

 gene promoter directly through synergy with BETA2. Journal Molecular 

Biology 392(3): 566-577. 

Zhang, Q., Yang, Z., Wang, W., Guo, T., Jia, Z., Ma, K. and Zhou, C., 2014. A 

positive feedback regulation of ISL-1 in DLBCL but not in pancreatic b-

cells Biochemical and Biophysical Research Communications 449: 295–

300. 

 



© C
OPYRIG

HT U
PM

75 

 

Zhang, Y., Wang, Z., Yu, J., Shi, J.Z., Wang, C., Fu, W.H., Chen, Z.W and Yang, 

J. 2012. Cancer stem-like cells contribute to cisplatin resistance and

 progression in bladder cancer. Cancer Letters 322: 70-77. 

Zhao, M., Xe, X.L and Teng X.D 2016. Understanding the molecular pathogenesis

 and prognostics of bladder cancer: an overview. Chinese Journal of Cancer

 Research 28(1): 92-98 

Zhao, Y., Hermesz, E., Yarolin, M.C. and Westphal, H. 2000. Genomic Structure,

 chromosomal localization and expression of the human LIM-homeobox 

gene LHX5. Gene 260: 95-101.  

Zheng, Z. and Zhao, Y. 2007. The diverse biofunctions of LIM domain proteins:

 determined by subcellular localization and protein–protein interaction.

 Biology Cell 99(9): 498-502. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




