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Transitional cell carcinoma (Urothelial

90% of all primary neoplasms of bladder
carcinoma has become a common disease worldwide. 
cancer in Iraq after carcinoma of breast, lung, leukemia and brain; it is the second most frequent cancer in males 
and the tenth one in females according to Iraqi cancer registry

In the United States; there is 74,000 new cases (56,320 in men and 17,680 in women) and 16,000 deaths 
(11,510 in men and 4,490 in women) and it is the fourth most common cancer in men, after prostate, lung, and 
colorectal cancer and the eleventh one in wom

At presentation, approximately 70% of urothelial carcinoma are non
and 30% muscle-invasive (stage T2, T3, T4). 50
conservative measures such as transurethral resection and intravesical immunotherapy or chemotherapy
(Zachary L. et al 2013). One-third of recurrent cancers may demonstrate progression of tumor into a higher 
grade and/or high stage of disease. Fifty percent of mu
tumors will relapse with metastatic disease within 2 years of treatment. These data reflect the malignant 
potential and heterogeneous nature of urothelial carcinoma of the bladder

The transcription factor Forkhead box M1 ( FOXM1) gene has located on the short arm of chromosome 12 
and encodes a protein consisting 801 amino acid. FOXM1 unlike other Fox
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A B S T R A C T 
Background :Urinary bladder carcinoma is a common malignant tumor of the 
urogenital system worldwide. In United State; there is 74,000 new cases and 16,000 
deaths and it is the fourth most common cancer in men in 2015, and in Iraq, it is one of 
the ten most common cancers in 2011. Forkhead box M1 (FOXM1) is a transcription 
factor plays crucial roles in regulating the proliferation, differentiation, and 
transformation of cells. Objective: The main objective of the current study is to analyze 
FOXM1 gene expression levels in bladder cancer specimens
FOXM1 gene as genetic factors that contribute to development and prognosis of 
bladder cancer. Results: Analysis of the data of FOXM1gene expression revealed that 
the expression of FOXM1 gene were found to be 18.187 folds in malignant bladder 
tumors in relation to non-tumorous bladder tissue.  FOXM1 genes were observed to be 
expressed excessively in high grade and advanced stage tumors. 
results of our study were conclude that FOXM1 may represent a novel bladder tumor 
marker with prognostic significance that could be introduced in plans of bladder cancer 

 management. 

INTRODUCTION 

Transitional cell carcinoma (Urothelial carcinoma) is a common malignancy, representing approximately 
90% of all primary neoplasms of bladder (Rosia J, Ackerman's surgical pathology, 2011).
carcinoma has become a common disease worldwide. Urothelial carcinoma represents the fi
cancer in Iraq after carcinoma of breast, lung, leukemia and brain; it is the second most frequent cancer in males 
and the tenth one in females according to Iraqi cancer registry (Iraqi cancer Board, 2011).

In the United States; there is 74,000 new cases (56,320 in men and 17,680 in women) and 16,000 deaths 
(11,510 in men and 4,490 in women) and it is the fourth most common cancer in men, after prostate, lung, and 
colorectal cancer and the eleventh one in women (American cancer society, 2015).    

At presentation, approximately 70% of urothelial carcinoma are non-muscle-invasive (stage Tis, Ta, T1) 
invasive (stage T2, T3, T4). 50-70% of the non-muscle-invasive neoplasms will recur despite 

ative measures such as transurethral resection and intravesical immunotherapy or chemotherapy
third of recurrent cancers may demonstrate progression of tumor into a higher 

grade and/or high stage of disease. Fifty percent of muscle-invasive tumors of those treated locally for invasive 
tumors will relapse with metastatic disease within 2 years of treatment. These data reflect the malignant 
potential and heterogeneous nature of urothelial carcinoma of the bladder (Stephen G. et al

The transcription factor Forkhead box M1 ( FOXM1) gene has located on the short arm of chromosome 12 
and encodes a protein consisting 801 amino acid. FOXM1 unlike other Fox-transcription factors belong to a 
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Forkhead box M1 (FOXM1) is a transcription 
plays crucial roles in regulating the proliferation, differentiation, and 

The main objective of the current study is to analyze 
in bladder cancer specimens and to study the impacts of 

FOXM1 gene as genetic factors that contribute to development and prognosis of 
FOXM1gene expression revealed that 

found to be 18.187 folds in malignant bladder 
tumorous bladder tissue.  FOXM1 genes were observed to be 

excessively in high grade and advanced stage tumors. Conclusions: The 
may represent a novel bladder tumor 

marker with prognostic significance that could be introduced in plans of bladder cancer

carcinoma) is a common malignancy, representing approximately 
2011). Transitional cell 

Urothelial carcinoma represents the fifth most common 
cancer in Iraq after carcinoma of breast, lung, leukemia and brain; it is the second most frequent cancer in males 

2011).   
In the United States; there is 74,000 new cases (56,320 in men and 17,680 in women) and 16,000 deaths 

(11,510 in men and 4,490 in women) and it is the fourth most common cancer in men, after prostate, lung, and 

invasive (stage Tis, Ta, T1) 
invasive neoplasms will recur despite 

ative measures such as transurethral resection and intravesical immunotherapy or chemotherapy 
third of recurrent cancers may demonstrate progression of tumor into a higher 

invasive tumors of those treated locally for invasive 
tumors will relapse with metastatic disease within 2 years of treatment. These data reflect the malignant 

et al. 2001).   
The transcription factor Forkhead box M1 ( FOXM1) gene has located on the short arm of chromosome 12 

transcription factors belong to a 
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large family and associated with cell proliferation, it is expressed only in proliferating cells(Pradip 
Raychaudhuri et al 2011).The mammalian FOXM1gene includes a nuclear protein that switches on the 
expression of approximately more than 50 proteins and enzymes which are required essentially for cell cycle 
progression,  mitosis and cytokinesis, it is a better example of a master cell-cycle regulator (Vladimir Petrovic et 
al 2008). 

It is therefore not surprising that altered regulation of FOXM1 might result in severe pathological insults 
and even cancer. Indeed, FOXM1 overexpression has been documented in cancers of the lung, breast, liver, 
prostate and colon, etc. suggesting that FOXM1 has a key role in tumorigenesis(Myatt SS et al 2007, Pilarsky C 
et al 2004). It has been shown that FOXM1 represents a promising therapeutic target depend on up-regulation in 
several human malignancies(Gial manidis IP, et al 2009, Zeng J, et al 2009), and the  overexpression of 
FOXM1 is associated with metastases of nasopharyngeal carcinoma  patients (Lizhu Jiang. et al 2014).  It is also 
found  that  overexpression of FOXM1 to be correlated with poor patients' survival in the cancer of ovary (Fung 
Zhao, et al 2014). 

 
MATERIALS AND METHODS  

 
Samples: 

The specimens were formalin-fixed, paraffin embedded tissue blocks. Sixty samples (46males and 14 
females) with the urothelial carcinoma were included in this study, their ages were ranging from 23 to 90 years. 
Sixty specimens of non-tumorous bladder lesions(cystitis) were considered as control group. Histologically, the 
tumors were classified, based on a consensus reached at a conference by International Society of Urological 
Pathology (ISUP) in 1998 and adopted by the WHO in 2004 (Robbins and Cotrans 2010) into 35 low-grade 
papillary urothelial carcinoma, and 25 high-grade papillary urothelial carcinoma. Tumors were staged by the 
American Joint Committee of 2002 TNM classification approved by the Union International Contre le Cancer 
(UICC) was updated in 2009(7th version), but it had no changes for bladder tumors (Robbins and Cotrans 2010) 

into 7 cases with stage Ta, 24 cases with stage T1 and 29 cases with stage T2. 
 
Extraction of RNA: 

Total ribonucleic acid (RNA) was extracted from tissues using (TRIzol® reagent kit. Bioneer. Korea) 
according to the manufacturer’s instructions. The extracted total RNA were treated with DNase I enzyme for 
removing the trace amounts of genomic DNA by using samples (DNase I enzyme kit) and done according to 
method described by Promega company, USA instructions.  
 
Complementary DNA (cDNA) synthesis: 

A total of 100ng/ul of RNA was reverse-transcribed using M-MLV Reverse Transcriptase kit (Bioneer. 
Korea) to synthesis complementary DNA (cDNA). Using mRNA molecule as a template, reverse transcriptase 
synthesizes a single-stranded DNA in the presence of primers, which can be either oligo dT (annealing to poly A 
tails of mRNA) or random hexamers (annealing to total RNA).  The first new strand DNA molecule can then be 
used as a template for double-stranded DNA synthesis. 
 
Quantitative Real-Time PCR (qPCR): 

The complementary deoxyribonucleic acid (cDNA) was then subjected to real-time polymerase chain 
reaction with specific primers for FOXM1. A 5 μL cDNA, 2.5 μmol/L forward primer and 2.5 μmol/L reverse 
primer 2.5TaqMan probe 2.5 DEPC water were added to AccuPower ® Plus DualStarTM qPCR PreMix(Bioneer. 
Korea) in a total volume of 50 µL.  

The amplification protocol was used as follows: denatured at 95°C for 5 minutes; and then followed by 45 
cycles of 95°C for 20 seconds, and 45 cycles of 60°C for 30 seconds. The sequence of the forward primer for 
FOXM1 was 5′- TTCCCTGCACGACATGTTTG -3′, and that of the reverse primer was 5′-
AATGTCAAGTAGCGGTTGGC-3′. The sequence of the primers used for glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was 5′- ACGACCACTTTGTCAAGCTC -3′ (forward) and 5′-
TTCCTCTTGTGCTCTTGCTG-3′ (reverse); (Bioneer company, Korea).     The relative amount of FOXM1 
messenger RNA (mRNA) to GAPDH was calculated as the average 2−∆Ct where ∆Ct (cycle threshold) = Ct – 
CtGAPDH Statistical analyses  

Data were summarized, presented and analyzed using two software programs. These were Microsoft Office 
Excel 2007 and the statistical packages for social sciences (SPSS 18) using T. test, one way ANOVA test, Chi 
square test at the level of significant alpha <0.05. 
 
Results: 
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Sixty cases of urothelial carcinoma and 60 cases of non-tumorous bladder tissues (cystitis) were included in 
this study. The clinic pathological assessment revealed that 46(76.67%) patients were males and 11 (23.33%) 
were females (figure.1) , showing highly significant difference between male and female ( P < 0.05` ) .  

Grading of the presented malignant cases were assessed according to the WHO grading system of urinary 
bladder carcinoma , revealing that low grade was reported in 35 (58.33% ) cases while those of high grade were 
25 (41.67%) cases (figure 2 and figure 3).    

Assessment of the stage (T) of the 60 cases of transitional cell carcinoma according to the TNM staging 
system revealed that ; 7 (11.67%) cases were of Ta, 24 ( 40%) of T1,  and 29 (48.33%) of T2, there is a 
significant difference in the frequency between the different stages in bladder carcinoma ( P< 0.05 ) (figure 4 
and figure 5) .   

FOXM1 gene expressions (fold change) were found to be 1.636+0.599 s.d. in non-tumorous bladder tissue 
and 18.187+17.883s.d. in malignant tissue, so according to independent T test,  FOXM1 gene expression 
significantly (p<0.0001) raised in urothelial carcinoma in relative to non-tumorous bladder tissues 
(Table.1),(Figure 6 and figure 7) 

In this study, the one way ANOVA test was performed to compare mean fold change between two age 
groups in which the mean fold change of the up-regulated cases was 21.89+ 16.47 for female, and was 19.468+ 
18.506 s.d. for male ( Table 2) (figure.8) with no significant difference between these two groups P 
value=0.552. 

According to one-way ANOVA test there is significant difference between low grade and high grade of 
T.C.C.( P value=0.0001) (table.3). in which the mean fold change of the up-regulated cases was 13.375+ 9.423 
for low grade, and 28.295+ 22.396 s.d. for high grade( figure 9).  

To highlight the involvement of FOXM1 gene in the progression of the disease, expression results were 
analyzed with respect to the tumor stage. The mean fold change of the up-regulated cases was 8.548+ 5.904 for 
stage Ta, 13.415+10.238 for stage T1 and  27.012+ 20.985 s.d. for stage T2 ( figure.10). According to one-way 
ANOVA test there is no significant difference between stage Ta and stage T1 (P value=0.382) and between 
stage Ta and non-tumorous tissue, but there is significant difference between stage Ta and stage T2 (p=0.001) 
and between stage T1 and stage T2(p<0.0001 (table.4). 

      
Table 1: Relative expression results of FOXM1 and HEF1 gene in both non-tumorous and malignant bladder  tissues 

Gene  Fold change in non-tumorous  bladder tissue Fold change in urothelial carcinoma P value 
Foxm1  1.6313+0.599 18.187+ 17.883 <0.0001 

P<0.05  Highly significant difference 
 
Table 2: FOXM1 gene expression (Mean of fold change) in relation to gender. 
(I) gender (J) gender 

Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 

Female Male 2.42230 4.05629 .552 -5.6155- 10.4601 
non-tumorous tissue 20.25863* 3.91875 .000 12.4934 28.0239 

Male Female -2.42230- 4.05629 .552 -10.4601- 5.6155 
non-tumorous tissue 17.83634* 2.49314 .000 12.8960 22.7767 

non-tumorous tissue Female -20.25863-* 3.91875 .000 -28.0239- -12.4934- 
Male -17.83634-* 2.49314 .000 -22.7767- -12.8960- 

*. The mean difference is significant at the 0.05 level. 
 
Table 3: Foxm1 gene expression (mean of fold change) in relation to tumor's grade  
(I) grade (J) grade 

Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 

low grade high grade -14.91992-* 3.09015 .000 -21.0433- -8.7966- 
non-tumorous tissue 11.74355* 2.52310 .000 6.7439 16.7432 

high grade low grade 14.91992* 3.09015 .000 8.7966 21.0433 
non-tumorous tissue 26.66347* 2.72525 .000 21.2632 32.0637 

non-tumorous 
tissue 

low grade -11.74355-* 2.52310 .000 -16.7432- -6.7439- 
high grade -26.66347-* 2.72525 .000 -32.0637- -21.2632- 

*. The mean difference is significant at the 0.05 level. 
 
Table 4: Foxm1 gene expression level (mean of fold change) in relation to stage of tumor 
(I) stage (J) stage 

Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 

stageT a stage T1 -4.95657- 5.64328 .382 -16.1402- 6.2271 
stage T2 -18.55354-* 5.50596 .001 -29.4650- -7.6420- 
non-tumorous tissue 6.82672 5.27881 .199 -3.6346- 17.2881 

stage T1 stageT a 4.95657 5.64328 .382 -6.2271- 16.1402 
stageT 2 -13.59696-* 3.27378 .000 -20.0848- -7.1091- 
non-tumorous tissue 11.78329* 2.87539 .000 6.0849 17.4816 

stageT 2 stageT a 18.55354* 5.50596 .001 7.6420 29.4650 
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stageT 1 13.59696
non-tumorous tissue 25.38025

non-tumorous 
tissue 

stageT a -6.82672
stageT 1 -11.78329
stage T2 -25.38025

*. The mean difference is significant at the 0.05 level.

 

 
Fig. 1: Gender  distribution frequency of the presented transitional cell carcinoma of  bladder
 

 
Fig. 2: A pie chart showing the percentage of grade of urothelial carcinoma.
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13.59696* 3.27378 .000 7.1091 
25.38025* 2.59553 .000 20.2365 
6.82672- 5.27881 .199 -17.2881- 
11.78329-* 2.87539 .000 -17.4816- 
25.38025-* 2.59553 .000 -30.5240- 

The mean difference is significant at the 0.05 level. 
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Fig. 3: Left figure( low grade urothelial carcinoma

 

Fig. 4: A pie chart showing the percentage of stages of urothelial carcinoma.
  

Fig. 5: Stage T2 urothelial carcinoma
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Fig. 6: Real-Time PCR amplification plot of FOXM1 gene  in urothelial carcinoma patients and non-tumorous 

control group. Where, the red qPCR amplification plots for urothelial carcinoma samples and the blue 
qPCR amplification plots for non-tumorous  samples 

 

 
Fig. 7:  FOXM1 gene expression level (mean fold change) in non-tumorous tissue and T.C.C. 

 

 
Fig. 8: FOXM1 gene expression level (mean fold change) in relation to gender. 
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Fig. 9: FOXM1 gene expression level(mean of fold change) in relation to grade. 

 

 
Fig. 10: FOXM1 gene expression level (mean of fold change) in relation to stages. 

 
Discussion: 

There is a progressive increase in the incidence and death rates from cancer over the world including 
urinary bladder cancer. In Iraq the incidence of B.C. rises from the fifth one in 2010 (Iraqi Cancer Registry 
2010) to the fourth one in 2011 and regarded as one of the commonest ten cancers (Iraqi Cancer Registry 2011). 
Urothelial carcinoma has a variety of phenotypic and genetic characteristics. Many genetic factors, such as 
genetic polymorphisms, chromosomal abnormalities, epigenetic alterations, and mutations contribute to 
tumorigenesis and progression of this tumor(Knowles, M. A. 2008). The practical use of molecular markers can 
therefore lead to more accurate and patient-specific surveillance and prognosis (Zabolotenva A. A. et al 2013)  .  

Although conventional clinicopathologic parameters such as grade, stage, and lymph node status of the 
tumor are known to be predictors of metastasis, recurrence and survival, scientists are interested in search of 
biomarkers associated with histopathologic features and biological behavior of bladder urothelial carcinoma in 
order to lead to early detection and/or in predicting the metastasis of superficial tumors to invasive higher-stage 
lesions with high specificity  

Transcription factor proteins are important for many cellular events such as regulation of growth and 
development of cells; FOXM gene concedes one of them (Lehmann OJ. et al. 2003). Previous study has linked 
FoxM1 up-regulation to a variety of malignant tumors, including cancers of the liver, brain, breast, colon, 
esophagus, lung and nervous system, regarding it as a proto-oncogene (Priller M, et al 2003, Park YY,  et al 
2012, He SY. et al 2012, Hui MK, et al 2012, Frau M. et al 2010) .   

Our study revealed that 46(76.67%) patients were males and 14 (23.33%) were females (fig.1). The male 
preponderance in our country may be related to the fact that males being exposed to certain environmental and 
occupational carcinogens much more intensely than females as females confined more to house activities, while 
the male is the main field worker, also smoking habit are more encountered in males than females.      

Regarding the grade thirty five patients (58.33%%) out of 60 patients were with low grade TCC while 
25(41.67%) were with high grade TCC (fig 2 and fig.3). 
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Furthermore the results show 7 out of 60 (11.67% )  cases were stage Ta, 24 (40%) cases were stage T1 and 
29 (48.33%) cases were T2(fig. 4 and fig.5).   

Regarding the molecular expression of FOXM1 gene in urothelial carcinoma, FOXM1 gene was found to 
be expressed in urothelial carcinoma in 54(90%) out of 60 cases with 18.187 folds relative to those of non-
tumorous bladder tissues (p<0.0001)(table.1)(fig 6 and fig 7).  

Such results suggested the up-regulation of the expression of FOXM1 gene during carcinogenesis. FOXM1 
up-regulation can induce genomic instability through the triggering of various DNA damage/pro-apoptotic stress 
markers rather than enhanced DNA repairing (M.T. The. et al 2010) .   

Findings of the up-regulation of FOXM1 expression in urothelial carcinoma patients are in concordance 
with the data of (Liu D et.al 2013).  

The present study  show no significant difference between male and female (p=0.552), in spite the mean 
fold change of female was 21.89+ 16.47 , and for male was 19.468+ 18.506 s.d. ( Table 2) (fig 8). Our results 
were in concordance with the data of (Liu D et.al 2013) .    

To clarify the relevance of FOXM1 mRNA expression in urothelial carcinoma development and prognosis, 
the relationship between tumor grade and FOXM1 mRNA expression was examined. Analysis of variance 
(ANOVA) showed there were highly significant difference (P<0.0001)(table.3) were found between low grade 
and high grade in which the expression level (fold change) was very high in high grade (28.29) when compare 
to low grade (13.37)(fig 9), indicating that up-regulation of FOXM1 has a role in bladder cancer tumorigenesis 
and prognosis. Our results were in concordance with the data of (Liu D et.al 2013) .    

To highlight the involvement of FOXM1 gene in the progression of the disease, expression results were 
analyzed with respect to the tumor stage. A significant (P<0.001) rise of FOXM1 gene expression fold was 
observed in those of stage T2 when they were compared with those of stage Ta. Similarly FOXM1 gene 
expression was evident to be increased significantly (P< 0.0001) in tumor of stage T2 with respect to those of 
stage T1 (Table 4, fig 10). 

      In the current study FOXM1 expressions were found to elevate as the stages were advanced. These 
results are in consistence with previous reports.( Liu D et.al 2013)  have pointed out significant correlation of 
FOXM1 expression with advancing of bladder cancer stages. 

High FoxM1 expression in our result is significantly correlated with pathological stage and histological 
grade suggesting that its expression might be important for the acquirement of malignant potential in urothelial 
carcinoma. Our findings are in concordance with results from studies in other human solid cancers 
overexpressing FoxM1. 
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