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ABSTRACT The aim of this work is to evaluate the DNA methylation status and expression of different cell cycle reg-
ulators during multistage carcinogenesis of rat urinary bladder. Materials and Methods: This experimental 

study included 64 male (fisher 344) rats (6 weeks old). They were divided into experimental group (n= 48) and control 
group (n= 16). Urinary bladder carcinogenesis was induced in rats of the experimental group by N-Ethyl N-Butane Ni-
trosamine (EBN) in their drinking water for 10 weeks. At the 10th, 14th, 20th, and 24th week from the time of induction 
of carcinogenesis, rats were sacrificed. Pathological and normal urinary bladder tissue specimens from experimental 
and control rats were excised and divided into 3 samples to be used for histopathological analysis, the expression of 
both cyclin D1 and E, and for methylation changes. The results of our study showed that the expression of both cyclin 
D1 and cyclin E were very highly significantly increased in hyperplasia, dysplasia, and carcinoma compared with the 
control group. There was a gradual methylation changes during urinary bladder carcinogenesis. Conclusion: Multiple 
stepwise progressive changes in methylation patterns are observed during EBN induced rat urinary bladder carcinogen-
esis. These methylation changes occur early during oncogenesis and are detectable prior to the appearance of clini-
cally evident tumor. Overexpression of cyclin D1 and cyclin E is an important and frequent molecular event, at relatively 
early stage during the development of urinary bladder cancer. Both cyclin D1 and E could become useful biomarkers 
to identify precancerous lesions in the early stage of urinary bladder cancer.

INTRODUCTION:
Carcinogenesis is a stepwise process of accumulation of 
genetic and epigenetic abnormalities that can lead to cel-
lular dysfunction [1]. It has become clear that epigenetic 
changes are equally important for this multistep process to 
produce its results [2]. 

Methylation of CpG sites in the genome, which is gener-
ally conserved during cell replication, is considered to play 
important roles in cell differentiation and carcinogenesis 
[3]. DNA methylation is believed to be an on-off switch 
in gene expression. Changes in the methylation profile of 
the promoters represent an alternative to genetic lesions 
as causative factors for the tumor-specific aberrant expres-
sion of the genes [4],[5]. Alternatively, the gain of methyl 

groups, particularly in CpG islands [GC-rich regions of the 
genome, ~1 kb in length, originally characterized by their 
lack of methylation], is linked to the transcriptional repres-
sion of the associated genes [6], [7]. So, DNA methylation 
plays a key role in the regulation of gene expression, and 
failure to maintain normal patterns of methylation often 
contributes to carcinogenesis [3], [8]. 

Cyclin D1 is an oncogene which is related to the regula-
tion of cell cycle. Cyclin D1 serves as a key sensor and in-
tegrator of extracellular signals in early to mid G1 phase. 
It is thought to move cells from G1S and participate in the 
transduction of external mitogenic signals to other compo-
nents of G1/S transition cell cycle machinery, thus moving 

G0 cells into G1, and early G1 cells into the G1/S transition 
[9]. The cyclin D1 gene product is a key protein which 
makes cells enter into proliferation condition and cyclin D1 
and CDK4 are composed of a complex which could func-
tionally inhibit tumor suppressor gene p16 and retinoblsto-
ma (pRb) activity [10],[11]. Overexpression of cyclin D1 has 
been implicated in the malignant transformation of a va-
riety of human cancers, including bladder carcinoma [12]. 

Cyclin E is essential for progression through the G1-phase 
of the cell cycle and initiation of DNA replication by inter-
acting with and activating its catalytic partner, the Cdk2 
[13].  

An extensive examination of the differences in DNA meth-
ylation state (both gains and losses) at different stages of 
cancer development will lead to a clearer understanding of 
the mechanisms involved in carcinogenesis and identifica-
tion of the earliest changes in methylation will provide use-
ful biomarkers in cancer diagnosis and treatment [6]. 

The aim of this work was to evaluate the DNA methyla-
tion status and expression of different cell cycle regulators 
during multistage carcinogenesis of rat urinary bladder.

Materials and Methods:
This experimental study was carried out at Medical Bio-
chemistry Department and Mansoura Urology and Neph-
rology Center, Faculty of Medicine, Mansoura University, 
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Egypt.  

A. Animals: 
A total of 64 male (fisher 344) rats (6 weeks old) were ob-
tained from and housed in the animal house of Mansoura 
Urology and Nephrology Center. They were divided into 
experimental group and control group. Urinary bladder 
carcinogenesis is induced in experimental group (n= 48). 
They were given 0.05% N. ethyl N- butan (4.O.L) nitrosa-
mine (EBN) and 1.34% Nacl in their drinking water for 10 
weeks then they were maintained on the basal diet and 
tap water without any treatment till the time of scarification 
[14], [15]. 

All rats were housed four per cage in an animal facility and 
a controlled condition with at a temperature of 22 ± 2 ºC 
and 55 ± 5% relative humidity. The rats were given free ac-
cess to tap water and food and were observed daily, their 
body weights were measured weekly throughout the dura-
tion of the experiment. Stop gaining weight and then loss 
of weight usually began to occur at the 13th or 14th week. 
Caschexia was marked from the 18th week. Eight rats died 
during the experiment. Sex and age matched control rats 
(n=16) were given free access to tap water and basal diet 
without any treatment till the time of scarification.  

B. Tissue sampling 
At the 10th, 14th, 20th, and 24th week from the time of in-
duction of carcinogenesis, rats were sacrificed; urinary 
bladders were removed and examined. Pathological and 
normal urinary bladder tissue specimens from experimental 
and control rats were excised and divided into 3 samples.      

- 1st sample was fixed in 10% formalin, sectioned, and 
stained with Hematoxylin and Eosin (H&E) for histopatho-
logical analysis. According to the histopathological finding, 
the rats were divided into four groups: Group I: hyperpla-
sia group (n= 13), included simple and papillary hyperpla-
sia. Group II: dysplasia group (n= 12), included papillary 
hyperplasia with mild and moderate dysplastic changes. 
Group III: carcinoma group (n=15), included carcinoma in 
situ and papillary transitional cell carcinoma grade I and II. 
Group IV: control group (n=16), included rats with normal 
bladder.   

- 2nd sample was snap frozen in liquid nitrogen and imme-
diately analyzed for expression of cyclin D1, cyclin E. 

- 3rd sample was immediately stored at -20 ºC until it was 
analyzed for methylation changes by DNA extraction and 
methylation sensitive arbitrarily primed polymerase chain 
reaction (AP-PCR). 

C. Methodology:
(A) Assay of expression of cyclin D1 mRNA and cyclin E 
mRNA:

Total RNA extraction from urinary bladder tissue speci-
mens. E.Z.N.A Total RNA kit for total RNA purification from 
tissues provided by Omega Bio-tek USA Cat. No R 6936-
01was used. 

RT-PCR of the extracted RNA was performed using Ready-
to-Go RT-RCR beads for first strand cDNA synthesis and 
PCR reactions provided by Amersham Biosciences, Eng-
land, cat. No. 27-9266-01. 

Gene-specific primers (Amersham Biosciences):

Cyclin Dl primers: Their sequences were as follow: (sense) 
5`-TGA CAA CTC TAT CCG CCC CGA-3` and (antisense) 
5`-GAA AGT GCG TTG TGC GGT AGC-3`. 

Cyclin E primers: Their sequences were as: (sense) 5` CTG 
GCT GAA TGT TTA TGT CC-3` and (antisense) 5` TCT TTG 
CTT GGG CTT TGT CC-3`. 

- Cyclin D1 produced a single 314 bp PCR product. 

- Cyclin E produced a single 392 bp PCR product. 

- The images were digitalized, recorded and quantitated 
with image analysis software (Scion Image, Scion Corpora-
tion, USA) on a personal computer. Peak intensity of the 
PCR product derived from the target gene was divided over 
HPRT PCR product, the internal control for RT- PCR. This 
relative ratio of the target gene divided on HPRT represent 
the relative expression of the target gene. Each target gene 
expression was evaluated by comparison of the results with 
those of normal controls at each experimental stage. 

(B) Detection of DNA methylation changes by methylation-
sensitive arbitrarily primed polymerase chain reaction (AP- 
PCR):

DNA extraction from urinary bladder tissue specimen: Us-
ing E.Z.N.A. Tissue DNA kits for DNA purification from tis-
sue provided by Omega Bio-tek  USA Cat. No. 3496-01.  

Restriction enzyme digestion of genomic DNA: for each 
DNA sample, 2 restriction digests were performed: one 
with RsaI and MspI and the other with RsaI and HpaII 
(Roche Molecular Biochemicals, Indianapolis, IN). RsaI is 
methylation-insensitive, while MspI and HpaII are methyla-
tion-sensitive. 

Both MspI and HpaII cut between cytosine residues at 5`- 
CCGG -3` sites. MspI would not cut if the external cyto-
sine is methylated, and HpaII would not cut if the internal 
cytosine is methylated whereas MspI is insensitive to the 
methylation status of the internal cytosine [16]. This double 
restriction enzyme was used to reduce the number of PCR 
fragments and potential artifacts that might be amplified in 
the AP-PCR.

Methylation – sensitive AP- PCR: 

The methylation-sensitive AP-PCR is highly dependent on 
the sequence of the arbitrary primer. The GC-rich primers 
are more successful at amplifying GC- rich DNA fragments 
because there is a high probability that they preferentially 
anneal to sequences associated with CpG islands. The se-
quences of the arbitrary single primer used were as follow: 
5` AAC CCT CAC CCT AAC CCC GG-3`. 

AP-PCR: Using PuRe TaqTM Ready-to-Go polymerase chain 
reaction (PCR) Beads for performing PCR amplifications 
(Amersham Biosciences Cat. No. 27-9558-01).

D. Statistical analysis:
All data were analyzed using statistical package for social 
science program (SPSS version 13.0). The results were ex-
pressed as the mean ± SD. Measurement data were ana-
lyzed using one-way analysis of variances (ANOVA). When 
the distribution of data was nonparametric, Kruskal Wallis 
H test was used for comparison between more than two 
groups and Mann-Whitney (unpaired Wilcoxon) test was 
used for comparison between two groups. Spearman rank 
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and Pearson correlation coefficient were used to find the 
degree of correlation between the different variables. P 
value ≤ 0.05 was considered significant.

Results:
The results of our study showed that cyclin D1 expression was 
very highly significantly increased in hyperplasia, dysplasia, and 
carcinoma compared with the control group (figures 1&2). 

Fig. 1-  RT- PCR products using specific primers for cyclin 
D1. Lane1: DNA marker, Lane2: RT-PCR product of HPRT 
(the internal control), Lane3: normal mucosa sample, 
Lane4: simple hyperplasia sample, Lane5: papillary hyper-
plasia sample, Lane6: hyperplasia with moderate dysplastic 
changes sample, Lane7: carcinoma in situ sample, Lane8:  
transitional cell carcinoma sample.

Fig. 2-  Cyclin D1 expression in different groups

This study, also, revealed that cyclin E expression was very 
highly significantly increased in hyperplasia, dysplasia, and 
carcinoma compared with the control group (figures 3&4). 

Fig. 3-  RT- PCR products using specific primers for cyc-

lin E . Lane1: DNA marker, Lane2: RT-PCR product of 
HPRT( the internal control), Lane3:  normal mucosa sam-
ple, Lane4: simple hyperplasia sample, Lane5:  papillary 
hyperplasia sample, Lane6: in papillary hyperplasia with 
moderate dysplastic changes sample, Lane7: in carcino-
ma in situ sample, Lane8: transitional cell carcinoma 
sample.

Fig. 4- Cyclin E expression in different groups.

The overexpression of both cyclin D1 and cyclin E may 
be indicative that cyclin D1 and cyclin E may cooperate in 
driving proliferation in early stages of tumor progression.

Detection of methylation changes: 
In this experimental study, the patterns of bands of   PCR 
product images were examined to determine the methyla-
tion status at external and internal cytosines at 5`-CCGG- 
3` sequences. Segments of DNA between or at sites of 
primer annealing are amplified by PCR unless a site with-
in the region is cut with HpaII or MspI. Thus, bands seen 
in both MspI and HpaII digest lanes are indicative of the 
presence of methylated 5`-CCGG-3` sites. Bands present in 
HpaII digest lanes but not in MspI digest lanes represent 
methylation of the internal cytosine of 5`-CCGG- 3` site. 
Conversely, bands seen more prominently in MspI digest 
lanes are indicative of methylation of the external cytosine.

Fig. 5- This figure revealed the methylation- sensitive AP-
PCR of normal and pathological samples of dysplasia 
group using a single primer in the AP- PCR after a 16 
hours restriction enzyme digestion with 5 units of Rsa I + 
Hpa II or Rsa I + Msp I ( H: Rsa I + Hpa II digested DNA, 
M:  Rsa I + Msp I digested DNA). Lane1: DNA Marker, 
Lane2 & Lane3: normal DNA from matched control rat of 
control group, Lane4 & lane5: DNA sample from a rat of 
dysplasia group, Lane6 & lane7: DNA sample from another 
rat of dysplasia group.
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The results of our study revealed a gradual and important 
methylation changes during urinary bladder carcinogen-
esis. In hyperplasia stage there was a moderate change 
in DNA methylation in the form of moderate hypometh-
ylation in both internal and external cytosine. However, in 
dysplasia samples the banding pattern was more mark-
edly different as compared to the control samples. As re-
gards the carcinoma stage, a large amount of methylation 
change was present; there was a large hypomethylation at 
both internal and external cytosine together with hyper-
methylation at external cytosine (figures 5&6). The changes 
in methylation pattern in cancer, as detected in our study, 
may be related to changes in levels and activity of certain 
methyltransferases. 

 

Fig. 6- This figure revealed that in carcinoma group of 
samples, a large amount of methylation change is pre-
sent. There are 6-10 different bands in carcinoma samples 
in comparison with control samples (H: Rsa I + Hpa II di-
gested DNA, M:  Rsa I + Msp I digested DNA). There are 
5-8 bands seen in the RsaI/MspI and RsaI/HpaII lanes of 
control samples but not or less distinctly seen in the car-
cinoma samples. This is indicative of a moderate and large 
amount of hypomethylation at the external and internal 
cytosine in carcinoma samples. Also, there are 1-3 bands 
that are seen in the carcinoma samples but not seen in the 
control samples. This is indicative of a small amount of hy-
permethylation at the external cytosine sites of carcinoma 
samples. 

Discussion:
The detection of methylation changes associated with 
oncogenic transformation is of critical importance in un-
derstanding how DNA methylation may contribute to 
oncogenesis [5],[17]. Regulation of the cell cycle is also 
important for normal cell growth and differentiation. Disor-
ders of the cell cycle regulatory machinery play a key role 
in the pathogenesis of cancer [12]. Rat urinary bladder can-
cer induced by N. ethyl N. butan (4.O.L) nitrosamine (EBN) 
has morphological, biological and molecular parallels to 
human bladder cancer [18]. 

In this experimental study we investigated cyclin D1 ex-
pression in different histopathological stages of urinary 
bladder carcinogenesis. There was a highly significant dif-
ference in cyclin D1 expression in the different histopatho-
logical groups. Cyclin D1 expression was a highly signifi-
cantly increased in hyperplasia, dysplasia, and carcinoma 
compared with the control group. 

The overexpression of cyclin D1, detected in our study, 
may be due to its transcriptional activation. Cyclin D1 has 

a very short half life of about 20 minutes and its expres-
sion is generally growth factor inducible [19], and in most 
cancer types, cyclin D1 overexpression results from induc-
tion by oncogenic signals rather than a clonal somatic mu-
tation or rearrangement in the cyclin D1 gene [20]. So, the 
overexpression of cyclin D1 in the preneoplastic lesions 
and carcinomas is propably related to the acquisition of 
autonomous growth properties. 

The cyclin D1 promoter is composed of a CpG island that 
can be potentially regulated by DNA methylation and that 
DNA hypomethylation may participate in the long-distance 
deregulation of cyclin D1 gene observed in malignancies 
[21]. The steady state expression of the cyclin D1 gene 
was influenced by the methylation status of the 5`-flank-
ing region in rat leukemic and normal endometrial stromal 
cells [22]. Aberrant methylation of the CpG loci within the 
5`-regulatory regions play a principle role in tissue specific 
expression of genes by affecting the interactions of DNA 
with chromatin proteins and transcription factors [21]. This 
is in agreement with the results of our study as we dem-
onstrated a DNA hypomethylation in preneoplastic and 
tumor tissues which may be an explanation for the cyclin 
D1 overexpression observed in different stages of bladder 
carcinogenesis.            

Also, this overexpression of cyclin D1 may provide a 
growth advantage for the preneoplastic lesions (making 
them more likely to progress to advanced lesions such as 
papillomas or carcinomas) and for the tumors under the 
conditions of the current bladder carcinogenesis protocol. 
This suggestion supports the previous studies of Kim and 
Zhao [9] and, Elliman et al [11], that reported that cyclin 
D1 serves as a key sensor and integrator of extracellular 
signals in early to mid G1 phase, mediating its function 
through binding the Cdks, histone acetylase and histone 
deacetylases to modulate local chromatin structure around 
the genes that are involved in regulation of cell prolifera-
tion and differentiation. 

Cyclin D1 overexpression during urinary bladder carcino-
genesis was also reported [14], [24], [25] and there was 
more than two folds increase in cyclin D1 mRNA expres-
sion during rat bladder carcinogenesis [23]. Overexpression 
of cyclin D1 was also demonstrated in different models of 
rat carcinogenesis including colon [25], fore stomach [27] 
and breast [28] oncogenesis. 

In our experimental study we investigated cyclin E expres-
sion in different histopathological stages of urinary bladder 
carcinogenesis. There was a highly significant difference in 
cyclin E expression in different histopathological groups. 
Cyclin E expression was highly significantly increased in 
hyperplasia, dysplasia, and carcinoma compared with the 
control group. In agreement with our results, cyclin E over-
expression during urinary bladder oncogenesis was also re-
ported by Lee et al [23], and Khan et al [24]. 

The increase in expression of cyclin E, detected in our 
study, may be explained by induction of its expression at 
the transcriptional level. As cyclin E has a major role in the 
control of the G1- and S-phase transitions, its expression 
is tightly regulated both at the transcriptional level and by 
ubiquitin-mediated proteolysis [13]. Also, overexpression 
of cyclin D1, which was proved in our experimental study, 
increases cyclin E expression. Cyclin D/Cdk protein kinase 
complexes phosphorylate pRb, releasing E2F from pRb. 
This phosphorylation allows the accumulation of E2F1, 
E2F2, and E2F3a that activate the transcription of a large 
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number of genes essential for DNA replication as well as 
further cell cycle progression [29], [30]. Cyclin E gene is in-
cluded among these genes [31].   

Cyclin E is involved in early events and control of DNA 
replication during S phase. Ectopic expression of cyclin E 
affects the G1/S transition resulting in an uncoupling of 
DNA replication and cell cycle progression and affecting 
the fidelity of DNA replication [32]. Therefore, overexpres-
sion of cyclin E plays an important role in tumour progres-
sion. Cyclin E overexpression has been reported in colon 
[26], breast [32] and ovarian [33] carcinogenesis.  Our re-
sults revealed overexpression of both cyclin D1 and cyc-
lin E with a significant positive correlation between them 
in carcinoma group. These results support the study of 
Khan et al. [24] who reported overexpression of both cyc-
lin D1 and cyclin E during cancer bladder progression. Our 
results,also, are indicative that cyclin D1 and cyclin E may 
cooperate in driving proliferation in early stages of tumour 
progression.  

DNA methylation is a dynamic but tightly regulated pro-
cess. Methylation patterns are faithfully transmitted to the 
next generations during cell division. With the noted ex-
ceptions of imprinted genes and several genes on the in-
active X chromosome in females, CpGs within CpG islands 
are normally unmethylated while most CpGs outside CpG 
islands are methylated. It has been suggested that these 
patterns of methylation may serve to compartmentalize the 
genome into transcriptionally active and inactive zones [7], 
[34], [35]. In the present study, patterns of DNA methyla-
tion of the genome were investigated during stages of uri-
nary bladder carcinogenesis in a rat model. Matched nor-
mal and preneoplastic or tumor samples were compared 
to identify differential methylation. The results of our study 
revealed a gradual and important methylation changes 
during urinary bladder carcinogenesis. In hyperplasia stage 
there was a moderate change in DNA methylation in form 
of moderate hypomethylation in both internal and exter-
nal cytosine. However, in dysplasia samples the banding 
pattern was more markedly different as compared to the 
control samples. There was both hypomethylation and hy-
permethylation changes at both internal and external cy-
tosine. As regards the carcinoma stage, a large amount of 
methylation change was present. There was a large hypo-
methylation at both internal and external cytosine together 
with hypermethylation at external cytosine. DNA methyla-
tion alterations occur throughout all stages of carcinogene-
sis and that methylation patterns in tumor cells are altered 
relative to those of normal cells [35]. A global hypometh-
ylation of the genome is accompanied by region-specific 
hypermethylation [36]. This global hypomethylation occurs 
in repetitive elements localized in satellite sequences or 
centromeric regions [37], and in specific oncogenes lead-
ing to its activation [38]. Furthermore, hypomethylation 
of non-promoter regions may lead to a decreased stabil-
ity of the genome due to an increase in the expression of 
transposons that are typically silenced by methylation [39]. 
However, hypermethylation occurs in promoters of several 
tumor suppressor genes, including p16 [40] and retino-
blastoma gene [41]. This hypermethylation is an alternative 
mean for the inactivation of the tumor suppressor genes in 
cancer [42].  Maintaining normal patterns of methylation is 
dependent on multiple, interdependent factors including 
maintenance and de novo methylation, demethylation that 
is not linked to DNA replication, the availability of methyl 
group sources (S-adenosyl methionine is the proximate 
methyl donor), cellular proliferation, and cellular differen-
tiation [43]. Alteration of one or more of these factors may 

lead to hyper- and/or hypomethylation, both of which have 
been shown to contribute to carcinogenesis [3].

The changes in methylation pattern in cancer, as detected 
in our study, may be related to changes in levels and ac-
tivity of certain methyltransferases. DNA methyltransferases 
are responsible for maintenance of methylation at CpG 
and non CpG sites. When treated with certain tumour pro-
moters, specific methylases may be more or less affected 
than others leading to differences in the level of methyla-
tion change at the CpG and CpCpG sites [8], [44]. This 
pattern of methylation changes that was detected in our 
study, in which both hypomethylation and hypermethyla-
tion contribute significantly to bladder carcinogenesis, was 
also reported during skin carcinogenesis [3], [45] and dur-
ing liver oncogenesis [44]. The results of our study sup-
ported the previous studies [17], [46] that demonstrated 
the same pattern of methylation changes, including both 
hypomethylation and hypermethylation, in human urinary 
bladder cancer. DNA methylation control of gene expres-
sion plays an important role in the development of cancer 
[35]. The results of our study indicate that alterations in 
DNA methylation may play a variety of roles in carcinogen-
esis. 

Conclusion:
Multiple stepwise progressive changes in methylation pat-
terns are observed during EBN induced rat urinary blad-
der carcinogenesis. These methylation changes occur 
early during oncogenesis and are detectable prior to the 
appearance of clinically evident tumor. Overexpression of 
cyclin D1 and cyclin E is an important and frequent mo-
lecular event, at relatively early stage during the develop-
ment of urinary bladder cancer. Both cyclin D1 and E could 
become useful biomarkers to identify precancerous lesions 
in the early stage of urinary bladder cancer. 
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