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In the pres ent study, the ex pres sion of cyclin E and

kinase p34 cdc2 was in ves ti gated in preinvasive blad der

tu mors. The study ma te rial con sisted of blad der sec tions 

(grades: GI – 16 cases, GII – 10, and GIII – 12) col lected

from 38 pa tients in the course of the tu mor electro -

resection. Immunohistochemical ex am i na tions were

car ried out with immunoperoxidase method. An ti gens

were la beled with NCL-CYCLIN E or NCL-p34 cdc2

monoclonal an ti bod ies (Novocastra, UK). Pos i tive re ac -

tion was dem on strated us ing ABC-uni ver sal Kit (Novo -

castra, UK). Dif fer ences in the pro tein ex pres sion in

re la tion to the tu mor grade were de ter mined with

a non-para met ric Mann-Whit ney’s test. In creas ing

grade of tu mors was as so ci ated with down reg u la tion of

cyclin E vis i ble as lower per cent age of cyclin E-pos i tive

cells. These changes were sta tis ti cally sig nif i cant for GI

group as com pared to groups GII and GIII (p<0.001).

There were no dif fer ences be tween the study groups in

the p34 pro tein ex pres sion. Cyclin E ex pres sion was in -

versely cor re lated with tu mor grade there fore may be

help ful in es tab lish ing ther a peu tic pro ce dure. 

In tro duc tion

Blad der car ci noma is the fifth neo plasm as re gards the

fre quency of in ci dence and the twelfth as re gards the num -

ber of deaths caused by neo plas tic dis eases [16]. The pa -

tients’ age also de creases [2]. 

In re cent years, there has been sig nif i cant ad vance ment

in stud ies on mo lec u lar and ge netic mech a nisms of neo -

plasm de vel op ment. Much at ten tion is paid to the dis tur -

bances in cell cy cle, the ab nor mal course of which may lead

to neo plas tic cell trans for ma tion [6, 15]. 

The pres ence of in ter nal con trol points is an im por tant

el e ment of cell cy cle reg u la tion. Nor mal reg u la tion of the

pas sage through the points on G1/S and G2/M phases

bound ary is of par tic u lar im por tance [10, 16]. Re cent stud -

ies have dem on strated that the dam age of mech a nisms con -

trol ling the course of phase G1, in which cell pro lif er a tion

and dif fer en ti a tion is ini ti ated as well as pas sage from phase

G1 to S plays the most im por tant role in the ini ti a tion of neo -

plas tic trans for ma tion [1, 5, 7]. 

The anal y sis of ex pres sion of cho sen cell cy cle re lated

pro teins and the in di vid ual case his to ries may give us a help -

ful tool be ing a pre dic tive and prog nos tic marker in TCC pa -

tients. 

This study was aimed at de ter min ing the re la tion be -

tween the level of cyclin E and pro tein p34 (cdc2) ex pres -

sion and the grade of tu mor dif fer en ti a tion es ti mated by

a histopathologist. 

Ma te rial and Meth ods

The study ma te rial con sisted of blad der tu mor sec tions

ob tained from 38 pa tients in the course of transurethral re -

sec tion (TUR). The in ves ti gated group in cluded 14 women

and 24 men, aged 48–76 years, mean 63.8 years. All

neoplasms were di ag nosed as tran si tional cell car ci noma.

The tu mor stag ing and grad ing were de ter mined by pa thol o -

gist ac cord ing to In ter na tional Un ion against Can cer and

World Health Or ga ni za tion clas si fi ca tions. There were 16

spec i mens of grade GI, 10 of GII and 12 of GIII. Ac cord ing
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to clin i cal clas si fi ca tion all tu mors be longed to pTa group

(preinvasive car ci noma, where the tu mor grows only

exophytically).

Immunohistochemical ex am i na tions

Immunohistochemical ex am i na tions were per formed

with the use of immunoperoxidase method. Tis sues were

fixed in 10% buf fered form al de hyde for 24 hours in 4°C,

and then em bed ded in par af fin. Tis sue sec tions 4 mm-thick

were placed on sil i cone slides and then dewaxed in xylene

and hy drated in de creas ing con cen tra tions of eth a nol. 

En dog e nous peroxidase ac tiv ity was in hib ited with 3%

H2O2 in meth a nol for 10 min at room tem per a ture. An ti gens

were ex posed by heat ing spec i mens in a mi cro wave oven in

phos phate buffer, pH=6.0, for 7 min at 730 W, then for

5 min at 350 W. The sec tions were rinsed in TBS (TRIS

Buf fered Sa line – Sigma USA) pH=7.6, three times for

5 min. Non-spe cific stain ing was blocked with non-im mune

mouse se rum for 20 min. The an ti gens were de tected with

NCL-CYCLIN E and NCL-p34 cdc2 monoclonal an ti bod -

ies (Novocastra, UK) with which sec tions were in cu bated

for 60 min at 25°C. Con cen tra tions of an ti bod ies were

matched ex per i men tally to ob tain the best re ac tion. The di -

lu tion of pri mary an ti bod ies was: 1:60 for cyclin E and

1:200 for p34 cdc2. The pos i tive re ac tion was dem on strated

us ing ABC-uni ver sal Kit (Novocastra, UK): biotinylated

anti-mouse sec ond ary an ti body (30 min at room tem per a -

ture) and then avidin and biotinylated peroxidase. DAB was

used as chromogen (Sigma, USA). Fi nally, the spec i mens

were stained with hematoxylin and em bed ded in DPX

(Fluke CH).

Quan ti ta tive anal y sis 

In the case of cyclin E de tec tion, the cells with stained

nu cleus were qual i fied as pos i tive. Nu clear-cy to plas mic

stain ing was char ac ter is tic for cdc2 kinase. The in ves ti gated 

pro tein ex pres sion was es ti mated as the per cent age of pos i -

tive cells /1000 cell ex am ined in 15 ran domly se lected mi -

cro scopic fields at 400× mag ni fi ca tion. Quan ti ta tive

anal y sis was car ried out with the IMAL-512 im age anal y sis

sys tem. The tresholding was per formed in ter ac tively de -

pend ing on in ter nal stan dard of grey level. Ac cord ing to the

per cent age of pos i tive cells each spec i men was qual i fied to

one of three groups: O – no la bel ing; (+) <20% of pos i tive

cells; (++) >20% of pos i tive cells. 

Sta tis ti cal anal y sis

Dif fer ences in pro tein ex pres sion in re la tion to tu mor

grade were de ter mined with non-para met ric Mann-Whit -

ney’s test at the level of sig nif i cance p<0.01.

Re sults

Pos i tive stain ing for cyclin E was pres ent in 76% of

spec i mens, ir re spec tive of tu mor grade.

Quan ti ta tive anal y sis of cyclin E ex pres sion dem on -

strated a grad ual de crease in the per cent age of pos i tive cells

with an in crease in the neo plasm grade (Ta ble 1). This de -

crease was sta tis ti cally sig nif i cant for group GI as com pared 

to groups GII and GIII (p<0.001). No sta tis ti cally sig nif i -

cant changes were found be tween neoplasms mod er ately

and poorly dif fer en ti ated (GII and GIII) (Fig. 1).
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TABLE 1
The de pend ence of cyclin E ex pres sion on tu mor grade 

Tumor grade Number of cases Positive cells mean ± SD [%]
Specimen staining intensity [%]

0 + ++

 GI 16 47.1 ± 1.9 8.3 58.3 33.4

 GII 10 20.5 ± 2.9* 22.2 77.8 0

 GIII 12 18.1 ± 3.1* 60 40 0

* p<0.001 vs GI

TABLE 2  
The de pend ence of pro tein p34 cdc2 ex pres sion on tu mor grade 

Tumor grade Number of cases Positive cells mean ± SD [%]
Specimen staining intensity [%]

0 + ++

 GI 16 31.89 ± 7.55 16.7 58.3 25

 GII 10 33.23 ± 6.98 22 56 22

 GIII 12 32.74 ± 8.01 10 60 30



The per cent age of pos i tive cells with pro tein p34 ex -

pres sion was at the me dium level of 32.62%, and no sig nif i -

cant dif fer ences were ob served be tween the in ves ti gated

groups (Ta ble 2, Fig. 2).

Dis cus sion

Re cently, dis tur bances in the cell cy cle have been one

of the main di rec tions of stud ies on the pro cess of

carcinogenesis. Cell cy cle is a com plex pro cess and about

100 genes are re spon si ble for its course. Tran si tion into par -

tic u lar cy cle phases is mon i tored by spe cific mech a nisms

called con trol points [3]. Spe cific pro teins con trol prep a ra -

tion and readi ness for tran si tion into the con sec u tive phase

of the cell cycle. 

In our stud ies cyclin E ex pres sion was found in 76% of

all cases ex am ined. The per cent age of pos i tive cells de -

creased with an in crease of tu mor grade. Sim i lar re sults

were ob tained by Kamai and co-work ers who car ried out

their stud ies on 145 TCC cases [5]. They found in verse cor -

re la tion be tween cyclin E ex pres sion and the proliferative

in dex (Ki-67) and histopathological pa ram e ters. Op po site

re sults were noted by Osman et al. [13] in 55 TCC cases,

were no sig nif i cant cor re la tion be tween cyclin E ex pres sion

and clin i cal data or proliferative in dex were found. The

same results were noted by Khan et al. [8].

How ever, Rich ter and co-work ers in ves ti gat ing al most

2000 cases of blad der tu mors, ob served a sig nif i cant in -

crease in cyclin E ex pres sion along an in crease in the

histopathological grade [14]. Sim i lar re sults were noted by

Makiyama et al. [11]. Stud ies on cyclin E lo ca tion in the cell

dur ing cell cy cle, per formed by Juan and Cor don-Cardo [4]

on iso lated lines of blad der can cer cells dem on strated its

pres ence in nu clear struc tures only in the late G1 phase and

in the course of tran si tion from G1 to S. How ever, in some

lines, the cyclin was pres ent in nu cleus in all the cy cle

phases. The au thors sug gest that nu cleus me di ates the trans -

port of cyclin E from nu cleus to the cy to plasm, where it un -

der goes en zy matic deg ra da tion. In some types of blad der

car ci noma, this mech a nism con trol ling the level of cyclin is

dis turbed. Kinase p34 to gether with cyclin B are re spon si ble 

for the cell tran si tion through G2/M re stric tion point and for

nor mal course of mi to sis. De crease in p34 level leads to cell

cy cle ces sa tion in phase G2 and to ini ti a tion of re pair mech -

a nisms, most fre quently of apoptosis [9, 12]. In our studies

p34 expression was independent on the tumor grade. 

Con clu sions

We sug gest that a pa tient with di ag nosed blad der car ci -

noma of the grade GI should be sub jected to sim i lar stan -

dards of treat ment as a pa tient with di ag nosed neo plasm of

the grades GII or GIII. This anal y sis con cerns mainly the

con tin u a tion of treat ment by the im mune sys tem mod u la tion 

method with the help of Ba cil lus Calmette-Guerin

Suspension (BCG). 

It seems that the anal y sis of cyclin E ex pres sion can not

be the base for de ter mi na tion of the dis ease ad vance ment

how ever; it may be help ful, in some patho log i cal cases, in

es tab lish ing the ther a peu tic procedure.
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Cyclin E and protein p34 cdc2 in bladder cancer

Fig. 1. Ex pres sion of cyclin E in urothelial car ci noma. 

Fig. 2. Ex pres sion of p34 pro tein in urothelial car ci noma. 
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