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Loss of Cell Cycle Regulators p27*'P" and Cyclin E
in Transitional Cell Carcinoma of the Bladder
Correlates with Tumor Grade and Patient Survival
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The cyclin-dependent kinase inhibitor p27*' is a
powerful molecular determinant of cell cycle progres-
sion. Loss of expression of p27*'** has been shown to
be predictive of disease progression in several human
malignancies. In this study we investigated the ex-
pression of two key cell cycle regulators, p27**** and
cyclin E, in the progression of transitional cell carci-
noma of the bladder. An immunohistochemical anal-
ysis was conducted in a series of 50 bladder tumor
specimens, including 3 metastatic lymph nodes, and
7 normal bladder specimens, using specific antibod-
ies against the two regulators of the cell cycle, p27<**
and cyclin E. The degree of immunoreactivity was
correlated with the pathological tumor grade, stage,
and patient survival. A uniformly intense immunore-
activity for p27%*** and cyclin E was observed in epi-
thelial cells of normal bladder tissue. Malignant blad-
der tissue demonstrated a heterogeneous pattern of
significantly reduced p27**** and cyclin E immunore-
activity, compared with normal urothelium (P <
0.01). In addition, there was progressive loss of ex-
pression of both cell cycle proteins with increasing
tumor grade and pathological stage. Expression of
p27"** was significantly lower in the poorly differ-
entiated tumors (grades III) compared to well and
moderately differentiated (grades I and II) tumors
(P = 0.004). Moreover, the expression of cyclin E was
lower in grade III tumors compared to grade I and II
lesions, although this difference failed to reach statis-
tical significance. Most significantly, Kaplan-Meier
plots of patient survival show increased mortality risk
associated with low levels of p27*** (P = 0.001) and
cyclin E (P = 0.002) expression. This is the first evi-
dence that loss of expression of p27=** and cyclin E
in human bladder transitional cell carcinoma cells
correlates with advancing histological aggressiveness
and poor patient survival. These results have clinical
importance, because they support a role for p27%®!
and cyclin E as novel predictive markers of the bio-
logical potential of bladder tumors that will enable

identification of those tumors most likely to progress
to muscle invasive disease and of patient survival.
(Am J Patbol 1999, 155:1129-1136)

Transitional cell carcinoma of the bladder is a common
malignancy of the genitourinary tract and is the second
most prevalent cancer among middle-aged and elderly
men.” The management of this tumor depends on an
accurate assessment of the tumor’s biological potential,
and the ability to identify those tumors most likely to
progress to muscle invasive disease would greatly facil-
itate effective treatment of the disease. Although the
pathological grade of the tumor is an important variable in
bladder cancer management, a true prognostic marker to
identify the likelihood of tumor progression and ultimate
patient prognosis has yet to be identified.

During the past several years, advances made in our
understanding of the cell cycle regulatory machinery
have indicated that disruption of the normal cell cycle is
a critical step in cancer development.?~® Abnormalities of
various components of the cell cycle have been identified
in several types of human cancer.'2* As the major
regulatory events leading to cell proliferation and differ-
entiation occur within the G, phase of the cell cycle,
attention has been focused on altered expression of the
G, cyclins and cyclin-dependent kinases (Cdk) as key
events in tumorigenesis.®~10:25727

The G, cyclins, including three D-type cyclins and
cyclin E, regulate the progression of cells through the G,
phase of the cell cycle through interactions with specific
Cdks. Each of these cyclin/Cdk complexes is activated at
a specific point during G, and has a specific set of
substrates. Cyclin E is a late G, cyclin, which, along with
its catalytic subunit Cdk2, is involved in phosphorylation
of the Rb protein. The activation of the cyclin E/Cdk2
complex is the rate-limiting event for cell transition into
the S phase of the cell cycle. Overexpression of cyclin E
accelerates the G;-to-S phase transition, and increased
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expression of multiple cyclin E-related proteins has been
reported in several human malignancies.’" 32831 The
activity of the cyclinE/Cdk2 complex is primarily regu-
lated by the Cip/Kip family of Cdk inhibitors (CKI), which
include the p21Wa p27KPT and p57KP2 proteins. The
p27P1 protein appears to be the major regulator of
cyclin E, and several studies have demonstrated the
importance of this protein in cell growth and differentia-
tion.#6-8:32-34 \odulation of p27<PT activity appears to
be mediated mainly by the antimitogenic effects of trans-
forming growth factor-g (TGF-B), in addition to cell-to-cell
contact and agents that elevate adenosine 3',5'-cyclic
phosphate.?®-32

Overexpression of p27XP" in mammalian cells induces
a G, block in the cell cycle. Conversely, defective regu-
lation at the p27 checkpoint in the cycle can result in
uncontrolled cellular proliferation. Several investigators
have demonstrated that lost or decreased p27<P' ex-
pression is a prognostic marker in several human malig-
nancies, including breast,'""* colorectal,’*™"" pros-
tate,’®2° esophageal, 222 gastric,?® and pulmonary
carcinomas.?* No tumor-specific mutation of the p27<iP"
gene has been found in humans. ™ In addition, low levels
of p27K'P1 in certain tumors have been attributed to tu-
mor-specific enhanced proteosome-mediated degrada-
tion of the protein.®3° This has been hypothesized to be a
hallmark of more aggressive tumors, indicating that loss of
p27°P1 expression and cyclin E overexpression may be
markers of more invasive tumors with a poorer prognosis.

The potential significance of p27<'P" and cyclin E pro-
teins in bladder cancer progression has yet to be inves-
tigated. In this study we performed an immunohistochem-
ical analysis of bladder tumor specimens to characterize
the expression of these key cell cycle regulators in tran-
sitional cell carcinoma of the bladder. Our findings dem-
onstrate that down-regulation of p27¥"** as well as cyclin
E protein expression within the same tumor cell popula-
tions, correlate with tumor grade, pathological stage, and
patient survival.

Materials and Methods

Tissue Selection

Fifty bladder tumor specimens were obtained from 47
patients with histologically confirmed transitional cell car-
cinoma of the bladder. These specimens included 26
cases obtained from patients undergoing radical cys-
toprostatectomy for localized disease, 1 partial cystec-
tomy, 16 transurethral bladder tumor resections, and 7
transurethral bladder biopsies. Three lymph nodes with
metastatic lesions from a single patient were also ana-
lyzed. Seven normal bladder tissue specimens were ob-
tained from six patients and served as controls. These
included four biopsy specimens from cancer-free pa-
tients and three specimens from histologically normal
areas of bladder in patients who underwent radical cys-
toprostatectomy for an isolated invasive grade lll lesion.
All control specimens were determined to be tumor-free
on histopathological analysis. All specimens were paraf-

fin-embedded sections obtained from the archives of the
Department of Pathology at the University of Maryland
School of Medicine. The tumor histological grade was
determined by our pathologist (A. B.) before immunohis-
tochemical analysis. This study included 8 grade | le-
sions, 18 grade Il lesions, and 21 grade Il lesions of
transitional cell carcinoma of the bladder. Classified by
pathological tumor stage, there were 5 Tis, 9 Ta, 15T1, 6
T2,9 T3, and 3 T4 tumors. Patient age ranged from 33 to
87 years, with a mean of 64 years. Patient follow-up
ranged from 0.5 to 7.2 years, with a median of 3.2 years.

Immunohistochemical Analysis

Tissue specimens were deparaffinized and dehydrated
with xylene and graded ethanol. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide in meth-
anol at room temperature for 25 minutes. Specimens
were washed in phosphate buffered saline solution three
times (5 minutes each). Nonspecific binding sites were
blocked with 10% goat serum and slides were subse-
quently incubated with a rabbit polyclonal antibody
raised against the human p27"*" protein (1 ug/ml; Santa
Cruz Biotechnology, Santa Cruz, CA) overnight at 4°C.
The antibody against the p27"P' protein was raised
against the peptide sequence (amino acids 181-198,
mapping at the COOH terminus of human p27X*"). Sec-
tions were rinsed with phosphate buffered saline, incu-
bated with the biotinylated anti-rabbit secondary anti-
body at room temperature for 45 minutes, and then
treated with the biotin-avidin peroxidase system (Santa
Cruz Biotechnology). Positive immunoreactivity was visu-
alized with the 3,3-diaminobenzidine reaction. Hematox-
ylin was used for counterstaining. Immunohistochemical
analysis for cyclin E expression was performed using the
same system used for p27KP" expression. The antibody
against the cyclin E protein was also a rabbit polyclonal
antibody raised against the cyclin E protein (1 pg/ml;
Santa Cruz Biotechnology). The cyclin E antibody was
raised against the epitope corresponding to a partial
amino acid sequence of human cyclin E.

Quantitation of Immunostaining

Cancerous urothelium was identified and examined for
p27P1 and cyclin E immunostaining. Cell counts were
performed by two independent observers (J. J. D. and
N. K.) at 400X magnification using a 10x10 counting grid
via an eyepiece. Observers were blinded to the patho-
logical grade of the tumor. Three different fields were
counted by each observer, and an index of protein ex-
pression was calculated as a percentage (number of
positively immunostained cells/total number of tumor
cells counted). The relative intensity of immunostaining
was graded subjectively by each observer as 0, +1, +2,
and +3, corresponding to negative, weak, moderate, and
strong immunoreactivity, respectively.
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Figure 1. Photomicrographs of immunoreactivity patterns of p275P! expression in normal bladder and malignant bladder tissue. Immunohistochemical analysis
was performed as described in Materials and Methods. Immunostaining against p27"'P! protein revealed intense immunoreactivity among the epithelial cells of
normal bladder urothelium (A). B-D indicate sections of malignant bladder tissue with increasing tumor grade, exhibiting progressive loss of p27%iP! expression.
B shows a grade I transitional cell carcinoma of the bladder indicating moderate immunoreactivity (+2) of the p27%P! protein within the cancer foci. C reveals
a grade 11 bladder tumor, and D a section of a grade III bladder tumor, indicating a characteristically weak immunoreactivity (+1) and loss of p27%P! protein
expression, respectively. D shows a high grade transitional cell carcinoma of the bladder in which malignant foci exhibit complete loss of p27*P! expression

(arrow). Original magnifications, X100.

Statistical Analysis

Student’s t-test was used to analyze the differences in
p27P1 and cyclin E expression between normal bladder
and transitional cell carcinoma of grades |, Il, and lll. The
values are presented as means * SE. Differences in
mean values were considered significant at a P value
<0.05. Kaplan-Meier estimates of survival functions were
generated among groups of patients with tumors of low
versus high p27"*" and cyclin E immunostaining indi-
ces.®® Differences in Kaplan-Meier curves for patient sur-
vival (after cystectomy or transurethral resection) be-
tween groups were compared by the log-rank test.

Results

The level of p27KP" immunoreactivity was high in the
transitional epithelial cells of normal bladder specimens
(Figure 1A). Diffuse staining was seen within the nucleus
and in the cytoplasm of the normal urothelium. In marked
contrast, malignant bladder tissue demonstrated a heter-

ogeneous pattern of significantly reduced p27%<*" immu-
noreactivity. More impressively, there was progressive
loss of p27XP1 expression with increasing tumor grade.
The data summarized in Table 1 reveal the quantitative
analysis of p27XPT immunoreactivity related to the histo-
logical grade and pathological stage of the bladder tu-
mor specimens. These results clearly indicate a signifi-
cant decrease in the levels of p27<P! immunostaining
with increasing histological grade, as well as pathological
stage of transitional cell carcinoma of the bladder (P <
0.01).

Although the intensity of p27XP* immunoreactivity was
uniformly high in the transitional urothelium of normal
bladder specimens (+3 intensity), a moderate degree of
variability in the staining intensity was observed among
cancer specimens of the same histological grade. Well
differentiated transitional cell carcinoma specimens
(grade |, Figure 1B) showed a moderate level of immu-
noreactivity for p27<P" (+2 intensity), with immunostain-
ing limited to scattered areas of the cancerous epithe-
lium. In contrast, poorly differentiated bladder tumors
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Table 1.
Cell Bladder Tumors

Correlation of p27%P! Expression and Cyclin E Expression with Histological Grade and Pathological Stage in Transitional

Tumor grade Normal (7) Grade | (8) Grade Il (18) Grade Il (21) + LN (3)
% p27KP1 positivity 63.6 2.1 40.3 + 6.6* 379 £ 3.2* 231 + 3.7* 25.3 + 5.6*
% cyclin E positivity 57.9+78 27.0 = 8.1 19.3 + 3.9* 16.5 + 3.5* 33.5 + 4.9*
Tumor stage Tis (5) Ta (9) 1(15) T2 (6) T3 (9) T4 (3)
% p27"P1 positivity 495 *+ 82 38.3 £ 2.3* 379 4.7 20.7 £ 4.2 17.8 £ 5.3 25+ 12"
% cyclin E positivity 43 *6.4 16.2 £ 1.7* 216 + 5.6* 10.1 £ 5.6* 14.6 = 4.6* 10.5 = 6.9*

Values represent the mean percentage of p27KP" and cyclin E immunoreactive cells calculated as the number of stained cells divided by the total
number of cells counted, = SE. Numbers in parentheses indicate the number of specimens analyzed in each group.

+ LN, lymph nodes positive for metastatic bladder tumor cells.
*Values significantly different from normal urothelium (P < 0.01).

(grades Il and Il1) exhibited immunostaining ranging from
weak (+1) to total loss of protein expression. (Figure 1, C
and D). The results, summarized in Table 2, reveal the
distribution of immunostaining intensity among the vari-
ous bladder tissue specimens analyzed. Approximately
89% of grade Il tumor specimens included in this study
demonstrated either very weak (72%) or no (16.7%) ex-
pression, whereas total loss of p27KP" staining was ob-
served in 67% of grade lll bladder tumors.

As the p27P! protein appears to be the major regu-
lator of cyclin E during the late G, phase of the cell cycle,
it was interesting to investigate the expression of cyclin E
in the same bladder tumor specimens that had shown a
progressive loss of p27<®" with increasing histological
grade. Although the overall number of cyclin E immuno-
reactive cells was not as high as that for the p27Kie"
protein, a similar pattern of significantly reduced cyclin E
immunoreactivity was observed in cancerous foci com-
pared to normal bladder specimens. Significantly
enough, as with p27XP" immunoreactivity, there was pro-
gressive loss of cyclin E expression with advancing his-
tological grade of the bladder tumor (Figure 2, A-D).
Quantitative analysis of the data, summarized in Table 1,
shows a significant correlation between loss of cyclin E
expression and increasing tumor grade. Table 1 also
indicates a close relationship between cyclin E levels and
pathological tumor stage. In addition, the intensity of
cyclin E protein expression correlated with the intensity of
p27XPT protein immunoreactivity in the same specimens
of transitional cell carcinoma of the bladder. As shown in

Table 2. Expression of p27"P! Protein in Normal and
Malignant Bladder Tissue
Distribution of p27P! staining
intensity
(% of specimens in group)

Type of  Number of Negative Weak Moderate Strong
specimen  specimens ©) (+1) (+2) (+3)
Normal 7 0 0 0 100
Grade | 8 0 25 62.5 12.5
Grade Il 18 17 72 11 0
Grade llI 21 67 33 0 0
+LN 3* 33 67 0 0

*These 3 specimens were from the same patient.
+LN, lymph nodes identified as positive for bladder tumor cell
metastasis.

Table 3, strong immunoreactivity (+3) was observed in all
normal bladder specimens, whereas most well differen-
tiated grade | tumors exhibited moderate immunoreactiv-
ity (+2; 50%). Poorly differentiated tumors were charac-
terized by significant (29%) or total loss (71%) of cyclin E
expression.

Analysis of the relationship between the expression of
p27P1 and its cell cycle partner, cyclin E, in the same
bladder tumors revealed that a direct correlation exists
between loss of expression of both proteins in the same
neoplastic foci; this correlation, however, is not very
strong (r = 0.68; Figure 3).

Figure 4 shows Kaplan-Meier plots of patient survival
indicating increased mortality risk associated with low
levels of p27<PT expression (P = 0.001) and low levels of
cyclin E expression (P = 0.002) in primary bladder tu-
mors. Stratification of survival was based on two levels of
p27XPT and cyclin E immunoreactivity, defined as high
(>30%) or low (<30%) expression. Fifty percent survival
in patients with high p27<P! expression (n = 27) was
reached at 40.4 months, compared to 13.7 months in
those patients (n = 21) with low levels of p27<P" expres-
sion. Bladder cancer patients (n = 34) with tumors ex-
hibiting low cyclin E expression reached 50% survival at
26.7 months. In contrast, 50% survival was not reached in
those patients (n = 14) with a high level of cyclin E
expression.

Discussion

This study provides the first evidence of the predictive
value of loss of two key cell cycle regulators, the CKI
p27XPT and cyclin E, in bladder cancer progression. The
expression of these two proteins in normal and malignant
bladder tissue was correlated with tumor grade, patho-
logical tumor stage, and patient survival. A significant
loss of expression of both p27XP* and cyclin E proteins
was detected in bladder cancer compared to normal
bladder specimens. Significantly enough, our findings
demonstrate a progressive loss of expression of each
protein with increasing histological aggressiveness and
pathological stage of bladder tumors. Most dramatically,
loss of expression of p27"P' and cyclin E, as indepen-
dent variables, correlated with a significantly increased
mortality risk compared to those patients with bladder
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Figure 2. Immunoreactivity patterns of cyclin E expression in normal bladder and malignant bladder tissue. Immunostaining using the rabbit polyclonal antibody
against the cyclin E protein revealed uniformly abundant expression among the epithelial cells of the normal bladder urothelium. Original magnification, X100
(A). B shows a grade I transitional cell carcinoma of the bladder indicating moderate immunoreactivity (+2) for cyclin E protein within the cancer foci. Original
magnification, X50. C and D reveal sections of a grade II bladder tumor, and a grade III bladder tumor, indicating weak immunoreactivity (+1) and loss of cyclin
E expression, respectively. Arrow indicates high grade, malignant bladder epithelial cells exhibiting complete loss of cyclin E immunoreactivity (D). Original

magnifications, X100 (C and D).

tumors that exhibited high expression of either protein.
This positive correlation implies that with advancing tu-
mor grade, loss of the key cell cycle regulators p27KiP"
and cyclin E may have novel prognostic value in human
bladder cancer and may be used to alter treatment op-
tions offered to patients.

Table 3. Expression of Cyclin E Protein in Normal and
Malignant Bladder Tissue

Distribution of cyclin E staining
intensity
(% of specimens in group)

Type of  Number of Negative Weak Moderate Strong
specimen specimens (0) (+1) (+2) (+3)
Normal 7 0 0 0 100
Grade | 8 0 375 50 125
Grade Il 18 17 67 17 0
Grade Il 21 71 29 0 0
+LN 3* 0 67 33 0

*These 3 specimens were from the same patient.
+LN, lymph nodes identified as positive for bladder tumor cells
metastasis.

Abnormalities in various components of the cell cycle
regulatory machinery have been previously reported in
several types of human cancer.'®2® More specifically,

Loss of p27 expression (%)

o 10 20 30 40 50 50 70 80

Loss of Gyclin E expression (%)

Figure 3. Relationship between loss of p27iP! protein expression and loss of
cyclin E protein expression in our bladder tumor specimens. A direct corre-
lation was detected between loss of expression of both proteins in the same
neoplastic foci (correlation coefficient » = 0.68).
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Figure 4. Kaplan-Meier curves for survival of bladder cancer patients (after
cystectomy or transurethral resection) between tumor groups with high or
low p27%iP! protein expression (A) and high or low cyclin E protein expres-
sion (B).

loss of expression of the CKI p27XP! has been shown to
be associated with several tumor types.'® 82922 Guo et
al were the first to demonstrate a correlation between loss
of p27KPT expression and increasing tumor grade in
human prostate cancer.?® Other investigators have sub-
sequently described a significant association between
loss of p27KP! immunoreactivity in prostate carcinoma
and increased probability of recurrence and decreased
survival.’® In addition, a positive correlation between low
or lost p27XPT expression and high-grade histology
and/or a less favorable prognosis has been reported in
other human malignancies, including breast,"'~* colo-
rectal,’®™"” esophageal,®’ 22 gastric,”® and pulmonary
carcinomas.?* This down-regulation of p27XP" is now
hypothesized to be an essential step in the development
and maintenance of the malignant phenotype in these
human cancers.

In contrast, far less is known about the role of cyclin E
in cell transformation and tumorigenesis. Cyclin E is a

regulator cyclin of the G-to-S phase transition of the cell
cycle. p27XPT is able to inhibit the formation of active
cyclin E/cdk2 complexes.®* The mechanism by which
p27"P1 inhibits cdk activity is not fully understood, but it
appears that binding of p27 "' to the cyclin D2/cdk4
complex sequesters the inhibitor away from the cyclin
E/cdk2 complex, causing inactivation of the latter. This
evidence suggests that the cyclin D2/cdk4 complex
might act upstream of cyclin E/cdk2 by modulating the
levels of free p27'" that can interact with and inhibit the
cyclin E/cdk2 complex. Many factors influence expres-
sion of cyclin E, including mutations in Rb or p16, over-
expression of cyclin D1 or E2F, and alteration in the cyclin
E proteolysis pathway.'® Cyclin E overexpression has
been associated with increasing tumor grade and patient
mortality in breast cancer patients.'©'3:14

Although p27XP" is known to be an intimate biochem-
ical partner of cyclin E in the cell cycle, the direct corre-
lation between p27XPT levels and cyclin E expression in
human cancer has yet to be defined. Our results clearly
indicate that both cyclin E and p27%P" immunoreactivity
is decreased in bladder cancer compared to normal
bladder urothelium. Conceptually, cyclin E overexpres-
sion and p27"" underexpression both result in in-
creased cdk2 activity, and presumed loss of this check-
point leads to aberrant cell proliferation. This concept is
consistent with recent findings indicating that this pattern
of p27KPT and cyclin E expression is associated with
increasing tumor aggressiveness and increased patient
mortality in breast cancer."® Furthermore, in vitro studies
demonstrated that overexpression of cyclin E is associ-
ated with increased p27<P1 expression.?® Ectopic ex-
pression of cyclin D1 or cyclin E in several cell lines has
been reported to lead to reduced levels of expression of
the p27" P protein.’ On the basis of these findings, one
could propose a feedback inhibitory loop between cyclin
E and p27XPT the function of which is to maintain a
homeostatic balance between the positive and negative
regulators of the G, phase of the cell cycle. Therefore, in
response to loss of p27"P' expression during tumori-
genic growth, there may be a cellular down-regulation of
cyclin E in an attempt to offset the loss of the p27 check-
point in the cell cycle. The present study strongly sug-
gests the aggressiveness of a bladder tumor can be
characterized in part by specific derangements in the
cell-cycle progression machinery. Our results are also
unique in that they describe a potential predictive role for
these two cell cycle regulators in the progression of blad-
der cancer. However, knowledge of the overall expres-
sion profile of multiple proteins regulating cell cycle ki-
netics is needed before we fully understand the
prognostic significance of the cell cycle in malignant
development and tumor progression. Prospective studies
that involve screening a larger number of patients with
invasive disease (including those with metastatic lesions)
will be required to establish the potential clinical useful-
ness of p27KP" and cyclin E as prognostic markers in
bladder cancer.

The role of other cell cycle regulatory proteins in blad-
der cancer progression remains largely undefined. Loss
of Rb immunoexpression has been considered a marker



for invasive bladder cancer and has been associated
with shorter patient survival.>” Increased p53 immunore-
activity has been reported in higher grade and stage
bladder cancers and has been associated with disease
recurrence and decreased overall survival.®® However,
not all p53-positive bladder tumors recur or progress.
The effects of p53 on the cell cycle are mediated through
the regulation of p21Va™ expression. Loss of p21Waft
expression in p53-altered tumors has been shown to be a
positive predictor of tumor recurrence and poorer patient
survival than in those p53-altered tumors that have main-
tained p21Va" expression through p53-independent
pathways.3®

Histologically determined tumor grade and stage are
still the primary prognostic variables that dictate treat-
ment strategies. Although these variables provide the
physician with a characterization of tumor’s biological
potential, a significant degree of tumor heterogeneity
remains, even within various prognostic subgroups.3®
Therefore, accurate assessment of tumor aggressive-
ness is often a challenging task. To date, various poten-
tial bladder tumor markers have been investigated. Blood
group antigens, tumor-associated antigens, proliferating
antigens, oncogenes, epidermal growth factor receptor,
peptide growth factors and their receptors, tumor angio-
genesis and angiogenesis inhibitors, and cell adhesion
molecules have been identified as potential prognostic
markers for transitional cell carcinoma of the bladder.*®

In summary, the present study has identified potential
new prognostic markers to provide predictive information
of the natural history of bladder cancer and the likelihood
of disease recurrence or progression. Our increasing
understanding of the cell cycle machinery has made it
apparent that altered expression of several of its compo-
nents play an important role in loss of cell regulation.
Therefore, the ultimate prognostic value of cell cycle
regulatory proteins as tumor markers may involve the
evaluation of multiple markers for each tumor specimen.
Our findings support a role for p27%*" and cyclin E as
strong candidate markers for predicting the biological
potential of bladder tumors and identifying those tumors
most likely to progress to muscle invasive disease.
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