
Abstract. Aim: To evaluate the prognostic role of the p53-
upstream inhibitors MDM2, MDM4 and its splice variant
MDM4-S in patients undergoing radical cystectomy (RC) for
muscle-invasive bladder cancer (MIBC). Materials and
Methods: mRNA Expression levels of MDM2, MDM4 and
MDM4-S were assessed by quantitative real-time polymerase
chain reaction (qRT-PCR) in 75 RC samples. Logistic
regression analyses identified predictors of recurrence-free
(RFS) and cancer-specific survival (CSS). Results: High
expression was found in 42% (MDM2), 27% (MDMD4) and
91% (MDM4-S) of tumor specimens. Increased MDM2
expression was significantly associated with higher tumor
stage (p=0.05) and lymphovascular invasion (LVI)
(p=0.041). In the univariate analysis, low MDM4 expression
(hazard ratio (HR)=5.93; p=0.002; HR=3.00; p=0.047), but
not MDM2 (HR=1.63; p=0.222; HR=1.59; p=0.27), were
associated with RFS and CSS. In the multivariate analysis,
the combination of low MDM4 and high MDM2 was
significant for RFS and CSS (HR=14.9; p=0.001; HR=5.63;
p=0.019). Conclusion: The combination of MDM2 and
MDM4 expression is an independent predictor in patients
undergoing RC for MIBC.

Urothelical cell carcinoma (UCC) of the bladder is the second
most common urogenital neoplasm worldwide (1). Whereas
non-muscle invasive UCC can be well treated and controlled
by endoscopic resection, for MIBC, which represents 30% of
tumor incidence, radical cystectomy (RC) remains the only
curative option. However, MIBC progresses frequently to a
life-threatening metastatic disease with limited therapeutic
options (2). Standard clinical prognosis parameters in bladder
cancer such as stage, grade or patient’s age, have limitations
in assessing individual patient’s prognosis and response to
different treatment options.

Recently, gene expression profiling of UCC has identified
patterns of gene signatures that can help predict outcome and
clinical stage or even select patients for systemic therapies (3,
4). Amongst others, the tumor suppressor p53 has been
suggested to be a possible predictor of survival and
chemoresistance (5). In accordance, mutations or altered gene
expression of p53 have been found in the majority of all
human cancer forms, making it a key player in tumor genesis
and evolution (6, 7). Many studies on UCC of the bladder
have concentrated on p53 mutational status and its
downstream targets, while proteins regulating p53 activity are
less studied (6). The ubiquitin ligase human mouse double
minute 2 (MDM2, HDM2) acts as a cell-cycle regulator by
degradation of p53. MDM2 gene or MDM2 protein
alterations can be found in several human cancer types (8).
In bladder cancer the mutational variant MDM2 SNP309 has
been investigated with varying results. Whereas previous
studies found and increased tumor risk and poorer overall
survival for superficial cancers in cases expressing the wild
type, more recently, it has been shown that a mutational
variant is associated with the formation of a more aggressive
tumor form (9). HDMX (MDM4) is a close homologue of
MDM2 that suppresses p53 transcription and has analogously
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been connected to oncogenesis (10, 11). Tumor cells show an
altered activity, particularly when p53 wild type is retained
(12). Consequently, MDM4 has recently been brought into
play as a possible therapeutic target (13). Although one study
associated gene amplification of MDM4 with low recurrence
risk in muscle-invasive bladder cancer (MIBC), its role as a
potential marker or therapeutic target for UCC of the bladder
remains unresolved (14). Furthermore, the ratio of MDM4
and an alternative splice variant, namely MDM4-S (exclusion
of exon 6), was found to be associated with higher grade at
diagnosis and a decreased overall survival (OS) in different
tumors (15-17). Most recently the ratio of MDM4 and
MDM4-S was declared a superior prognostic biomarker than
p53 in soft tissue sarcoma (11).

The aim of this study was to evaluate the role of MDM2,
MDM4 and MDM4-S as novel prognostic markers for disease
stage and survival in patients with muscle-invasive UCC of
the bladder treated with RC. To overcome the limitations of
immunohistochemistry-based marker evaluation, being –in
particular– its semi-quantitative, non-standardized and
subjective interpretation, we employed a quantitative real-
time polymerase chain reaction (qRT-PCR)-based assessment
of the markers’ expression in the respective tumor samples.

Patients and Methods
Patient population and cell lines. The study was approved by the
Institutional Ethical Committee (2013_834R-MA). We included
patients treated with RC (T1-4, Nx) and bilateral lymphadenectomy
(obturator fossa, external and internal iliac region) for MIBC at our
institution between 1998 and 2006. Patients who received neo-
adjuvant chemotherapy were excluded. Tumor tissue samples were
obtained retrospectively and clinical records were assessed for
clinical and pathological data.

The human urothelial carcinoma cell lines UMUC-3 and RT-112
(ATCC®, obtained from LGC Standards, Rockville, MD, USA)
were cultured under standard conditions. RNA from serial diluted
cell lines were used to analyze assay linearity and precision (Inter,-
Intra-run variation). 

Pathological evaluation. After intraoperative frozen section of
ureteric and urethral resection edges, tissue was fixed in
formaldehyde. Fixation of tumor specimens followed standard
protocols, using either 10% non-buffered or 10% buffered formalin.
Storage time of the archival samples was up to 15 years at room
temperature. Hematoxylin-eosin stained sections were evaluated for
pathological stage according to the 2002 TNM classification of the
American Joint Committee on Cancer and tumor grade according to
the 1998 WHO/International Society of Urologic Pathology
consensus classification. 

RNA isolation. RNA isolation from formalin-fixed, paraffin-
embedded (FFPE) tissue was performed as described before (18, 19).
Tumor sustaining areas were identified by uro-pathologists and
exclusively used for RNA extraction respectively to avoid mixture
with non-malignant tissue. One 10-μm-thick section was used
isolation of RNA according to a fully automated, high-throughput

extraction workflow that runs on an Xtract XL liquid-handling robot
(STRATIFYER Molecular Pathology GmbH, Cologne, Germany).
The extraction solutions and chemicals are commercially available
in Germany as part of the XTRAKT FFPE kit, which is based on
magnetic bead technology (STRATIFYER). In brief, FFPE sections
were solubilized and paraffin was melted by incubating with a lysis
buffer in a Thermo-mixer. Tissue was lyzed with Proteinase K. The
lysates were then admixed with germanium-coated magnetic
particles in buffer-controlled conditions that enhance preferential
attachment of nucleic acid molecules to the surface of the particles.
Purification was carried out by means of 3 consecutive washing
cycles involving magnetization, centrifugation, washing and removal
of the supernatant. Nucleic acids were eluted with 100 μl elution
buffer and treated with DNase I. The DNA-free RNA eluates were
stored at –80˚C until use. RNA was reversely transcribed using the
sequence specific primers and Super Script III reverse transcriptase
(Thermo Fisher Scientific, Waltham, MA, USA). 

Total RNA form cell lines was extracted using RNeasy Mini Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. RNA was reversely transcribed using random hexamer
priming and MMLV reverse transcriptase (Thermo Fisher Scientific). 

Quantitative real-time polymerase chain reaction. QRT-PCR was
applied for the relative quantification of MDM2, MDM4 and
MDM4-S mRNA expression by using gene-specific TaqMan®-based
assays. Expression levels of the target genes, as well as of the
reference gene Calmodulin 2 (CALM2) (20), were assessed in
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Table I. Characteristics of 75 patients undergoing radical cystectomy. 

                                                              n or median       Percentage/range

Age, years                                                     66.1                  39-84
   ≥75                                                             13                     17.3
   <75                                                             62                     82.7
Gender
   Male                                                           57                     76.0
   Female                                                       18                     24.0
Tumor stage
   pTa                                                               1                       1.3
   pT1                                                              1                       1
   pT2                                                            21                     28.0
   pT3                                                            40                     53.3
   pT4                                                            13                     14.6
   CIS                                                               1                       1.3
Grading
   low-grade                                                  12                     16.0
   high-grade                                                 63                     84.0
   Concomitant carcinoma in situ                  7                       9.33
Nodal stage
   pN0                                                            42                     56.0
   pN1                                                              7                       9.3
   pN2                                                            23                     30.6
Lymphovascular invasion                            41                       0.54
Positive margins                                            7                       9.3
Recurrence                                                    31                       0.41
Time to recurrence, months                         32.3                    3.6-180.8
Cancer-specific death                                  22                     29
Time to cancer-specific death                     11.5                    4.5-128.1



triplicates by qRT-PCR using the SuperScript III PLATINUM One-
Step, quantitative RT-PCR System (Invitrogen, Karlsruhe, Germany)
on a StepOnePlus Real-Time PCR System (Thermo Fisher) with 30
min at 50˚C, 2 min at 95˚C followed by 40 cycles of 15 s at 95˚C
and 30 s at 60˚C. Urothelial carcinoma cell lines (RT112, UMUC)
were used as positive controls. Forty cycles of nucleic acid
amplification were applied and the cycle threshold (Ct) values of
the target genes were identified. Ct values were normalized by
subtracting the Ct value of the housekeeping gene CALM2 from the
Ct value of the target genes (ΔCt). RNA results were then reported
as 40-ΔCt values, which correlate proportionally with the mRNA
expression level of the target genes. The quantity of RNA following
isolation (yield) was determined by measuring CALM2 expression
as a surrogate marker for amplifiable mRNA. Samples with average
CALM2 Ct values <30 were considered to have sufficient RNA and
were eligible for further analysis. 

The following probe/primer sets were used: 

Primer/Probe           Sequence                                             Annealing
                                                                                           temperature
                                                                                                    
MDM2 Forward      GGGAGATATGTTGTGAAA              58.9˚C
                                GAAGC
MDM2 Reverse      GGATCAGGATTCAGTTTC              58.9˚C
                                AGATC
MDM2 Probe*        GCCATCGAATCCGGATCT               69.5˚C
                                TGATGCTGGTG
MDM4 Forward      CTACTGGGACGTCAGAGCTTC     61.8˚C
MDM4 Reverse      CACTGCTACTACAGGATGCCA      59.8˚C
MDM4-S Forward  CTACTGGGACGTCAGAGCTTC     61.8˚C
MDM4-S Reverse   GCTGCTCAGACTCTCGCTCT         61.4˚C
MDM4 Probe*        CCGTGAAAGACCCAAGCCCT       68.2˚C
                                CTCTATGATAT
CALM2 Forward     GAGCGAGCTGAGTGGTTGTG       61.4˚C
CALM2 Reverse     AGTCAGTTGGTCAGCCATGCT      59.8˚C
CALM2 Probe**     TCGCGTCTCGGAAACCGGTAGC  65.8˚C

*yak_BBQ2 labeled, **fam-BBQ2 labeled.

Statistical analysis. Associations between gene expression values of
patients and histopathological data were calculated using the Mann
Whitney test. Cut-off definitions for gene expression were done by
Partitioning tests analysis. Univariable Cox proportional hazard
models addressed clinical and pathological parameters, as well as
recurrence-free (RFS) and cancer-specific survival (CSS). Significant
markers from the univariate analysis were calculated with the log-
rank test and graphically shown as Kaplan-Meier plots. Multivariate
logistic regression was performed controlling for all significant
parameters of the univariate analysis to identify independent
predictors for RFS and CSS. All tests were performed two-sided and
a p<0.05 was considered to be statistically significant. All statistical
analyses were performed using SAS JMP 10.0 (SAS, Cary, NC, USA)
and GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA). 

Results 
Overall, 114 patients treated with RC for MIBC in a
transurethral resection specimen were identified and respective
tissue samples were obtained. Sufficient tissue or RNA quality

was found in 75 patients who were included into further
analysis. The median follow-up of this study population was
36.8 (range=1.1-181) months. None of the patients underwent
neo-adjuvant chemotherapy, whereas 12.0% (9 patients)
received adjuvant systemic treatment (cisplatin/gemcitabine).
Clinical and pathological characte-ristics of the population are
listed in Table I. Pathological reports revealed pT3/4 tumors
for 57 (70.6%) cases and 7 (9.3%) patients had a concomitant
carcinoma in situ. Approximately half of the patients (n=42,
56%) had no lymphatic metastasis, whereas 30.6% showed a
nodal stage >pT1. A recurrence was noted in 31 cases (41.0%)
and occurred in median 32.2 (2.6-180.8) months after RC.
Cancer-specific death was noted in 22 cases (29.0%) after 11.5
(4.5-128.1) months.

The inter- and intra-assay variations of the applied assays
were calculated by repeated analyses of a bladder carcinoma
cell lines UMUC and RT112. The standard deviation (SD) for
the intra-assay variation was between 0.11-0.3 Ct and
between 0.25-0.6 Ct for the inter-assay variation. All assays
were linear over five orders of magnitudes, as assessed by
cell line dilutions up to Ct values between 33.5 and 37.0.
Amplification efficiencies ranged from 94 to 104%. 

Figure 1A illustrates the normalized mRNA gene expression
in the tumor of the study population. The median normalized
expression of MDM2 was 35.2, of MDM4 35.1 and of MDM4-
S 36.6. All genes are similarly distributed, whereas overall
MDM-4S expression was significantly higher than MDM2 and
MDM4 (MDM2 versus MDM4-S p=0.009 and median MDM4
versus MDM4-S p<0.001). Expression levels of all genes
significantly correlated with the other respective markers,
whereas strongest correspondence was found for MDM4 and
its splice variant: MDM2 – MDM4; r=0.3021, p=0.0349;
MDM2 – MDM4-S; r=0.5221, p<0.0001; MDM4 – MDM4-
S; r=0.8420, p<0.0001. Figure 1B shows the results of the
partitioning tests with the highest predictive value for cancer-
specific survival. High MDM2 expression (cut-off=33.8) was
found in 42% (31) and high MDM4 expression (cut-off=35.6)
in 27% (20) of the tumors. The splice variant MDM4-S
revealed a high expression (cut-off=37.7) in the majority
(91%, 68) of the cases. Due to the uneven distribution, the
median of 36.6 was used for further analysis.

Table II illustrates expression of MDM2, MDM4 and
MDM4-S with regard to different clinicopathological
parameters of the study population. A significantly higher
expression of MDM2 was found in patients with higher
tumor stage (pT3/4, 33.8 vs. 35.7, p=0.05) and
lymphovascular invasion (33.8 vs. 35.5, p=0.041). No
significant association between MDM4 expression and
clinicopathological characteristics was observed, whereas
MDM4-S expression was higher in patients with advanced
nodal stage (pN2, 36.5 vs. 37.1, p=0.018). 

The log-rank tests identified high MDM4 expression to
be significantly associated with an improved RFS
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(p=0.0062). Patients with high expression of MDM4
showed a RFS of 60 months in 87% of the cases, whereas
only 42% of patients with low MDM4 revealed no
recurrence at this time. For CSS, there was a trend towards
significance (p=0.065). The percentage of patients with 60
months CSS were 81% and 55%, respectively. For MDM2
and MDM4-S expression, no significant differences
regarding RFS and CSS were observed in the Kaplan-Meier
analysis and log-rank test (data not shown). We further
divided the patient group with low MDM4 expression
regarding to their expression of MDM2. For patients with
low MDM4 and high MDM2 expression (MDM2/MDM4) in
the cystectomy tumor specimen, RFS (p=0.0006) and CSS
(p=0.0255) were particularly impaired. This group revealed
a RFS over 60 month in 10% of the cases and a CSS over
60 month in 41% of the cases. The respective Kaplan-Meier
curves are illustrated in Figure 2.

The results of the regression analysis for RFS and CSS are
presented in Table III. Pathological tumor stage (hazard ratio
(HR)=2.96, p=0.017), positive nodal stage (HR=4.48,
p=0.003), low expression of MDM4 (HR=5.93, p=0.002), as
well as the combination of high MDM2 and low MDM4
expression stage (HR=10.41, p=0.001), were significantly
associated with reduced RFS. Similar results were obtained
for CSS: Pathological tumor stage (HR=3.54, p=0.046),
positive nodal stage (HR=3.54, p=0.006), MDM4 (HR=3.00,
p=0.047) and MDM2/MDM4 (HR=2.86, p=0.01). For
MDM2 and MDM4-S, no significant association was found
for RFS and CSS. The multivariate analysis identified nodal
stage and MDM4/MDM2 to be independent predictors for
RFS and CSS (HR=14.9, p=0.001; HR=5.63, p=0.019).
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Table II. Association between clinicopathological characteristics and
marker expression.

                                      MDM2                  MDM4                MDM4-S

                             Median   p-Value   Median   p-Value  Median   p-Value

Age, years
    ≥75                       33.9      0.123      34.5        0.331       35.2      0.095
    <75                       35.3                      35.2                        36.6        
Gender
    Male                     35.7      0.578      35.1        0.379       36.5      0.012
    Female                 35.8                      36.1                        37.4        
Tumor stage
    pT2                       33.8      0.05         35.6        0.52         36.2      0.35
    pT3/4                    35.7                      35.0                        36.7        
Grading
    G2                        33.9      0.41        34.2        0.62         33.7      0.10
    G3/4                     35.2                      35.2                        36.6        
Concomitant            34.7      0.52        35.5        0.17         36.7      0.64
carcinoma in situ     35.3                      35.3                        36.5
Nodal stage
    pN0                      34.9      0.17        34.9        0.26         36.5      0.018
    pN2                      35.8                      35.4                        37.1        
    pN0                      34.9      0.30        34.9        0.47         36.5      0.17
    pN1/pN2              35.5                      35.4                        36.8        
Lymphovascular 
invasion
    L0                         33.8      0.041      34.9        0.48         36.6      0.52
    L1                         35.5                      35.3                        36.6        

Significant values are given in bold.

Figure 1. Expression of MDM2, MDM4 and MDM4-S. A: Distribution of normalized mRNA expression values in analyzed cystectomy specimens. mRNA
gene expression of MDM4-S was significantly higher in comparison with gene expression of the two wild type genes. B: Percentage of tumors with
high and low mRNA gene expression. Box and whisker plots are from minimum to maximum, gene expression values were compared by two-way Mann-
Whitney test. The cut-offs with the highest predictive stratification for cancer-specific survival (CSS) were defined using the partitioning test.



Discussion

Identifying distinct molecular subtypes of UCC of the
bladder is highly anticipated to improve risk stratification
and provide individual therapy regimens in the future. The
tumor suppressor p53 has been assessed as a potential
predictor of survival and chemoresistance. Recently, a
“p53-like” subtype has been suggested and seems to go
along with improved prognosis, but resistance to
chemotherapy (21). Moreover, studies found p53 to be an
independent predictor of clinical stage and recurrence, as
well as a marker for invasiveness (22, 23). Since a
mutational status correlates with unfavorable response to
systemic therapy and poor outcome, the value of its
upstream regulators as prognostic markers and possible
therapeutic targets has newly met interest not only in UCC
(11, 13). The aim of our work was, therefore, to analyze the
predictive role of p53 upstream regulators in patients with
MIBC. Acknowledged regulators of p53 activity are
MDM2 and MDM4.

Although intensively studied, the role of p53 seems to be
not conclusively clarified (24). This accounts for the
inconsistent findings in studies assessing p53 expression

with immunohistochemistry due to lack of standardization
and lack of objectiveness (7, 24). Therefore, expression, in
our study, was analyzed by qRT-PCR on mRNA level as
objective, reproducible and sensitive tool for measuring
expression levels and to enable transferability and
comparison to other cohorts.

Especially in patients with UCC of the bladder, there have
been diversified results found for the importance of MDM2
and MDM4 expression (9, 14). While most studies on p53
upstream inhibitors in UCC examined tissue from non-
muscle invasive tumors, we analyzed the expression of
MDM2 and MDM4 and its splice variant MDM4-S in a
cohort of patients treated with RC for MIBC. We showed
that MDM2 and MDM4 are highly expressed in tumor tissue
and that MDM4 expression is associated with prolonged RFS
and CSS, whereas MDM2 is associated with adverse
pathological characteristics. The combination of both
markers was an independent predictor for RFS and CSS.

Although MDM2 and MDM4 are close homologues, they
seem to act differently on p53 regulation. Studies in mice
suggest divergent mode of p53 control (25) and there exist
data for an inverse relationship concerning protein expression
reported and a higher expression in high-grade tumors (26).
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Table III. Cox regression for recurrence-free and cancer-specific survival. 

                                                                          Univariate                                                                                               Multivariate
                                                              Recurrence-free survival

                                        HR                               95%-CI                              p-Value                       HR                             95%-CI                          p-Value

Age, years                      1.94                  0.71                       4.59                     0.182                                                                                                          
Tumor-stage                   2.96                  1.20                       8.91                     0.017                        2.51                   0.12                   1.08                    0.07
Nodal Stage                   4.48                  2.02                      10.21                    0.003                        7.55                   2.90                  21.34                  0.001
Grading                          1.94                  0.57                      12.06                    0.324                                                                                                          
LVI                                 2.05                  0.86                       5.32                     0.103                                                                                                          
High MDM2                  1.63                  0.73                       3.53                     0.222                                                                                                          
Low MDM4                   5.93                  1.74                      37.04                    0.002                                                                                                          
High MDM4-S               1.12                  0.48                       3.87                     0.742                                                                                                          
MDM4/MDM2              10.41                 2.88                      67.11                    0.001                       14.94                  3.66                 104.12                 0.001

                                                               Cancer-specific survival

                                        HR                               95%-CI                              p-Value                       HR                             95%-CI                         p-Value

Age                                 1.01                  0.96                       1.05                      0.79                                                                                                           
Tumor-stage                   2.75                  1.01                       9.62                      0.05                         1.63                   0.51                   6.36                    0.42
Nodal Stage                   3.54                  1.45                       8.71                     0.006                        3.97                   1.47                  11.19                  0.006
Grading                          1.32                  0.44                       5.68                      0.64                                                                                                           
LVI                                 1.63                  0.66                       4.37                      0.28                                                                                                           
High MDM2                  1.59                  0.68                       3.37                      0.27                                                                                                           
Low MDM4                   3.00                  1.01                      12.85                     0.05                                                                                                           
High MDM4-S               1.14                  0.51                       2.73                      0.74                                                                                                           
MDM4/MDM2               2.86                  1.14                       7.75                      0.01                         5.63                   1.62                  26.83                  0.019

HR, Hazard ratio; CI, confidence interval. Significant values are given in bold.



More recent data, however, support the idea that both proteins
are required to sufficiently inhibit p53 activity by formation
of heterodimers (27, 28). The present study shows a similar
expression of both genes in the examined tumors. Although
not very strong, the correlation of the expression levels was
significantly positive, which is contrary to the previously
described inverse relationship. This can be explained, in part,
by the variances in the applied analysis techniques and
differences in analyzed cohorts. However, despite the positive
relationship, high MDM2 expression showed a trend towards
poorer outcome and was associated with adverse pathological
findings, such as higher tumor stage or LVI. MDM4

expression, on the other hand, was significantly associated
with improved prognosis. The inverse combination of MDM2
and MDM4 expression was found to be an independent
predictor of RFS and CSS. This could be a hint that both
proteins act inversely in controlling p53 and tumor activity. 

MDM2 is a key regulator of the p53 pathway by directly
mediating its degradation via the ubiquitination system (13).
An increased expression of MDM2 mainly due to gene
amplification is found in various malignancies, including
UCC (8, 9). A single nucleotide polymorphism (SNP) in the
promoter region of the MDM2 gene results in a more
effective activation of transcription and, hence, higher mRNA
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Figure 2. Survival analyses based on MDM4 and MDM2 expression. A: Kaplan-Meier curves of recurrence-free survival (RFS) stratified according
to MDM4 mRNA expression. Five-year RFS for high MDM4 expression was 87% and for low expression 42%; p=0.0062. B: Kaplan-Meier curves
of RFS stratified according to MDM4 and MDM2 mRNA expression. Five-year RFS for high MDM4 expression was between 87%, for high MDM4
expression and 10% for low MDM4 and high MDM2 expression; p=0.065. C: Kaplan-Meier curves of cancer-specific survival (CSS) stratified
according to MDM4 mRNA expression. Five-year CSS for high MDM4 expression was 81% and for low expression 55%; p=0.0062. D: Kaplan-
Meier curves of CSS stratified according to MDM4 and MDM2 mRNA expression. Five-year CSS for high MDM4 expression was between 84%,
for high MDM4 expression and 41% for low MDM4 and high MDM2 expression; p=0.0067.



and protein expression (29). The role of this SNP was studied
in UCC of the bladder with inconsistent findings (9).
Recently, it has been suggested that patients carrying the SNP
might reveal a more aggressive form of bladder cancer
without increasing overall tumor risk (9), while the influence
on prognosis and recurrence rate is still debatable (30, 31). In
the present series, an increased MDM2 expression was found
in patients with higher tumor stage and in tumors with LVI,
while it did not seem to have an influence on prognosis. This
mirrors the findings observed for the SNP in previous studies,
although it remains unsolved whether an enhanced
transcription due to the SNP or a gene amplifications led to
a higher mRNA level in the present cohort. Contradictory to
our findings and the fact that the more active form of the SNP
causes a more invasive tumor form, there are studies that
observed a better prognosis and lower tumor stage for tumors
with high MDM2 expression (32, 33). Up to date, the role of
MDM2 expression in bladder cancer remains unsolved.
Further studies contemporaneously regarding p53 mutational
status and expression might help to further clarify this issue. 

Unlike MDM2 expression, MDM4 was found to be a
prognostic marker for RFS and CSS in this study. These
findings are in accordance with the results of a copy number
analysis of 24 oncogenes by Salvi and colleagues who found
MDM4 amplification to be associated with reduced risk of
recurrence of NMIBC (14). Opposing to this observation is
the fact that MDM4 has been shown to negatively regulate
p53 by inhibiting its transcription and indirectly by
modulating MDM2 function (13). An impaired p53 activity
due to an increased MDM4 activity should consequently
rather result in tumor progression and poor outcome, as it has
been shown for other malignancies (13, 16). There are two
possible explanations why in UCC of the bladder high MDM4
expression/amplification seems to be associated with
improved prognosis despite its role as putative oncogene.
Firstly, array comparative genomic hybridization has been
shown in a cohort of UCC that MDM4 amplification and
mutations of p53 are mutually exclusive, suggesting that
MDM4 overexpression is mainly found in tumors expressing
wild type p53. Consequently, the effect of MDM4
overexpression due to gene amplification has been proposed
as alternative tumorigenic way of escaping p53 tumor
suppressor activity (26). Support for this hypothesis comes
from breast cancer (34). In accordance with the findings of
Salvi et al., this study suggests that the possible avoidance of
p53 tumor suppression leads to a less aggressive tumor form.
The second explanation why increased MDM4 expression
goes along with improved prognosis is that MDM4 acts as
tumor suppressor in cells with mutated and deficient p53 as
previously suggested (11, 35, 36). Although the mechanisms
are still to be clarified, this study supports the findings that a
higher expression of MDM4 is accompanied by improved
prognosis. Although in UCC high MDM4 expression seems

to be associated with improved outcome, its value as a
possible therapeutic target may not be disregarded since it
could be employed to reactivate wild-type p53 activity (28). 

In addition to MDM4 wild type transcript, we further
analyzed the expression of its splice variant MDM4-S. Recently,
the ratio of MDM4-S/MDM4 has been investigated in sarcoma,
glioblastoma and breast cancer and it was shown that an
increased ratio was associated with faster metastatic progression
(11, 15). Lenos et al. further observed that MDM4 protein
decreased in tumor cells mainly expressing the splice variant,
suggesting that the MDM4-S protein is unstable or even
inefficiently translated (11). In contrast, we observed a strong
correlation between the expression of MDM4 and MDM4-S in
the present series. However, despite its high expression, MDM4-
S did not show any correlation with tumor characteristics and
outcome leaving its putative role in UCC unresolved. 

One limitation of the current study is its retrospective
design with data originating from a single-center. However,
it contributes to the molecular subclassification of UCC and
helps clarify the role of p53 upstream regulators. It identified
a marker combination as independent predictor for outcome
in patients with MIBC. To confirm and verify the
combination of MDM2 and MDM4 expression as possible
predictor for outcome validation is required in a prospective
multi-center approach. Furthermore, its predictive value of
therapy response needs evaluation. 

Conclusion

The current study show that MDM4 expression is a possible
prognostic marker for patients with MIBC undergoing RC.
MDM2 correlates with adverse pathological findings.
Patients with low MDM4 and high MDM2 expression
revealed an explicitly decreased RFS and CSS and the
MDM2/MDM4 combination was identified as an independent
predictor for outcome. 
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