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Abstract
Renal cell carcinoma (RCC) is the most common type of kidney cancer and follows an
unpredictable disease course. To improve prognostication, a better understanding of critical genes
associated with disease progression is required. The objective of this review was to focus attention
on 2 such genes, p53 and murine double minute 2 (MDM2), and to provide a comprehensive
summary and critical analysis of the literature regarding these genes in RCC. Information was
compiled by searching the PubMed database for articles that were published or e-published up to
April 1, 2009. Search terms included renal cancer, renal cell carcinoma, p53, and MDM2. Full
articles and any supplementary data were examined; and, when appropriate, references were
checked for additional material. All studies that described assessment of p53 and/or MDM2 in
renal cancer were included. The authors concluded that increased p53 expression, but not p53
mutation, is associated with reduced overall survival/more rapid disease progression in RCC.
There also was evidence that MDM2 up-regulation is associated with decreased disease-specific
survival. Two features of RCC stood out as unusual and will require further investigation. First,
increased p53 expression is tightly linked with increased MDM2 expression; and, second, patients
who have tumors that display increased p53 and MDM2 expression may have the poorest overall
survival. Because there was no evidence to support the conclusion that p53 mutation is associated
with poorer survival, it seemed clear that increased p53 expression in RCC occurs independent of
mutation. Further investigation of the mechanisms leading to increased p53/MDM2 expression in
RCC may lead to improved prognostication and to the identification of novel therapeutic
interventions.
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The latest available figures from the National Cancer Institute’s Surveillance, Epidemiology,
and End Results Program predict that there will be 49,096 new cases of kidney cancer (renal
cancer and cancer of the renal pelvis) and 11,033 deaths from the disease in the United
States in 2009.1 In the United Kingdom, the latest figures for 2007 indicate that 7380
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individuals were diagnosed with the disease and that 3752 died from it.2 Advances in our
understanding of the molecular biology of renal cell carcinoma (RCC) have helped classify
this heterogeneous disease and led to the development of several new “von Hippel-Lindau
(VHL) pathway”-targeted molecular drug treatments.3 Nevertheless, patients with metastatic
disease still have an extremely short life expectancy.3 Certainly other molecular pathways
must contribute to the poor prognosis observed for those who have advanced RCC. The
objective of the current review was to turn the molecular focus back to 1 of the most
important genes in cancer biology, p53, and its counterpart, murine double minute 2
(MDM2), and to describe and critically review what is known of their role in RCC.

For the purposes of this review, the 3 most common histologic subtypes of RCC (as set out
in the 2004 World Health Organization classification; see Lopez-Beltran et al4) are
discussed. Clear cell RCC (CCRCC) is the commonest histologic subtype and is believed to
account for 75% of all RCCs. Papillary RCC (PRCC) is the second most common and
accounts for 10% of RCC: PRCC is subclassified into type I and type II. Chromophobe RCC
is the third most common subtype and accounts for 5% of RCCs. Sarcomatoid RCC is a
high-grade histologic variation that can arise from all types of RCC, although it is not a
separate entity.

The p53 and MDM2 Pathway
In 50% of human cancers, p53 is mutated, and it has become 1 of the most studied
molecules in science.5 The p53 protein accumulates at times of cellular or genotoxic stress,
when it functions primarily as a transcription factor to promote cell cycle arrest and DNA
repair, to initiate and maintain a senescent phenotype, or to promote apoptosis if the normal
cellular conditions are not restored (Fig. 1). This latter function helps prevent conditions
arising within the cell that can lead to the establishment of mutations with the consequent
increased risk of malignant disease. The importance of the tumor suppressor function of p53
also is highlighted by the high frequency of tumors that occur in individuals with a
monoallelic germline mutation of p53, as observed in patients with Li-Fraumeni syndrome.6

The potentially lethal activities of p53 are regulated by the proto-oncogene Mdm2 (murine
double minute 2) or MDM2 in humans. Transgenic mice that are Mdm2 null display early
embryonic lethality and die at around Day 5 or 6 of embryogenesis. This lethality can be
rescued by concomitant deletion of the p53 gene,7 thus demonstrating that loss of Mdm2 is
lethal because of the lethal effects of unregulated p53. Then, as levels of p53 rise,
transcription of MDM2 is induced; thus p53 and MDM2 exist in an autoregulatory feedback
loop.8 Binding of Mdm2 to p53 and can block p53 transcriptional activity by preventing it
from interacting with the transcriptional machinery.9 MDM2 also causes p53 degradation by
targeting it for destruction by the 26S proteasome. The latter effect is caused by the ability
of MDM2 to act as an E3 ubiquitin ligase with specificity for p53 (among other targets).10

MDM2 also can target itself for ubiquitylation and, thus, can regulate its own stability,
although how these competing activities (ubiquitylation with concomitant degradation of
p53 and/or MDM2) are regulated remains unclear.11 Thus, increased levels of MDM2 can
lead to a reduction in p53 levels as a result of this ubiquitin ligase activity, which, in turn,
results in decreased p53-dependent MDM2 transcription, restoring the normal cellular status
quo.

With respect to cancer, MDM2 over expression has been associated with increased
metastasis and advanced disease in several cancers, including breast carcinoma.12 It is
noteworthy that the oncogenic effects of MDM2 are not caused simply by the inhibition of
p53 function, because they often are detectable in tumors that harbor p53 mutations,13 as
indicated by further evidence provided from in vivo studies.14 How MDM2 elicits p53-
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independent oncogenic effects is unclear, although Yang et al12 demonstrated that MDM2
expression led to a decrease in E-cadherin levels and a subsequent increase in cell motility in
breast carcinoma. Those authors also demonstrated that high expression of MDM2 with low
E-cadherin expression was more frequent in metastatic tumor samples.

The balance between MDM2 and p53 is modulated in several ways, depending on the nature
of cellular stress. For example, in response to ionizing radiation, p53 is phosphorylated by
the ataxia telangiectasia mutated (ATM) kinase, which inhibits MDM2 binding14; whereas,
after exposure to ultraviolet radiation, p53 is modified by the related ATM and Rad3-related
(ATR) kinase.15 The complex interplay between p53 and MDM2 presumably has evolved to
ensure that cells are able to respond rapidly and appropriately to a wide range of genotoxic
stresses. One consequence of this sophistication in the regulation of p53 is that it can lead to
unreliable conclusions when attempting to determine p53 status from simple assays, such as
immunohistochemical (IHC) analyses.16,17

In addition to the variable outcomes induced by p53 in response to different types or
amounts of stress/damage, there is also a high degree of spatial (ie, tissue) variability in
response to genotoxic stress, for example, within an organism (for review, see Slee et al18).
Studies of transgenic mice exposed to ionizing radiation have revealed broadly 3 classes of
p53 response19: In the first class of tissues, p53 is up-regulated and elicits a dramatic
apoptotic response, as typified by tissues like the small intestine, spleen, and thymus. In the
second class of tissues, which includes the kidney, p53 is up-regulated, but little or no
apoptotic response is detected. In the third class of tissues, there is little or no apparent
induction of p53. There are also clear differences within tissues. Even when p53 is activated,
cellular responses are determined by both tissue-specific and cell-intrinsic factors, which
may vary according to the status of the individual cell.18,20

Therefore, in the kidney, it appears that there already may be factors at work that
compromise the ability of p53 to activate an apoptotic response to genotoxic stress.19,21 This
suggests that p53 tumor suppression may be less effective in the kidney than in some other
tissues, and the reason for this remains a major, unanswered question. Moreover, the
identification of such a tissue-specific mechanism might provide an opportunity for
therapeutic “reactivation” of p53 in these cells. Nevertheless, studies in vitro have
questioned this interpretation, demonstrating that p53 is normally functional in renal cancer
cells and is regulated by MDM2 in a manner that is typical of cells from other tissues,
findings that require further investigation.22,23

The majority of studies of p53 and MDM2 in clinical material from renal cancers have been
based on IHC of these proteins. This approach is technically simple but is not quantitative
and relies on the observation that mutant p53 often is present at higher levels in cells than
the wild-type protein.16,17 The standard explanation for this genotype/phenotype correlation
is that mutant p53 lacks the capacity to up-regulate MDM2; thus, an imbalance in p53/
MDM2 homeostasis develops and leads to excess p53. In a study of the use of IHC to
interrogate p53 status, Nenutil et al16 observed that combining highly sensitive IHC for p53
(with the ability to detect low levels of wild-type expression and, thus, distinguish this from
an absence of expression) with IHC for downstream markers (MDM2 and p21[CDKN1A])
increased the reliability of predicting p53 status. In that study, high levels of p53 almost
always were indicative of p53 mutation when MDM2 expression was low, thus according
with the standard model for mutant p53 up-regulation. This is not the case in renal cancer, as
detailed below.
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p53 and MDM2 in Renal Cell Carcinoma
Relatively little is known with certainty about the status and role of p53 or MDM2 in RCC,
in striking contrast to some other, albeit more common cancers. To date, at least 31 studies
have investigated the expression of p53 in RCC (Table 1).

All of these studies used IHC staining of formalin-fixed, paraffin-embedded tumor samples.
When they were available, the percentages of samples from CCRCC, the range of disease
stages, and the number of metastatic samples are indicated. All samples contained a mixture
of high-grade and low-grade tumors. Several different antibodies were used, although the
majority of studies used the p53 DO-7 monoclonal antibody. When available, the criterion
for dichotomizing p53 staining has been indicated. According to published data (excluding
articles by Klatte et al24 and Kim et al,34 in which no details of p53 status were provided),
2519 tumors were stained for p53, and 618 tumors were deemed positive for p53 for p53-
positive frequency of 24.5%; however the heterogeneity of the samples must be taken into
consideration (see below). Variability between studies may be attributed in part to the lack
of a consensus on p53 dichotomization (see Munro et al17) compounded by differences in
antibody choice and also by processing techniques. One study36 reported the use of 2
different p53 antibodies, which led to a higher overall p53 detection level/expression rate of
60% (DO-7, 51% positive; p53 antibody 240, 30% positive). This highlights the finding that
using different antibodies can result in apparent differences in p53 expression. Interpretation
of these results also is hindered by variations in the numbers of different histologic subtypes
of RCC tumors, tumor stages, and grades and the variable presence of metastases in the
sample populations.

Analysis of p53 expression in primary and metastatic samples has demonstrated an
increased frequency of staining of 51.8% in metastatic samples versus 22% in primary
samples.33 This suggests that p53 expression may be a relatively late event in the evolution
of RCC and may be associated with metastatic capabilities. If this is correct, then it seems
reasonable to expect that p53 expression will be associated with a poorer prognosis
regardless of a functional or causal connection. In the rarer histologic subtypes of RCC,
considerably more heterogeneity is apparent; and, inevitably, the smaller number of samples
analyzed makes interpretation more difficult.

p53 and MDM2 Expression and Prognostic Implications in Renal Call
Carcinoma

The prognostic implications of p53 expression were evaluated, and the results are
summarized in Table 1. Of the 27 studies that evaluated p53 expression as a clinical
outcome predictor, 18 studies indicated that it predicted a poor outcome, and 10 studies did
not. The 10 articles that did not had a smaller study size (mean, 62 patients per study
compared with 119 patients per study in the positive articles). The 4 largest studies to date,
all of which used tumor microarrays, indicated that p53 is a prognostic predictor. Kim et al
evaluated 318 patients with CCRCC who had local and metastatic disease (49%; ie, 155 of
318 patients had metastatic disease). Those authors observed that p53 was an independent
predictor of decreased disease-specific survival on univariate (P<.001) and on multivariate
Cox regression analysis (P = .014) in which the presence of metastasis was included as a
covariate.34 Klatte et al,24 in a similar study of 170 patients with CCRCC, also reported that
p53 was retained in a multivariate Cox regression analysis for predicting disease-free
survival. In the study by Klatte et al, the percentage of tumors that stained for p53 was
evaluated, obviating the need to describe tumors as either positive or negative for p53
staining. Zigeuner and colleagues33 demonstrated that p53 was a predictor of disease
progression (metastasis-free survival) on multivariate Cox regression analysis in their study
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of 130 patients with CCRCC. Those patients were followed for a median of 26 months, and
9 of 16 patients with p53-positive tumors progressed versus 20 of 114 patients with p53-
negative tumors (P = .0005). In another substantial study, Shvarts et al31 evaluated p53
staining as a predictor of 5-year recurrence in 193 patients who underwent surgery for
localized disease. Those authors also reported that a p53-positive cutoff of 20% expression
detected by IHC was a predictor of recurrence (hazard ratio, 3.28; P = .0108) on univariate
and multivariate Cox regression analysis. When considering such studies of biomarkers of
disease outcome, the possibility of publication bias leading to the publication of fewer
articles that demonstrate no disease outcome correlation should not be neglected.
Nevertheless, the trend appears to be that more recent studies with higher numbers of
patients indicate that p53 protein levels are prognostically significant in RCC.

p53 Mutational Analysis in Renal Cell Carcinoma
When examining the significance of p53 involvement in cancer in general and in RCC in
particular, it is clear that IHC detection of p53 alone cannot reliably inform us whether the
protein is functional or mutated.16,55 However, p53 mutational status often has been inferred
in such studies, because high-level expression of p53 is used as a surrogate indicator of
mutation. This interpretation certainly is not correct for renal cancer cells in culture, in
which relatively high levels of p53 protein frequently are detected in the absence of p53
mutation.22 In addition, in some 10% to 20% of cases that harbor p53 mutations, tumors
may harbor nonsense (truncating) mutations, which can lead to less stable mutant proteins
that are unlikely to be detected by IHC but that would be inferred to possess wild-type p53
according to typical IHC analyses (not all truncated forms of p53 are unstable, although their
expression still may be suppressed by nonsense-mediated decay56). In any event, these
proteins will be expressed at low levels, and such cases would be grouped together with
samples that have low-level wild-type p53 expression. Because recent studies in other
cancers, such as squamous cell cancer of the head and neck,57 have indicated that deletion of
p53 defines a group of patients with the worst outcome, such a grouping together of wild-
type with deletions/nonsense mutations will obscure the significance of p53 in
prognostication. To date, at least 14 articles have been published in which the p53
mutational rate was evaluated in RCC (Table 2).

In most of these studies, single-strand conformation polymorphism (SSCP) was used as an
initial screen to detect mutations. The majority of studies analyzed the central core domain
of the gene (exons 4-8 or 5-8), because this is the most common site of p53 mutation.71

Approximately 15% of p53 mutations occur outside exons 5 through 8, in exons 4, 9, and
1072; therefore, it is likely that there will be some underreporting of p53 mutations in these
studies. The frequency of p53 mutations reported is between 0% and 44% (excluding the
study by Oda et al,63 in which sarcomatoid tumors were evaluated). For comparison, in
other tumors, the reported incidence of p53 mutations typically has been between 60% and
65% for lung and colon cancers; between 40% and 45% for stomach, esophageal, and
bladder cancers; between 25% and 30% for breast, liver, and prostate cancers and
lymphomas; and between 10% and 15% for leukemias (further information available at:
http://www-p53.iarc.fr/ accessed June 15, 2009).71 One intriguing observation derives from
the study by Chemeris and colleagues, who observed that 0 of 29 RCC samples, all positive
for p53 by IHC, had a p53 point mutation.50 However, in another study, Zhang and
colleagues observed that 44% of tumors with p53 staining (n = 16) had a p53 point mutation.
45 It is possible that the contamination of samples with normal tissue might lead to reduced
detection of p53 mutations by SSCP; thus, variations in the extent of this may explain the
differences between these 2 studies. This conclusion is supported indirectly by the
observation that 33% of RCC-derived tumor cell lines harbored p53 mutations.68 However,
this assertion should be tempered by the possibility that the selection of cells to adapt to
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growth in vitro may have resulted in an increased frequency of p53 mutation. It is
noteworthy that data from CCRCC cell lines contrast with data from the study by
Dijkhuizen et al62 in which no p53 mutations were identified in 29 PRCC-derived tumor cell
lines; thus, it seems possible that different mechanisms other than direct p53 mutation may
inactivate p53 more frequently in PRCC than in RCC and that these also may result in
higher expression.37,33 One other finding of note is the high p53 mutation rate reported in
sarcomatoid tumors.62 Sarcomatoid change is a histologic finding associated with a poor
prognosis in renal carcinoma in which a high p53 mutation rate (79%; n = 14)63 was
detected. Notwithstanding these differences between individual studies and RCC subtypes, it
seems clear that, in contrast to both other cancers and p53 protein detection in RCC, p53
mutational analysis has yet to demonstrate prognostic utility.

MDM2 Expression and Prognosis in Renal Cell Carcinoma
Four studies have evaluated MDM2 and its prognostic value in RCC. Imai et al67 screened
53 RCC tumor samples for MDM2 amplifications and identified none. In another study, IHC
was used, and MDM2 expression was detected in 2 of 112 tumor samples (2%).35 When 50
consecutive T3 and T4 tumors were screened by IHC, MDM2 expression was identified in
30%, but it reportedly had no prognostic significance in terms of overall survival.48

However, it was observed that 7 of 8 patients who expressed p53 also expressed MDM2,
raising the possibility that MDM2 expression may be linked to the up-regulation or
activation of p53. This idea, that p53 and MDM2 expression may be linked in RCC, was
supported by statistical analysis in that study (P = .0006). Another study that analyzed this
question from Haitel and colleagues39 examined 97 CCRCCs of all stages. MDM2
expression was detected in 19% of tumors and was significantly more frequent in high-grade
tumors (P = .0149). In addition, MDM2 staining was strongly associated with tumor
progression (P = .00113), and p53 expression was detected in 36% of the samples and was
correlated with decreased progression-free survival (P = .00291). When different p53 and
MDM2 phenotypes were compared (Fig. 2), it was observed that patients who had tumors
with both MDM2 expression and p53 expression had the shortest progression-free survival
(P = .00179). Perhaps most interesting from a mechanistic perspective and in accordance
with the study by Moch and colleagues, the authors observed a highly significant correlation
between MDM2 expression and p53 expression (P < .00004). These studies of MDM2 in
RCC examined relatively small numbers of patients using different cutoff values for MDM2
expression. Nevertheless, the association of p53 and MDM2 detected by Moch et al and
Haitel et al suggests that tumor progression in RCC may present a tissue-specific pattern that
has not been observed in many other cancers. For example, this link has not been observed
in soft tissue sarcomas73 or in bladder cancer,13 although, in the latter, patients who had
tumors that expressed mutant p53 and increased MDM2 had a poorer prognosis similar to
that reported for patients with RCC.

Regarding MDM2 in RCC, an additional noteworthy point is the recently described single
nucleotide polymorphism at codon 309 (SNP309 thymine/guanine [T/G]). This
polymorphism lies in the intronic promoter region of the MDM2 gene and reportedly alters
binding of the Sp1 transcription factor, with the G/G variant displaying increased binding
and increased transcription of MDM2. It also has been reported that, in RCC, differences in
the SNP309 genotype lead to different levels of MDM2 expression, as detected by IHC,74

and that the G/G SNP309 genotype is an independent predictor of poor prognosis. Clearly,
further analysis of this polymorphism is warranted.
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In Vitro Studies of p53 and MDM2 Function in Renal Cell Carcinoma
Several groups, including our own, have used in vitro analyses to investigate the functional
relation between p53 and MDM2 in RCC cells. We previously investigated a panel of RCC
cell lines and concluded that p53 is regulated by MDM2, several of which retain relatively
high levels of both wild-type p53 and MDM2.22 p53 mutations have been detected in
approximately 30% of RCC-derived cell lines, as discussed previously.68 This, together with
other studies demonstrating that p53 expression is an independent prognostic indicator,
suggests that p53 function (or, rather, its loss or aberration) contributes to tumor evolution in
the kidney. It has been suggested, however, that an alternative, novel, dominant mechanism
leads to the inactivation of p53 in RCC. Although our own studies and those of others have
provided evidence that does not appear to support this conclusion,22,23 good reasons remain
to continue investigating the possibility. Two arguments for this are immediately apparent.
First, there is evidence from several studies that p53 is not mutated as frequently in RCC as
it is in many other cancers. Second, the strong association between p53 expression and
MDM2 expression may suggest a functional link between them, with 1 obvious possibility
that MDM2 expression may be driven by wild-type p53. It is intriguing to note that in vitro
studies have connected MDM2 with 2 critical phenotypes: the ability to promote both
motility and invasiveness12 and the regulation of angiogenic factors, such as hypoxia-
inducible factor 1 (HIF-1).22,23 Either or both of these phenotypic connections (MDM2
expression with metastasis and/or angiogenesis) may have important consequences.

Manipulating the p53 and MDM2 Pathway
Given the link between p53 and MDM2 expression with poor outcome, a key question
becomes whether this is an association or a causal relation. In the event of the former,
screening for p53 and/or MDM2 becomes justified for prognostic purposes and, in the
future, might be used to stratify therapy according to an individual patient’s risk. In the
event of the latter, therapies that target the p53/MDM2 axis also become desirable. The best
characterized drug that targets this pathway at the present time is nutlin-3,75 which acts by
competing with p53 for binding to the hydrophobic cleft in MDM2 and, thus, up-regulates
wild-type p53. Other conceptually similar compounds that prevent MDM2-p53 interactions
have been described recently that up-regulate wild-type p53.76 Alternatively, drugs like the
HLI98 family of compounds, which inhibit the E3 ligase activity of MDM2, may play a role
in RCC, because high levels of MDM2 are linked to tumor progression. However, the
associated co-up-regulation of MDM2 with p53 raises questions regarding the activity of
MDM2 in these cells77 with implications for the utility of MDM2 enzymatic inhibitors.
Therefore, it will be important to determine whether the role of MDM2 in disease
progression in RCC depends on its enzymatic activity as an E3 ligase or whether this relates
to some other function of MDM2. An alternative strategy would be to focus on the wild-type
p53 present in these cells, which, clearly, is not fully active; otherwise, the cells would
undergo a classic antiproliferative response. Moreover, we have demonstrated that the
introduction of wildtype p53 into RCC cells does elicit a response, at least with respect to a
limited set of outputs.22 Thus, a potentially potent therapeutic option would be to reactivate
the already high levels of p53 in these cells. RCC is notoriously insensitive to traditional
chemotherapeutic and radiotherapeutic regimens that normally might activate p53,78

possibly indicating that signaling to p53 is defective in these cells. However, p53 coexists
with high levels of MDM2, suggesting that there is a breakdown in the interaction of these
proteins. For future identification of effective therapy, it would be advantageous to identify
the actual mechanism that prevents p53 activity in these cells. Notwithstanding this, several
compounds aimed at p53 have demonstrated effectiveness in vitro in activating p53 in renal
cancer cells. Examples include RITA (reactivation of p53 and induction of tumor cell
apoptosis) and derivatives of 9-aminoacridine (including quinacrine).79 It has been reported

Noon et al. Page 7

Cancer. Author manuscript; available in PMC 2013 January 03.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



that RITA induces predominantly growth arrest rather than an apoptotic response in A498
RCC cells in vitro and that 9-aminoacridine and its derivatives, including quinacrine,
indirectly inhibit MDM2 in RCC cells in vitro.79,80 It remains unclear whether these
compounds specifically target the pathway(s) that regulates p53/MDM2 co-up-regulation in
RCC cells, and, to date, none of these compounds or their derivatives have been evaluated in
clinical trials for RCC.

In conclusion, for many years, the role of the p53 pathway in renal cancer has been the
subject of seemingly conflicting results. However, recent studies appear to be generating a
consensus, which suggests a clear link between p53 expression and disease progression,
particularly in CCRCC. It is noteworthy that this p53 positivity and link with prognosis is
not corroborated by studies of p53 mutation; indeed, there are data suggesting that mutation
of p53 may not be linked to outcome or progression in renal cancer and, thus, that the defect
in p53 leading to its up-regulation lies elsewhere in the pathway. To our knowledge, only 2
studies of p53 in RCC have examined both p53 protein expression and p53 gene mutations,
45,50 and those results were conflicting. Given the disparity between the results from studies
of p53 mutation and the more frequent observations of p53 up-regulation, it appears likely
that p53 up-regulation is not caused by mutation in most cases of RCC. If this finding is
correct, then it has important implications for understanding the nature of the defects in this
pathway in RCC. For example, the up-regulation of wild-type p53 is linked to the up-
regulation of MDM2, and it appears probable that this is because of p53 transcriptional
activation of MDM2. Although it has been studied less than p53, MDM2 expression appears
to be linked with disease progression. It remains unclear why this should be so when,
clearly, it occurs in the context of high levels of p53 (ie, MDM2 is not performing its normal
function to degrade p53).

The expression of p53 identifies a population of patients with RCC who are more likely to
perform poorly. However, pathologists do not routinely monitor p53 in patients with RCC
despite an increasing body of evidence suggesting that positive p53 status can predict
recurrence and decreased survival. The ability to predict which patients will follow a poor
disease course clearly would benefit clinicians, because more rigorous follow-up maybe
indicated. Because small tumors (<4 cm; T1a) can present with metastases, more prognostic
information clearly is required.81 The limitations of current follow-up practice and the
potential for molecular markers to improve this situation are reviewed excellently by
Rouviere et al.82 Moreover, 2 studies that included p53 status in their predictive nomograms
demonstrated that it contributed to better prediction of survival.24,34 Although the tumor
microenvironment and other host factors will have an impact on outcome, intrinsic tumor
mutations predominantly determine tumor growth, invasion, and metastasis. Following the
existing paradigm (which led to the discovery of the role of VHL mutations; the
consequences of these for HIF-1α and HIF-2α expression and for oncogenic mediators,
such as vascular endothelial growth factor; and recent developments in therapeutic targeting
of such tumor determinants) should lead to the identification of these personalized
indicators. Loss of p53 function is a key event in carcinogenesis; and the evidence suggests
that p53 and MDM2 not only may provide 2 components of such improved prognostication
but, at the same time, also may provide for novel, potentially tissue-specific therapeutic
target(s) to improve treatment.
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Figure 1.
Pathways leading to and consequences of p53 activation are shown.
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Figure 2.
Kaplan-Meier disease-free survival curves are shown for patients with murine double minute
2 (mdm2)-negative/p53-negative tumors (Group A) versus patients with mdm2-negative/
p53-positive or mdm2-positive/p53-negative tumors (Group B) versus patients with mdm2-
positive/p53-positive tumors (Group C; P = .00179). Reproduced with permission from
Haitel A, Wiener HG, Baethge U, Marberger M, Susani M. mdm2 Expression as a
prognostic indicator in clear cell renal cell carcinoma: comparison with p53 overexpression
and clinicopathological parameters. Clin Cancer Res. 2000; 6:1840-1844.39
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