
Purpose: p53 tumor suppressor protein (17p13.1) regulates 
critically the cell cycle and thus it is involved in cancer initia-
tion and prevention. The gene is frequently mutated in breast 
cancer patients and the mutations have been associated with 
poor prognosis and response rates to chemotherapy. The pur-
pose of this study was to correlate p53 expression with MDM2, 
a proto-oncogene (12q14.3), which acts as a major negative 
regulator in p53-MDM2 auto-regulatory pathway.

Methods: Seventy breast adenocarcinoma cases were includ-
ed in the study. Sixty tumors were pathologically categorized 
as invasive ductal adenocarcinomas, whereas the rest of them 
were diagnosed as pure in situ carcinomas. Immunohistochem-
istry (IHC) was applied using anti-p53 and anti-MDM2 anti-
bodies in the corresponding tissue sections. 

Results: Overexpression of p53 protein was observed in 39/60 
(65%) invasive cases, while 40/60 (66.7%) expressed MDM2 
protein. Interestingly, in 26/60 (43%) cases a combined p53/

MDM2 co-expression was detected, whereas in 7/60 (11%) a 
combined loss of expression was identified (overall co-expres-
sion: p=0.999). Concerning in situ carcinomas, co-expression 
of p53/MDM2 was observed in 7/10 (70%) cases. 

Conclusions: MDM2 oncogene overexpression - predomi-
nantly due to gene amplification - is a frequent and critical 
genetic event in both in situ and invasive breast adenocar-
cinomas. Accumulation of p53 protein in the nucleus of tu-
mor cells harboring mutant p53 - as the result of its overex-
pression - does not mean necessarily decreased expression of 
MDM2. MDM2 directly binds to p53 and represses its tran-
scriptional activity promoting p53 degradation. So targeting 
the molecule, p53’s crucial tumor suppressor function is nor-
mally regulated.  
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Breast carcinogenesis is a multistep process 
characterized by a series of proliferative and pre–
invasive alterations. However, the mechanisms 
of development from non–invasive to invasive 
lesions have not yet been determined with preci-
sion [1]. Identification of specific molecular pro-
files regarding these lesions provides improved 
knowledge for diagnostic and potentially thera-

peutic aspects. Among genes that critically mod-
ify pathological and molecular characteristics in 
patients with breast adenocarcinoma, p53 and 
MDM2 are of high significance [2]. p53 is a key 
regulator of the genome stability and function. 
The gene is located on the short (p) arm of chro-
mosome 17 at position 13.1 (17p13.1), encoding a 
nuclear phosphoprotein with a molecular weight 
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of 53 kDa acting as a transcription factor that 
negatively regulates cell proliferation. It is also 
involved in a significant number of cell-signal-
ing pathways including cell cycle, programmed 
cell death, and DNA repair [3]. The protein is 
expressed at a low level in malignant epithelia. 
Due to point mutations p53 overexpression is fre-
quently detected by immuno-histo-cytochemistry 
assays in about 60% of malignancies of different 
histogenetic origin, including also breast adeno-
carcinoma [4]. 

Additionally, MDM2, a proto-oncogene (12q 
14.3) encoding a nuclear-localized E3 ubiquitin 
ligase, acts as a major negative regulator in p53-
MDM2 auto-regulatory pathway. MDM2 directly 
binds to p53 and represses its transcriptional ac-
tivity and promotes p53 proteasomal degradation 
[5]. Gene amplification is the major mechanism of 
MDM2 deregulation and overexpression in breast 
carcinoma correlated with aggressive phenotype 
[6]. In the current study we co-analyzed p53/
MDM2 at the protein level in breast adenocarci-
noma (invasive and in situ) cases for determining 
the significance of their expression in the corre-
sponding lesions. 

Methods

Study group

For the purposes of this study, 70 archival, for-
malin-fixed and paraffin-embedded tissue specimens 
including 60 histologically confirmed invasive ductal 
breast adenocarcinomas and also 10 in situ carcinomas 
were selected. All of the patients were female with 
average age 56.9 years (range 34-86). The initial diag-
nosis was performed by fine needle aspiration biopsy 
(FNAB). The Ethics Committee consented to the use of 
these tissues in the 1st Department of Pathology, Medi-
cal School, University of Athens for research purposes, 
according to World Medical Association Declaration of 
Helsinki. The tissue samples were fixed in 10% neu-
tral-buffered formalin. Hematoxylin and eosin (H&E)-
stained slides of the cor responding samples were re-
viewed for confirmation of the initial histopathological 
diagnoses. All lesions were classified according to the 
histological typing criteria of World Health Organiza-
tion (WHO) [7]. The clinicopathological parameters of 
the examined cases were age, tumor size (diameter), 
tumor grade and lymph node metastasis.

Antibodies and immunohistochemistry assay (IHC)

Ready-to-use anti-p53 (clone DO7-DAKO, UK, dilu-
tion 1:40) and also anti- MDM2 (clone IF2, ThermoFish-
er, USA, dilution 1:40) mouse monoclonal antibodies 
were applied in the corresponding cases.  IHC for these 

antigens was carried out on 5 μm serial tissue sections. 
The slides were deparaffinized and rehydrated. The Zyto-
chem Plus HRP Polymer Kit (ZYTOMED Systems GmbH, 
Berlin, Germany) was used. Blocking solution was ap-
plied to all slides for 10 min, followed by incubation for 
1 hr using the corresponding monoclonal antibodies at 
room temperature (25°C). Following incubation with the 
secondary antibody for 10 min, diaminobenzidine-tet-
rahydrocloride-DAB (0.03%) containing 0.1% hydrogen 
peroxide was applied as chromogen and incubated for 5 
min. Sections were counterstained, dehydrated and cov-
er-slipped. For negative control slides, the primary anti-
bodies were omitted. IHC protocol was performed using 
an automated staining system (I 6000 Biogenex, CA, 
USA). Pre-analyzed cancer tissue sections expressing 
the proteins and normally appearing breast epithelia 
were used as control groups, respectively. 

The assessment of IHC expression took into ac-
count two factors: the percentage of positive tumor 
cells and the intensity of the color reaction to specific 
antibodies. The staining intensity was characterized as 
weakly positive (+), moderately positive (++) or strong-
ly positive (+++).

Statistics

Descriptive and inferential techniques were ap-
plied. Quantitative variables were presented as mean±-
standard deviation, while qualitative variables were 
presented in frequency Tables. Due to the small num-
ber of cases in the groups, evaluation of the relation-
ship between qualitative and quantitative variables was 
done by the non parametric Mann-Whitney U test. To 
evaluate the relationship between independent qualita-
tive variables, where appropriate, for x2 for linear trend 
and Fisher’s exact test were applied. The relationship 
between dependent qualitative variables was assessed 
using McNemar test. Two-tailed p values <0.05 were 
considered statistically significant. 

Results 

According to expression analysis, overexpres-
sion of p53 protein was observed in 39/60 (65%) 
invasive cases, while 40/60 (66.7%) expressed 
MDM2 protein. Nuclear predominantly and cy-
toplasmic staining was considered acceptable for 
the markers, according to manufacturer’s data 
sheets (Figure 1 a,b). Interestingly, in 26/60 (43%) 
cases a combined p53/MDM2 co-expression was 
detected, whereas in 7/60 (11%) a combined 
loss of expression was identified (overall p53 & 
MDM2 co-expression: p=0.999). In the rest of the 
cases (N=27/60) an inverse expression (negative/
positive) of the two molecules was noted. Con-
cerning in situ carcinomas, p53 overexpression 
was detected in 9/10 cases, whereas MDM2 in 
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7/10. Co-expression of p53/MDM2 was registered 
in 7/10 (70%) cases (Figure 2). Overall, p53 and 
MDM2 expression was not statistically signifi-

cant in relation to age (p=0.434 and p=0.098, re-
spectively), to tumor size/diameter (p=0.783 and 
p=0.181, respectively), to tumor grade (p=0.886 
and p=0.998, respectively) or to lymph node me-
tastasis (p=0.987 and p=0.636, respectively). IHC 
results and correlations are described in Tables 1 
and 2.

Discussion

Approximately 30% of breast carcinomas 
of all pathological types harbor a p53 mutation. 
Interestingly, about 50% of HER2 amplified cas-
es demonstrate also mutant p53 expression [8]. 
Mechanisms of p53 mutation include insertion/
deletion polymorphisms, or simpler base substi-
tutions dependent on the tumor histology [9]. An-
other mechanism of p53/MDM2 auto-regulatory 

Figure 1. Overexpression of the two markers (a p53 and b MDM2). Note mainly nuclear (arrow) and cytoplas-
mic (arrow) brown staining pattern (DAB stain, original magnification 100x).

Figure 2. 3-D histogram of the combined p53 & MDM2 expression in invasive and in situ breast adenocarcino-
ma.

Table 1. Expression status of p53 & MDM2 in inva-
sive and in situ breast adenocarcinomas

Invasive breast  
adenoCa,
N=60 p53

N/LE- OE p value

MDM2
N/LE- 7 13

0.999
OE 14 26

In situ breast 
adenoCa,
N=10

p53

N/LE- OE p value

MDM2
N/LE- 0 2 0.034

OE 1 7

N/LE: Negative/low expression (up to +)
OE: overexpression (++/+++)
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pathway deregulation is the aberrant alternative 
splicing of mRNA precursors. This genetic pro-
cess leads to abnormal protein expression that 
promotes cell growth, local invasion and metasta-
sis by enhancing oncogenes and downregulating 
tumor suppressor genes [10]. Furthermore, the 
role of post-transcriptional regulators - termed 
microRNAs - seems to be significant for regulat-
ing positively or not the p53/MDM2 dependent 
pathway. In particular, positive feedback loops 
involving miR-192, miR-34a and miR-29a have 
been already identified [11]. 

Besides p53 mutations that lead to abnormal 
protein expression, wild-type p53 is influenced 
by two main inhibitors: MDM2 and MDM4 (also 
called MDMx). The role of MDM4 is critical be-
cause it inhibits the transcriptional activity of 
p53, enhancing also the ability of MDM2 to target 
p53 for degradation [12]. Overexpression of these 
molecules is mediated mainly by gene amplifi-
cation although there are differences in the fre-
quency of this genetic mechanism among breast 
carcinomas [13]. 

In the current study we analyzed p53/MDM2 
complex at the protein expression level. A signif-
icant subset of the examined tumors demonstrat-
ed a co-overexpression, whereas in many cases 
elevated MDM2 expression inversely correlated 
with p53 levels. Interestingly, their upregulation 
was detected also in in situ carcinomas as an ear-
ly genetic abnormality in breast carcinogenesis. 
Quite recently a study showed that AGR2 protein 
upregulates DUSP10 which subsequently inhibits 
p38 MAPK and prevents p53 activation by phos-

phorylation. This novel pro-oncogenic signaling 
pathway affects the p53 function independently 
of MDM2 expression [14]. Additionally, agents 
with potential anticancer activity, such as viola-
cein, seem to upregulate apoptotic genes, includ-
ing p53 and markedly reduce MDM2 expression 
levels [15]. Concerning also MDM2 regulation, 
novel molecules, such as transcription factor 
NFAT1, that induce their oncogenic function 
have been identified. Based on this observation, 
two study groups showed that JapA molecule in-
hibits NFAT1-mediated MDM2 at transcription-
al and post-translational levels [16,17]. Another 
important study suggested that the cholesterol 
metabolite 27-hydroxycholesterol (27-OHC) reg-
ulates p53 activity and increases cell prolifera-
tion via MDM2 in breast cancer cells. This is a 
selective estrogen receptor modulator involved in 
ER-positive breast cancer progression by disrupt-
ing constitutive p53 signaling in an MDM2-de-
pendent manner [18]. Finally, the development of 
novel anti-p53/MDM2 agents such as PRIMA-1, 
PRIMA-1MET and nutlin antagonists in cancers 
with a high prevalence of p53 mutations should 
be a very promising targeted therapeutic strategy 
[19,20].

In conclusion, MDM2 oncogene overexpres-
sion - predominantly due to gene amplification - 
is a frequent and critical genetic event in both in 
situ and invasive breast adenocarcinomas. Accu-
mulation of p53 protein in the nucleus of tumor 
cells harboring mutant p53 - as the result of its 
overexpression - does not mean necessarily de-
creased expression of MDM2. Because MDM2 di-
rectly binds to p53 and represses its transcription-
al activity promoting p53 degradation, targeting 
the p53 tumor suppressor function is normally 
regulated when mutations are absent.
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Table 2. p53 & MDM2 overall expression

p values

Expression Age Tumor 
size  

Grade Lymph 
node  

metastasis

p53 0.434 0.783 0.886 0.987

MDM2 0.098 0.181 0.998 0.636
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