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SUMMARY

Forty-one bronchogenic carcinomas were investigated for expression of MDM2 protein isoforms and their relationship to pS3 protein
levels and p53 gene alterations using molecular and immunohistochemical techniques. The findings were correlated with the pathological
features of the carcinomas. MDM2 protein was overexpressed in 26 cases (63 per cent). Western blot analysis with two monoclonal
antibodies, 1B10 and IF2, revealed three MDM2 protein isoforms, p90, pS7 and p76/74. p90 and p57 are capable of interacting with p53
protein, while p76/74 is not. Various patterns of MDM2 isoforms were seen. Although no correlation between the patterns and
pathological features was observed, lymph node metastases were more frequent in the cases with MDM2 overexpression (£<0-005). In
3 out of 17 specimens of normal lung tissue examined, there was a low level of expression of p90. Molecular analysis revealed that
MDM2 overexpression was a consequence of increased transcription rather than MDM?2 gene amplification. pS3 protein was
overexpressed in 21 cases (51 per cent) and p53 gene alterations (mutations+allelic deletions) were detected in 23 patients (56 per cent).
A high degree of concordance (76 per cent) between p53 mutations and p53 staining was noticed (P<10 ~ 5). p53 gene alterations were
significantly associated with lymph node disease (P<0-01). MDM2 and p53 proteins were simultaneously detected in 21 cases (51 per
cent), of which 17 (42 per cent) showed p53 and MDM2 overexpression. The latter group was positively correlated with p53 mutations
(P<0:05). A strong correlation between MDM2/p53 co-expression and lymph node metastases was observed (P<0-001). The findings
suggest that MDM?2 overexpression is a common event in bronchogenic carcinoma. The selective expression of some MDM2 isoforms
in neoplastic tissue and not in the surrounding normal areas underscores the pathological role of the various MDM2 products. Finally,
the coexistence of MDM2 protein(s) and pS3 aberrations (mutations and/or overexpression) in a subset of lung carcinomas may be

indicative of a ‘gain of function’ phenotype, with more aggressive characteristics.
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INTRODUCTION

Bronchogenic carcinoma represents the most frequent
fatal malignancy in both sexes and has exceeded breast
carcinoma as a cause of death in women.! To date,
several genetic alterations have been related to lung
cancer.?

The p53 oncosuppressor gene is mapped to chromo-
some 17p13 and encodes a 53 kD nuclear phospho-
protein with a short half-life. It appears to control a cell
cycle checkpoint responsible for maintaining the integ-
rity of the genome.? Functional loss of p53, mostly via
mutations, is the most common genetic lesion in human
cancer,* Missense mutations may stabilize the protein,
prolong its half-life, and permit its immunohistochemi-
cal detection. The recent identification of several genes
regulated by p53 has increased our understanding of the
functions of p53. These genes include gadd4s, waf-1/
cip-1, the Bel2lbax duet, and MDM?2.3

The human MDM?2 (murine double minute-2) gene is
mapped in chromosome 12q13-14 and encodes a cellu-
lar phosphoprotein capable of forming complexes with
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both wild-type and mutant p53.5¢ The MDM?2 gene was
identified in a tumourigenic derivative of mouse 3T3
cells (3T3DM cell line), where it was amplified and
overexpressed.” The amino acid sequence of MDM?2 is
similar to that of transcriptional activators. The amino
terminal region of the protein contains a p53 binding
domain, suggesting that MDM2 is a transcription factor
regulating the p53 protein (Fig. 1a).® Thus, on the one
hand, MDM2/p53 forms an autoregulatory feedback
loop that may be needed to maintain a critical MDM2/
p53 ratio within the cell;® on the other hand, an excess of
MDM?2 protein can abrogate the transcriptional activa-
tion of wild-type p53, providing an alternative mechan-
ism of p53 inactivation, other than mutation. The
MDM?2 gene generates various MDM?2 products, of
which only a subset complexes with p53 protein.® In
human cancers, the MDM2 gene was found to be
deregulated in sarcomas,>19 glioblastomas,!’ breast
carcinomas,’? leukaemias, and lymphomas.’3.14
Previously we showed that MDM2 is overexpressed in
a significant proportion of lung carcinomas.!> Wiethege
et al. have also examined MDM2 expression in human
bronchial epithelium.!6 In the present report we investi-
gated in more detail the molecular basis of MDM2
expression and its relationship with p53 protein, in a
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Fig. 1—(a) Reactivity of 1B10 and IF2 antibodies with the full length MDM2 protein epitopes. (b) Reactivity of MDM2 isoforms detected

in our series by antibodies 1B10 and IF2

series of 41 bronchogenic carcinomas. The aims of our
study were the following: to examine the immunolocal-
ization of MDM2 and the expression of its isoforms; to
look into the mechanism of MDM2 overexpression
using Northern blotting and differential polymerase
chain reaction (D-PCR) analysis; to study the concord-
ance between p53 protein abnormality, detected by
immunohistochemistry and immunoblotting, and p53
gene alterations, detected by the single-strand conforma-
tion polymorphism (SSCP) technique and Southern
blotting; and, finally, to correlate MDM2 expression
and isoform patterns with the p53 protein status, gene
alterations, and pathological features of the carcinomas.

MATERIALS AND METHODS

Tissue samples

Forty-one lung carcinomas were taken shortly after
surgery. Two samples of each tumour were obtained.
One sample of each tumour was snap-frozen in liquid
nitrogen and stored at — 70°C; the other was formalin-
fixed and paraffin-embedded (FFPE). In addition, adja-
cent normal tissue was included from each specimen
examined. The patients had not undergone any chemo-

or radiotherapy prior to surgical resection, thus avoiding
up- and down-regulation of p53 and MDM2 proteins,
respectively, due to DNA damage. Tumours were clas-
sified following the World Health Organization criteria
(Table I) and the TNM staging system.! Seventeen
tumours were stage [ (T1-2, NO, MO0), 15 stage 11 (T1-2,
N1, M0), and nine stage IIla (eight T1-2, N2, M0 and
one T3, NI, M0).

Antibodies

Immunohistochemical and immunoblotting analyses
of p53 and MDM?2 were carried out with mono-
clonal antibodies (MAbs) DO7 (Dako, Denmark),
DO1 (kindly provided by Dr D. P. Lane, Dundee,
U.K.), 1B10 (Novocastra Laboratories, U.K.), and IF2
(Oncogene Science, NY, U.S.A.) (Table II, Fig. 1a).

MDM2 and p53 immunohistochemistry (IHC)

Immunohistochemical analyses was performed on
tissue sections using the streptavidin—biotin—peroxidase
methodology (Dako, Denmark). p53 and MDM2 pro-
teins were unmasked with the heat-mediated antigen
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Table I—Summary of immunohistochemical and molecular findings in relation to pathological features

MDM2 MDM2 MDM2 MDM2 MDM2
Patient p33 p53 pS3 p53 IHC WB WB WB WB
No. Dx Grade LN IHC WB SSCP LOH (1B10) (1B10) (1B10) (IF2) (IF2)
74176 90 57 90

1 Sq WD - - - - NI — — LL - LL

2 Sq WD - + LL - NI ++ — X x X

3 Sq MD - ++ X NI ND — — — — —

4 Sq MD + +++ X Exon 5 No - -~ - - -

5 Sq MD + - - - ND ++ x x X

6 Sq WD - + LL - Yes +++ X X X X

7 Sq MD + +++ X Exon 5 Yes +++ X X X X

8 Sq MD + +++ X Exon 7 Yes +++ - X X X

9 Sq MD - +++ X Exon 8 NI ++ - X - X
10 Sq PD + +4++ % Exon 8 Yes +++ - X - X
11 Sq PD + ++ X Exon 7 Yes +4++ x X x x
12 Sq PD + +++ X Exon 6 NI ++ - X X X
13 Sq MD - - - - NI - - - — -
14 Sq MD - - LL — No - — — - —
15 Sq MD - - - - ND - - LL - LL
16 Sq PD + +++ X Exon 7 NI 4+ x — - _
17 Ad MD — - — - ND - - - - -
18 Ad PD + +++ X Exon 5 Yes +++ X X - X
19 Ad MD + ++ 4 X Exon 8 No +++ - X X X
20 Ad MD — +++ x Exon 7 NI - - - - —
21 Ad MD + — - - ND +++ % LL - LL
22 Ad MD + + LL - NI +++ X — - —
23 Ad MD - +++ X Exon 7 N1 ++ - X — %
24 Ad MD + - - Exon 5 Yes ++ x - - -
25 Ad PD - +++ X Exon § Yes - - - - -
26 Ad PD + +++ X - No +++ X X X X
27 Ad PD + ++ + X - No +++ X X X X
28 Ad WD - - - - No - - - - -
29 Ad WD - - - NI ++ X - - -
30 Ad MD - - - NI ND + — LL - LL
31 Ad MD + - LL - No — — — - -
32 SCLC - - - - No - - - - -
33 SCLC + - - - Yes - - - - -
34 SCLC + — — - Yes ++ — x x X
35 SCLC + + LL Exon 8 Yes ++ - X X X
36 SCLC + +++ X Exon 7 NI ++ X X — X
37 SCLC + +++ X Exon 7 Yes ++ + X LL — LL
38 SCLC + ++ x Exon 7 NI +++ b X X X
39 SCLC + +++ x Exon 6 Yes +++ x — — —
40 SCLC +  +t++ X Exon8 NI 4+ x x x x
41 SCLC — — — - NI — — _ _ _

Dx=diagnosis; LN =lymph node metastases; IHC = immunohistochemistry; WB=Western blot; SSCP=single strand conformation polymorphism;
LOH =loss of heterozygosity; Sq=squamous cell lung carcinoma; Ad=adenocarcinoma; SCLC=small cell lung carcinoma; WD =well differentiated;
MD =moderately differentiated; PD=poorly differentiated; LL=low levels; NI=non-informative; ND=not done; x =elevated levels.

retrieval (HMAR) method, as previously described.!s
Visualization was carried out with diaminobenzidine as
chromogen. Laryngeal carcinomas expressing p53 and a
leukaemic cell line, K562, overexpressing MDM2!3 were
used as positive controls. Mouse IgG1 MAb of unre-
lated specificity and the IgG fraction of normal rabbit
serum were used as negative controls. The p53, MDM2
positive cases were classified using the following semi-
quantitative method: 0=negative; (+)=<20 per cent of
cells positive (mild expression); (+ +)=20-50 per cent of
cells positive (moderate expression); and (+++)=>50
per cent of cells positive (intense expression).

Simultaneous extraction of nuclear proteins and DNA

The samples were homogenized in a hypotonic buffer
(25 mm Tris—HCI, pH 7-5; 5mm KCI; 0-5mm MgCly;
0-5mm DTT; 0-5 mm PMSF) at 5-10 mg/ml. The nuclei
were pelleted at 2500 rpm for 10 min at 4°C, washed 3
times with an isotonic buffer (25 mm Tris—-HCI, pH 7-5;
S mm KCI; 0-5 mMm MgCl,; 0-2 M sucrose; 0-5 mm DTT;
1 mM PMSF), and resuspended in nuclear extraction
buffer (25 mm Tris—HCl, pH 7-5; 1 mm EDTA; 01 per
cent NP-40; 0-5mm DTT; 0-5Smm PMSF). Nuclear
extracts were clarified after centrifugation at 25 000 rpm
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Table II—Characteristics of the antibodies used in the present
study

MAb Class Epitope

DO-7 1gG2b Residues 1-45 of p53

DO-1 IgG2a Residues 21-25 of p53

1B10 IgM —-COOH terminal portion of MDM?2
IF2 1gG2b -NH, terminal portion of MDM?2

for 60 min at 4°C. Supernatant containing the extracts
was stored at — 70°C. DNA was extracted from the final
pellet, which contained a mixture of nucleic acids and
nuclear debris, following standard protocols.1?

RNA extraction-MDM?2 Northern blotting

RNA was extracted from the specimens using the
Rnazol B reagent (BioGenesis) and Northern blot
hybridization was performed with a 585-base pair
MDM?2 32P-dCTP-labelled probe spanning nucleotides
650-1214 of the published ¢cDNA sequence, as pre-
viously described.!> The levels of MDM2 mRNA were
scored by eye on a relative basis from 0 (negative)
to +++ (strong). The scoring was standardized by
including samples of K562 mRNA in all gels.

D-PCR for MDM?2 gene amplification

D-PCR was carried out as previously described.!® As
target and reference sequences, we used a 230 bp and a
150 bp fragment of the MDM?25 and interferon gamma
(IFN-y) genes,'® respectively. The primer sequences
for the 230bp MDM2 gene fragment were
5-TGAGTGAGAACAGGTGTCACC-3' (sense) and
5 TTCTAGATGAGGTAGATG-3" (antisense). A
leiomyosarcoma carrying an eight-fold MDM?2 gene
amplification was used as a positive control.

MDM2 and p53 Western blot analysis—-MDM?2
immunoprecipitation

(A) Twenty micrograms of nuclear proteins was elec-
trophoresed on 10 per cent polyacrylamide-SDS gei and
transferred to nitrocellulose membrane.!” Blots were
blocked for 2h in 5 per cent non-fat dry milk/PBST
(PBST=PBS, 01 per cent Tween) at room temperature.
Subsequently, the membranes were incubated overnight
with 1B10 and IF2 antibodies (diluted 1:500) and DO-1
(diluted 1:200) at 4°C. For detection, the biotinylated
rabbit anti-mouse immunoglobulin (1:1000) (Dako,
Denmark) and streptavidin-biotin—peroxidase complex
(Dako, Denmark) were applied. The MDM2, p53 levels
were analysed using an enhanced chemiluminescence
system (Amersham Corp., Arlington Heights, IL,
U.S.A)). Protein from a leiomyosarcoma overexpressing
MDM2 and normal lung tissue with undetectable levels
of MDM2 protein were used as positive and negative
controls, respectively. Protein from the HT29 colon
cancer cell line, which overexpresses p53, was used as a

positive control (American Type Culture Collection).
Band sizes were determined by comparison with mi-
gration of broad range protein ladder (Biolabs, MA,
U.S.A.). Protein levels of MDM?2 and p53 were scored
by eye on a relative basis as follows: 0, negative; +, low
levels; ++ and ++ +, elevated levels ( x).

(B) Nuclear extracts from cases 2, S5, 6, 16, and 35
were immunoprecipitated using protein A-Sepharose
(Sigma), following standard protocols.!” Follow-
ing immunoprecipitation, immunoprecipitates were
separated on 10 per cent polyacrylamide gels and
immunoblotted.!”

Nested PCRISSCP and Southern blot analysis for pS3
gene alterations

(A) Nested PCR and SSCP analysis was performed
on matched normal and tumour DNA as previously
described.!” Briefly, we first determined the optimal
conditions for amplification of the 2-9kb p53 gene
fragment, which contains exons 4-9, and then we ampli-
fied individual exons 4-8 with nested PCR. Next we
analysed with the SSCP technique exons 4-8, as most
previous studies have shown that the majority of p53
mutations in lung carcinomas are found in this region.?

(B) For Southern blot analysis, 10 ug of DNA was
digested with Pst/ (Boehringer Mannheim Biochemica,
Mannheim, Germany). The resulting fragments were
subjected to electrophoresis in 0-8 per cent agarose
gels, transferred to nylon membranes (Hybond-N,
Amersham), and baked for 3 h at 80°C. The membranes
were prehybridized and then hybridized to random
primer *?P-dCTP-labelled pYNZ22 probe, which locates
chromosomal region 17p13.3. This probe detects restric-
tion fragment length polymorphisms on Pstl and
BamHI digested DNA. After hybridization, the
membranes were washed. under stringent conditions
(0-2 x SSC at 65°C for 20 min) and autoradiographed.

" Statistical analysis

All statistical correlations were based on the chi-
square (¢?) test with Yates’ correction. An additional
two-tailed Fisher’s exact test was used only when the
number of samples in any cell of a given statistical table
was 5 or fewer.

RESULTS
MDM?2 protein, mRNA, and gene analysis

MDM2 protein immunolocalization—Twenty-seven
carcinomas (66 per cent) showed a positive signal for
MDM?2 protein (any number of tumour cells positive).
Moderate or intense MDM?2 reactivity was observed in
26 cases (63 per cent) (Table ). Twenty samples were
positive with both antibodies, while seven (cases 16, 18,
20, 21, 29, 37, and 39) reacted only with 1B10. MDM?2
protein distribution was exclusively nuclear, and finely
granular (Figs 2 and 3). Its expression was found not
only in dysplastic or neoplastic regions, but also in
normal bronchial cells. The dysplastic and normal areas
were positive with both antibodies.
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Fig. 2—Intense MDM2 immunoreactivity in a moderately differenti-
ated squamous cell lung carcinoma with the monoclonal antibody
IB10. Streptavidin-biotin—peroxidase technique with haematoxylin
counterstain ( x 125)

F e os

Fig. 3—Finely granular nuclear MDM2 staining in a moderately
differentiated lung adenocarcinoma, with the monoclonal antibody
1B10. Streptavidin-biotin-peroxidase technique with haematoxylin
counterstain ( x 500)

MDM2 protein isoform expression—The immuno-
histochemical findings were confirmed with Western
blot analysis, which also showed three MDM2 protein
isoforms of approximately 90 kD (p90), 76/74 kD (p76/
74), and 57 kD (p57) (Table I, Figs 4A and 4B). The
reactivity of these MDM2 proteins to the antibodies that
we used is presented in Fig. 1b. Immunoprecipitation,
with the same antibodies, was performed in five selected
specimens (cases 5, 8, 9, 16, and 35) and verified the
specificity of the bands shown on Western blot. MDM2
isoforms p90, p76/74, and pS7 were overexpressed in 19
(46 per cent), 17 (41 per cent), and 14 (34 per cent)
carcinomas respectively, while p90 displayed low levels
in five cases (Table I). Various MDM?2 protein isoform
patterns were observed and are shown in Table I1I. No
correlation between isoform patterns, histological sub-
types, and metastatic disease was seen. We also exam-
ined 17 cases of normal lung tissue and found a low level
of expression of the p90 isoform in three samples, two
of which were MDM?2 immunohistochemically positive

(+).

MDM?2 mRNA and DNA analysis—Northern hybrid-
ization demonstrated a 5-5 kb transcript, corresponding
in size to that reported previously® (Fig. 5A). Increased
levels of MDM2 mRNA (as compared with the K562
cell line) were absolutely correlated with MDM2
protein(s) overexpression. MDM?2 transcript was not
detectable in six out of seven normal lung tissue samples
examined, while one showed a weak 55kb band.
D-PCR analysis did not detect any MDM2 gene
amplification in our series (Fig. 5B).

P33 protein and gene analysis

pS3 protein expression—Twenty-five carcinomas (61
per cent) showed immunoreactivity for pS3 protein (any
number of tumour cells positive). Moderate or intense
p53 staining was observed in 21 cases {51 per cent)
(Table I). p53 staining was exclusively nuclear (Fig. 6).
Reactivity was confined to dysplastic and neoplastic
areas. Immunohistochemistry was confirmed with
immunoblotting. Of note, four cases with mild and two
with negative p53 immunoexpression demonstrated low
levels of p53 protein (Table I, Fig. 4C).

p53 gene analysis—SSCP was used to detect point
mutations and insertions or deletions of a short nucleo-
tide sequence, while loss of heterozygosity (LOH) affect-
ing chromosome band 17p13 was determined using the
1-7kb BamHI fragment from pYNZ22 on Southern
blots. SSCP revealed tumour-specific mobility shifts in
20 out of 41 cases (49 per cent). Mutations were
observed in exons 5, 6, 7, and 8 in four, two, eight, and
six cases, respectively (Table 1, Figs 7A-7D). From 21
examined informative specimens, LOH of chromosome
17p13 was observed in 13 cases. In ten of the 13 cases (77
percent), LOH in the p53 region was accompanied by
p53 mutations, while in the remaining three, no detect-
able abnormalities of the other p53 allele were seen
(Table I, Fig. 8). Thus, in total, p33 gene alterations (p33
mutations and/or LOH) were detected in 23 out of 41
cases (56 per cent).

Relationship between MDM2 protein expression, p53
protein levels, p53 gene alterations, and pathological
features (detailed data are listed in Table IV )

The cases with MDM?2 immunoreactivity were more
frequently correlated with lymph node metastases
(P<0-005), while those with moderate or intense p53
staining were associated with nodal disease (P=0-08).
On the other hand, a strong correlation was observed
between p53 mutations, p53 gene alteration, and lymph
node metastases (P<0-05 and P<0-01, respectively,
Table 1V). In addition, a highly significant statistical
correlation was found between p53 mutation and p33
staining—19 out of 25 (75 per cent) vs. 1 out of 16 (6 per
cent), P<105,

The two proteins, MDM2 and p53, were simul-
taneously detected with IHC and/or immunoblotting in
21 cases (51 per cent), of which 17 (42 per cent) showed
moderate or intense p53 and MDM2 staining. The latter
group was strongly associated with p53 mutations—15
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Fig. 4—Representative Western blots showing expression of MDM2 isoform
patterns and p53 protein in lung carcinomas. (A) Overexpression of isoforms
p90 and p76/74 in neoplastic cases 8, 16, 18, 9, 11, 26, 29, and 39 with the
monoclonal antibody 1B10 (lanes 2-9), compared with low levels of p90 in
adjacent normal lung tissue from case 8 (lane 1). (B) Overexpression of
isoforms p90 and p57 in neoplastic cases 7, 8, 9, 12, 19, 27, 34, and 36 with
the monoclonal antibody IF2 (lanes 2-9), compared with low levels of p90 in
adjacent normal lung tissue from case 7 (lane 1). (C) Overexpression of p53
in neoplastic cases 4, 8, 9, 16, 20, 25, 37, and 38 with the monoclonal
antibody DOI1 (lanes 2-9), compared with the cell line HT-29, which
overexpresses pS3 (lane 1). T=tumour; N=normal; P-N=patient number

out of 20 (75 per cent) vs. 2 out of 21 (9 per cent),
P<10~4 Moreover, the carcinomas with both proteins
detected (any number of cells positive) were statistically
correlated with p53 gene alterations—17 out of 23 (74
per cent) vs. 6 out of 18 (32 per cent), P<(-05.

Table [II-MDM?2 protein isoform patterns in the present
series of bronchogenic carcinoma

p57 p76/74 po0* No. of cases

+
|

0 (0%)
3 (11%)
7 (27%)
0 (0%)
2 (8%)
6 (23%)
8 (31%)

+

+ o+
!

+ 4+
+ + + |

Total 26 (100%)

*The five cases which displayed low levels of p90 are not included in
the table.

Finally, the relationship between the latter groups and
lymph node metastases was highly significant (P<0-005
and P<0-001, respectively) (Table 1V).

DISCUSSION

To the best of our knowledge, this is the first report
which deals with the concept of MDM?2 protein isoforms
in lung cancer. We have examined their expression and
relationship to p53 protein levels, gene alterations, and
pathological features in a series of 41 surgically resected
bronchogenic carcinomas.

Detection of MDM?2 was assessed with the MAbs
1B10 and IF2 raised against the C- and N-terminal
portion of the protein, respectively. We used these
particular antibodies in order to avoid false-negative
results due to the production of MDM?2 proteins with a
truncated —-NH, or -COOH terminal region.® Twenty
carcinomas reacted with both antibodies, while seven
reacted only with 1B10. This discrepancy is most likely
due to the sole overexpression of the p76/74 isoform in
these seven cases, as shown on Western blot. The p76/74
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Fig. 5—(A) Representative Northern blot showing overexpression of
MDM2 mRNA in samples 40, 26, 24, 36, 35, 34, 38, 30, 16, and 5
(fanes 2-11). C=K562 cell line (positive control) (lane 1). (B) Rep-
resentative D-PCR analysis with no indication of MDM2 gene ampli-
fication in samples 9, 10, 21, 22, and 36 (lanes 1-5). IFN150=150 bp
fragment of the reference gene interferon-gamma; P-N=patient
number

Fig. 6—Moderately dlfferentlated lung adenocarcmoma with intense
p53 immunoreactivity with the monoclonal antibody DO7.
Streptavidin-biotin-peroxidase technique with haematoxylin counter-
stain ( X 250)

isoform has lost the -NH, terminal region and thus is
not detectable by IF2 MAb® (Figs 1a and 1b). MDM?2
immunoreactivity was nuclear and was found not only
in neoplastic areas, but also in normal bronchial epithe-
lium. Immunoblotting analysis in 17 normal lung tissue
specimens revealed a low level of expression of the p90
isoform in three samples. Bronchial epithelium is not the
only normal tissue expressing MDM2 protein.> MDM?2
expression in normal tissues probably reflects an appro-
priate response to certain external or internal cellular
stimuli.?!

On the other hand, the selective overexpression of
some MDM2 isoforms in neoplastic areas compared
with the surrounding normal tissue underscores the
pathological relevance of the various MDM2 products.

Immunoblotting analysis revealed the overexpression of
three MDM2-related proteins of molecular weight 90
(p90), 76/74 (p76/74}, and 57 (p57) kD. p90 and p57 can
form complexes with p53 because they possess the p53
binding domain of the full length molecule, while p76/74
has lost it. In addition, the -COOH terminal portion in
p57 is missing (Fig. 1b).

Several MDM2 isoform patterns were observed
(Table II1). They had no specific correlation with the
pathological features of the carcinomas. Most likely
these proteins arise from alternatively spliced mRNAs,22
proteolytic processing, or post-translational modifica-
tion. Although our study revealed a single MDM?2
transcript, the possibility of the MDM2 isoforms arising
from alternatively spliced mRNAs cannot be excluded,
since Zauberman et al. showed the small difference in the
size of the various MDM?2 transcripts (71-276 bp).22
Such lengths cannot be separated by Northern blotting.
Furthermore, Barak et al. demonstrated that each
MDM?2 transcript, under certain circumstances, has
various translational profiles.2*

The role of these isoforms in tumourigenesis remains
obscure. Possibly, overexpressed p90 and p57 either
overcome p53 suppression or gain novel oncogenic
properties by forming complexes with mutant p53,°
while p76/74 contributes, via an unknown mechanism,
to tumour development.

There are several studies in cell lines® and human
malignancies?*?® which have identified several MDM2
isoforms ranging from 44 to 125 kD. In one of these
reports, breast carcinomas overexpressing MDM?2 were
associated with aggressive pathological features.?®> The
latter is in agreement with our finding which showed a
significant association between elevated levels of MDM2
and lymph node disease (P<0-005).

MDM?2 gene analysis revealed that MDM2 over-
expression was due to increased mRNA expression
rather than gene amplification. Unlike in sarcomas,>!©
MDM?2 gene amplification seems to be a rare event in
certain types of cancer.?6-27

In order to estimate more accurately the incidence of
pS3 overexpression and gene alterations, we carried out
a comprehensive analysis using various techniques. p53
was overexpressed in 21 cases (51 per cent). This figure is
consistent with those presented in most studies.> The
protein was also detected in preneoplastic areas, sup-
porting previous reports which suggest its early involve-
ment in lung carcinogenesis.* As we expected, a high
degree of concordance (76 per cent) between SSCP and
immunopositivity was observed. p53 mutations were not
found in the remaining 24 per cent, implying either that
they exist outside the examined region or that other
cellular factors (c.g., MDM2) stabilize p53, permitting
its detection.*

Seventy-seven per cent of the cases with LOH near
the p53 locus were accompanied by p53 mutations in the
remaining allele. This finding is in accordance with the
‘two-hit’” hypothesis of oncosuppressor gene action, pro-
posed by Knudson.?? Two informative tumours with
p53 mutations retained the wild-type allele, implying
functional dominance of the mutant over the wild-type
form.3
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Fig. 7—Representative SSCP analysis of exon 5 (A), exon 6 (B), exon 7 (C), and exon 8 (D). Mobility shifts indicating
point mutations, insertions, or deletions of a short nucleotide sequence are presented as aberrant bands (arrows),
comparcd with normal tissue samples. T=tumour; N=normal. The numbers indicate patient numbers {P-N)
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Table IV—Relationship of MDM?2 and p53 status with lymph
node metastases

IN]T] INIT |
No. (24)  No. (17) P
MDM2
THC (H)(+++) 21 91%) 6 (35%)  <0-005
p33
Rl o T THC (+)~(+++) 17 (71%) 8 (47%) 01
THC (++) or (+++) 15 (63%) 6 (35%) 0-08
Mutations 15(63%) 5Q2%%) <005
—-—yrn “ -—— Gene alterations 18 (75%) 5 (29%) <0-0l
MDM2-p53 co-expression
IHC (+)~(+++) 18 (75%) 3 (18%)  <0-00t
IHC (++) or (+++) 15(65%)y 2 (12%)y  <0-005

Fig. 8 —Representative Southern blot analysis showing loss of hetero-
zygosity in cases 7 and 37, with disappearance of the longer and
shorter allele, respectively (arrows). T=tumour; N=normal. The
numbers indicate paticnt numbers (P-N)

We observed a strong association between p53 gene
alteration and lymph node metastases (P=0-01), but not
between p53 overexpression and metastatic disease
(P=0-08). The prognostic significance of p53 alterations
in lung cancer remains controversial®> and other factors
are likely to modulate the final outcome.

Our most interesting finding was the highly significant
relationship between the cases which co-expressed
MDM2 and p53, and lymph node metastases
(P<9 x 10~%). Interestingly, 86 per cent of these
patients possessed an alteration at least in one of the two
p33 alleles. This is similar to the findings of Cordon-

(+)-(+++): any number of tumour cells positive.
(++) or (+++): moderate or intense expression.

Cardo et al. in sarcomas.'® It seems that in a subset of
bronchogenic carcinomas, the MDM?2 protein co-exists
with the mutant p53. This may be indicative of mutant
p53-MDM?2 protein complex activity,® or may reflect a
‘gain of function’ phenotype. The latter hypothesis is
based on evidence which demonstrates that p53 mutants
acquire novel ‘oncogenic’ properties.3-*0

In conclusion, our findings show that MDM2 gene
products are overexpressed in a subset of bronchogenic
carcinomas. It appears that they may play an important
role in tumourigenicity and/or progression in this type
of neoplasia. Further studies are needed in order to
elucidate the molecular nature of the p53-MDM?2
relationship, as well as its possible clinical value.
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