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Expression of p21 in SV40 large T antigen positive
human pleural mesothelioma: relationship with survival
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Background: Mesothelioma is the most commonly occurring primary pleural neoplasm. Several stud-
ies have documented an increase in the incidence of this malignancy during the last decades. Although
the association between asbestos exposure and development of mesothelioma is generally accepted,
the exact mechanism of carcinogenesis is unknown. Recently, Simian virus 40 large T antigen (SV40
Tag) expression has been detected in pleural mesothelioma. The ability of SV40 oncoproteins to inac-
tivate p53 and retinoblastoma tumour suppressor proteins has been proposed as an important step in
the pathogenesis of human mesothelioma.

Methods: To obtain a better understanding of the molecular mechanisms of the pathogenesis of mes-
othelioma, the expression of the cell cycle inhibitor p2 1%¥4"/“*! (521), a downstream target of p53, was
evaluated immunohistochemically in a group of 29 mesothelioma specimens already characterised for
the presence of SV40 Tag sequences.

Results: Statistical analysis did not reveal any correlation between p21 expression and histopathologi-
cal type of mesothelioma using the X* test (p=0.577). A significant positive relationship was found
between p21 expression level and the patients’ overall survival according to the Kaplan-Meier survival
curves and using a log rank test (median difference in survival 7 months, 95% Cl 4.8 to 9.9; p<0.001).
Conclusions: Determination of p21 expression bears a prognostic significance in patients affected
with mesothelioma, further underlining the role of SV40 in the pathogenesis of malignant pleural mes-
othelioma.

pleural neoplasm, it accounts for less than 1% of all

cancer deaths in the world." However, several studies
have documented an apparent increase in the incidence of
malignant mesothelioma during the last decades. The annual
incidence of this neoplasm in the United States is estimated to
be approximately 2000-3000 new cases per year.' Even though
the association of exposure to asbestos and the development
of mesothelioma is generally accepted,’’ the exact mechanism
whereby asbestos induces the mesothelioma is unknown.
Moreover, in the United States about 20% of these tumours are
not related to asbestos exposure and less than 10% of those
with high exposure to asbestos develop mesothelioma.’ *

Recent studies have proposed a role for Simian virus 40
large T antigen (SV40-Tag) in the pathogenesis of human
mesothelioma,” and multi-institutional analysis confirmed
the presence of SV40-Tag sequences in a significant percentage
of cases.”” Consistent with the possible role of SV40 oncopro-
teins in the pathogenesis of mesothelioma, there are observa-
tions that mutations involving p53 and the retinoblastoma
(RB) gene family are extremely rare in these neoplasms,' "
and that SV40-Tag isolated from mesotheliomas is able to bind
to p53 and to the RB family proteins."” ” Most mesotheliomas
harbour CDKN2 (pl6) and ARF mutations.” ” These muta-
tions are able to abrogate completely RB mediated growth
constrains'® but not to abrogate p53 function.” Hence, it has
been proposed that p53 is the most important target of SV40
oncoproteins in mesothelioma."”

It has recently been shown that the promoter of the Cdk
inhibitor p21""“" (p21) contains two elements recognisable
by p53 and that binding of wild type p53 to these regions
upregulates p21 transcription.' p21 is therefore considered a
downstream target of p53. We have investigated the expres-
sion of p21 in a group of mesothelioma specimens already
characterised for the expression of p53 and for the presence of

ﬁ Ithough mesothelioma is the most important primary

SV40 sequences.” We developed an immunohistochemical
assay which enables us to estimate p21 expression in formalin
fixed and paraffin embedded mesothelioma specimens. The
aim of the study was to establish the frequency and level of
p21 expression in human mesotheliomas and to correlate the
results with patient survival.

METHODS

Patients

Tissues from 29 malignant mesothelioma specimens (16
epithelial, six sarcomatoid, and seven mixed mesotheliomas)
obtained from open biopsy specimens or pleurectomies were
evaluated. All the patients were diagnosed and treated at the
Second University of Naples from 1980 to 1993. Survival data
were collected from hospital charts and from periodic
interviews with patients and their relatives. Two subjects who
died of causes other than mesothelioma during the follow up
period were excluded from the study. Only in three cases did

Table 1 Correlation between p21 and histology with
survival in patients with mesothelioma
Median
No of survival Standard

Variable patients  (months) error p value
p21 expression <0.001

<10% 15 5.00 0.76

>10% 14 12.00 1.87
Histology 0.577

Epithelial 16 10.00 0.99

Sarcomatoid 6 5.00 2.45

Mixed 7 8.00 2.62

www.thoraxjnl.com

BuAdod Aq paroalold 1sanb Aq 20z ‘6 udy Uo /wod lwg xeloy//:dny woij papeojumod "Z00zZ [UdY T Uo £G€'v'2G XeIoy)/9ETT 0T Se paysiignd isii :xeloy L


http://thorax.bmj.com/

354

Baldi, Groeger, Esposito, et al

Figure 1 (A) Epithelial mesothelioma with <10% of cells positive for p21. (B) Epithelial mesothelioma negative for p21 staining. (C) Mixed
mesothelioma with <10% of cells positive for FQ'I. (D) Sarcomatoid mesothelioma with >10% of cells positive for p21 staining. All sections

were stained as described in the text. Origina

the clinical history of the patients demonstrate a clear
exposure to asbestos. The clinical and histopathological data
of the patients are listed in table 1.

All the specimens were already characterised for the
presence of SV40 sequences."

Histological examination

The formalin fixed, paraffin embedded samples were cut into
sections of 5 um thickness and stained with haematoxylin and
eosin. The histological diagnosis was re-examined. In addi-
tion, the most representative blocks were selected to be cut
into new 5 um thick sections for immunohistochemical stud-
ies.

Immunohistochemistry

Sections 5 um thick were cut from each specimen, mounted
on glass, and dried overnight at 37°C. All sections were then
deparaffinised in xylene, rehydrated through a graded alcohol
series, and washed in phosphate buffered saline (PBS). PBS
was used for all subsequent washes and for antibody dilution.
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Figure 2 Cumulative probability of death in the two mesothelioma
groups (<10% and >10% of p21 positive cells) according to the
Kaplan-Meier method.
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magnification x400 for all sections.

Endogenous peroxidase activity was blocked by 5% hydrogen
peroxide. The primary monoclonal antibody for p21 (sc-6246,
Santa Cruz Biotechnology, CA, USA) was applied at room
temperature for 1 hour at a dilution of 1:100. The optimal
working dilution was defined on the basis of a titration
experiment. The sections were then immunostained with
streptavidin-biotin (Dako, Carpintera, CA, USA) using
3-amino-9-ethylcarbazide (AEC) as the final chromogen and
haematoxylin as the nuclear counterstain. Negative controls
for each tissue section were prepared by leaving out the
primary antibody. A positive control was run with each set of
slides. All samples were processed under the same conditions.

Scoring and quantification of immunoreactivity

Three observers (AB, RR, and FB) estimated the staining pat-
tern of p21 separately and scored each specimen for the
percentage of positive nuclei (<10% and >10% of cells
expressing p21). The level of concordance, expressed as the
percentage of agreement between the observers, was 90% (27
of 30 specimens). In the remaining specimens the score was
obtained after collegial revision and agreement.

Statistical analyses

The cumulative probability of death was calculated for each
group according to the Kaplan-Meier method and compared
using log rank test. To evaluate the influence on survival of p21
expression the population was divided into two groups: <10%
and >10% of cells expressing p21. The influence of histologi-
cal type on survival was evaluated by dividing the specimens
into epithelial, sarcomatoid, and mixed types. Correlation
between the rate of expression of p21 and histological type
was performed using a x* test, grouping mesotheliomas as
epithelial or non-epithelial. There was no need to perform
multivariate analysis to estimate the influence of predictive
factors. A p value of <0.05 in a two tailed test was considered
significant. SPSS software Version 9.00 (SPSS, Chicago, IL,
USA) was used for statistical analysis.

RESULTS

Twenty nine specimens (16 epithelial, six sarcomatoid, and
seven mixed mesotheliomas) were evaluated. All were positive
for the presence of SV40 sequences.” Immunoreactivity for
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p21 expression in human mesothelioma

p21 was found in both normal and neoplastic tissues. p21
immunostaining was always nuclear, with a low to absent
background (fig 1). The number of positive cells varied in dif-
ferent specimens (table 1). Fifteen of the 29 specimens had
<10% positivity for p21 expression; the remaining 14
specimens had a higher percentage of positive cells. No
significant correlation was found between p21 expression and
histological type using the x* test (p=0.577). The median sur-
vival time was 5 months for the group with <10% positive
cells and 12 months for those with >10% positive cells
(median difference 7.0 months, 95% CI 4.8 t0 9.9).

A positive relationship was found between the level of p21
expression and overall survival. To support the validity of these
data, survival curves were constructed using Kaplan-Meier
survival analysis (fig 2). The cumulative probability of death
was calculated for each group according to the Kaplan-Meier
method and compared using the log rank test (p<0.001).

DISCUSSION

In this study we found p21 protein expressed both in normal
and in neoplastic tissue. Immunohistochemical analysis was
chosen for this investigation because it has the advantage of
allowing visualisation of the staining pattern of each section,
enabling non-neoplastic elements such as stromal, endothe-
lial, and inflammatory cells (which always affect nucleic acid
based approaches) to be excluded. Moreover, recent studies
have shown that p21 protein and RNA expression are strictly
correlated."”

p21 is generally considered a downstream target of p53."
Nevertheless, since a basal level of p21 can be found in p53™
cells, it appears that p21 can also be induced by pathways
independent of p53.** The p2l1 pathway inhibits DNA
replication by interacting with PCNA, but it has also been
shown that this same inhibitory interaction with p21 does not
affect PCNA dependent DNA repair.” It has recently been pro-
posed that the SV40-Tag detected in mesothelioma specimens
could play a part in the pathogenesis of this malignancy by
impairing the function of several tumour suppressor and
growth suppressor proteins such as p53 and the RB gene
family.” ” However, the relevance of SV40 to the pathogenesis
of mesothelioma is not universally accepted, and there is epi-
demiological evidence that does not support a link between
SV40 infection and mesothelioma.* Moreover, most mesothe-
liomas retain mutations involving the CDKN2/ARF locus," ”
impairing the functional unit composed by D-type cyclins,
Cdk4/6 kinases, pl6 and pRb proteins which govern the G,
phase of the cell cycle.” It is possible that the most important
target of SV40 in mesothelioma tumorigenesis is the p53
pathway. Indeed, it has been shown that abrogation of SV40-
Tag expression in mesothelioma cells coincides with enhanced
expression of p21."” It has also been shown that the ability of
p14-ARF to reduce the growth rate of mesothelioma cells and
to induce apoptosis depends on the overexpression of p21.*

These observations clearly show that p21 acts as a key ele-
ment in the control of cell growth and tumorigenesis in mes-
othelioma cells. The importance of p21 in the acquisition of
the malignant phenotype has recently been confirmed in dou-
ble knock out studies showing that an increase of CDK activ-
ity in the G, phase of the cell cycle is a critical step in tumour
growth.”

We did not find any relationship between p21 expression
and histological type in the mesothelioma specimens, but
there was a positive relationship between the level of p21
expression and the overall survival of the patients which
suggests that the p21 pathway is involved in the pathogenesis
of mesothelioma. This could occur by silencing p21 through
p53 inactivation by SV40 proteins and/or the weaker
activation of p21 by alternative pathways. A greater reduction
in p21 expression will cause greater aggression and result in a
poorer prognosis.
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This is the first study of which we are aware of the relation-
ship between p21 expression and survival of patients with
mesothelioma. The immunohistochemical expression of p21
could be useful as a prognostic marker for human mesothe-
lioma and may represent a new target for a molecular
approach to treatment. Further studies with a larger number
of patients are needed to confirm these observations, but the
results of this study offer a background to understanding the
role of SV40-Tag in the pathogenesis of malignant pleural
mesothelioma.

ACKNOWLEDGEMENTS

This work was supported in part by AIRC and Ministero della Sanita
grants to MGP and by Second University of Naples grants to FB. AB is
recipient of an FIRC fellowship. The authors thank Dr Pier Giorgio
Natali (Regina Elena Institute, Rome, Italy) for his support and criti-
cal review of the manuscript.

Authors’ affiliations

A Baldi, T Battista, M G Paggi, Laboratory C, Department for the
Development of Therapeutical Programs, Center for Experimental
Research, Regina Elena Cancer Institute, Rome, ltaly

A Baldi, M P Di Marino, A Angelini, R Rossiello, F Baldi, Department
of Biochemistry and Biophysic “F Cedrangolo”, Section of Pathology,
Second University of Naples, Italy

A M Groeger, Department of Cardiothoracic Surgery, University of
Vienna, Austria

V Esposito, R Cassandro, U.O. of Respiratory Diseases, Civil Hospital
of Caserta, ltaly

G Tonini, B Vincenzi, Campus BioMedico University, Rome, Italy

M Santini, Institute of Thoracic Surgery, Second University of Naples,
Italy

AB and AMG contributed equally to this work.

REFERENCES

1 Peto J, Decarli A, La Vecchia C, et al. The European mesothelioma

epidemic. BrJ Cancer 1999;79:666-72.

2 Vogelzang NJ, Schultz SM, lannucci AM, et al. Malignant
mesothelioma. The University of Minnesota experience. Cancer
1984;53:377-83.

Hughes JM, Weill H. Asbestos exposure: quantitative assessment of risk.

Am Rev Respir Dis 1986,133:5-13.

Price B. Analysis of current trends in United States mesothelioma

incidence. Am J Epidemiol 1997;145:211-8.

Cicala C, Pompetti F, Carbone M. SV40 induces mesotheliomas in

hamsters. Am J Pathol 1993;142:1524-33.

Carbone M, Pass HI, Rizzo P, et al. Simian virus 40-like DNA sequences

in human pleural mesothelioma. Oncogene 1994;9:1781-90.

Pepper C, Jasani B, Navabi H, et al. Simian virus 40 large T antigen

(SV4OLTAg) primer specific DNA amplification in human pleural

mesothelioma tissue. Thorax 1996;51:1074-6.

Testa JR, Carbone M, Hirvonen A, et al. A multi-institutional study

confirms the presence and expression of simian virus 40 in human

malignant mesotheliomas. Cancer Res 1998,;58:4505-9.

Galateau-Salle F, Bidet P, Iwatsubo Y, et al. SV40-like DNA sequences

in pleural mesothelioma, bronchopulmonary carcinoma, an

non-malignant pulmonary diseases. J Pathol 1998;184:252-7.

10 Mor O, Yaron P, Huszar M, et al. Absence of p53 mutations in

malignant mesotheliomas. Am J Respir Cell Mol Biol 1997;16:9-13.

Esposito V, Baldi A, De Luca A, et al. p53 immunostaining in differential

diagnosis of pleural mesothelial proliferations. Anticancer Res

1997,17:733-6.

12 De Luca A, Baldi A, Esposito V, et al. The retinoblastoma gene family
pRb/p105, p107, pRb2/p130 and simian virus-40 large T-antigen in
human mesotheliomas. Nature Med 1997;3:913-6.

13 Carbone M, Rizzo P, Grimley PM, et al. Simian virus-40 large-T antigen
binds p53 in human mesotheliomas. Nature Med 1997;3:908-12.

14 Cheng JQ, Jhanwar SC, Lu YY, et al. Homozygous deletions within
9p21-p22 identify a small critical region of chromosomal loss in human
malignant mesotheliomas. Cancer Res 1993;53:4761-3.

15 Waheed I, Guo ZS, Chen GA, et al. Antisense to SV40 early gene
region induces growth arrest and apoptosis in T-antigen-positive human
pleural mesothelioma cells. Cancer Res 1999,59:6068-73.

16 Lukas J, Aagaard L, Strauss M, et al. Oncogenic aberrations of
p16INK4/CDKN2 and cyclin D1 cooperate to deregulate G1 control.
Cancer Res 1995;55:4818-23.

17 Sherr CJ. Tumor surveillance via the ARF-p53 pathway. Genes Dev
1998;12:2984-91.

© N o &« N~ W

e

www.thoraxijnl.com

BuAdod Aq paroalold 1sanb Aq 20z ‘6 udy Uo /wod lwg xeloy//:dny woij papeojumod "Z00zZ [UdY T Uo £G€'v'2G XeIoy)/9ETT 0T Se paysiignd isii :xeloy L


http://thorax.bmj.com/

356

18 el-Deiry WS, Tokino T, Velculescu VE, et al. WAF1, a potential mediator
of p53 tumor suppression. Cell 1993;75:817-25.

19 Marchetti A, Doglioni C, Barbareschi M, et al. p21 RNA and protein
expression in non-small cell lung carcinomas: evidence of
p53-independent expression and association with tumoral differentiation.
Oncogene 1996;12:1319-24.

20 Michieli P, Chedid M, Lin D, et al. Induction of WAF1/CIP1 by a

p53-independent pathway. Cancer Res 1994;54:3391-5.

Jiang H, Lin J, Su Z, et al. Induction of differentiation in human

promyelocytic HL-60 leukemia cells activates p21 WAF1/CIP1

expression in the absence of p53. Oncogene 1994;9:3397-406.

22 Johnson M, Dimitrov D, Vojta PJ, et al. Evidence for a p53-independent
pathway for upregulation of SDI1/CIP1/WAF1/p21 RNA in human
cells. Mol Carcinog 1994;11:59-64.

2

www.thoraxjnl.com

Baldi, Groeger, Esposito, et al

23 Li R, Waga S, Hannon GJ, et al. Differential effects by the p21 CDK
inhibitor on PCNA-dependent DNA replication and repair. Nature
1994,;371:534-7.

24 Mulatero C, Surentheran T, Breuer J, et al. Simian virus 40 and human
pleural mesothelioma. Thorax 1999;54:60-1.

25 Bartkova J, Lukas J, Guldberg P, et al. The p16-cyclin D Cdk4-pRb
pathway as a functional unit frequently altered in melanoma
pathogenesis. Cancer Res 1996;56:5475-83.

26 Yang CT, You L, Yeh CC, et al. Adenovirus-mediated p14(ARF) gene
transfer in human mesothelioma cells. J Natl Cancer Inst
2000;92:636-41.

27 Franklin DS, Godfrey VL, O'Brien DA, et al. Functional collaboration
between different cyclin-dependent kinase inhibitors suppresses tumor
growth with distinct tissue specificity. Mol Cell Biol 2000;20:6147-58.

BuAdod Aq paroalold 1sanb Aq 20z ‘6 udy Uo /wod lwg xeloy//:dny woij papeojumod "Z00zZ [UdY T Uo £G€'v'2G XeIoy)/9ETT 0T Se paysiignd isii :xeloy L


http://thorax.bmj.com/

