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Oncogene-induced senescence is a cellular
response that may be crucial for protection
against cancer development1,2, but its investi-
gation has so far been restricted to cultured
cells that have been manipulated to over-
express an oncogene. Here we analyse tumours
initiated by an endogenous oncogene, ras, and
show that senescent cells exist in premalignant
tumours but not in malignant ones. Senes-
cence is therefore a defining feature of pre-
malignant tumours that could prove valuable
in the diagnosis and prognosis of cancer. 

We used a mouse model for cancer initia-
tion in humans: the animals have a conditional
oncogenic K-rasV12 allele that is activated
only by the enzyme Cre recombinase3, causing
them to develop multiple lung adenomas (pre-
malignant tumours) and a few lung adeno-
carcinomas (malignant tumours). Senescence
markers previously identified in cultured cells
were used to detect oncogene-induced senes-
cence in lung sections from control mice
(expressing Cre) and from K-rasV12-express-
ing mice (expressing Cre and activated K-
rasV12). We analysed  p16INK4a, an effector of
in vitro oncogene-induced senescence1, and de
novo markers that we identified by using DNA
microarray analysis of in vitro oncogene-

induced senescence (see supplementary infor-
mation). These de novo markers are p15INK4b

(also known as CDKN2B), Dec1 (BHLHB2)
and DcR2 (TNFRSF10D). In addition, we
looked for two features evident in cultured
senescent cells, namely the expression of
senescence-associated �-galactosidase4 and
the presence of senescence-associated hetero-
chromatin foci5. 

Staining with antibodies against p16INK4a,
p15INK4b, Dec1 and DcR2 revealed abundant
positive cells in adenomas, whereas adeno-
carcinomas were essentially negative (Fig. 1a).
By contrast, the proliferation marker Ki-67
revealed a weak proliferative index in adenomas
compared with adenocarcinomas (Fig. 1a).
Lung cryosections from K-rasV12 mice
stained for senescence-associated �-galactosi-
dase gave an intense signal in the adenomas,
whereas adenocarcinomas gave a weak or 
negative signal (Fig. 1b). Adenomas were 
also strongly positive for HP1-�, which indi-
cates the formation of senescence-associated
heterochromatin foci5, whereas adenocarci-
nomas were negative (Fig. 1c). These results
were consistently found when using K-rasV12
mice carrying Cre transgenic alleles that 
were expressed either inducibly by tamoxifen 

(Cre-ER) or constitutively (CMV-Cre)3; 5–10
mice were analysed for each marker. The
results have also been confirmed by
immunoblotting and by quantitative real-time
polymerase chain reaction with reverse tran-
scription (see supplementary information;
these analyses also included p19ARF, an effector
of senescence-associated �-galactosidase6).

Extending these observations, we combined
the K-rasV12 allele with a transgenic Cre allele
that targets the expression of the oncogene to
the pancreas. These compound mice develop
premalignant lesions (pancreatic intraductal
neoplasias) that progress into malignant 
ductal adenocarcinomas (C.G., A.J.S. and M.
Barbacid, unpublished results). As in lung ade-
nomas, these premalignant lesions were posi-
tive for our oncogene-induced senescence
markers, whereas ductal adenocarcinomas
were negative. Similarly, chemically induced
skin papillomas, which harbour H-ras
oncogenic mutations, were also positive for
oncogene-induced senescence markers (see
supplementary information).

We infer from our findings that oncogene-
induced senescence may help to restrict
tumour progression. In most cells, oncogenic
K-ras signalling is attenuated and is therefore
not sufficient to trigger tumour formation or
senescence3,7. Presumably, rare cells that do
not fully attenuate oncogenic Ras are at the
origin of both premalignant and malignant
tumours. We conclude that a substantial num-
ber of cells in premalignant tumours undergo
oncogene-induced senescence, but that cells in
malignant tumours are unable to do this
owing to the loss of oncogene-induced senes-
cence effectors such as p16INK4a or p53. 
Manuel Collado*, Jesús Gil†, Alejo Efeyan*,
Carmen Guerra*, Alberto J. Schuhmacher*,
Marta Barradas*, Alberto Benguría‡, Angel
Zaballos‡, Juana M. Flores§, Mariano Barbacid*,
David Beach||, Manuel Serrano*
*Spanish National Cancer Centre (CNIO), Madrid
28029, Spain
e-mail: mserrano@cnio.es
†MRC Clinical Sciences Centre, Imperial College,
Hammersmith, London W12 0NN, UK
‡Spanish National Centre of Biotechnology 
(CNB-CSIC), Madrid 28049, Spain
§Department of Animal Surgery and Medicine,
Complutense University, Madrid 28040, Spain
||Centre for Cutaneous Research, Institute of Cell
and Molecular Science, London E1 2AT, UK

1. Serrano, M., Lin, A. W., McCurrach, M. E., Beach, D. &
Lowe, S. W. Cell 88, 593–602 (1997).

2. Lowe, S. W., Cepero, E. & Evan, G. Nature 432, 307–315
(2004).

3. Guerra, C. et al. Cancer Cell 4, 111–120 (2003).
4. Dimri, G. P. et al. Proc. Natl Acad. Sci. USA 92, 9363–9367

(1995).
5. Narita, M. et al. Cell 113, 703–716 (2003).
6. Palmero, I., Pantoja, C. & Serrano, M. Nature 395, 125–126

(1998).
7. Tuveson, D. A. et al. Cancer Cell 5, 375–387 (2004).

Supplementary information accompanies this
communication on Nature’s website.
Competing financial interests: declared none.
doi:10.1038/436642a

TUMOUR BIOLOGY

Senescence in premalignant tumours

Se
ne

sc
en

ce
-a

ss
oc

ia
te

d 
β-

ga
la

ct
os

id
as

e
H

P1
-γDcR2

p16

Dec1

p15

Ki-67

Adenoma
Adeno-

carcinoma
Normal
tissue

Control
a

c

b
K-rasV12

Figure 1 | Premalignant lung adenomas induced by oncogenic K-ras are positive for markers of
senescence, whereas malignant adenocarcinomas are negative. a, Immunohistochemical analysis of
the different tissue types for the indicated proteins. b, Senescence-associated �-galactosidase expression.
A lung section is shown that contains one adenoma (top, blue stained) and one adenocarcinoma
(bottom). Inset, negative control. c, Immunofluorescence using anti-HP1-� staining of adenoma 
(top) and adenocarcinoma (bottom). Insets, double staining with anti-HP1-� (red) and DAPI 
(4,6-diamino-2-phenylindole, which stains cell nuclei) (blue). Dotted line, boundary between 
adenoma and normal tissue. (See supplementary information for further details.)
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