[CANCER RESEARCH 61, 1816-1819, March 1, 2001]

Advances in Brief

Tumorigenic Effect of Nonfunctional p53 or p21 in Mice Mutant in the Werner
Syndrome Helicaseé

Michel Lebel, Robert D. Cardiff, and Philip Leder ?

Centre de Recherche en Céanglegie de I'Universite Laval. Pavillon Hdel-Dieu de Qubec, Quebec, Quebec G1R 2J6, Canada [M. L.]; Department of Pathology, The
University of California, Davis, Center for Comparative Medicine, University of California, Davis, CA 95616 [R. D. C.]; and Department of Gétmitiasd Hughes Medical
Institute, Harvard Medical School, Boston, MA 02115 [P. L.]

Abstract allows cells time to repair DNA damage before being fixed as muta-
) o ) tions. The p21 protein is also involved in this cell cycle arrest (22). It
Werner syndrome is an autosomal recessive disorder characterized by is induced by DNA damage and is found associated with inactive
genomic 'n.Stab'“.ty and b.y the premature onset of & ”“’T‘ber of age'“.elated cyclin E/cyclin-dependent kinase 2 complexes which are essential for
diseases, including malignancy. To assess a potential collaboration be- -
G;-S phase transition (23).

tween p21 or p53 cell cycle regulators and Wrn proteins\WWrn mutant mice o . . .
were created and mated withp21 or p53 null mice to generate double In addition to cell cycle arrest, the ability of p53 to induce apoptosis

mutants. The p21 null/Wrn mutant mice did not show an acceleration of 1S thought to be an important factor for its tumor suppressor function
tumorigenesis during the first year of life, suggesting that the p53-depen- (24). Thus, cells lacking p53 function continue to proliferate, perpet-
dent G,-S cell cycle checkpoint (which operates via p21) is not involved in uating potentially oncogenic mutations. Indeed{0% of p53-defi-
Wrn-abetted tumor suppression. In contrast, thep53 nul/Wrn mutant  cient mice develop tumors, especially lymphomas and sarcomas, by 6
mice were particularly remarkable with respect to the rapidity with which months of age (25, 26).
they developed tumors. These mice were also distinguished by the variety e recently created a deletion of part of the helicase domain of the
of_ tumors they developed compar_ed_to thos_e that developed ip53 null _murine homologue of the WS gene in embryonic stem cells to study
mice. Such data suggest a genetic interaction between p53 and Wm in y, o development in mice (27). These mutant mice were further
whm_h loss of Wrn provokes a more‘varlable p53 response unrelated to its crossed tp53null (25) orp21null mice (22) to assess genetically the
role in the G,-S cell cycle checkpoint. . . .
effect of any G cell cycle checkpoint control defect on tumorigenesis.
In what follows, we show thap53 null/Wrn*"®" homozygous mutant
mice show an acceleration of tumor formation as well as a change in
Werner syndrome (WS)is a rare autosomal recessive disordeihe tumor spectrum compared p&3 null. In contrast, thgp21 null/
characterized by the premature onset of a number of processes a¥éar "' homozygous mutant mice did not show an acceleration of
ciated with aging, including malignancy (1, 2). Lymphoid cells antimorigenesis. These results suggest that alteration of a p53- and/or
cultured fibroblasts explanted from patients suffering from WS shoWRN-dependent pathway (possibly apoptotic) is more likely to be
several types of chromosomal rearrangements including deletions &Rgortant in tumor progression than cell cycle checkpoint control in
variegated chromosomal translocations (3—6). These findings sugdi#t mouse model.
that WS is a _human genomic |nst§1blllty or mutator_ _s,yndrome_. TWIaterials and Methods
gene responsible for WSMRN was identified by positional cloning
(7). It codes for a protein containing seven helicase consensus dowm mice lacking part of the helicase domain were created by a homologous
mains that are identical to tHescherichia coliRecQ gene (8) and to recombination strategy into embryonic stem cells as described previously (27).
the Sgsl yeast helicase (9, 10). The protein also contain's5a 3Mice of all possible genotypes were generated by mating the chimeras with
exonuclease activity in addition to it-3' helicase activity (11-13). either Black Swiss or 129/SvEv mice and intercrossing tharfd F, gener-
Recently, studies have demonstrated that the human WRN prot@iqns. Animals were checked three times a week for any external mass,
interacts with p53, which is a protein also important for genomi'efec“c_m' bleeding, gasping, and qverall decrease or chapge in activity or
stability (14, 15). behaV|c_)r_. The date of such observation was rt_ecorded and animals were !(ept for
. an additional 2—4 weeks to assess any decline in the health status. If in each

The p53 protein is a transcription factor (16) whose level is INcase the condition of the animal worsened, the mouse was sacrificed for

_Creased i_n response to genothic stress such as DNA damage. hRilogical examination of its organs as described previously (28).
increase in p53 protein levels is thought to result in transcription of

target genes that mediate many functions. Among its transcriptior'i_"e\‘?SUItS

targets is p247/I7%(17), an inhibitor of cyclin-dependent kinase Like other members of the RecQ helicase superfamily, the mouse

complexes (18) and also an inhibitor of proliferating cell nuclea\f\/S protein contains seven conserved helicase motifs and motifs 1l

antigen (PCNA) activity as well as DNA synthesis (19, 20). P53, v are encoded by two separate exons as in the human gene

function is required for Garrest (21) and it is believed that this a”eshomologue (29). To asseds vivo the importance of the helicase

domain, we designed a homologous recombination construct to re-
Received 9/27/00; accepted 1/18/01. glace a 4.1-kb genomic fragment containing these exons witaoa

Introduction

The costs of publication of this article were defrayed in part by the payment of page . . R
charges. This article must therefore be hereby magdadrtisemenin accordance with Ccassette in embryonic stem cells (27). These embryonic stem cells

18 U.S.C. Section 1734 solely to indicate this fact. were used to generate mutant mice. As described previously, a stable
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mice appeared normal during the first year of life. Ten percent of the
mice died of an unknown cause or showed severe cardiac fibrosis100
upon dissection (data not shown). All 16 wild-type animals observed
during the same period of time were healthy (data not shown). Severay,
different tumors and other pathological findings were observed in‘.‘l_’
homozygous mutant mice older than 15 months of age (Table 1)g
Approximately 62% of the mice had developed some type of hyper-Q 60
plasias or tumors in one of their organs by 24 months of age (Table
and data not shown). This is without considering the other symptoms> 40
that were or were not associated with cancer such as infectionsgg
inflammations, prolapses, fibrosis, and so forth (see Table 1). The
examination of more wild-type mice of similar age are required to
determine whether there is a significant difference in aging or tumor-
igenesis betvyeen both cohorts. . ‘ 1 2 3 2 5 ry 7 8
To determine the effect of thp21 defect on tumorigenesisyrn
mice were crossed 121 null mice to generat@21 null/Wrrphetane! Fo 1 Percentade of ot e e g3 Ul and 53
mice. After 1 year of observation, only 10% of these mice (3 of ZghlI/\Ilg\il.rnl.“e“e“rg'er:ligitomi?én;%grma r:eeri:glg}a;m"onths. Anim'arl)s wgye chgck?ad three
animals) looked ill. Upon dissection of these sick animals, sevef@es a week for any external mass, infection, bleeding, gasping, and overall decrease or
cardiac fibrosis similar to that of the&/rn"e'2he! mice was detected. change in activity or behavior. The dates of such observations were recorded at the first
helAhel . appearance of a symptom in each mouse. Mice were kept for an additional 2 weeks to
Only, onep21 null/Wrn® mouse developed an hemangiosarssess any decline in health status and for pathological examination. The number of
coma before the age of 12 months. Fifty-six percent of the p2imal ) in this survey are indicated for each genotype.
null/WrrAhetahel mice older than 15 months of age had developed
hyperplasias or tumors similar to those detectevim*"*/A"¢! mice
with the same latency (data not shown). Thus, there was no acceler-

oWrnAhel/Ahel
n=54

20| op53-/-/Wrnahel/Ahel
n=35

Age (month)

Table 2 Incidence of each phenotype in p53 null and p53 nullAPRYANe!

. . . . mutant mice
ation of tumorigenesis on thig21 null/Wrn*"®"A"e! cohort compared . ;
heVAhel % p53 " % p53 "
to thewrn* cohort. ‘ . Symptoms (= 10F  wmhelbhel () _ gom
To assess the joint role @53 andWrn in tumor progressionp53 — ;
heVAhel . : hell Hind limb paralysis 10 3
null andwrn® mice were crossed to generg@®3 null/Wrn* Malignant lymphom& 10 31
a"®'animals. These were carefully followed up for over 6 months andThymoma 5 25 26
scored for the occurrence of tumors. Fig. 1 shows #&& null/ wg:g:g I'gfgﬁ:ia;' 2(5) 2
Wrnihetahel mice developed tumors more rapidly thasi3 null mice. Hemangiosarcoma 10 17
Half of the p53null/Wrn*he"2he' mytants had developed some type of Hemangiosarcoma (several foci) 5 34
. . 0 Hemangiosarcoma of heart e 3
illness or tumor by 3 months of age. Approximately 50% of 8%  zcctal adenoma _ 17
null mice had developed a tumor by the age of 4-5 months. Histo<ortical hyperplasia thymus — 34

logical analysis of the sick mice revealed the3 null/Wrmhe/ahel  Sarcoma (aw) -
Sarcoma of salivary gland —

3

. 3

mutants developed a variety of unusual tumors compared tp38e  spindie cell sarcoma (jaw) _ 3
6

3

3

null or Wrm*e¥A"®'mice in our colony (Table 2). Several sarcomas of Pericytoma (jaw) —
Chondrosarcoma of mouth —

Ovarian teratoma —

Myocarditis — 3
Table 1 Phenotype of Wi"®"A"e! mytant mice Hydronephrosis/pyelonephritis — 3
Unknown cause of death 15 3
Symptoms oprnihelidnel (n — 54 Animals with multiple types of tumors — 34
Myocarditis/aortitis 4 2 Number of mice analyzed.
Perivascular lymphoid infiltrate 6 b Symptoms common tp53 ™/~ null, p53*/ T WrnANeVANe! andp53T/ pmihelianel
Myocardial fibrosis 59 mutant mice.
Harderian hyperplasia or displasia 4 ¢—, none detected.

Myeloid hyperplasi&
Myeloid leukemi&
'-ymphonf the mouth, including the salivary glands, were noticed in pb&
R lI/WrrAheranel mice. Such t included icyt indl
Granulocytic sarcoma 2 null/Wr mice. Such tumors included rare pericytoma, spindle
Hepatoblastoma 2 cell sarcoma, and chondrosarcoma. Pa3 null mice mainly devel-
gf;’:ffl’:r‘naa in pancreas o oped myeloid leukemias, hemangiosarcomas, thymomas, or malig-
Bronchial adenoma nant lymphomas (Table 2) (25). Sevekrn*"®'2"e! mice also de-
Lung adenocarcinoma veloped leukemias, thymomas, or lymphomas but none of them
developed hemangiosarcomas (Table 1). These results indicate that

2
2
2
Mammary keratoacanthomas 2
Mammary carcinoma 2
6 deletion of the helicase domain of the Wrn protein affects tumor
2
7

Prolapse or obstruction bladder

Gastric or intestinal polyps spectrum

Inflammation of lung, gut, or bladder 1 ) .

Inflammation of ute?usg 9 A number ofp53 null/Wrn*he’2he! mice (34%) developed several
Polycystic endometrium 4 foci of hemangiosarcomas in different organs. In contradt1% of
Hyperplasia prostatic apparatus 2 the p53 null mice had more than one focus of hemangiosarcoma.
Granulosa cell tumor ovary 2 helAhel .

Cystadenoma ovary 2 Moreover, 34% of thg53 null/Wrn™ mutants simultaneously
Unknown cause of death 20 developed multiple types of tumors. Only 17%\of*"/Ahe! mice
Animals with multiple types of tumors 17

- and none of thep53 null mice under survey developed multiple
2Number of mice analyzed. t Tabl 1 d 2). Th b ti indicat null/
b Symptoms common P53/~ null, p53*/* WrrAeVANe! anqnea-/~ pypyAhelianel umostghaI es 1 anc ). These o servations indica epbanu
mutant mice. Wrnthetahel mice rapidly develop aggressive tumors as well as un-
1817
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usual types of tumors compared p53 null or Wrnhe"2"e! mice in In summary, p53 protein is an important component of cell cycle

our mixed genetic background (Black Swigs129/SvEv). checkpoints. At least a portion of this p53-dependent cell cycle control
is manifest via p21 induction which is, in turn, responsible for the

Discussion G,-S cell cycle checkpoint. The fact thp1 null/Wrn"eVahe! mice

) ~do not undergo accelerated tumorigenesis suggests that i G
The WS gene product contains both an exonuclease and a helicag§ckpoint is not a focus of p53-dependent tumor suppression. More
domain. To assess the importance of the helicase domain, two ex@Rsly, the key suppressor pathway in our mouse model is via the
coding for part of this domain were deleted by homologous recomguction of apoptosis which is also dependent on p53.
bination in mouse embryonic stem cells, leaving all other exons intact
(27). Further analysis with an antibody against the mouse Wrn protéigknowledgments

indicated that a stable mutant protein was being synthesized in muta
P gsy rU\/e are grateful to K. R. Fontaine for technical assistance and to J. E. Walls

mice. Although the smaller mutant contains an intact nuclear |OC<’fl(|J-r her technical assistance with the histopathology

ization signal, it does not copurify with a protein complex containing
PCNA and topoisomerase | (30). This WRN/PCNA/topoisomeraseRieferences
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