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corneas (Fig. 4, D to F). These results showed 
that the corneal equivalents had an active re- 
sponse to different gades of injury, an impor- 
tant functional characteristic of human corneas. 

These engineered corneal equivalents 
have immediate applications as human ocular 
irritancy models for evaluating new chemi- 
cals and drugs, as alternatives to animals 
(30), and in drug efficacy testing such as for 
wound healing. The corneal equivalents can 
also be used in biomedical research, for exam- 
ple, to study wound healing and cell-matrix 
interactions. This technology provides a 
strong basis for the development of tempo- 
rary or permanent cornea replacements with 
low rejection rates. Future research could 
lead to readily available, complex engineered 
tissues that reproduce their natural human 
counterparts and are suitable for implants, 
transplants, and biomedical research. 
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Neurofibromatosis type 1 (NFI) is a prevalent familial cancer syndrome re- 
sulting from germ line mutations in  the NF7 tumor suppressor gene. Hallmark 
features of the disease are the development of benign peripheral nerve sheath 
tumors (neurofibromas), which can progress t o  malignancy. Unlike humans, 
mice that are heterozygous for a mutation in Nf7 do not develop neurofibromas. 
However, as described here, chimeric mice composed in part of Nf7-'- cells 
do, which demonstrates that loss of the wild-type Nf7 allele is rate-limiting in 
tumor formation. In addition, mice that carry linked germ line mutations in  Nf7 
and p53 develop malignant peripheral nerve sheath tumors (MPNSTs), which 
supports a cooperative and causal role for p53 mutations in  MPNST develop- 
ment. These two mouse models provide the means t o  address fundamental 
aspects of disease development and t o  test therapeutic strategies. 
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malignancy (2). NF1 patients are also predis- 
posed to developing optic pathway gliomas, 

stem cell (ES) lines by successive rounds of 
gene targeting and injected the cells into 
C57BLl6 blastocysts to generate chimeric 
mice (12). We analyzed 18 chimeric adults, 
which fell into three phenotypic classes, in 
this study (13). The subset of chimeras (n = 
4) that exhibited the highest degree of chi- 
merism died by 1 month of age of unknown 
causes. The two animals that exhibited the 
lowest degree of chimerism (less than 15% 

by coat color) lived a typical life span and no 
unusual pathology was observed upon nec- 
ropsy. Most animals (12118) fell into the third 
phenotypic class: they exhibited a moderate 
degree of chimerism, frequent myelodyspla- 
sia, and progressive neuromotor defects. The 
life span of these animals varied from 2 to 26 
months. Histological analysis of this subset 
of mice revealed the presence of neurofibro- 
mas in every animal (14). We detected mul- 

pheochromocytomas, and myeloid leukemia 
as well as several symptoms unrelated to 
cancer (3). 

The NFl-encoded protein neurofibromin 
is a member of the GTPase-activating protein 
(GAP). family that includes mammalian 
p120GAP and the yeast IRA proteins (4). Like 
p120GAP, neurofibromin can stimulate the 
GTPase activity of Ras in vitro and in vivo 
(5). Because most mutations in the NFl gene 
in patients are predicted to result in loss of 
function, deregulation of Ras-mediated sig- 
naling is likely to contribute to the pathology 
of NFl (6). 

Although NF1 appears to be a classic 
tumor suppressor gene, the molecular mech- 
anism underlying tumor development in NFl 
has been obscure. Although second hit muta- 
tions affecting the inherited wild-type NF1 
allele have been clearly identified in the my- 
eloid leukemias and pheochromocytomas in 
NF1 patients (7), such mutations have been 
reported for only a small number of neurofi- 
bromas (8). The difficulty in detecting muta- 
tions may be due in part to the complex 
nature of these lesions, which are composed 
of multiple cell types, not all of which are 
expected to develop a second mutation (2). 
However, it also has been suggested that NFl 
heterozygosity may be sufficient for develop- 
ment of benign neurofibromas (haplo-insuf- 
ficiency), with full loss of NFl function be- 
ing restricted to the progression to MPNSTs 
(9). 

Heterozygous mutant (Nf7+'-) animals 
are predisposed to a number of tumor types; 
however, they do not develop peripheral 
nerve sheath tumors or other characteristic 
symptoms of human NFl (10, 11). To test the 
possibility that a mutation in the wild-type 
Nfl allele is required and rate-limiting in the 
formation of neurofibromas in Nfl +'- mice, 
we generated chimeric mice that were partial- 
ly composed of Nfl-'- cells. Germ line ho- 
mozygosity for a Nf7 mutation (Nfl-I-) re- 
sults in embryonic lethality at about day 14 of 
gestation (lo, 1 I). We also developed a mod- 
el of MPNST formation by generating mice 
with combined mutations in Nfl and p53. 
These two models are described below. 

We created two Nfl-deficient embryonic 
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tiple tumors (10 to 100 per mouse), which 
usually emanated from the dorsal root ganglia 
(Fig. 1, A and B) or peripheral nerves in the 
limbs (Fig. 1C). Notably, only plexiform neu- 
rofibromas (those growing along the plexus 
of internal peripheral nerves) were observed; 
dermal neurofibromas, which are more com- 
mon in NF1 patients, were not detected. His- 
tologically, the lesions exhibited the classic 
features of human neurofibromas (15). Most 

chloro-3-indolyl P-D-galactopyranoside (X- 
Gal) staining is not sufficient to rule out a 
low-level contribution of wild-type cells in 
this model. 

Human neurofibromas contain a variety of 
cell types found in normal peripheral nerve 
including Schwann cells, perineurial cells, 
fibroblasts, and neurons (15). We used elecl 
tron microscopy (EM) to determine the cel- 
lular constituents of the lesions in this mouse 

tumors were not visible macroscopically; model. Figure 2A illustrates the overall ultra- 
thus, the number of tumors per animal was structural appearance of a neurofibroma in this 
probably underestimated. In two chimeras, model. As in human neurofibromas Schwann 
however, tumors on the trigeminal nerve and cells were the most common cell type present 
in the tongue were visible upon dissection. 

The contribution of Nfl-'- cells in the 
neurofibromas in these mice was assessed by 
using Nfl-'- ES cells containing a P-galac- 
tosidase (P-gal) expressing transgene (16). 
Five chimeras were produced with these 
cells. Two of the three highly chimeric ani- 
mals developed multiple neurofibromas. In 
all cases, near uniform P-gal expression was 

(Fig. 2, B and C). Importantly, Schwann cells 
(or their precursors) are believed to be the ini- 
tiating cell type [the cell type that undergoes 
loss of heterozygosity (LOH)] in human tu- 
mors. Cells exhibiting features of perineurial 
cells were also observed by EM (Fig. 2D). 
Taken together with the histological analysis, 
these data demonstrate a close similarity be- 
tween the lesions in Nfl-'-: Nfl+'+ chimeras 

observed in the tumors, demons&ting exten- and human neurofibromas. 
sive contribution of Nfl-'- cells (Fig. ID). These lesions were firther characterized by 
We have not detected significant recruitment immunohistochemistry with an antibody recog- 
of wild-type cells into these lesions as might nizing SlOO, a protein expressed in mature 
have been expected given the multicellular Schwann cells and in most human neurofibro- 
nature of human neurofibromas (see below). mas and MPNSTs (1 7). As illustrated by the 
However, the sensitivity of 5-bromo-4- tumor shown in Fig. 1, E and G, SlOO-positive 

Fig. 2. Electron micrographs of murine neurofibromas. EM was performed cin fixed tissue stained 
with lead citrate. (A) Low-power magnification of a neurofibroma containing myelinated axons (N). 
collagen bundles (C), and dissociated Schwann cells identified by arrows. Bar = 10 pm. Dissociated 
Schwann cells exhibit branching cytoplasmic processes (6) and surround collagen bundles (C). Note 
the continuous basal lamina (arrow) characteristic of Schwann cells. Bars = 1 pm. (D) Perineurial 
cells aligned in parallel arrays containing multiple pinocytotic vesicles and a basal lamina were also 
observed in murine neurofibromas. Cells exhibiting either discontinuous or continuous basal lamina 
(arrows) were observed in these tumors. Bar = 1 Fm. 

Schwann cells were observed exclusively asso- 
ciated with entrapped nerves (center) and were 
not found in the surrounding neoplastic tissue. 
In larger tumors in which the original nerve was 
disrupted (for example, Fig. 1, F and H), sparse 
SlOO staining, associated with nerve remnants 
in the center of the lesion, were occasionally 
observed (Fig. lH, right). In all cases (n = 25), 
only minimal SlOO staining was observed in the 
lesion itself. The presence of SlOO-negative 
Schwann cells in the neurofibromas may be 
explained by their development within this 
model system, in which Nfl -'- cells are intro- 
duced at an early developmental stage (equiv- 
alent to E3.5). It is possible that the absence of 
SlOO expression in these neurofibromas reflects 
a requirement for Nfl function in the differen- 
tiation of neural crest-derived precursors to 
S100-expressing Schwann cells in vivo. Indeed, 
neurofibromin is expressed early in Schwann 
cell differentiation in the mouse, 2 to 3 days 
before the onset of SlOO expression (18). In 
contrast, in NF1 patients, neurofibromas arise 
h m  cells that are initially heterozygous for an 
NFl mutation. Cells within the human neurofi- 
bromas would be expected to become NFl-I-, 
but in many cases this might occur after the 
onset of SlOO expression, accounting for the 
high percentage of SlOO-positive neurofibro- 
mas in humans. 

We next addressed the development of 
MPNSTs. Because these malignant tumors 
are often found emanating from primary 
plexiform benign lesions (2, 15), it is thought 
that additional (probably genetic) events are 
involved in the progression to malignancy. In 
fact, mutations in the p53 tumor suppressor 
gene have been detected in human MPNSTs 
and therefore have been implicated in this 
progression step (19). As a means of creating 
a model for MPNST formation and establish- 
ing a causal role for p53 mutations in the 
malignant lesions, mice with germ line mu- 
tations in Nfl and p53 were generated on a 
mixed (1291s~ X C57BLl6) genetic back- 
ground. Because Nfl and p53 are linked on 
chromosome 11 in mice (20), we initially 
generated animals carrying the Nfl and p53 
mutations on opposite chromosomes (NP 
trans) by crossing Nfl+'- and p53+'- mice. 
We also crossed these NP trans animals to 
wild-type animals to generate mice with both 
mutations on chromosome 1 1 (NF' cis), which 
arise after meiotic recombination. Because 
complete chromosomal loss is the most com- 
mon mutational mechanism by which sec- 
ond-hit mutations occur in mice (21), we 
expected most of these NP trans mice to 
undergo LOH at either the Nfl or the p53 
locus (but not both); we also thought this 
population of mice would exhibit a tumor 
phenotype reminiscent of the Nfl+'- and 
p53+'- parental animals (10, 22). In the NP 
cis mice, however, a chromosomal loss 
would be expected to result in LOH at both 
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tumor suppressor loci simultaneously (a phe- 
nomenon we term co-LOH), resulting in cells 
deficient for both Nfl and p53. 

As expected, NP trans animals succumbed 
to tumors more rapidly than mice heterozy- 
gous for a single mutation; they survived an 
average of 10 months and developed tumors 
similar to those found in mice with either 
single mutation (Fig. 3A). Southern blot anal- 
ysis of tumor DNA (n = 6) revealed LOH of 
either the wild-type Nfl locus or the wild- 
type p53 locus (23). In contrast, mice carry- 
ing Nfl and p53 mutations in cis survived an 
average of only 5 months and exhibited a 
significant increase in the percentage of soft 
tissue sarcomas compared with mice of other 
genotypes (Nfl++'-, 5%; p53, 57%; NP trans, 
36%; NP cis, 81%). Furthermore, although 
NP trans animals exclusively develop osteo-, 
fibro-, rhabdomyo-, and hemangiosarcomas, 
about 30% of tumors from the NP cis animals 
stained positively for S 100 and exhibited 
classic histological features of MPNSTs (n = 
28) (Fig. 3B). The percentage of MPNSTs 
identified by these criteria is likely to be an 
underestimate because only 50% of human 
MPNSTs are S100-positive and due to the 
characteristic heterogeneity of this tumor 
type (15, 24). Importantly, loss of both wild- 
type alleles in tumors from the NP cis mice 
was consistently observed (n = 12) (23), 
which suggests that the loss of both genes 
cooperates in formation of these lesions in 
mice and supports a causal role for p53 mu- 
tations in development of MPNSTs in NFI 
patients. The presence of S100-positive cells 
in the tumors from the NP cis mice contrasts 
with the analysis of neurofibromas in the 
model described above, where the lesions 
were universally S loo-. Although this pat- 
tern was unexpected, it supports the hypoth- 
esis that the timing of Nfl deficiency may be 
critical for expression of the SlOO marker. 
Specifically, in contrast to the neurofibroma 
model, in the MPNSTs Nfl-I- cells arise 
from Nfl +I- cells, most likely at a later stage 
of gestation or in the adult mouse. 

In summary, our data on the Nfl-I-: 
Nfl+/+ chimeras indicate that complete loss 
of Nfl is an obligate step in neurofibroma 
development and suggest that the prevalence 
of neurofibromin-deficient cells in the devel- 
oping nerve is the rate-limiting factor in for- 
mation of this tumor in the mouse. It remains 
unclear why fewer of these cells arise in 
NfIl+"- mice than in human NF1 patients. 
Possible explanations include interspecies 
differences in lifespan, target cell number, or 
proliferative properties or interspecies differ- 
ences in the mutability of the NFI locus. We 
have also demonstrated that mutations in Nfl 
and p53 cooperate in the development of 
MPNSTs, which supports a causal role for 
p53 mutations in their formation. .The devel- 
opment of these lesions might call into ques- 

tion the conclusion that a low rate of Nfl 
LOH limits the development of neurofibro- 
mas in Nfl++' mice (see above). We hypoth- 
esize that the concomitant loss ofp53 and Nfl 
function that occurs in development of 
MPNSTs in the NP cis mice allows for the 
outgrowth of cells that otherwise would have 
undergone growth arrest or apoptosis were 
Nfl mutated alone. Previous work has shown 
that dysregulation of the Ras pathway in rat 
Schwann cells leads to growth arrest that can 

be overcome by inhibition of p53 function 
(25); oncogenic ras alleles can also induce 
p53-dependent growth arrest or apoptosis in 
human and mouse fibroblasts (26). 

The simultaneous homozygosing of 
linked mutations by the process described 
here as co-LOH could have more general 
importance in tumor development, which 
could be strongly influenced either positively 
or negatively by the arrangement of linked 
germ line or somatically acquired mutations. 

Age (months) 

D 

Fig. 3. Analysis of Nf7 +I-p53+'- mice. (A) Survival curve of mice carrying Nf7 and p53 mutations 
on the same (NP cis) or opposing (NP trans) chromosomes. The Nf7+'- and ~ 5 3 ~ ' -  curves are 
identical to those published previously. We studied 51 NP trans animals, 34 NP cis animals, 19 
wild-type animals, 37 Nf7+'- animals, and 41 p53+'- animals. (B) Sections of an MPNST arising 
in the rear flank of this animal were stained with H+E (upper) or 5100 antibodies (lower). The 
nuclear 5100 staining observed is also a characteristic of human MPNSTs and neurofibromas. 
MPNSTs were typically observed invading muscle (M) and were associated with nerves (N). Right 
panels are magnified views of left panels. 
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This effect may be more pronounced in mice 
than in humans, where LOH events are typ- 
ically subchromosomal. Still, closely linked 
mutations that act synergistically or antago- 
nistically could strongly affect the process of 
human tumor development through this 
mechanism. 

Finally, we anticipate that both models 
will be critical in further characterization of 
tumorigenic mechanisms in NFl and in the 
evaluation of potential therapies, such as 
compounds designed to inhibit Ras signaling, 
such as farnesyl transferase inhibitors (27). 

References and Notes 
1. D. A. Stumph, Arch. Neurol. 45, 575 (1987). 
2. V. M. Riccardi, Neurofibromatosis: Phenotype. Natu- 

ral History, and Pathogenesis (Johns Hopkins Univ. 
Press, Baltimore, ed. 2, 1992). 

3. j. L. Bader, Ann. N.Y. Acad. Sci. 486, 57 (1986); D. C. 
Hope and j. J. Mulvihill, Adv. Neurol. 29, 33 (1981). 

4. R. M. Cawthon et al., Cell 62, 193 (1990); D. Viskochil 
et al., Cell 62, 187 (1990): M. R. Wallace et al., 
Science 249, 181 (1990). 

5. C. A. Martin et al., Cell 63, 843 (1990); C. F. Xu et al., 
Cell 63, 835 (1990). 

6. T. N. Basu et al., Nature 356, 713 (1992); C. Bollag et 
al., Nature Genet. 12, 144 (1996); E. DeClue et al., 
Cell 69,265 (1992); A. Cuha et al., Oncogene 12,507 
(1996). 

7. K. M. Shannon et al., N. Engl. J. Med. 330, 597 
. (1994); E. Legius, D. A. Marchuk, F. S. Collins, T. W. 

Clover, Nature Genet. 3, 122 (1993); W. Xu et al., 
Genes Chromosomes Cancer 4, 337 (1992). 

8. S. D. Colman, C. A. Williams, M. R. Wallace, Nature 
Cenet. 11,90 (1995); S. Sawada, et al., Nature Genet. 
14, 110 (1996). 

9. K. Daschner et al., Biochem. Biophys. Res. Commun. 
234, 346 (1997); T. W. Clover et al., Genes Chromo- 
somes Cancer 3,62 (1991): R. A. Lothe et al., 1. Neu- 
ropathol. Exp. Neurol. 54, 65 (1995): M. Stark, C. 
Assum, W. Krone, Hum. Genet. 96, 619 (1995). 

10. T. Jacks et al., Nature Genet. 7, 353 (1994). 
11. C. I. Brannan et al., Genes Dev. 8, 1019 (1994). 
12. Nf7-'- ES cells were generated with a two-step 

targeting strategy (28). D3-derived ES cell lines con- 
taining a disruption of one Nf7 allele with a neomy- 
cin (neo) resistance gene replacing exon 31 have 
been described (10). These cells were retargeted with 
a second vector containing a hygromycin resistance 
gene in place of the neo gene, and two Nf7-I- lines 
(designated clones 6 and 47) were identified after 
selection in C418 and hygromycin. Mutations in both 
Nf7 alleles were confirmed by Southern blot analysis 
as described in (10, 21). 

13. Supplementary material is available at www. 
sciencemag.org/feature/data/1043163.shl. 

14. Tissues were dissected, fixed in 10% formalin or 
Bouin's fixative and dehydrated in graded alcohol 
solutions. Paraffin-embedded tissues were cut in 
4-pm sections and stained with hematoxylin and 
eosin (H+E). 

15. J. M. Woodruff, in Soft Tissue Tumors (International 
Academy of Pathology. Baltimore, 1996). 

16. Nf7+'- animals were crossed to mice carrying a 
p-gal transgene driven by the ubiquitously expressing 
ROSA-26 promoter (29). Nf7+'-, ROSA-26+'- ES 
cells were then generated de novo from delayed 
blastocysts (30), and the second Nf l  allele was re- 
targeted by using the hygromycin targeting construct 
used to  generate the previous Nfl-I- cell lines (12). 

17. Tissues were fixed in 10% formalin and processed as 
described, lmmunohistochemical analysis using an 
5100 antibody (Dako) was done according to the 
manufacturer's instructions. 

18. C. Kioussi and P. Cruss, Trends Cenet. 12, 84 (1996); 
D. H. Cutmann, J. L. Cole, F. S. Collins, Prog. Brain Res. 
105, 327 (1995). 

19. A. C. Menon et al.. Proc. Natl. Acad. Sci. U.S.A. 87, 

5435 (1990): M. S. Creenblatt, W. P. Bennett, M. 
Hollstein, C. C. Harris, Cancer Res. 54, 4855 (1994). 

20. A. M. Buchberg, M. S. Buckwalter, S. A. Camper, 
Mammalian Genome 3, 5162 (1992). 

21. C. Luongo, A. R. Moser, S. Cledhill, W. F. Dove, Cancer 
Res. 54, 5947 (1994). 

22. T. Jacks etal., Curr. Biol. 4, 1 (1994); L. A. Donehower 
et al., Nature 356, 215 (1992). 

23. Supplementary material is available at www. 
sciencemag.org/feature/data/1043163.shl. 

24. M. R. Wick, P. E. Swanson, B. W. Scheithauer, J. C. 
Manivel, Am. 1. Clin. Pathol. 87, 425 (1987). 

25. A. 1. Ridley, H. F. Paterson, M. Noble, H. Land, EM60 
J. 7, 1635 (1988). 

26. A. W. Lin et al., Genes Dev. 12, 3008 (1998): M. 
Serrano, A. W. Lin, M. E. McCurrach, D. Beach, S. W. 
Lowe, Cell 88, 593 (1997); M. 5. Soengas et al., 
Science 284, 156 (1999). 

27. J. B. Cibbs, A. Oliff, N. E. Kohl, Cell 77, 175 (1994). 
28. H. te Riele, E. R. Maandag, A. Clarke, M. Hooper, A. 

Berns, Nature 348, 649 (1990). 
29. C. Friedrich, P. Soriano, Methods Enzymol. 225, 681 

(1993). 
30. E. J. Robertson in Teratomas and Embryonic Stem 

Cells: A Practical Approach. E. J. Robertson, Ed. (IRL 
Press, Oxford 1987), pp. 71-112.31. 

31. A. I. McClatchey, I. Saotome, V. Ramesh,]. F. Cusella, 
T. Jacks, Genes Dev. 11, 1253 (1997). 

32. We thank D. Anthony, C. Fletcher, D. Housman, and M. 
Entman for helpful discussions and K. Mercer and D. 
Crowley for assistance with histology. K.C. was support- 
ed by an NNFF Young Investigator Award. This work 
was supported in part by a grant from the Department 
of the Army and the Medallion Foundation. 

1 July 1999; accepted 14 October 1999 

Mouse Tumor Model for 
Neurofibromatosis Type 1 

Kristine S. Vogel,'"? Laura J. Klesse,'" Susana ~elasco-Miguel,'" 
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Neurofibromatosis type 1 (NFI) is an autosomal dominant disorder charac- 
terized by increased incidence of benign and malignant tumors of neural crest 
origin. Mutations that activate the protooncogene ras, such as loss of Nf7, 
cooperate with inactivating mutations at thep53 tumor suppressor gene during 
malignant transformation. One hundred percent of mice harboring null N f l  and 
p53  alleles in cis synergize t o  develop soft tissue sarcomas between 3 and 7 
months of age. These sarcomas exhibit loss of heterozygosity at both gene loci 
and express phenotypic traits characteristic of neural crest derivatives and 
human NFI  malignancies. 

Mutations in tumor suppressor genes are com- 
mon events in human cancers (1). Individuals 
with a mutation in one copy of the NFl gene 
develop benign cutaneous neurofibromas, plex- 
iform neurofibromas, cafe-au-lait spots, and ax- 
illary freckling (2). Through loss of heterozy- 
gosity (LOH) at the NFl locus, patients with 
neurofibromatosis type 1 are at increased risk of 
developing malignancies of neural crest deriv- 
atives, including malignant peripheral nerve 
sheath tumors (MPNSTs), malignant Triton tu- 
mors (MTTs), and pheochromocytomas (2, 3). 
MPNSTs and MTTs arise from plexiform neu- 
rofibromas and frequently are associated with 
mutation or loss of the pS3 tumor suppressor 
gene (2, 4). The protein product of the NFl 
gene neurofibromin is a guanosine triphos- 
phatase (GTPasetactivating protein (GAP) 
that can negatively regulate p21ras signaling 
(5). Mutations that activate Ras cooperate with 
mutations that inactivate p53 in a number of 
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transfckation assays and models of tumori- 
genesis (6) .  

The Nfl andp53 genes are linked in humans 
and in mice (7). To determine whether null 
mutations in Nfl and p53 cooperate to acceler- 
ate tumorigenesis in vivo, we generated a re- 
combinant mouse strain harboring inactivated 
Nfl and pS3 alleles linked on mouse chromo- 
some 11. We accomplished this with inter- 
crosses of trans-Nfl +/-:p53 + /- compound het- 
erozygotes or through crosses with p53 + /- het- 
erozygotes. The integrity of the recombinant 
cis-Nfl:p53 chromosome was established by 
genomic Southern blot analysis and by poly- 
merase chain reaction (PCR). All progeny of 
cis-Nfl +I-:p53 + '- test crosses to wild-type an- 
imals were either compound heterozygotes or 
entirely wild type, which confms  the integrity 
of the double-mutant chromosome. 

Mice that are heterozygous for the Nfl mu- 
tation alone are at increased risk of developing 
pheochromocytomas and myeloid leukemias 
between 18 and 28 months of age (8). Loss of 
one or both copies of the p53 gene leads to 
accelerated tumorigenesis. Thus, p 5 3 - /  mice 
develop lymphomas and hemangiosarcomas by 
6 months of age, whereas p53 /- mice exhibit 
a predominance of osteosarcomas that arise lat- 
er, after 9 months (9). We compared the mor- 
tality of trans- and cis-Nfl + I-:p53 + /- com- 
pound heterozygotes with that of p53+/- and 
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