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Abstract

normal regulation of expression of these genes could result from these
carcinogen-induced mutations. An important question is whether the

The mouse skin multistage model of carcinogenesis is an ideal system in
which to study questions related to the timing of oncogene activation and
inactivation of tumor suppressor genes. A number of laboratories have
shown that an early event associated with chemical initiation of mouse
skin tumors involves activation of the Harvey-ras oncogene. To approach

chemical carcinogens directly induce the mutations found in critical
genes or whether the carcinogens are indirectly involved in selection
for cells containing spontaneously induced target gene mutations.
The mouse skin model of multistage carcinogenesis is a system
with numerous advantages for studying the timing of oncogene acti
vation and tumor suppressor gene inactivation. The development of
malignant squamous cell carcinomas in this model involves three
distinct operational stages including initiation, promotion, and pro
gression (6, 7). Initiation and promotion lead to the development of
benign papillomas some of which are premalignant and will progress
to malignancy. The third stage of malignant progression involves
the induced conversion of papillomas to squamous cell carcinomas
(8-10). An advantage to this carcinogenesis model are mouse keratinocyte cell cultures that represent each of the intermediate stages in
tumor development.
Using both the animal and cell culture models of mouse skin
carcinogenesis, researchers have begun to delineate critical gene al
terations that occur at each of the stages of mouse skin tumor devel
opment. A very early event associated with chemical initiation is the
activation of the Harvey-ras oncogene by specific point mutations
(11-13). Amplification of the mutant Harvey-ras alÃ-eleand loss of the
normal Harvey-ras alÃ-eleoccur at late stages in malignant progression
(14). Inactivation of the p53 tumor suppressor gene is another late
event in tumor progression (15-17). At the level of chromosome
alterations trisomy of chromosome 6 and 7 are events that occur in the
development of progressed or late papillomas and they also occur in
SCCs3 (18). Loss of heterozygosity has been demonstrated at loci on

the question of timing of loss of tumor suppressor genes in skin carcino
genesis, we have utilized a model system developed by Kulesz-Martin in
which cloned mouse keratinocytes were initiated with DMBA and variant
clones with benign or malignant phenotypes were developed. We have
generated somatic cell hybrids between the parental clone and the vari
ants to study the potential loss of tumor suppressor activity during the
progression of cells from the initiated to benign and to the malignant
phenotypes. Somatic cell hybrids generated between the parental, normal
cell strain i/.<â€¢..
291) and a malignant cell variant (i.e., 05), that produces
moderately differentiated squamous cell carcinomas (SCCs), failed to
produce tumors indicating tumor suppressor activity in the 291 cells. The
291 cell and a benign papilloma producing variant (i.e., 09) were able to
partially suppress in hybrids the tumorigenicity of another malignant cell
line (i.e., 03) which produces poorly-differentiated SCCs. Suppression of
03 tumorigenicity by the benign tumor cell, 09, was less than that seen
with the normal cell, 291. These results indicated two potentially different
suppressor activities were inactivated during progression of normal 291 to
malignant 03 cells. We have also obtained evidence that constitutive AP-1
activity plays a role in the maintenance of the malignant phenotype of
SCC cell lines. Two different SCC cell lines, 308 lOGyS and PDV, dem
onstrate constitutive AP-1 activity. To examine the role of this activity in
malignant progression, we stably expressed a transactivation deletion
mutant of the human c-jun gene in these cell lines. Expression of this
mutant c-jun protein blocked transcriptional transactivation of AP-1
responsive reporter CAT constructs driven by jun, human collagenase,
and the mouse stromelysin promoters. These malignant cells were not only
inhibited in their AP-1 transactivation response, but also in their ability to
form SCCs upon s.c. injection into athymic nude mice. These results
support the idea that inhibition of AP-1-mediated transcriptional transactivation is in some cases sufficient to suppress the tumorigenic
type of malignant mouse epidermal cells.

pheno

Introduction
The development of fully malignant tumor cells from target stem
cells involves for most epithelial systems stable intermediate stages.
The development of each stage is accompanied by a variety of
biochemical, morphological, and cytological changes. These phenotypic alterations result in turn from either quantitative or qualitative
changes in certain cellular genes. These known cellular genes include
oncogenes (1-3), tumor suppressor genes (4), and effector genes (5)
whose expression is regulated by oncogenes or tumor suppressor
genes. The oncogenes are derived by mutational activation of cellular
protooncogenes and the tumor suppressor genes are inactivated also
by mutation. Chemical carcinogens as well as radiation are known to
induce the types of mutations found to activate protooncogenes and
inactivate tumor suppressor genes. Structural changes and loss of
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the distal arm of chromosome 7 in SCCs (19). This could be indicative
of inactivation of tumor suppressor genes located in this region.
Finally, we and others (20-24) have found enhanced expression of
certain cellular genes at specific stages in the development of mouse
skin tumors and more recently enhanced activity of certain transcrip
tion factors which may regulate the expression of these cellular genes.
Other paradigms of carcinogenesis such as human colorectal can
cers have indicated that multiple tumor suppressor genes are inacti
vated at specific stages in tumor development. In the mouse skin
model there is little information concerning the number and timing of
inactivation of tumor suppressor genes. We have utilized a mouse
keratinocyte cell culture model of carcinogenesis and somatic cell
hybrids to address these questions. A related question concerning the
functional role of constitutive AP-1 transactivation in the maintenance
of the malignant phenotype is also addressed.
Results
Induced Differentiation
and Tumorigenic
Suppression in
Mouse Keratinocyte Somatic Cell Hybrids. While it has been
clearly shown that many animal and human malignancies have lost
tumor suppressor activities and genes, the exact timing of inactivation
during the multistep process of malignant tumor development has not
been defined. We have used a mouse keratinocyte single cell lineage
3 The abbreviations used are: SCC, squamous cell carcinoma; TPA, 12-O-tetradecanoyl-phorbol-13-acetate;
TRE. TPA response elements.
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model to identify temporal and functional importance of tumor sup
pressor activity loss in multistage curcinogenesis. The mouse keratinocytc single cell lineage model of carcinogenesis was developed by
Kulesz-Martin (25-28). A nontumorigenic epidermal cell strain (i.e.,
291) that was sensitive to calcium-induced terminal differentiation
was treated with 7.12-dimethylhcnz[o!]anthracene.
Three phenotypic
variants that were resistant to calcium-induced terminal differentiation
were isolated and they included: (a) a benign pupillomu forming cell
line 291.09RAT (09); (b) a highly undifferentiated, locally invasive
carcinoma cell line 291.03RAT (03); and (c) a less malignant mod
erately differentiated carcinoma cell line 291.05RAT (05).
The parental 291 cells and the three variant cell lines were stably
transfected with various antibiotic resistance genes to allow selection
of somatic cell hybrids. By creating somatic cell hybrids between the
nontumorigenic 291 cells and each of variants, we were able to assess
the timing of tumor suppressor activity loss in this multistage model
of carcinogenesis. We have generated the following somatic cell
hybrids: nontumorigenic (291) X benign (09); nontumorigenic (291)
X malignant (03); nontumorigenic (291) X malignant (05); benign
(09) X malignant (03); and malignant (03) X malignant (05). Unhybridized cell lines and the somatic cell hybrids were injected s.c. into
athymic nude mice to determine the malignant phenotype of these
cells. The malignant but not the benign tumor cells form tumors upon
s.c. injection (26). All of the somatic cell hybrids showed varying
degrees of suppression of tumor formation.
The nontumorigenic cells completely suppressed tumor formation
of the well differentiated malignant 05 cells. In contrast, the nontu
morigenic cells partially suppressed the tumorigenicity of the anaplastic malignant cells, 03. The benign tumor cells also partially sup
pressed the tumorigenicity of the malignant 03 cells; however, the
degree of suppression was less than that seen with the nontumorigenic
291 cells. Interestingly, the less malignant, moderately differentiated
malignant cell line suppressed the tumorigenicity of the anaplastic
malignant 03 cell line. In comparison to the parental malignant cell
lines all of the hybrids demonstrated fewer local mÃ©tastasesand, when
tumor formation was not suppressed, the resulting tumors tended to be
more highly differentiated. In addition, injection sites in which tumors
failed to form were devoid of injected hybrid cells detectable by
polymerase chain reaction amplification of selectable marker genes.
We have obtained gene expression data supporting the idea that
suppression of tumorigenicity in the hybrids involved induced termi
nal differentiation. The nontumorigenic 291 cells but not the malig
nant 03 cells expressed the terminal differentiation-specific keratin
gene, Kl (29). We found that the 291 x 03 hybrid cells in culture
reexpressed the Kl keratin gene.
Constitutive AI'-1 Activity Plays a Functional Role in Mainte
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deregulated viral-/Â«.vgene in benign pupillomu cells already express
ing an activated Harvey-ras oncogene caused these cells to progress to
malignancy (35). We have also shown that malignant SCC cells
constitutivcly express cellular genes that are known to be regulated by
TPA and are known to contain AP-1 cis regulatory elements. Finally,
we have shown that an ionizing radiation-induced malignant variant
cell line (i.e., 308 10Gy5) of a benign papilloma cell line (i.e., 308)
(36) expresses constitutive AP-1 DNA binding and transactivating
ability. In addition, another malignant SCC producing cell line, PDV,
constitutively expresses AP-1 activity. Taken together, these results
indicate that acquisition of constitutive AP-1 activity may be of
significant mechanistic importance in the promotion and progression
of skin cancer. We have hypothesized that inhibition of AP-1 medi
ated cellular events might result in the blocking of the malignant
phenotype. To experimentally approach this hypothesis we have ex
pressed in malignant mouse epidermal cell lines a c-jun deletion
mutant protein. TAM-67, that has been shown to act as a dominant
negative transcription factor (37, 38).
The TAM-67 encoded mutant protein is lacking its transcriptional
activation domain; however, it retains the Icucine zipper DNA binding
domains. It has been shown to complex with both c-jun and c-fos
proteins (38); however, these complexes do not transactivate an AP-1
consensus element. In addition, the mutant c-jun protein has been
shown to act in a dominant negative manner to inhibit c-jun/ras and
c-fos/ras mediated cotransformation of rat embryo cells (37). In our
studies the TAM-67 protein was stably expressed using a mammalian
expression vector in two malignant keratinocyte cell lines. 308 10Gy5
and PDV. We found that expression of the TAM-67 mutant protein
blocked transcriptional transactivation of AP-1 responsive reporter
CAT constructs driven by the jun promoter, the human collagenase
promoter and the mouse stromelysin promoter. Constitutive and inducible transactivation from these promoters was inhibited in TAM67
transfected cells but not in vector only transfected cells or malignant
parental cells. Malignant mouse epidermal cells which stably ex
pressed the mutant c-jun protein were not only inhibited in their AP-1
transactivation response but also in their ability to form s.c. tumors
when injected into athymic nude mice. Our experimental results
indicate that inhibition of AP-1-mediated transcriptional transactiva
tion alone is sufficient to suppress the tumorigcnic phenotype of
malignant mouse keratinocyte cell lines. These results support the idea
that constitutive AP-1 activity could play a functional role in the
conversion to and maintenance of the malignant phenotype of SCC
cells.
Discussion

Studies of the somatic cell hybrid have revealed the presence of
multiple tumor suppressor genes in a single lineage model of multi
nance of the Malignant Phenotype of Squamous Cell Carcinoma
stage carcinogenesis. These studies have also helped to place a func
Cells. Aberrant transcriptional regulation is now clearly associated
tional and temporal significance to loss of tumor suppressor activities
with deregulated gene expression and carcinogenesis. One of the
in the development of epithelial tumors. We have obtained evidence
transcription factor complexes for which there is a role in carcino
genesis is the AP-1 complex consisting of homodimcrs of jun family
in our keratinocyte model that a potential mechanism for suppression
members or heterodimers between jun and fos family members (30of tumorigenicity is the induction of terminal differentiation. In the
33). AP-1 is known to be activated to bind and transact!vate specific
majority of the tumor/normal cell hybrids tested, increased extracel
lular calcium concentrations induced a differentiated phenotype in the
consensus elements in certain cellular genes. In the mouse skin model
cultured cells similar to the response of normal cells. We detected the
of carcinogenesis repeated applications of the tumor promoting agent
expression of the terminal differentiation specific keratin gene, Kl.
TPA to initiated skin results in the development of benign papillomas
Expression of this gene indicated that a population of hybrids had
and transiently induces the expression of genes in the epidermis
known to have the AP-1 consensus a.s-element (34). In addition, TPA
regained the ability to terminally differentiate. In a similar study,
Peehl and Stanbridge (39) have demonstrated that when HeLa cervical
treatment of cultured epidermal cells leads to a rapid and transient
increase in AP-1 DNA binding activity as well as AP-1 transactivating
carcinoma cells were fused to normal human keratinocytes, the loss of
activity. A role for constitutive AP-1 activity was initially established
tumorigenic potential was associated with the induction of differen
tiation in vivo. In addition, researchers have obtained evidence from
for induction of the malignant phenotype in the epidermal system
tumor, normal fibroblast hybrids that the tumor suppression is conwhen Greenhalgh and Yuspa (35) showed that expression of the
1883s
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comminarli with fibroblast differentiation (40). In these particular
examples of somatic cell hybrids including our own hybrids, the
differentiation program of the nontumorigenic cell plays a dominant
functional role in inducing terminal differentiation.
Our data suggest that there is inactivation of two suppressor activ
ities in the development of the malignant, anaplastic 03 tumor cells.
One activity appears to be lost in the progression of nontumorigenic
291 cells to the benign tumor cells, 09, and a second activity may be
lost in the progression of benign 09 to malignant 03 cells. Our data
support the idea that tumor suppressor gene loss is a contributory
genetic event in the formation of benign keratinocyte tumors. Our
results also indicate that inactivation of tumor suppressor activity is a
relatively early event in the formation of benign keratinocyte tumors.
Our studies related to critical molecular events in the progression of
benign to malignant keratinocyte tumors have indicated a functional
role for constitutive AP-1 transactivation activity in the establishment
or maintenance of the malignant phenotype. We have used a dominant
negative mutant c-juii protein (i.e., TAM 67) to block AP-1 activity in

References
1.

10.

malignant SCC cell lines. Among the TAM67 transfected SCC cells
we observed specific inhibition of both constitutive and inducible
AP-1 mediated transcriptional activation, a decrease in the steady state
levels of transcripts for certain AP-1 responsive, effector genes, and
have demonstrated significant suppression of tumorigenicity. The
expression of dominant negative transcription factors to reverse a
malignant phenotype has been shown by other investigators (41^t3).
Both c-fos and c-jun mutant proteins have been shown to act as
inhibitors of the transformed phenotype. The TAM 67 mutant c-jun
protein utilized in our studies have previously been reported to inhibit
c-jun/ras and c-fos/ras mediated cotransformation of rat embryo cells
(37). Our in vivo studies, however, are the first to demonstrate that a
c-jun mutant protein missing the transactivation domain when ex
pressed in malignant epithelial cell lines inhibits their ability to form
tumors in an athymic mouse. The anticipated mechanism of action of
this transactivation dominant mutant c-jun protein is to block or
quench endogenous c/LW/AP-1 from binding and transactivating
gene promoters containing TREs (38). Since the TAM67 protein still
retains the DNA binding and leucine zipper domains it is possible for
this protein to dimerize, occupy the TRE sites on critical genes, block
access by normal jun orjun/fos dimers, and not transactivate. It is also
possible that TAM 67 could dimerize with jun and/or fos, occupy the
TRE sites but not transactivate. This would be a quenching mecha
nism.
Finally, there is the possibility that TAM 67 could mediate its
inhibitory effects through non-DNA binding mediated squelching
mechanisms. We are presently investigating these alternative mecha
nisms in our model system.
In conclusion, we have obtained evidence in cell culture models of
malignant transformation of mouse keratinocytes for multiple genetic
alterations that occur at different stages in the development of malig
nant tumors. A unique finding has been evidence for inactivation of
tumor suppressor activity in the development of benign tumors and
inactivation of a second activity in the progression of benign to
malignant tumors. In a different model system we have obtained
evidence that constitutive AP-1 transactivation activity plays a func
tional role in at least maintenance of the malignant phenotype.
Whether inactivation of the second tumor suppressor activity is in
volved in the constitutive activation of AP-1 is not known; however,
this question is the subject of further investigations.
Acknowledgments
The authors acknowledge
Deering.

12.
13.
14.
15.

assistance

Bishop, J. M. Cellular oncogens and retroviruses. Annu. Rev. Biochem., 52: 301-352,
1983.
Land. H.. Parada. L. F., and Weinberg. R. A. Cellular oncogenes and multi-step
carcinogenesis. Science (Washington DC), 222: 711-717, 1983.
Bowden, G. T. A National Institutes of Health workshop report: chemical carcino
genesis and the oncogenes: a chemical pathology study section workshop. Cancer
Res., 45: 914-918, 1985.
Klein, F. The approaching era of the tumor suppressor genes. Science (Washington
DC), 238: 1539-1545, 1987.
Zarhl, H.. Kho, C. J., Boylan, M. O., Van Amsterdam. J., Sullivan, R. C, Hoemann.
C. D., and Afshani, V. L. Functional in vitro assay for the isolation of cell transfor
mation effector and suppressor genes. Environ. Health Perspect., 93: 83-89, 1991.
Boutwell, R. K. The function and mechanisms of promoters of carcinogenesis. Crit.
Rev. Toxicol., 2: 419-443, 1974.
Scribner, J. D.. and Suss, R. Tumor initiation and promotion. Int. Rev. Exp. Pathol..
18: 137-198, 1978.
Hennings, H., Shores, R.. Weick. M. L., Spangler, E. F.. Tarane, R.. and Yuspa. S. H.
Malignant conversion of mouse skin tumor is increased by tumor initiators and
unaffected by tumor promoters. Nature (Lond.), 304: 67-69, 1983.
O'Connell, J. F.. Klein-Szanto, A. J. P., DiGiovanni, D. M., Fries, J. W.. and Slaga,
T. J. Enhanced malignant progression of mouse skin tumors by the free-radical
generator benzoyl peroxide. Cancer Res., 46: 1863-1866, 1986.
Jaffe. D. R., Williamson, J. F., and Bowden, G. T. Ionizing radiation enhances
malignant progression of mouse skin tumors. Carcinogenesis (Lond.), 8: 1753-1755,
1987.
Balmain. A., Ramsden, M.. Bowden, G. T., and Smith, J. Activation of the mouse
cellular Harvey-ras gene in chemically induced benign skin papillomas. Nature
(Lond.), 307: 658-660, 1984.
Ouintanilla. M.. Brown, K., Ramsden, M., and Balmain, A. Carcinogen-specific
mutations and amplifications of Ha-ras during mouse skin carcinogenesis. Nature
(Lond.), 322: 78-80, 1986.
Bonham, K., Embry, T., Gibson. D., Jaffe, D. R., Roberts. R. A., Cress, A. E., and
Bowden. G. T. Activation of the cellular Harvey ras gene in mouse skin tumors
initiated with urethane. Mol. Carcinog., 2: 34-39. 1989.
Bianchi. A. B., Aldaz, C. M.. and Conti, C. J. Nonrandom duplication of the
chromosome bearing a mutated Ha-rus-l alÃ-elein mouse skin tumors. Proc. Nati.
Acad. Sci. USA, 87: 6902-6906, 1990.
Ruggeri, B., Caamano, J.. Goodrow. T., DiRado. M.. Bianchi. A., Trono, D.. Conti.
C. J., and Klein-Szanto, A. J. P. Alterations of the p53 tumor suppressor gene during
mouse skin tumor progression. Cancer Res., 5/.- 6615-6621, 1991.

16. Burns, P. A., Kemp, C. J., Gannon, J. V., Lane, D. P.. Bremner, R.. and Balmain. A.
17.
18.
19.
20.
21.
22.

23.

24.

25.
26.
27.
28.
29.

the expert secretarial

GENE INACTIVATION

of Margaret
30.

Loss of heterozygosity and mutational alterations of the p53 gene in skin tumours of
interspecific hybrid mice. Oncogene, 6: 2363-2369, 1991.
Han. K-A., and Kulesz-Martin, M. F. Altered expression of wild-type p53 tumor
suppressor gene during murine epithelial cell Iransformation. Cancer Res., 52: 749â€”
753, 1992.
Aldaz, C. M., Trono, D., Larcher, F., Slaga, T. J., and Conti, C. J. Sequential
trisomization of chromosomes 6 and 7 in mouse skin premalignant lesions. Mol.
Carcinog., 2: 22-26, 1989.
Bremner. R., and Balmain. A. Genetic changes in skin tumor progression: correlation
between presence of a mutant ras gene and loss of heterozygosity on mouse chro
mosome 7. Cell, 61: 407^(17, 1990.
Toftgard, R.. Roop, D. R., and Yuspa, S. H. Proto-oncogene expression during
two-stage carcinogenesis in mouse skin. Carcinogenesis (Lond.), 6: 655-657. 1985.
Melber, K., Krieg, P., Furstenberger, G., and Marks, F. Molecular cloning of se
quences activated during multi-stage carcinogenesis in mouse skin. Carcinogenesis
(Lond.), 7: 317-322, 1986.
Matrisian, L. M., Bowden, G. T., Krieg, P., Furstenberger, G., Briand, J. P., Leroy, P.,
and Breathnach, R. The mRNA coding for the secreted protease transin is expressed
more abundantly in malignant than in benign tumors. Proc. Nati. Acad. Sci. USA. 83:
9413-9417, 1986.
Krieg, P., Finch, J.. Furslenberger, G., Melber. K.. Matrisian, L.. and Bowden, G. T.
Tumor promoters induce a transient expression of tumor-associated genes in both
basal and differentiated cells of the mouse epidermis. Carcinogenesis (Lond.). 9:
95-100, 1988.
Ostrowski, L. E.. Finch, J.. Krieg, P.. Matrisian. L., Patskan, G.. O'Connell. J. R..
Phillips. J., Slaga, T. J.. Breathnach, R., and Bowden. G. T. Expression pattern of a
gene for a secreted metalloproteinase during late stages of tumor progression. Mol.
Carcinog., /: 13-19, 1988.
Kulesz-Martin, M. F., Yoshida, M. A., Prestine, L., Yuspa, S. H., and Bertram, J. S.
Mouse cell clones for improved quantitation of carcinogen-induced altered differen
tiation. Carcinogenesis (Lond.), 6: 1245-1254. 1985.
Kulesz-Martin, M. F., Penetrante, R., and East, C. J. Benign and malignant tumor
stages in a mouse keratinocyte line treated with 7, 12-dimethylbenz[u]anthracene
in
vitro. Carcinogenesis (Lond.), 9: 171-174, 1988.
Kulesz-Martin, M. F., Blumenson, L. E., Manly, K. F., Siracky, J., and East, C. J.
Tumor progression of murine epidermal cells after treatment in vitro with 12-0tetradecanoylphorbol-13-acetate
or retinoic acid. Cancer Res., 51: 4701-4706. 1991.
Kulesz-Martin, M. F.. Blumenson. L., and Lisafeld, B. Retinoic acid enhancement of
an early step in transformation of mouse epidermal cells in vitro. Carcinogenesis
(Lond.), 7: 1425-1429, 1986.
Roop, D. R., Kreig, T. M., Mehrel, T., Cheng, C. K., and Yuspa, S. H. Transcriplional
control of high molecular weight keratin gene expression in multistage mouse skin
carcinogenesis. Cancer Res., 48: 3245-3253, 1988.
Angel. P.. Allegretto. E. A.. Okino. S. T., Hattori, K., Boyle, W. J., Hunter, T., and

1884s

Downloaded from cancerres.aacrjournals.org on November 25, 2017. © 1994 American Association for Cancer
Research.

ONCOGENE

31.
32.

33.

34.

35.

36.

ACTIVATION

AND TUMOR SUPPRESSOR

Karin. M. Oncogene jun encodes a sequence-specific transactivator similar lo AP-1.
Nature (Lond.). 332: 166-171, 1988.
Sassone. C. P., Lamph. W. W.. Kamps, M., and Verma. I. M./as-associated cellular
p39 is related lo nuclear transcription factor AP-I. Cell, 54: 553-560, 1988.
ChiÃ¹, R., Boyle, W. J., Meek, J., Smeal. T., Hunter. T., and Karin, M. The c-Fos
protein interacts with cJu/i/AP-l to stimulate transcription of AP-1 responsive genes.
Cell, 54: 541-552, 1988.
Halazonctis. T. D.. Georgopoulos, K., Greenberg. M. E.. and Leder. P. C-./H/Ã•
dimerizes with itself and with c-Fox forming complexes of different DNA binding affini
ties. Cell, 55: 917-924, 198Â«.
Holliday. K.. Fujiki. H., and Bowden. G. T. Okadaic acid induces the expression of
both early and secondary response genes in mouse keralinocytes. Mol. Carcinog., 5:
16-24. 1992.
Grecnhalgh. D. A., and Yuspa, S. H. Malignant conversion of murine squamous
papilloma cell lines by transfection with Ihe Fo.v oncogene. Mol. Carcinog.. /:
134-143, 1988.
Strickland, J. E., (Â¡reenhalgh. D. A.. Koccva-Chyla. A.. Hennings. H.. Restrepo. C.,
Balaschak. M., and Yuspa, S. H. Development of murine epidermal cell lines which
contain an activated rax Ha oncogene and form benign papillomas in skin grafts on
athymic nude mice hosts. Cancer Res., 4K: 165-169, 1988.

GENE INACTIVATION

37. Alani. R.. Brown. P.. Binetruy. B.. Dosaka, H., Rosenberg. R. K.. Angel. P.. Karin.
M., and Birrer. M. J. The transactivation domain of the c-jun proto-oncogene is
required lor cotransformation of rat embryo cells. Mol. Cell. Biol.. //: 6286-6295,
1991.
38. Brown, P. H., Alani, R., Preis, L. H., Syabo, E., and Birrer, M. J. Suppression of
oncogene-induced transformation by a deletion mutant of c-jun. Oncogene. K: 877886. 1993.
39. Peehl. D. M.. and Stanbridge, E. J. The role of differentiation in the suppression of
lumorigcnicity in human cell hybrids. Int. J. Cancer. 30: 113-120. 1982.
40. Harris. H. Suppression of malignancy in hybrid cells: the mechanism. J. Cell Sci.. 79:
83-94, 1985.
41. Okuno. H.. Su/uki, T.. Yoshida. T.. Hashimoto. Y.. Curran. T.. and Iba. H. Inhibition
iti jun transformation by a mutated /av gene: design of an anli-oncogene. Oncogene.
6: 142-149, 1991.
42. Sawyers. C. L.. Callahan. W., and Witte. O. H. Dominant negative myr blocks
Iransformalion by ABL oncogcnes. Cell. 70: 901-910. 1992.
43. Lloyd. A., Yancheva, H., and Waszlyk. B. Transformalion suppressor activity of a
Jun transcription factor lacking its activation domain. Nature (Lond.), 352: 635-638,
1991.

ISSSs

Downloaded from cancerres.aacrjournals.org on November 25, 2017. © 1994 American Association for Cancer
Research.

Oncogene Activation and Tumor Suppressor Gene Inactivation
during Multistage Mouse Skin Carcinogenesis
G. Tim Bowden, Brandt Schneider, Rick Domann, et al.
Cancer Res 1994;54:1882s-1885s.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/54/7_Supplement/1882s

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/54/7_Supplement/1882s.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on November 25, 2017. © 1994 American Association for Cancer
Research.

