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ABSTRACT 

Malignant squamous cell carcinomas and benign papillomas were 

induced in mice using three initiating agents differing in mechanism 

of mutagenesis: benzo(a)pyrene, urethane, and cisplatin. Single 

applications of these agents, with subsequent TPA promotion induced 

' tumor formation, and treatment with a single application of TPA 

before initiation increased tumor yield. To discover if activated 

(transforming) ras oncogenes were present in the tumors, DNA's from 

carcinomas were used, in a NIH3T3 transfection assay, to transform 

recipient cells. DNA's from normal tissues, used in the same assay, 

did not transform cells. Transformant DNA's were isolated, digested 

with restriction endonucleases, and in Southern hybridization analyses 

exposed to probes for specific H, K, and N-ras oncogenes. Activation 

of the cellular H-ras oncogene was demonstrated in transformants from 

each tumor, either by the presence of amplified genes or the presence 

of a H-ras oncogene in an additional restriction fragment. 

vi i i 



CHAPTER 1 

INTRODUCTION 

Oncogenes and Their Transforming Protein Products 

One of the most dramatic and possibly most important discover

ies in cancer research within the last decade is the discovery of 

transforming genes, or oncogenes, in various tumors. These genes were 

first identified in retroviruses, which are RNA viruses that have the 

capability, upon infection, of causing tumor formation. Along with the 

necessary genes for propagation, these viruses contain different single 

genes that are translated into protein products in the host cell and 

lead to its transformation. These viral oncogenes were well character

ized and studied, but their significance has been overshadowed by the 

discovery of complementary cellular oncogenes in a wide variety of 

species. The existence of cellular oncogenes was first demonstrated in 

normal cells of various avian species (Stahelin et al., 1976). These 

cells were shown to contain DNA with sequences that were homologous to 

the transforming gene of the avian sarcoma virus. These findings were 

quickly duplicated and extended to other species and other cellular 

oncogenes (Bishop, 1981). It is believed that the viral oncogenes are 

the product of rare recombinational events that have occurred over a 

long span of time, in which the virus picked up the normal cellular 

gene and incorporated it into its own genetic material. 
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The discovery of cellular oncogenes was soon followed by work 

in several different laboratories which demonstrated that these genes 

could exist in mutated or "activated" form in non-virally infected 

cells that had been transformed by chemicals or isolated from human 

tumors (Reddy et al., 1982; Tabin et al., 1982; Taparowski et al., 

1982). The term "proto-oncogene" was coined to refer to the normal, 

non-transforming gene, while the term "oncogene" is reserved for its 

activated counterpart. It appeared, then, that this proto-oncogene 

would perform its normal function in normal cells, but in transformed 

or tumor cells, this function was altered. Many of these findings 

came from studies on the transformation of cells in culture. These 

transformed cells display various phenotypes associated with cancerous 

cells. These phenotypes include loss of contact inhibition, anchorage-

independence, and lessened nutrient requirements. Such transformation 

of cells in culture can be accomplished through the application of 

carcinogenic chemicals or appropriate dosages of radiation (Ruddon, 

1981). In addition to these methods, the transfer of DNA, from tissues 

of animal or human origin, into selected recipient cells can transform 

them. In this process, known as transfection, the donor DNA is applied 

to the cells, where it is incorporated into the cell's own genome, and 

expressed along with its own DNA. It was demonstrated that DNA from 

tumor cells could indeed affect such a transformation, while DNA from 

normal tissue, often from the same test animal or patient, could not. 

The portions of the tumor DNA that were taken up into these cells 

were shown to be the previously identified proto-oncogenes which had 

undergone some change to cause them to become activated. 



The use of this assay has led to the discovery of many onco

genes from tumor cells, only some of which have retroviral counter

parts. The high conservation of sequence of these genes between 

species leads to the conclusion that their role in normal biology is 

an extremely important one. While it would seem obvious that this 

role must be in gene regulation and cell development, the precise 

function of most of the identified proto-oncogenes remains obscure. 

The product of the sis gene appears to be at least one of the two 

chains of the platelet-derived growth factor, and the product of the 

erb B gene may be part of the epidermal growth factor receptor 

(Waterfield et al., 1983, Doolittle et al., 1983, Downward et al., 

1984). 

The best means to delineate the role of oncogenes in the 

development of cancer has been through comparison of the normal genes 

and their products to the transforming genes and their products. These 

experiments have revealed the mechanisms of activation of proto-onco

genes, which usually fall into one of three general categories. A 

quantitative change in expression can lead to an abnormal amount 

(theoretically either higher or lower) of the protein product in the 

cell, altering its normal function and leading to transformation. 

This alteration in function can also come about by a qualitative 

change in the protein itself; point mutations in the gene can lead to 

an incorrect amino acid sequence in the protein. Finally, an ectopic 

expression of the gene, in which normal amounts of the normal protein 

made in a cell in which the gene is usually unexpressed or at a stage 



of differentiation at which the gene is usually not expressed, could 

lead to transformation. All these possibilities of mechanisms have 

indeed been shown to occur in different tumors or transformed cell 

lines (DeFeo et al., 1981; Collins et al., 1983;. Schwab et al., 1983; 

Payne et al., 1982; Leder et al., 1983). It seems likely that combi

nations of these mechanisms could also be associated with proto-

oncogene activation and subsequent tumor development. 

The protein products of oncogenes are often grouped in 

"families" due to similar molecular actions. The first such family 

is the tyrosine protein kinases, which include the src, yes, abl, and 

ros genes (Levinson et al., 1980; Kawai et al., 1980; Witte et al., 

1980; Feldman et al., 1982). A second family, containing the erb B, 

fms and mos genes, are structurally related to the tyrosine kinases, 

but do not maintain this function (Yamamoto et al., 1983; Privalsky et 

al., 1984; Van Beveren et al., 1981). The njyc and nyb oncogenes com

prise the third family, associated because of their protein products 

location in the cell nucleus (Donner et al., 1982; Klempnauer et al. 

1983). The sis and erb B genes are members of the family composed of 

growth-factor or receptor protein related products. The final family 

consists of proteins that have GTP binding ability and GTPase activity 

these are the ras genes. 

Ras Oncogenes: Activation and Role in Carcinogenesis 

The ras family of oncogenes has at present three members, H-

ras, K-ras, and N-ras. H-ras is the cellular counterpart to the 



5 

transforming gene of the Harvey murine sarcoma virus, and K-ras is 

the counterpart to the transforming gene of the Kirsten murine sarcoma 

virus. These cellular oncogenes were discovered through transfection 

studies of tumor DNA, and found to have high homology to their viral 

counterparts (Der et al., 1982; Parada et al. 1982; Santos et al., 

1982). Another transforming gene was soon isolated from two human 

sarcoma cell lines, a neuroblastoma and a variety of leukemias 

(Marshall et al., 1982; Hall et al., 1983; Shimizu et al., 1983; Eva 

et al., 1983). This gene did not have a viral counterpart, but did 

display considerable homology to H-ras and K-ras; it was, therefore, 

termed N-ras. 

These three genes code for similar proteins, all having a 

molecular weight of approximately 21,000 daltons. The first 86 amino 

acids of this 189 amino acid protein are identical in all three protein 

products, with the next 88 amino acids showing 80% homology. The final 

19 amino acids are radically different in each protein (Wigler et al., 

1984). These observations, and those which couple the enzymatic 

activity of this molecule to its highly conserved portion, led to the 

hypothesis that each functions similarly, but possibly at a different 

location, or on different substrates. 

Certain biochemical properties for the normal p21 have been 

identified. It can bind GTP and GDP and has inherent GTPase activity, 

whereas the transforming p21 is deficient in this enzymatic activity 

(McGrath et al., 1984). Normal p21 activity may be functionally 

similar to that of the "G" proteins, which have the same enzyme 
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action and also act to intracellularly transduce growth regulation 

signals (Gilman et al., 1984). Moreover, studies utilizing monoclonal 

antibodies to ras proteins in both in vitro assays and cell culture 

support the belief that this in vitro enzymatic activity is indeed 

responsible for its biological function (Hattori et al., 1985). 

Activated ras oncogenes have been found in tumors of epithe

lial, fibroblastic, or hematopoietic origin, both from human and animal 

tissues (Pulciani et al., 1982;'Dhar et al., 1982; Eva et al., 1983). 

The first human tumor oncogene to be molecularly cloned was an H-ras 

gene from a bladder carcinoma cell line designated T24 (Goldfarb et 

al., 1982; Shih, 1982). Analysis of the sequence of this ras gene 

led to a very surprising discovery. In this transforming gene, a 

single point mutation, a G —> T transversion, causes the amino acid 

found in position 12 of the p21 to change from a glycine to a valine. 

This single amino acid change gives the protein its transforming abil

ity (Reddy et al., 1982; Capon et al., 1983). Since this discovery, 

single point mutations, causing single amino acid substitutions, have 

been found to be the molecular lesion responsible for the activation 

of many ras genes (Yuasa et al., 1984; Notario et al., 1984). With 

only one exception, these single amino acid substitutions have always 

been found in either position 12 or position 61, regardless of which 

ras gene is activated. This exception is a substitution found in 

position 13, adjacent to the codon most often found changed, and 

probably able to confer a similar structural alteration on the protein 

(Bos et al., 1985). 



The discovery of these activating point mutations allowed 

research to be done in vitro to discover the means by which such 

alterations would confer transforming ability. Point mutations in ras 

genes do not affect the localization, modification, or GTP-GDP binding 

abilities of p21, but such mutations do decrease its GTPase activity 

(Finkel et al., 1984; Manne, et al., 1985). Amino acid substitutions 

do change the autophosphorylation of p21, and constructed mutant 

genes have been used to demonstrate that, in position 12, any amino 

acid except glycine, the normal ras gene component, or proline, will 

confer transforming ability (Gibbs et al., 1984; Seeburg et al., 

1984). Moreover, random mutagenesis causing amino acid substitutions 

at positions 13, 59 or 63 can also cause transformation (Fasano et 

al., 1984). Structural analysis of position 12 in p21 shows that 

both proline and glycine cause helix termination at this site, while 

other amino acids do not; this may be the structural feature which 

prevents transformation (Pincus et al., 1985). It is possible that 

mutations at other sites in the ras gene can lead to transforming 

ability, but only substitutions in these "hot spots" are found using 

the NIH3T3 transfection assay. 

Chemical Carcinogenesis and Mutations in Genes 

Research into the etiology of human cancer began over 100 

years ago, and the significance of the ability of certain chemicals 

to cause tumor formation was noticed very quickly (Ruddon, 1981). 

Since that time, the study of chemical carcinogenesis has defined 

certain circumstances that lead to malignancy. Due to the recognition 
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of preneoplastic lesions in many types of cancer, and the long latency, 

carcinogenesis is now thought to involve a number of steps. It is 

widely agreed upon that a permanent alteration in the structure of 

DNA is an early irreversible event in cancer. Because cancer is a 

multi-step disease, it can be truly understood only by uncovering the 

mechanism of each step. 

In an attempt to define this multi-step process, an experimen

tal model of chemical carcinogenesis in several stages is often used. 

The induction of tumors in test animals is accompished through a two-

stage regime, termed initiation-promotion (Yuspa, 1976). A single 

subthreshold application of a carcinogen (chemical or physical) is 

used to induce DNA damage. This initiation stage is then followed by 

multiple applications of a promoter, whose mechanism of action is not 

yet defined but which causes the altered DNA to be expressed. This 

protocol has been used extensively in the study of skin carcinogenesis 

in the mouse. Many different initiating agents are used to cause a 

variety of DNA alterations, and the most common promoting agent used 

is 12-0-tetradecanoylphorbol-13-acetate (TPA). This system is commonly 

used because it is highly controllable, tumor development can be quan-

titated non-invasively, and the progression from benign papillomas to 

malignant carcinomas is readily distinguishable. Initiation and pro

motion elicit tumors within a time period in which promotion alone 

does not, suggesting that the alteration of DNA caused by the initiat

ing agent may be a necessary event in tumor development. The mechan

ism by which this permanent alteration in DNA begins the carcinogenic 
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process, and the relationship of transforming genes to the initiated 

state, are not yet defined. 

Activation of ras Genes in Experimentally Induced Tumors 

Although ras genes are activated in many different human 

tumors, the frequency of such activations is low (Fujita et al., 1985; 

Feinberg et al., 1983). Moreover, the uncertain etiology of most 

human tumors makes speculation about the mode of oncogene activation 

and its relationship to tumor progression very difficult. For these 

reasons, certain laboratories have turned to study proto-oncogene 

activation in experimentally induced carcinogenesis in test animals. 

The protocol for such work involves the induction of tumors, frequently 

in rodents, using specific carcinogens in a specific format. The DNA 

from the tumors that arise is then used in a transfection assay, to 

test for transforming ability. The recipient cells used for this 

assay are most commonly of the cell line NIH3T3. This immortalized 

cell line of mouse fibroblasts has shown great efficiency in incorpor

ating and expressing exogenous DNA. If certain cells are transformed, 

they form foci, which can be isolated and grown in large enough quan

tities to isolate DNA from them. This transformant DNA is then used 

in a secondary round of transfections, to assure that the transformed 

phenotype is genetically transferable. Once DNA is isolated from 

these secondary transformants, it is enzymatically cleaved using 

specific restriction endonucleases, and separated by electrophoresis 

on agarose gels. The DNA is then transferred to nitrocellulose 
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filters, on which it is exposed to radioactively-labeled probes for 

specific genes. If the gene in question has segregated with the 

transformed phenotype, amplification of the gene at its normal cellu

lar position, or an additional copy of the gene, will be apparent. 

In addition to this analysis of transformant DNA, the original tumor 

DNA may also be studied restriction enzyme digestion and hybridization 

to oncogene probes. By comparing hybridization patterns of tumor DNA 

to that of DNA from normal tissue, chromosomal rearrangements or gene 

amplification of the gene in question can be discovered. 

Using this protocol, Balmain and associates (1984) have 

demonstrated H-ras oncogene activation in both benign papillomas and 

malignant carcinomas in mice. These tumors were induced using a 

common two-stage protocol of initiation and promotion, using 7,12-

dimethylbenz[a]anthracene (DMBA) for initiation and 12-0-tetradecanoyl-

phorbol-13-acetate (TPA) for promotion. The ras genes have likely 

been activated due to amino acid substitutions, since at least thrse 

different forms of p21 were isolated from transformants, and no gene 

amplification or chromosomal rearrangements were observed. Chemical 

carcinogens have also been used to induce mammary carcinomas in rats, 

which have been shown to have activated H-ras oncogenes (Zarbl et 

al., 1985). Interestingly, tumors induced with N-nitroso-N-methylurea 

(NMU) had point mutations in codon 12, while tumors induced with 7,12-

dimethylbenz[a]anthracene had point mutations in codon 61. This may 

be an example of carcinogen specificity for a location or nucleotide 

within an oncogene because the G —> A transition found in each NMU 
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induced tumor is the type of mutation caused by NMU almost exclusively. 

Oncogenes have also been activated in experimental animal systems 

through the use of radiation as a carcinogen. Guerrero and associates 

(1984) have demonstrated different ras oncogenes being activated in 

the same kind of tumor induced with either gamma radiation or NMU. 

Thymic lymphomas induced by radiation were found to have activated 

K-ras genes, while those induced chemically with NMU had activated 

N-ras genes. This is, then, an example of carcinogen specificity for 

a particular oncogene. 

This research led us to the question of whether different 

classes of chemical carcinogens, that is, chemical carcinogens that 

cause different kinds of mutations or act through different pathways, 

would activate different ras oncogenes in similar tumors. To pursue 

this question, we chose to use the mouse skin initiation-promotion 

protocol for the induction of tumors. Three different chemical car

cinogens were chosen to elicit tumors. Benz(a)pyrene is a polycyclic 

aromatic hydrocarbon, similar in action to 7, 12-DMBA, whose oncogene 

activation has already been demonstrated in this system (Balmain et 

al., 1984). Urethane is an alkylating agent with a differing carcino

genic mechanism that has been used extensively in mouse skin tumor 

induction (Hennings et al., 1969). Finally, cisplatin (cis-diamino-

dichloroplatinum), an agent often used to treat human malignancies, 

was chosen because it acts as a mutagen by causing crosslinks between 

DNA and DNA, DNA and protein, or protein and protein. One of our 

goals was to test the efficacy of cisplatin as an initiating agent in 
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the strict two-stage initiation-promotion protocol, for this had 

never been done. The only in vivo carcinogenicity study done with 

cisplatin involved multiple treatments followed by TPA promotion, so 

that the role of cisplatin as an initiator or a complete carcinogen 

was ambiguous (Leopold et al. 1979). In their mouse skin tumor study, 

CD-I mice received 16 weekly i.p. injections of cisplatin; some of 

these mice were subsequently treated with twice weekly applications 

of 0.6% croton oil (the natural product from which TPA is isolated). 

The mice treated with cisplatin and croton oil developed many papil

lomas and several carcinomas by week 41, while those treated with 

either agent alone did not. 

In several studies involving mouse skin tumor development, 

total tumor yield, both in terms of the percentage of mice with tumors 

and the average number of tumors per mouse, has been shown to increase 

with a treatment of croton oil given approximately one day before 

initiation. This pretreatment effect has been demonstrated in the 

mouse skin system with various initiating agents, including polycyclic 

aromatic hydrocarbons (Pound, 1968; Hennings et al., 1969), urethane 

(Hennings et al., 1969; Pound et al., 1962), and N-methyl-N'-nitro-N-

nitrosoquanidine (Bowden et al. 1974) and in the development of fibro

sarcomas in rats (Zbinden et al., 1983). This croton oil pretreatment 

effect is believed to be due to stimulation of cell proliferation and 

DNA synthesis during initiation (Grisham et al., 1983). We developed 

our treatment groups to test for this effect in the cisplatin and 

urethane groups, using TPA for both pretreatment and promotion. 



CHAPTER 2 

MATERIALS AND METHODS 

Chemicals, Enzymes and Nucleotide Probes 

Urethane and cis-diamminodichloroplatinum were obtained from 

Aldrich Chemical Company (Milwaukee, WI). TPA was obtained from 

Peter Bochert (Eden Prairie, MN). Guanidine thiocyanate was obtained 

from Eastman Kodak Company (Rochester, NY). Cesium chloride was 

obtained from International Biotechnologists, Inc. (New Haven, CN). 

Nick translation enzyme and buffer were obtained in a nick translation 

kit from Amersham Corporation (Arlington Heights, IL). Radioactive 

(32p) deoxycytosine triphospate was obtained from ICN Technologies 

(Irvine, CA). Restriction enzyme Eco R1 was obtained from Amersham 

Corporation. Plasmids containing H-ras (BS9) and K-ras (HIHI III) 

were obtained from Allan Balmain (Glasgow, Scotland), and N-ras 

(pN-pl) from Ron Buick (Ontario, Canada). 

Animals and Cells 

Female, 7 week old, CD-I mice were obtained from Charles 

River (Willington, MA). They were housed five or six animals per 

stainless steel cage, which contained pine shavings as bedding. Mice 

were fed Wayne Lab blocks and tap water ad libitum. Lighting was 

controlled to provide a cycle of 12 hours light and 12 hours darkness. 

Room temperature and humidity were set and maintained at 22°C and 55%, 

13 
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respectively. Cervical dislocation was used for termination of 

mi ce. 

NIH3T3 cells were obtained from John Hunt, University of 

Arizona, and kept frozen under liquid nitrogen. When in culture, all 

cells were maintained at 37°C, 10% C0£, and were fed Dulbecco's Modi

fied Eagles Medium (Gibco, Grand Island, NY) supplemented with 10% 

fetal bovine serum (Gibco) and 100 units/ml penicillin and 100 ug/ml 

streptomycin (Gibco). Cells were passaged frequently to prevent 

confluence, and stocks were frozen frequently to prevent use of cells 

with high passage numbers. 

Tumor Induction 

Mice were shaved two days before treatment. For cisplatin 

initiation, mice were divided into two groups of 30 mice each. Group 

One received pretreatment one day before initation with topical appli

cation of 17 nmoles of TPA in 200 ul of acetone; Group Two did not 

receive pretreatment. Ten mice from each group were injected i.p. 

with 60, 90, or 120 yg of cisplatin in 200 ul of normal saline. 

For urethane initiation, mice were divided into two groups of 

40 mice each. Group Three received TPA pretreatment and 60 mg of 

urethane in 200 ul of acetone topically, while Group Four received 60 

mg of urethane with no pretreatment. 

TPA promotion was begun on all groups one week after initia

tion, consisting of twice weekly topical applications of 5 ug TPA in 

200 ul acetone. As a control, Group Five, consisting of 50 mice, 
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received TPA promotion only. Tumors were counted and tabulated weekly, 

for the duration of the experiment, 50 weeks. Analysis of the tumor 

data was conducted to test the statistical significance of tumor in

duction and the pretreatment effect. Two variables were tested: the 

percentage of mice with tumors and the average number of papillomas 

per mouse. The percentage of mice with tumors was compared between 

treatment groups using both a generalized Wilcoxon (Breslow) and a 

generalized Savage (Mantel-Cox) statistic, while the average number 

of papillomas per mouse was compared using a Kruskal-Wallis statistic 

(Peto et al., 1976a,b; Zar, 1984). Two statistics were used to com

pare the percentage of mice with tumors since the generalized Wilcoxon 

has greater power to detect differences at early time points and the 

generalized Savage places equal weight at all time points. 

Tumors were also used from a previous tumor induction experi

ment. In this experiment, mice were initiated with topical applica

tion of four milligrams of benzo(a)pyrene in 200 ul of acetone; 

promotion was begun one week later, consisting of twice weekly topical 

applications of 5 ug TPA in 200 ul acetone. 

DNA Isolation From Tumors 

Animals were terminated and tumors removed. The tumors were 

cleaned by removing necrotic material and washing in normal saline. 

One to two grams of tumor tissue was then ground to a fine powder 

under liquid nitrogen in a mortar and pestle. This powder was then 

added to 40 mis of guanidine thiocyanate lysis buffer (200 gms 
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guanidine thiocyanate, 2.04 gms tris-hydrochloride , 6.3 gms sodium 

EDTA in 320 mis water, plus 17 mis 3-mercaptoethanol). Four milli

liters of 20% sarcoysl in water was added and the mixture gently 

agitated. The solution was then heated at 60°C for two minutes. The 

solution was then placed in polycarbonate tubes atop a cesium chloride 

gradient (two milliliters 1.6 p cesium chloride in water atop two 

milliliters 1.7 p cesium chloride in water). These tubes were placed 

in an ultracentrifuge and run for 48 hours at 15°C and 27,000 rpm. 

During this centrifugation the DNA migrated to the interface of the 

cesium chloride solutions. When the tubes were removed from the 

centrifuge, the lysis buffer solution was removed, and the DNA in 

cesium chloride was collected and pooled. The DNA in this solution 

was precipitated by adding two volumes of 100% ethanol and storing at 

-20°C overnight. The precipitated DNA was collected and dissolved in 

a small volume of TE buffer (.1 M tris-hydrochloride, 0.1 M EDTA). 

Any protein contaminants were removed from this solution by sequential 

extractions with phenol equilibrated with TE buffer, and phenol-chloro

form (1:1). This DNA was then used for direct analysis with Southern 

hybridization and as donor DNA in a transfection assay. 

Transfection Assay 

One day prior to transfection, 2 - 4 x 106 NIH3T3 cells were 

plated out in one T-75 culture flask. The transfection solution was 

prepared by mixing together 0.5 ml DNA solution (40 ug in TE buffer), 

0.4 ml TE buffer, and 0.1 ml 2.5 M CaClg. This mixture was added slowly 
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to 1.0 ml 2 x HBS (280 mM NaCl, 50 mM HEPES, 1.5 mM Na2HP04 . 2H20), 

mixed, and left at room temperature for 30 minutes. This mixture was 

then gently added to 4.0 ml media. The media was removed from the 

flask, and the transfection mixture added. The flask was then incu

bated at 37°C for approximately 20 hours. At this time, the transfec

tion mixture was removed, and 4.0 ml glycerol solution (15% in 2 x 

HBS) was added; the flask was incubated at 37°C for four minutes. The 

glycerol solution was then removed, the flask rinsed with fresh media, 

and fresh media added. Forty-eight hours later, cells were removed 

and plated into new flasks at a 1:10 dilution. After two more days, 

media was changed to 5% fetal calf serum, and cells were refed every 

three days. Foci were counted two to three weeks later and isolated 

from the flask to allow for growth and subsequent DNA isolation. 

DNA Isolation From Transformed or Normal NIH3T3 Cells 

Cells from 7-10 T-75 flasks were collected and placed in two 

ml TE buffer. This cell suspension was then added to the cell lysis 

buffer (0.3 M sodium acetate, 05% SDS, 5 mM EDTA). This mixture was 

gently shaken at 50°C for five minutes and the proteins extracted 

with several phenol/chloroform extractions. The nucleic acids were 

precipitated from the aqueous phase by addition of two volumes of cold 

100% ET0H. The precipitated nucleic acids were then taken up in 1 ml 

of water, and the RNA was selectively precipitated by the addition of 

1 ml of 4 M lithium chloride at 4°C for at least four hours. The 

supernatant, which contained the DNA, was transferred into two volumes 
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of cold 100% ETOH, precipitated, and dissolved into TE buffer. This 

DNA was used in secondary transfection assays, or Southern hybridiza- . 

tion. 

Nick Translation of Oncogene Probe 

The nick translation reaction was prepared by adding to a 

50 yl Ependorf tube 0.5 gms probe DNA in 10 yl water, 10 yl nick 

translation buffer (Amersham), 25 ul (250 uCi) 32p dCTP, and 5 ul 

nick translation enzyme (Amersham). This reaction was incubated at 

14°C for two hours. After this time, the DNA probe was precipitated 

by addition of 5 ug yeast t-RNA, 19 ul 10 M ammonium acetate, and 

74 ul cold 100% ethanol. This mixture was placed in a dry ice bath 

for greater than ten minutes, spun at 15,000 rpm for ten minutes, and 

the precipitate washed with 70% ethanol twice. The precipitate was 

then dissolved in 100 ul water, and prior to addition of probe to 

hybridization mixture, 11 ul 1 M sodium hydroxide was added and the 

solution incubated at 37°C for five minutes. 

Southern Hybridization - Restriction Endonuclease Digestion, Gel 

Electrophoresis and Transfer to Nitrocellulose 

Thirty micrograms of sample DNA in 72 ul water was added to 

6 ul ECO R1 restriction endonuclease (50 units/ul), and 9 ul 10 x 

restriction buffer (10 mM MgCl2, 55 mM NaCl, 50 mM Tris-HCl). This 

reaction was incubated at 37°C overnight. Then 3 ul additional re

striction endonuclease was added, and the reaction allowed to incubate 

at 37°C for three more hours. The restricted DNA was precipitated by 
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the addition of two volumes of cold 100% ethanol and the DNA was 

dissolved in 60 pi H2O. 

Twenty microliters of restricted DNA (10 yg) was mixed with 

6 pi glycerol dye mix and loaded on a 1% agarose gel made 1 x TAE 

buffer (40 mM Tris-base, 1 mM EDTA, 20 mM glacial acetic acid). The 

same buffer was used as a running buffer. The samples were subjected 

to electrophoresis at 70 volts for approximately two hours. The gel 

was then soaked in a solution of 1.5 M NaCl, 0.5 M NaOH for one hour, 

then a solution of 1.5 M NaCl, 1.0 M Tris-HCl for one hour, and 

finally soaked in 20 x SSC (3 M NaCl, .3 M sodium citrate) for 30 

minutes. Nitrocellulose paper was pre-wet with 20 x SSC and was sand

wiched between the gel and several inches of paper towels. A glass 

plate was placed atop the gel and the osmotic transfer of DNA from 

the gel to the nitrocellulose allowed to occur overnight. The nitro

cellulose was then removed and baked at 80°C for two hours. 

Southern Hybridization - Hybridization to Probe 

The nitrocellulose paper was placed in a seal-a-meal, wet with 

water, and then wet with 5 x SSC. This solution was removed and 20 mis 

of hybridization buffer was added to the bag, which was then sealed and 

incubated at 43°C for four hours. This hybridization buffer consisted 

of 4 mis 50% dextran sulfate in water and 16 mis buffer premix (50% 

formamide, 5 x SSC, 50 yg/ml Poly A, 250 yg/ml salmon sperm DNA, 5 x 

Denhardts). After the pre-hybridization incubation time, the buffer 

was removed and the radioactively labeled probe was added to it. This 
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mixture was then returned to the bag, the bag sealed and incubated at 

43°C for 24 hours. The nitrocellulose filters were then removed from 

the bag and washed at room temperature, six times, in a solution of 1 

x SSc and 0.1% SDS. They were then washed four times, at 65°C,'in a 

solution of 0.1 x SSC and .1% SDS. The nitrocellulose was then dried 

under a lamp and placed under XAR-5 film (Eastman Kodak) in screened 

cassettes, overnight. 



CHAPTER 3 

RESULTS 

Tumor Induction and TPA Pretreatment 

Single i.p. injections of cisplatin followed by TPA promotion 

led to the formation of skin tumors in both Groups One and Two, while 

single topical applications of urethane followed by TPA promotion led 

to the formation of skin tumors in both Groups Three and Four. In 

Group Five consisting of fifty mice with TPA promotion alone, one 

papilloma on one mouse appeared. The first tumors appeared in both 

TPA-treated and non-pretreated urethane initiated groups at five weeks 

of promotion, whereas in both cisplatin initiated groups the first 

tumor appeared at ten weeks of promotion. The single papilloma in 

Group Five appeared at nineteen weeks of promotion. Statistical 

analysis was first conducted to compare tumor incidence in groups 

receiving different doses of cisplatin as an initiating agent. There 

was no significant difference in tumor yield between different doses 

of cisplatin (p values of .9990 and .9728 for pretreated groups and 

.6658 and .7623 for non-pretreated groups in terms of percentage of 

mice with tumors, and p values of .7278 for pretreated groups and 

.8852 for non-pretreated groups in terms of averge number of papillo

mas per mouse). Data for the different dosage groups were, therefore, 

combined for analysis and presentation. 
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Figure 1 shows the percentage of mice with papillomas in each 

group. Initiation with cisplatin (Group Two) was effective; at 40 

weeks of promotion, 26.67% of the mice had tumors compared to a tumor 

incidence of only 2.00% in the TPA promotion only group (Group Five). 

The enhancement of the number of mice with tumors due to a pretreat-

ment with TPA is evident; with cisplatin initiation and TPA pretreat

ment, the percentage of mice with tumors at week 40 rises to 63.33% 

(p values .0129, .0073). Similarly, in urethane initiated groups, 

initiation and promotion alone led to 67.50% tumor incidence, while 

pretreatment with TPA and subsequent initiation and promotion led to 

82.50% tumor incidence (p values .0941, .0670). 

The effect of pretreatment on the average number of papillomas 

per mouse is striking (Figure 2). In the cisplatin initiated groups, 

pretreatment and non-pretreatment resulted in 2.00 and .50 papillomas 

per mouse, respectively (p value .0020); in the urethane initiated 

groups, pretreated animals had 5.06 and non-pretreated animals had 

1.63 papillomas per mouse (p value .0001). 

Malignant squamous cell carcinomas developed in three of the 

treatment groups: both urethane initiated groups developed carcinomas, 

eight in the pretreated and six in the non-pretreated group, whereas 

only the pretreated cisplatin group did, one each in three mice. 
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Figure 1. The Percentage of Mice with Papillomas Versus Weeks of TPA 
Promotion. 

Urethane initiated groups represented by squares; TPA pretreatment ( • ) 
and no pretreatment ( C ). Cisplatin initiated groups represented by 
circles; TPA pretreatment (e) and no pretreatment ( 0 ). Non
initiated, TPA promoted only group represented by triangle ( • ). 
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Figure 2. The Average Number of Papillomas Per Mouse Versus Weeks of 
Promotion. 

Urethane initiated groups represented by squares; TPA pretreatment ( • ) 
and no pretreatment ( 0 ). Cisplatin initiated groups re~resented by 
circles; TPA pretreatment (e) and no pretreatment ( 0 ). Non
initiated, TPA promoted only group represented by triangle ( • ). 
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Transfection Assay 

Tumor DNA from squamous cell carcinomas was used to effect 

transformation of NIH3T3 cells in the transfection assay. These 

carcinomas were from mice initiated with benzo(a)pyrene, urethane, and 

cisplatin; two carcinomas derived from each initiator were used. As 

negative controls, DNA isolated from normal mouse epidermis and normal 

mouse liver was also tested in the transfection assay. Each tumor 

DNA wastested in two individual primary transfections. Table I 

details results from these assays. All six tumor DNA's were found to 

cause transformation of selected recipient cells and subsequent focus 

formation. Results are tabulated as the number of foci appearing per 

yg of DNA applied. In all cases, 40 yg of tumor or tissue DNA was 

used for transfection. Neither normal epidermal nor liver DNA 

possessed transforming ability in this assay. Selected primary 

transformants were isolated, grown in large numbers, and DNA isolated 

from them. This DNA was used in a secondary round of transfections, 

and in each case of primary transformant from tumor DNA, the trans

formed phenotype was genetically transferable and focus formation 

resulted. In nontransfected NIH3T3 cells, a small number of spontan

eous foci will appear in confluent cultures, when subculturing is 

discontinued for 30 days. Two of these spontaneous foci were tested 

in the secondary round of transfection. Neither focus possessed the 

ability to transform the recipient cells, and no subsequent focus 

formation occurred. 
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Tumor, Tissue, or Foci Per Microgram DNA 
Transformant Donor Primary Secondary 

Benzo(a)pyrene Carcinoma 1 .375, .350 .375 

Benzo(a)pyrene Carcinoma 2 .275, .300 .325 

Urethane Carcinoma 1 .325, .325 .350 

Urethane Carcinoma 2 .175, .200 .250 

Cisplatin Carcinoma 1 .350, .325 .325 

Cisplatin Carcinoma 2 .300, .275 .300 

Normal Epidermis 0 , 0 

Normal Liver 0 , 0 

Spontaneous Focus 1 0 

Spontaneous Focus 2 0 

Southern Hybridization - Tumor DNA 

Restricted tumor DNA's were analyzed by Southern hybridization 

to probes specific for H, K, and N-ras genes in order to compare these 

gene sequences in the carcinomas to the ras gene sequences found in 

normal epidermal tissues. Ras gene sequences in both urethane and 

cisplatin initiated tumors, derived from CD-I mice, were compared to 

such sequences in normal CD-I epidermis; ras gene sequences in benzo-

(a)pyrene initiated tumors, derived from Senear mice, were compared 

to such sequences in normal Senear epidermis. 
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Figure 3 shows the banding pattern exhibited by normal CD-I 

epidermal DNA, both urethane initiated tumor DNA's, and both cisplatin 

initiated tumor DNA's, when exposed to a probe for the H-ras gene. 

Figure 4 shows such banding in normal Senear epidermal DNA and both 

benzo(a)pyrene initiated tumor DNA's. In all cases, the normal, 23 

kilobase-sized fragment is seen, and the H-ras gene in all tumors is 

shown to be neither amplified nor rearranged. On probing of these 

samples with K-ras and N-ras specific probes, no differences were 

seen in banding patterns between DNA's from normal tissue or tumor. 

Southern Hybridization - Transformant DNA 

Restricted DNA's from secondary transformants were analyzed by 

Southern hybridization to probes specific for H, K, and N-ras genes in 

order to compare the ras gene sequences in these transformants to ras 

gene sequences in normal NIH3T3 cells. Newly acquired ras genes in 

transformed foci can be detected either by comparing band intensities 

from the transformants to band intensities from normal NIH3T3 cells, or 

by the presence of additional restriction fragments containing a ras 

gene which arise due to altered restriction pattern upon integration. 

Figure 5 shows the banding pattern exhibited by normal 3T3 DNA 

and several transformant DNA's obtained by transfection with DNA from 

urethane initiated carcinomas, when exposed to probes specific for the 

H-ras gene. Figure 6 shows such banding patterns for transformants 

from transfection with benzo(a)pyrene initiated tumor DNA; Figure 7 

shows banding patterns for transformants from transfection with cis

platin initiated tumor DNA. 



Figure 3. Tumor DNA Analysis, Urethane and Cisplatin 

Southern hybridization analysis of H-ras gene sequences in 
tumors initiated with urethane and cisplatin. The DNA's are from 
the following sources: 1, normal CD-I epidermis; b, urethane 
carcinoma 1; c, urethane carcinoma 2; d, cisplatin carcinoma 1; e, 
cisplatin carcinoma 2. 

Figure 4. Tumor DNA Analysis, Benzo(a)pyrene 

Southern hybridization analysis of H-ras gene sequences in 
tumors initiated with benzo(a)pyrene. The DNA's are from the 
following sources: a, normal Senear epidermis; b, benzo(a)pyrene 
carcinoma 1; c, benzo(a)pyrene carcinoma 2. 
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Figure 5. Focus DNA Analysis, Urethane 

Southern hybridization analysis of H-ras gene sequences in 
transformants derived from urethane initiated tumors. The DNA's are 
from the following sources: a, normal NIH3T3 fibroblasts; b and c, 
NIH3T3 transformant obtained by transfection with DNA from urethane 
carcinoma 1; d, transformant from transfection with DNA from ure
thane carcinoma 2. Additional restriction fragment location marked 
by -

Figure 6. Focus DNA Analysis, Benzo(a)pyrene 

Southern hybridization analysis of H-ras gene sequences in 
transformants derived from benzo(a)pyrene initiated tumors. The 
DNA's are from the following sources: a, normal NIH3T3 fibroblasts; 
b, NIH3T3 transformant obtained by transfection with DNA from 
benzo(a)pyrene carcinoma 1; c, transformant from transfection with 
DNA from benzo(a)pyrene carcinoma 2. Additional restriction fragment 
location marked by — 

Figure 7. Focus DNA Analysis, Cisplatin 

Southern hybridization analysis of H-ras gene sequences in 
transformants derived from cisplatin initiated tumors. The DNA's 
are from the following sources: a, normal NIH3T3 fibroblasts; b, 
NIH3T3 transformant obtained by transfection with DNA from cisplatin 
carcinoma 1; c, transformant from transfection with DNA from cis
platin carcinoma 2. Additional restriction fragment location 
marked by — 
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In each case, activation of the cellular H-ras gene within the tumors 

is demonstrated by amplified H-ras gene sequences at the normal 23-

kilobase size fragment, or by the presence of an additional restric

tion fragment that contains a H-ras gene sequence. Upon probing of 

these DNA's with K-ras or N-ras specific probes, no difference was. 

seen in the band intensity at the normal 23-kilobase position, and no 

additional restriction fragments containing these genes were evident. 

Some transformants from each tumor exhibited no additional hybridiza

tion to any ras gene sequences, possibly indicating the presence of 

non-ras transforming genes in the tumors. 



CHAPTER 4 

DISCUSSION 

Significance of Cisplatin as an Initiating Agent; 

The TPA Pretreatment Effect 

The carcinogenic potential of multiple doses of cisplatin 

followed by TPA promotion has been demonstrated before in the mouse 

skin system (Leopold et al., 1978). Use of this protocol for tumor 

induction blurs the distinction between the first stage of experimental 

carcinogenesis, initiation, and subsequent events of tumor promotion. 

It is possible that additional mutations from multiple treatments of 

cisplatin resulted in additional initiation phenomena, or acted 

through epigenetic mechanisms as promoters. Our study limited the 

action of cisplatin to a very short time, in an attempt to limit 

initiation to a single mutation phenomenon. With this protocol, 

cisplatin in a single application is an effective initiating agent. 

Use of this experimental system can facilitate investigation into the 

molecular nature of the initiated state caused by cisplatin. These 

results can also be used by physicians choosing appropriate regimes 

for chemotherapy. Many patients with malignancies are treated with 

multiple doses of cisplatin, and since single doses of this agent can 

achieve the initiated state, the possibility of second primary tumors 

resulting from chemotherapy with cisplatin must be considered. 

31 
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Our results on the pretreatment effect of TPA compare with 

those found previously with a variety of carcinogenic agents. They 

are further support for the role of mutations in DNA as the initial 

events in carcinogenesis, since pretreatment with TPA increases DNA 

synthesis, probably making it more accessible to interactions with 

mutagens, thus increasing the population of susceptible cells. 

Further, the effect is not a result of induced metabolizing enzymes, 

because cisplatin becomes an active carcinogen upon dissolution. The 

fact that the average number of papillomas per mouse rose greater 

upon pretreatment than did the number of mice with tumors is probably 

an immunological or DNA repair phenomenon; those mice predisposed to 

tumor .development had a greater response to pretreatment than those 

whose immunological status or DNA repair ability protected them from 

tumor development. 

Significance of H-ras Oncogene Activation 

by Different Chemical Carcinogens 

The mechanisms by which the carcinogens studied in this work 

act as mutagens are distinctly different. Benzo(a)pyrene is an 

alkylating agent that is metabolized in several steps to an active 

electrophile, and covalently binds to DNA upon intercalation. Ure-

thane is also an alkylating agent, but does not intercalate to cause 

mutations. Cisplatin can lose both chlorine atoms upon dissolution, 

thus becoming a strong crosslinking agent, acting upon DNA or protein. 

Though these mutagenic pathways are very different, in each case of 
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the carcinomas initiated by these agents, the cellular H-ras oncogene 

was found to be activated. Experimental animal models of carcino

genesis have proven extremely valuable in developing patterns of ras 

gene activation. Reproducibly, H-ras oncogene activation has been 

demonstrated in chemically induced mammary carcinomas in rats, with 

different chemicals acting to cause transforming mutations at differ

ent sites in the gene (Zarbl et al., 1985). In those studies, use of 

synthetic oligonucleotide probes specific for certain mutations and 

detection of diagnostic restriction fragment polymorphisms created by 

specific mutations showed that N-nitroso-N-methylurea specifically 

caused a deoxyguanosine to deoxyadenosine transition in the middle 

position of codon 12 (G^S), and mutations caused by 7,12-dimethyl-

benz(a)anthracene were localized to the two deoxyadenosine residues 

of codon 61. Activation of the H-ras oncogene in the mouse skin 

system, shown by Balmain (1984) and by this work through the demon

stration of newly acquired gene sequences in transformed cells in 

transfection assays, also suggests the possibility of different 

chemicals acting at different sites in the gene. Activation by such 

point mutations is in agreement with the finding in this study that 

the cellular H-ras gene in the carcinomas is neither amplified nor 

chromosomally rearranged compared to the gene in normal epidermis. 

Within these experimental animal systems, preferential activa

tion of the H-ras gene could be explained by the frequent or sole 

expression of this member of the ras gene family in epidermal tissues, 

while other ras genes may be expressed only in other tissues or at 
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specific stages of differentiation. Such frequent or sole expression 

would make the gene more accessible to mutagens, and could allow less 

time for repair to be effected before the gene is expressed again or 

replicated (Lewin, 1985). Another possible, though less likely, means 

of H-ras preference could be activation due to one agent common to 

all treatment groups, the tumor promoter, TPA. This is less probable, 

in light of reproducible H-ras activation in the rat mammary carcinoma 

system, in which no TPA promotion was involved. 

How does one, then, couple these results to the findings of 

Guerrero (1984) in which exposure to the chemical carcinogen N-

nitroso-N-methylurea led to activation of the N-ras gene in thymic 

lymphomas in mice, while the K-ras gene was found to be activated in 

the same type of tumor induced by gamma radiation? Chemical carcino

gens are absorbed, distributed, and metabolized systemically in a 

different fashion than is radiation, accessibility to expressed or 

non-expressed DNA may be different for chemical versus physical 

carcinogens, and the type of DNA damage induced is dissimilar between 

different physical types of carcinogens. DNA damage caused by chemi

cal carcinogens is often specific; for example, almost all mutations 

caused by N-nitroso-N-methylurea are deoxyguanosine to deoxyadenosine 

transitions, while carcinogenesis by radiation proceeds through free 

radical intermediates, and produces a large variety of mutations. 

Mutations in one member of the ras family may therefore be more 

likely to occur with a specific type of carcinogen, and differences 
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in the ras genes may allow greater and more accurate repair of certain 

types of damage preferentially in one member of the ras gene family. 

The final paradox to be addressed is that of site-specificity 

of mutations caused by chemical carcinogens within a specific ras 

gene, in particular the H-ras gene. Although it has not been proven 

to occur in this work, it is probable that such a phenomenon has 

occurred, in light of similar H-ras activation in other studies 

(Zarbl et al., 1985). Although the identity of specific mutations 

that are caused by the carcinogens urethane and cisplatin has not 

been investigated, and although benzo(a)pyrene is known to form a 

wide variety of DNA adducts, if mutagenesis is a random event within 

the genome, a possible reason for site-specificity arises. Certain 

types of mutations will be caused by each different carcinogen, and 

these specific types of mutations will occur at various sites in the 

gene, but only at specific sites will that mutation manifest itself 

as a transforming mutation. Other sites having the same mutation may 

be phenotypically silent or lethal. In the same way, other mutations 

may manifest themselves as transforming only at other sites; thus 

transforming events are seen only as certain mutations at certain 

sites. 

Significance of Results to the Problem of Cancer and Future Directions 

Within the mouse skin model of carcinogenesis and the experi

mental conditions used in this study, the increased susceptibility of 

a specific ras oncogene, the H-ras oncogene, over other ras genes to 

becoming a transforming gene upon exposure to chemical carcinogens 
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has been demonstrated. The biological implications of these findings 

and their relation to the problem of human cancer are many. Very 

small changes in these genes cause them to acquire transforming abil

ity, due to the fact that these genes are most often single copy in 

the genome, but definitive analysis of the activated H-ras oncogenes 

must include the identification of the specific point mutations 

involved in such activation. This can be done through an analysis of 

altered restriction endonuclease digestion patterns, differing affin

ity to oligonucleotide probes with specific point mutations, or 

through complete sequencing of the gene. Moreover, the reproducibility 

of H-ras gene activation demonstrated in these studies suggest the 

importance of the involvement of this activated gene in tumor develop

ment. 

Does this importance of H-ras activation allow one to conclude 

it is the cause of tumor development? The activated H-ras oncogene 

may need other cellular genes to become activated to have tumor 

development, but only the ras gene may be detected by the transfection 

assay. Tumor development may also be dependent upon factors other 

than oncogene expression or alteration, such as cycles of normal 

tissue proliferation, growth factor stimulation, or secretion of 

hormones. Undoubtably, some human tumors are a result of chemical or 

radiation induced carcinogenesis, and these tumors may directly 

confirm experimental findings concerning oncogene activation. 

If oncogenes are in fact found to cause or contribute directly 

to human tumor development, the insights provided by the study of 
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molecular alterations in oncogenes and how they relate to the begin

ning and progression of cancer can provide the information needed to 

develop effective prevention or treatment. 
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