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Abstract

The process whereby a normal cell becomes malignant, term,ed transformation,

can be initiated by a number of agents that have been implicated in carcinogene-

sis. Understanding the mechanism of oncogenic 'tran~formation is a necessary

prelude to developing a .ational approach to therapeutic ,and prev&tative treat-
, . '/"1'

,lment of this disease. This thesis examines the, molecular mecha~sm ff cell

'\,~ransformationcaused by a member ,of a f~milY oCDN..-\ tumor virusJ~, the human

adenoviruses. The experimental approach taken in this~ use .ecombi­

nant DNA' techniques to iSolate the oncogenes encoded in the genome of adenovi-

res serotype S (AdS). Defined mutations were constructed in the~e AdS onco­

'genes, and mutated plasmids we.e assayed for' their transforming ~ctivity on

primary .at and on primary hamster kidney cells in order to identify which AdS

genes were necesSary for primary cell transformatfon.

This study .epo.ts the construction and cha.acterization of a library of I
" I

.ecombinant bacterial plasmids, containing DNA .estriction endonuclease frag-

ments .epresenting the entire AdS genome. This lib.ary of cloned viral DNA'

fragments has served as a useful source of reagents for both biological and bio-

chemical studies on the molecula. biology pf adenovi.us.

This study employs the, proka~yotic transposable element TnS as an

insertional mutagen fo. cloned AdS sequences. The results ~emonst.ate the use-

fulness of bacterial transposable elements fo. gene mapping expe.iments with

cloned eukaryotic genes. A number of inse.tion mutations located in the AdS

oncogenes were constructed and we.e characterized by DNA sequence analysis as

\
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a prelude to studies on their transforming activity. The results of studies on the

specificity of target DNA sequences chosen for TnS insertion suggest that tran-

sposition is influenced by transcriptional activity in target DNA.

The results of morphological transformation experiments w.;ith primary

rodent cells using plasmids containing the adenovirus oncogenes (early reg4lnS

EIA and EIB), and with plasmids containing defined insertion and deletion muta-

tions in these oncogenes, have demonstrated the following. First, viral genes

located exclusively in the rightward transcribed DNA strand of EIA are essential

for transformation. Secondly, the viral gene located in the pro'moterproximal

region of early region EIB, encoding a Mr=2l,OOO product, is required for trans-

formation. Third, the requirement for this EIB product could be replaced with

serum supplements to cells transformed by only region EIA. Finally, it was dem­

onstrated that not all primary cells require two cooperating oncogenes for cell

transformation since insertion mutations located in EIA, which eliminate tr=-

formation on primary rat kidney cells, did not eliminate transformation on ham-

ster kidney cells.

These results have helped to define the adenovirus genes encoding

functions. that are essential for· cell transformation. Results presented also S1.\g-

gest possible roles for these viral functions in maintaining the transformed state.

It~will be of considerable interest tQ determine the biological properties of these
• 0

gene products which allow them to bring about the process of cell transformation.
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Chapter I

Transformation by Human Adenovirus

1.1 Introduction

Cancer is a cellular Qisease characterized by abnormal proliferation, usually

caused by a genetic alteration of a single cell. This transformed cell passes on

the malignant phenotype to all daughter cells, and a progressive series of changes

leads' to the increased virulence of many advanced tumors. Although most types

of differentiated cells can give rise to cancer cells and to a variety of differ~nt

~

cancers, man~tes of can ers share com';'on feat~ suggesting a unifying
. :J.

molec~ process (s~e ze, 1981). The introducti~n of c~ll culture techniques

has provided an e~erimentaIapproach for investigating the me~hanism of car~i-

nogenesis, a necessary. prelude to the development of r~ional therapeutic and

preventative treatment of th.iollldisease.

The event leading to the establishment of a cancer cell, transforma-

tion, may be initiated by mutagenic agents such as ionizing radiation, ultraviolet

light, or various chemical carcinogens, resulting in the alteration of cellular gene

expression. Alternatively, cell transformatic;>n may be caused by mutagenic events
.

resulting from viral infection, or by transduction by certain viruses of genes

whose expression in cells leads to the transformed pbenotype (oncogenes). This

thesis investigates the molecular mechanisms ·of cell transformation caused by

one member of a family of DNA tumor viruses, the human adenoviruses.

,.,
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1,2 Tumor Viruses

Viruses known to caUSe oncogenic transformation include both RNA and DNA

tumor. viruses. Significantly, the only RNA containing viruses that can transform

cells are those which have a DNA stage in their replicative cycle, and with two

possible exceptions (desCribed below) transforming viruses integrate viral DNA

sequences into the· host cell genomE!' 'during transformation. It is generally

believed that for most of these viruses the co.ntinued expression of traq,sduced

viral oncogenes.in these cells is required for maintenance of the transformed

state. Examination of the transforming genes encoded by these viruses, and their
~.',

associated tumor antigens, has been a central theme of tumor virus researchdur-

ing the past decade.

1.2.1 RNA Tumor VirU:;iand Cellular Oncogenes

The RNA tumor viruses (famil retroviridae) are widely distributed amongst

vertebrates and form a homo . neous group of single str~ded RNA genome virus-

es that replicate by way of a DNA provirus intermediate integrated into cellular

DNA (reviewed by Bishop, 1978). infection with retroviruses leads to production

of progeny particles without cell· lysis, and can also lead to transformation of the
~.. ,

h~ll. It is probable that retroviruses playa significant role as a natural cause

of cancer in animals and quite possibly in man.

Retroviruses include both acute (short latent period) and chronic (slow)

•

\

transforming viruses. The prototype acute virus, Rous Sarcoma Virus (an avian
/\

\.- retrovirus), induces sarcomas in 100% of infecte!i birds within 2-4 weeks of

infection (Bishop,ln8) by transduction of a viral oncogene into cells. This onco­

gene, tarmed viral src (v-src), encodes a Mr=60,000 protein pp60src with protein

kinase activity (Collett and Erikson, 1978), and is required for the maintenance of

."
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the transformed state (Kavai and Hanafusa, i 971). In fact, every acute"::trans-

~rming retrovirus examined to date encode an oncogene, termed v-onc, derived
~

from one of a family of cellular (c-onc) genes (see Bishop, 1981; Weinberg, 1982).

Thus accute retroviruses have served to identify cellular oncogenes which can

. cause neoplastic transformation.

Two f~ther strategies have unmasked cellular genes that are capable

of cell transformation. First, analysis of the cellular location of proviruses in

cells.~ransformed by slow transforming retroviruses has shown that these viruses

activate cellular oncogenes by promoter insertion (Hayward et al., 1981; Neele et

al., 1981; Payne et aI., 1981; Nusse and Varmus, 1982), and secondly, DNA from

tumor cells has been shown to be able to transform rodent cells in DNA transfec-

tion experiments (Cooper, 1982; Weinberg, 1982). Taken together, these three

lines of experimental evidence have identified a family of normal cellular genes,

that can cause neoplastic transformation. To date, the molecular events leading

to activation of these c-onc genes (reviewed by Bishop, 1983), have been shown to

be a result of (1) viral transduction, (2) promoter insertion, (3) transposition of

controlling elements into c-onc loci, (4) translocation of c-onc to different chro-

mosomallocations, (5) gene amplification, and (6) base pair mutation.

The normal function of the c-onc genes is not known, but the observa-

tion that they have been highly conserved during evolution (van Beveren et aI.,

1981; Hampe et aI., 1982; Shibuya and Hanafusa, 1982) and that they may playa,
•

role in cellular differentiation (Bisho~ggeststhat they are intrinsic cel-

lular functions whose abnormal expression leads to oncogenesis.
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1.2.2 DNA Tumor Viruses

The DNA tumor virus~ contain double stranded DNA as their genetic material,

and include members from several distinct groups, including the large DNA virus-

es. (Poxviruses and Herpesviruses) and the smaller DNA viruses (Hepadnaviruses,

PapovaviruSes, and Adenoviruses). The molecular biology of the DNA tumor

viruses has been reviewed by Tooze (1981).

The Poxviruses, including myxomatosis virus .and the Shope fibroma

virus, cause cell proliferation during infection of their natural host, but generally

do not produce a fatal disease. In contrast, Herpesviruses are associated with a

number of diseases such as Marek's disease in chickens (T-lympbocyte transfor-
o

mation), Burkitt's lymphoma (Epstein Barr Virus), opportunistic infections in man

(cytamegalovirus), and with cervical carcinoma (Herpes Simplex Virus). Studies on

transformation of rodent cells in culture by HSV indicate that this class of her_
9

pesvirus'may tranfrm c~lls by mutation of cellular genes (reviewed by GallowOl;y

and McDougall, ~ 983), in contrast to the mechanism of transformation by acute

retroviruses and by the small DNA tumor viruses.

The Papova viruses are a heterogeneous group of small viruses with a

circular, double stranded DNA genome, and include Papilloma (wart virus), murine

Polyoma virus, and Simian virus SV40 from monkeys. Papilloma virus induces

focal transformation, with viral DNA maintained in transformed cells as multiple. \
episomal copies. DNA sequences 6f Bovine papilloma virus responsible for cell

transformation and for maintenance of the episomal state have recent Iv been

distinguished (Nakabayashi et al., 1983), but ·transformation has not been closely

studied until recently due to the absenc'e of a convenient cell culture system for

growth of this virus. Both Polyoma and SV40 induce tumors in newborn rodents

and can transform semi or non-permissive cells efficiently in culture to neoplas-












































































































































































































































































































































