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ONCOGENE-INDUCED PROGRESSION OF PRENEOPLASTIC RAT TRACHEAL EPITHELIAL CELLS TO NEOPLASIA

Abstract - N-methyl-N'-nltro-Af-niLrosoguanidine

(MNNG) induced preneoplastic variants of rat tra- PRINCIPAL INVESTIGATORS

cheal epithelial (TE) cells can be neoplastical- D. G. Thomassen

ly transformed following transfection with onco- G. Kelly

genic DNA. variants differ with respect to the

oncogenes required for neoplastic conversion. PlyoMa Virus DNA transformed each of four variants

neoplastically, whereas viral raS DNA only transformed two of four variants. These data

demonstrate ht preneoplastic variants of RTE cells differ with respect to the changes needed for

conversion to neoplastic cells and that the variants tested are either at different stages or on

different pathways of progression to neoplasia.

Neoplastic transformation in vivo and in vitro has been described as a progressive, multistep

process. However, definitive information on the nature, origin, and number of specific cellular

changes required for the development of most tumors is lacking. To understand the cellular and

molecular basis of carcinogenesis, specific cellular phenotypic changes essential for neoplastic

transformation need to be identified and characterized.

A cell culture model using rat tracheal epithelia] (RTE) cells for investigations of different

stages of neoplastic progression has previously been described .1 2 Preneoplastic variants of RTE

c e I I s have been isolated following exposure of normal RTE cells to carcinogens, and their

progression to neoplasia has been described.1,3 However, independent isolates of preneoplastic

variants have not been characterized with respect to their degree of progression toward neoplasia.

The purpose of the studies described here is to characterize four preneoplastic variants of

RTE cells with respect to the nature of additional change(s) needed for the cells to become

neoplastic.

METHODS

Preneoplastic, enhanced growth variant cell lines were previously isolated following exposure

of normal RTE cells in culture to the direct acting carcinogen N-methyl-NI-nitro-Nlnitrosoguanidine

(MNNG).l Variants were transfected with oncogenic DNA using calcium-phosphate precipitates of DNA

as previously described.4 Three different plasmid-derived DNAs were used: pSV2-neo, pSV2-neo/ras,

and pSV2-neo/polyoma. Following transfection, cells were selected for resistance to the antibiotic

G418 that is encoded by the neo gene used in all transfections. G418-resistant colonies were

isolated and expanded in culture, and 16 cells were injected into each of 6 subcutaneous sites on

nude mice to determine their tumorigenic potential. Cellular DNA and RNA were also isolated for

molecular analyses. The presence of transfected oncogene DNA was determined using Southern blot

analysis, following restriction endonuclease digestion and agarose gel electrophoresis of isolated

DNA. Expression of oncogene-encoded mRNA was determined using cytoplasmic RNA dot blot

hybridization.
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RESULTS

To characterize the nature and number of additional genetic changes needed to convert

preneoplastic variants of ME cells into neoplastic cells, four variant cell lines were

transfected with oncogene-containing plasmid DNA and examined for neoplastic potential by

injection into nude mice (Table 1). In each case, plasmid DNA (pSV2-neo) encoding resistance to

the antibiotic G418 ws used in transfections, individual G418-resiStdnt colonies were isolated,

and the cells were injected into nude mice to test their tumorigenic potential. Four variant cell

lines were transfected with pSV2-neo DNA that did not contain oncogenes and thus served as the

negative control. None of the antibiotic-resistant colonies isolated from two of the transfected

cell lines formed tumors in nude mice, while 50% of the colonies from the remaining two cell lines

formed tumors. In contrast, all antibiotic-resistant colonies isolated following transfection of

each of the four variants with the multi-oncogene containing pSV2-neo/polyoma DNA were

tumorigenic. Transfection with pSV2-neo/polyoma DNA served as a positive control for

transfection-induced progression of variants to neoplasia. Differences between variants were

observed following transfection with the single oncogene v-Ha-ras, a member of a family of

oncogenes that may be involved in te development of many human and experimental tumors. lhe

tumorigenicity of two of the four variants was not affected by ras, while the other two variants

exhibited a positive response to ras transfection, with all resulting antibiotic-resistant

colonies forming tumors in nude mice.

Table I

Preneoplastic Variants Differ in Their Susceptibility

to Oncogene-Induced Neoplasiaa

Transfected % Tumorigenicity of Transfected Variants

DNA EGV lb EGV 4 EGV 6 EGV 9

neo 0 50 50 0

neo/.ras 0 50 Too 100

neo/polyoma 100 100 Too 100

[Type A variants] [lype variants]

aPreneoplastic variants were transfected, and G418 (neo)
resistant colonies were isolated, expanded, and injected
into nude mice.

bEGV = enhanced growth variant.

lo ensure that nontumorigenic, ras-transfected variants were not simply missing the

transfected ras gene, Southern blot hybridizations were performed on DNA isolated from

transfectants (Fig. 1). All cells exhibited endogenous ras sequences of equal intensity and

location. In addition, all cells transfected with ras, regardless of their tumorigenicity,

exhibited an additional band or bands hybridizing with the ras-specific probe, representing

multiple copies or insertions of transfected ras DNA.
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Figure 1. Southern blot of Hind III
digested DNA from EGV 1 and EGV 9 cells
transfected with pSV2-neo or pSV2-neo/ras
DNA. Filters were pbed with a37p-
labeled ras-specific DNA (BS9). Lane 
EGV9 + �W/ras; lane = 9 + neo/ras;
lane 6 EGVl + neo; lane 7 = EGV1 +
neo/ras; lane = EGVl + neo/ras; lane 9

EGV1 + neo/ras; lane 1 = EGV9 + neo;
lane 11 = EGV9 + neo/ras.

DISCUSSION

Induction of preneoplastic variants of RlE cells by carcinogens has previously been

described,2 however, the progression of these variants to neoplasia is poorly characterized.

Preneoplastic variants isolated following exposure of RTE cells to a single carcinogen may all be

the same with respect to the changes they have acquired and with respect to additional changes

needed for progression to neoplasia. Alternatively, variants may arise by the accumulation of a

variety of changes and may either progress along different pathways to neoplasia or along a single

path involving multiple changes.

The results presented here demonstrate that all variants have the potential to become

neoplastic (pSV2-neo/polyoma transfections), but that variants differ with respect to the number

or nature of specific changes needed to become neoplastic (pSV2-neo/ras transfections). In

contrast to previously published results with fibroblastic cell lines in culture, epithelial cell

lines are not all transformed neoplastically by a transfected viral ras oncogene. This suggests

that changes in addition to immortality are needed to be susceptible to ras-induced neoplastic

transformation. These results do not suggest that a change in cellular ras oncogenes is necessary

for neoplastic transformation of RU cells. However, a change causing effects that overlap with

those caused by an activated ras gene is likely to be involved in progression of RTE cells to

neoplasia.
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Based on these observations, two alternative hypotheses have been proposed to describe tile

progression of RTE cells to neoplasia (Fig. 2 Neoplastic cells may develop from variants that

have progressed along independent, parallel pathways (Fig. 2A). One type of variant ype A) is

not responsive to ras and may already have a change providing a ras-like function or may simply

become tumorigenic by acquiring a completely different set of changes. The other variant (Type 

does require a ras-like change for neoplastic conversion. Alternatively, neoplastic cells may

develop from variants that have progressed along a common pathway (Fig. 2B), with ype A variants

simply having fewer of the changes needed for neoplastic transformation than ype variants. In

this pathway, Type variants would represent a more advanced stage of progression. Additional

transfections with other oncogenes and combinations of oncogenes will enable us to distinguish

between these models for progression of RTE cells to neoplasia.
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Figure 2 Theoretical pathways of progression to neoplasia.
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