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Summary. Malignant progression is a complex process 
involving the accumulation of multiple genetic 
alterations leading to changes in many specialized cell 
functions. Important in this process is the loss of 
growth control which is frequently associated with 
modifications in growth factor production, and 
growth factor response pathways. Indeed, oncogenes 
have been characterized that code for polypeptide 
growth factors or their receptors, and many tumor 
cell populations release potently mitogenic growth 
factors which contribute to the malignant properties of 
tumor cells. In this review, the importance of growth 
factors in mechanisms of malignant progression 
is emphasized, using as examples the transforming 
growth factor-beta (TGF-6) and fibroblast growth 
factor (FGF) families. We describe many of the 
properties and biological activities of these two families 
of growth factors, focusing on mechanisms of autocrine 
and intracrine mitogenic stimulation of tumor cell 
proliferation and malignant progression. The discussion 
includes evidence for altered growth factor expression 
in tumor cells, and the relationship between these 
changes in growth factors and alterations in the 
regulation of DNA synthesis, cell proliferation, protease 
production and cell motility required for invasion 
and metastasis. Recent studies are described that show 
that aberrant expression of TGF-BI, bFGF or K-FGF 
results in dramatic changes in the genetic stability 
of cells, leading to increased rates of spontaneous 
gene amplification and the generation of drug 
resistant variants. These findings describe new 
malignancy relevant functions for altered growth factor 
expression. 
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lntroduction 

Growth factors are fundamentally involved in 
cellular processes that are important in the progression 
of malignant disease, so it is not surprising to fmd that 
alterations in the regulation of growth factors and their 
signal pathways are frequently observed in tumor cells 
(Spom and Todaro, 1980; Heldin and Westermark, 1984; 
Wright et al., 1990c; Spom and Roberts, 1991; Halaban 
and Moellmann, 1991; Cross and Dexter, 1991). These 
regulatory molecules play a critica1 role, either directly 
or indirectly, in mechanisms of tumorigenesis and 
metastasis. Although certain growth factors are present 
in the circulation and may function as systemic agents, 
they are frequently synthesized by the specific tissues in 
which they perform as local modifiers, and may either 
affect the cell of origin by an autocrine mechanism or 
interact with other cells by a paracrine mechanism of 
action (Sporn and Todaro, 1980; Heldin and 
Westermark, 1984; Spom and Roberts, 1991). The two 
growth factor families, transforming growth factor4 
(TGF-B) and fibroblast growth factor (FGF) are good 
models for analyzing the involvement of growth factors 
in mechanisms of malignant progression, therefore this 
review focuses on their roles in the control of cellular 
events important in mechanisms of malignant 
progression, including gene amplification. 

Transforming growth factor-8 

Reviews of the stmcture, function and regulation of 
the TGF-B family have been published, and we refer the 
reader to these articles (e.g. Massagué, 1990; Spom and 
Roberts, 1990; Laiho and Keski-Oja, 1992; Sieweke and 
Bissell, 1994). TGF-B is found in three highly homo- 
logous isoforms in mammals, TGF-BI, TGF-B2 and 
TGF-B3, and each exists as a 25-kDa homodimer. The 
molecule is secreted in association with N-terminal 
amino acid sequences, which are unique to each isoform 
and maintain the TGF-B in a latent state so that receptor- 
































