
How Cancer Cells 

Metastatic cancer cells need to u n d e v o  several c h a n ~ e s  i n  order to 
m a k e  the arduous journey f rom the primary tumor w h e r e  they  
originated to n e w  target sites 

NOT ALL CANCER CELLS ARE EQUAL. Rela- genes to be turned on or off. 
tively few have the dangerous ability to One early consequence of the gene 
metastasize throughout ;he body. 1f re- 
searchers can learn what gives the metastatic 
cells this ability, then it may be possible to 

changes in & incipient tumor cell is like& to 
be the acquisition of an increased ability to 
grow. This may be caused by growth factor 

pies. "Metastasis is what kills patients. The 
difference between benign and metastatic 

. - 
disarm them A d  develo~ new cancer thera- 

cancer is the crux of the &ease." says Lance 
Liotta of the National Cancer Institute. 

The idea that cells from the same tumor 
could varv in the abilitv to metastasize dates 

I Droduction bv. the tumor cells themselves. 

back to results obtained about 10 years ago 
by Isaiah Fidler and Margaret Kripke of the 
University of Texas M. D. Anderson Cancer 
Center in Houston. Their findings stimulat- 
ed many investigators, looking at the biolo- 
gy of cancer cells from a variety of angles, to 
ask just what makes metastatic cells different 
from nonmetastatic cells. The answers are 
now beginning to come in. 

Last month some 550 of the researchers 
who are exploring cancer metastasis gath- 
ered in Houston to hear the latest results at a 
symposium* entitled "Critical Determinants 
in Cancer Progression and Metastasis." 
Those results show that cancer cells must 
undergo a myriad of changes to become 
metastatic. 

Bert Vogelstein and his colleagues at 
Johns Hopkins University School of Medi- 
cine have, for example, identified several 
genetic changes that take place during the 
development of colon cancers. Some of 
these work positively to make cells malig- 
nant. The Vogelstein group has found that 
the ras gene, one of approximately 50 "onco- 
genes" that have been implicated in cancer 
development, becomes activated, usually be- 
fore full malignancy occurs.. 

Other changes are negative. Parts of 
three different chromosomes are consistent- 
ly deleted, presumably resulting in the loss 
of genes that would otherwise suppress the 
development of malignancy. Still other 
changes involve alterations in the methyl- 
ation patterns of DNA, which may cause 

*The symposium, which was held on 6 to 10 March, was 
sponsored by the University of Texas M. D. Anderson 
Cancer Center and Smith Kline & French Laboratories. 

I 4  APRIL 1989 

But the environment in which the tumor 
cells live also influences their growth and - 
their ability to metastasize. 

This need for a mutual interaction be- 
tween cancer cells and their environment 
was another maior theme of the Houston 
meeting, which marked the 100th anniver- 
sary of the "seed and soil" hypothesis origi- 
nally formulated by British surgeon Stephen 
Paget. Noting that certain types of cancers 
tend to metastasize preferentially to certain 
organs, Paget proposed that cancer cells, like 

"The d w e n c e  between 
benign and metastatic 
cancer is the crux o f  the 
disease. " 
plant seeds, may travel in all directions, but 
can only grow if they fall on congenial soil. 

When human cancer cells are implanted 
into nude mice, they do not form metastases 
in the same organs that they would affect in 
humans, unless, the Fidler group has recent- 
ly shown, the cells are placed in the correct 
sites. Kidney cancer cells need to be implant- 
ed into the mouse kidney, and colon cancer 
cells need to be implanted into the colon or 
spleen if they are to have metastatic patterns 
similar to those of the cancers in humans. 

Fidler suggests that the damage done to 
the mouse organs during implantation of 
the cancer cells triggers the release of organ- 
specific growth factors that are needed to 
repair the tissue. They also stimulate the 
growth of the tumor cells. In a similar 
fashion, a growing tumor may cause damage 
to the organ in which it originates and 
induce growth factor release there, too. 

Although a high growth rate is often 
considered a hallmark of cancer cells, it is 
not sufficient by itself to make them meta- 
static. It may, however, enable tumor cells to 

undergo the numerous additional changes 
required for the development of full meta- 
static malignancy by providing increased 
opportunities for gene alterations to occur. 

One of the earliest of those additional 
changes after the increased growth rate is 
acquisition of a blood supply for the tumor. 
Judah Folkman of Harvard Medical School 
and Douglas Hanahan of Cold Spring Har- 
bor Laboratory have results indicating that 
the onset of the tumor angiogenesis, as the 
formation of new blood vessels is called, is 
an independent event occurring a few weeks 
after cells have begun growing abnormally 
as the result of acquiring a viral oncogene. 

'We found that the oncogene only causes 
the pancreatic islet cells to grow and become 
hyperplastic," Folkman says. "After time 
goes on some of the cells suddenly release a 
factor to induce the growth of new blood 
vessels." The ability of the cells to form 
tumors in mice correlates with the angio- 
genesis, not with the abnormal growth.- 

For metastasis to occur, a tumor must not 
only be able to grow, but some of its cells 
must be able to leave the tumor mass. 
burrow their way into a blood vessel or a 
vessel of the lymphatic system, and then find 
their way back into another tissue. This is an 
arduous journey, which may help to explain 
why so few cancer cells make it. 

During its journey a metastatic cancer cell 
will have to cross a basement membrane 
barrier at several points. Basement mem- 
branes, which consist of a complex of pro- 
teins, including collagen IV, laminin, and 
fibronectin, underlie the epithelial cells from 
which the common cancers are derived. 
Thev also surround the smooth muscle of 
blodd vessels. Several researchers at the 
meeting described adaptations that may help 
metastatic cells escape from tumors and tra- 
verse basement membranes. 

The adaptations include the increased se- 
cretion of enzymes that may facilitate cell 
movements through basement membranes 
by dissolving the membrane proteins. Liotta 
and his colleagues have found that metastat- 
ic cancer cells make higher than normal 
quantities of type IV collagenase, an enzyme 
that breaks down type IV collagen, the 
major collagen of basement membranes. 
The NCI group has also identified a new 
member of the 'TIMP" (for tissue inhibitor 
of metalloproteinases) family in tumor cells. 

TIMPs ordinarily inhibit collagenases, 
but this one is different. "The fascinating 
thing about this member of the family is that 
it binds to type IV collagenase, but doesn't 
inhibit it," Liotta says. He suggests that it 
may help to prevent other TIMPs from 
inhibiting the enzyme, thereby keeping the 
enzyme in the "on" position. 

In addition, Stuart Yuspa's group, also at 
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NCI, has evidence indicating that the fos are on the lookout fbl balccl lor 
oncogene acts to make cells malignant by cells may escape this danger, 
turning on the gene encoding transin, an- losing the cell surface molecule 
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