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The animals weighed less at birth than 
control pigs and did not appear to gain 
weight faster or use their feed any more 
efficiently, when fed a standard pig diet. 
More recent experiments indicate, however, 
that transgenic pigs grow faster than con- 
trols if they are given a high-protein diet. 

The transgenic pigs are considerably lean- 
er than controls. This effect was expected 
because growth hormone favors the conver- 
sion of nutrients to proteins rather than fats. 
Having leaner pork would be considered a 
benefit in this health conscious era. 

The transgenic pigs display several abnor- 
malities that are not beneficial, however. 
The females never go into estrous and are 
sterile, possibly because they are so lean that 
they do not produce hormones normally. 
Animals of both sexes are lethargic, have 
muscle weakness, and are susceptible to 
developing arthritis and gastric ulcers, 
which often prove fatal. These effects are 
probably the result of excessive growth hor- 
mone production, Wall says. 

Current work is aimed at getting better 
control of the expression of the transferred 
growth hormone genes. Until now, they 
have been linked to a promoter sequence 
from the metallothionein gene. This pro- 
moter responds to zinc ions by turning on 
the genes to which it is attached, and the 
researchers had hoped that they could deter- 
mine when the foreign growth hormone 
genes would be active by adding zinc ions to 
the pigs' diet. However, the genes are appar- 
ently turned on all the time in the animals, 
even without the added dietary zinc. 

The investigators are now looking for 
regulatory sequences that will allow them to 
turn the genes on-and off-as desired. 
Young pigs normally undergo a critical peri- 
od of growth between the ages of 3 and 6 
months. Limiting expression of transferred 
growth hormone genes to that time might 
be advantageous, Wall suggests. 

Are Aging and Death 
Programmed in Our Genes? 

The answer to this question is likely to be 
yes, according to data presented at the ge- 
netics congress by Olivia Pereira-Smith of 
Baylor College of Medicine in Houston. 
"Our results tend to support the hypothesis 
that cellular senescence in human cells is the 
result of programmed internal changes, not 
the accumulation of damage," she says. 

Pereira-Smith, James Smith, who is also 
at Baylor, and their colleagues came to this 
conclusion during studies on cells growing 
in laboratory cultures. It is very difficult to 
"immortalize" cells so that they divide con- 

tinuously in culture. They ordinarily become 
senescent and die after a limited number of 
doublings that depends on the species and 
age of the organism from which the cells 
were taken. Only under certain circum- 
stances, such as when cells become cancer- 
ous, will they divide forever in culture. 

Results obtained by the Baylor group 
suggest that immortalization results from 
mutations in a small number of genes, which 
would otherwise act to restrict the cells' 
proliferative potential. When the researchers 
fused different types of immortalized cells, 
they found that some of the hybrids became 
immortal again, and senesced and died. The 
two immortal parents of the hybrids appar- 
ently had different gene defects so that each 
could provide the function that the other 
was lacking when they were fused. 

Other hybrids remained immortal, a re- 
sult indicating that the parents had the same 
gene defect. According to Pereira-Smith, 
mutations in as few as four genes could have 
given rise to the 26 immortalized cell lines 
used in the fusion studies. "The work indi- 
cates," she says, "that a limited number of 
cellular genes are involved in normal cellular 
senescence and can be altered to make im- 
mortal cells." 

The identities of the senescence genes are 
currently unknown, although the Baylor 
group has identified a possible candidate. In 
earlier work, they found that senescent cells 
contain molecules, including a membrane- 
associated protein and messenger RNAs, 
that inhibit DNA synthesis, and should 
therefore block cell division, when they are 
injected into young cells that still have the 
capacity to divide. 

The assumption is that the growth-inhibi- 
tory messenger RNA directs the synthesis of 
the membrane-associated protein. The Bay- 
lor group has now cloned a gene corre- 
sponding to one of the RNAs and find that 
it encodes the protein fibronectin. Fibronec- 
tin is membrane-associated and there are 
reasons to suspect it might have growth 
inhibitory effects. Actively dividing cancer 
cells, for example, generally make little or no 
fibronectin, whereas senescent cells produce 
increased amounts. Pereira-Smith and her 
colleagues are trying to purify enough of the 
membrane-associated, DNA synthesis-in- 
hibiting protein from senescent cells to de- 
termine a partial amino acid sequence and 
establish whether it is fibronectin. 

Finally, there is growing evidence for the 
existence of genes that suppress cell growth 
and might therefore help to prevent the out- 
of control growth of cancer cells. The prop- 
erties of the senescence genes are reminis- 
cent of those of the tumor-suppressor genes. 
It will be interesting to see whether any of 
the two types of genes are identical. 

New Method Found for Making 
Mutant Mice 

Researchers have found a novel way of 
making developmental mutants of mice. At 
the genetics congress, Martin Breitman of 
Mount Sinai Hospital Research Institute in 
Toronto reported that mutant mice can be 
produced by introducing a gene into mouse 
embryos that programs the destruction of 
specific cell types during development. 

Such mutants should be useful for deter- 
mining how one cell type influences the 
developmental fates of others. Breitman and 
his colleagues are applying the new method 
to study eye development, the role of the 
lens in particular. "It puts us in a position to 
make some rather strong conclusions about 
the role the lens plays in inducing the devel- 
opment of other eye structures," he says. 

The gene that the Toronto group uses for 
making the mutant mice encodes the A 
chain of diphtheria toxin, an enzyme that 
kills cells by bringing protein synthesis to a 
halt. The researchers linked this gene with a 
regulatory sequence, called a promoter, 
from one of the genes encoding the crystal- 
lin proteins of the eye lens. This promoter 
directs the expression of its genes exclusively 
to the lens fiber cells, the mature cells that 
make up the bulk of the lens body. If the 
promoter works normally with the A-chain 
gene, it should limit expression of the 
gene-and thus the cell-killing effects of the 
toxin-to the fiber cells. 

That is what Breitman and his colleagues 
found when they introduced the hybrid A- 
chain gene into mouse embryos by egg 
injection. Mice that acquired a functional 
copy of the gene had smaller than normal 
eye lenses, although the animals appeared 
healthy otherwise. They were able to breed 
and transmit the toxin gene to their proge- 
ny. 

The majority of the mice that were bred 
to have a double dose of the diphtheria toxin 
gene ended up with no lenses at all. Lack of 
a lens did not prevent the development of 
most of the other eye structures, including 
the cornea and retina. However, the vitreous 
body, which produces the clear jelly-like 
material that fills the eye cavity, did not 
develop in the absence of the lens. 

In theory, the same approach used for 
knocking out the cells forming the eye lens 
should be applicable to any cell lineage 
provided that the appropriate regulatory 
sequences can be found and linked to the 
diphtheria toxin gene. In practice, however, 
difficulties could arise because destruction of 
some cell lineages is likely to kill the em- 
bryo. JEAN L. MARX 
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