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Making Sense of Antisense 
Novel methods of blocking gene expression are already proving themselves in plant 
development and may also lead to new therapies for human disease 

OUTIN THE SAN JOAQUINVALLEY OF CALI-
fornia $rows a fieki of tomato that 
looh like ordinary tomato plants. But these 
tomatoes are spdal-one of tkfirst h i t s  
of a new techno10gy that may revolutionize 
not just commercial plant developmentbut 
human medicine as well. 

The new technolagy rises novel RNAs, 
called antisense RNAs, to block the activity 
of specific genes. At &st, researchers were 
mainlyinterested in anthme RNA as a tool 
forprobing genefunction.In thclate 197Os, 
when the techn01agg was first developed, 
molecular biohgisadidnhtb e a goodway 
of mutating genes in the cells of higher 
organisms 60 that'rhqcould seewhat hap-
penswhen the gene&ty islost.AntisMse 
technology, in &a, provided a way of 
do'ig &at. 
ktOttebii3m&&@in-saonrec-

ognizedthe -pwentialof a 
te,ch&uc thst cc.MS$kdtokxwk out 
the a m of "WP,m..'Ib &C the 
mmato plants, Bbr ezaraple, wienrists 
u s e d u l l i s e t l s e ~ t o a h n t B f f r 2 r d ~ -
sian of the gene e n d i n g  an enzyme that 
makes t o m a m  myshy, therebyyidding a 
product that may tnvei b z e r  and lasr 
longer an gro~erpshelves. asph-
neer antisense v c h e r  J o n a h  Xzmt d 
Yale University,p o h  out: ''This should bt 
the b t  example of a commercial use of 
antisense that will have an 

City, GI&&, Genta, Inc., of San Diepro; 
Hybridon, kc., of Worcester, &hwa&u-
setts; an€l Isis P ~ u t i c a l sof W W ,  
Cdifbrnia,among ahers. In addith, w-
era1 - b e d  p h a r m x e u t i c a i ' ~ o ~ e 8 ,  
indudkg Gho, Inc., in ReseaKh Trkangbe 
Park, Npth€arolina, a dSterling in 
New -Ywk City>haw begun antlsensE m-
-Prf%P==. 

Even as attempts to apply antisense tech-
nobgy spread, however, there are indka-
tions that the approach may not be as 
sa? igh t fbM as it may have seemed-st 
ibt-and this may mmplcate plans to a p  
ply ~~technology eventually to hn-
mandiseasetlmpy. 

Dwhg geneexps ion ,  the informatian 
encoded in a gene is kaaoscribed into a 
mcssseager RNA d e n r l e  that in turn di-
rects protein synthesis. The original idea 
behind antisense technologywas tocreatea 
piece of RNAwith abase sequence comple-
mentary to rhat of a @& messenger 
RNA. This antisense R N A d  be able to 
bind to the messenger, preventing it h r n  
making its protein. R e d m  h e w  that 
t h i s h a p p e n s i n d l e n a t t d w o l d : ~  
and rhe viruses that infect Wer ia  some-
timesturn off gene urpressioh by mairing 
j u s t s u c h a n t i s e n s e m ~ . S o i f ~  
and vkuses .were clever en- to turn.this 
trick,rmxchers asked,mi&tnotitworkin 

the cells of higher organisms, too?
-9aperiments showed that higher 

also susceptibleto antisense 
ough researchers have to 

&dp&ate the target cellstoprovide them 
with tbe neeessayantisenseRNAmolecules. 
~ ~ y o f d o i n g t h i s w a s d c v c l o p e d i n  
198-4by Izant, who was then working as a 
gwsdtx with HaroldWeintraubat the Fred 
H-n Cancer Center in Seattie. 

@&s are, of coupse, composed of two 
ofDNA, only one ofwhich is nor-

&tamscribed into messengerRNA. But 
if EBe p t e i n t & g  pmim of rhe @fie 
mw@ped over, Izant an8W&a%ub rea-
m~&,.the ~ . n e " sregulatory, se4nmces 
wa&& eawe tHe other--ar "wransw-

-m* i.w dccwingthe cell to 
p & z o e i t b m ~ a p eRNA. TheSeatde 
wmkmwent on t-8-a;bswtbat the synthesis 
o f&~thyrn id ine lc inasecou ldbe 
blackdinmousecellsifa fIipped version of 
tbr; rhynidine base  w& introduced 
irrto h e  c& along with the m m a l  gene. 
Thc &a& s w t e d  that the RNA pro-
du~~abythef$pedgeaebouadand&-. 
t ivatedtbeRNApradUCidbythed 
gew, just as the resmdxrs prqxmd. 

~ t l o n g a f t ~ D o l l g l k l s M i c l t r r n o f  

osing antisew mE*logy to block & 
activity. He s Mtfratsyn&&ofspodfic 

proteins could & pre-
imp- onlargenumbersof 

AMTISENSE GENE 
vented in fiog eggs ski& 

people.* I D ~ I ~ I D B ~ ? I D I I I D I  by injectingthemwithsyli-
Butthere's more: Recent I I ~ + ~ ~ ~ I ~ I S I L I ~ I I Ithetic antisense R1U15. 

worP; by various labs sug-
g e e  that it may be pus-
sible to design antisease 

nMseearly exprimeats 
pmvided the basis fbr the 
twogenerd antbemestset-

compoundsthat inhibitrhe & I ~ ~ I I = * ~ - I I ~ . I I I ~ ~ I ~  J ~ ~ ~ L ' L ' ~ * ~ ~ ~ ~ - LegG used today. l%aaM 
activity ofviral genes or of ME@SBGERRNA AfmSEWEW Griemn's p u p  at she

Y ,the aR(:age.nesthought to 
contribute to caucerdevelopment,wi&m 
a&xhg normaf,aWarwries. That rakes > l I l l l l l I 1 l l I D l I D l  

the possiwiq thatt.hktechnohgy mightaid ~ ~ ~ . * ~ ~ = ~ ~ * ~ l - l l ~ * l lD a v i s , ~ ~ ~ & ~ u r e a t c d t b e  
Inproducing k s e r J  selectiveQugsto m~~ wmtoeg, h r  example, by 
treat viral dkwes, including AIDS, and $ e n & i ~ ~ ~ t f s e p l a n t s m e r ~ r -
cancer. rain a @pBd wersion of the gene .k 
Wlth a potentially lucrative drug & PROTEINSYMHES1SBLOCKED -nase, an enzyme that 

as a stimulus, it's no wonder thea that new 
biotech companiesare sprkghgup totry to 
exploitantisense &-. Thtwwcom- ky 

panics include G i l d  ScKncag of Fosotr gnrt&&~ naw inthtthird generation, appearnorrmi, 
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"We were delighted to have tampered selec- 
tively with one gene with no nasty side- 
effects," Grierson says. 

Transfer of antisense genes has also been 
used to produce virus-resistant plants and 
animals. In the August issue of the Proceed- 
ings of the National Academy of Science, 
USA, Anthony Day of the Imperial College 
of Science, Technology, and Medicine in 
London and his colleagues describe experi- 
ments in which they put an antisense gene 
construct that blocks the replication of to- 
mato golden mosaic virus into tobacco 
plants. The resulting transgenic plants were 
much more resistant to infection by the 
virus than were controls. 

And in the May Proceedings, Thomas 
Wagner, Lei Han, and Jeung Yun of Ohio 
University in Athens describe a similar ex- 
periment in mice. These researchers geneti- 
cally engineered mice with an antisense con- 
struct of a gene needed to make infectious 
particles of a leukemia-causing virus. When 
these mice were injected with the virus 
shortly after birth, none developed symp- 
toms of leukemia, although 31% of the con- 
trol animals did. "We were surprised at the 
results," Wagner says. "It (the antisense 
construct) absolutely turned off viral pack- 
aging." 

The Wagner group's results have caused 
molecular geneticist John Rossi of the City 
of Hope Medical Center in Duarte, Califor- 
nia, to declare that "antisense is going to be 
a powerful antiretroviral tool." Potential 
targets for antisense therapy include AIDS, 
which is caused by a retrovirus. I t  might be 
possible, Wagner suggests, to genetically 
engineer lymphocytes, one of the major cell 
types infected by the AIDS virus, with 
antisense constructs that prevent the virus 
from replicating. 

Alternatively, it may be possible to de- 
velop an approach more like Melton's, 
which uses an external source of synthetic 
antisense compounds, to treat human dis- 
eases. A number of companies, including 
Gilead and Hybridon, are trying to develop 
such antisense compounds for treating AIDS 
and herpes virus infections. And on p. 562, 
Bruno Calabretta and his colleagues, who 
have just moved from Temple University 
Medical School to Jefferson Medical Col- 
lege in Philadelphia report that antisense 
compounds can target and stop the replica- 
tion of human cancer cells growing in cul- 
ture. 

The cells used by the researchers carry a 
particular chromosomal abnormality, named 
the "Philadelphia chromosome transloca- 
tion" after the city where it was discovered, 
that is relatively common in human leuke- 
mias. The translocation causes an oncogene, 
designated ABL, to be moved from its nor- 
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Moneymakers. Genetic engineering turned 
pink petals white in these aptly named 
Moneymaker chrysanthemums. 

ma1 location on chromosome 9 to chromo- 
some 22, resulting in the formation of a 
hybrid gene. The activity of ABL is in- 
creased in the cells with the Philadelphia 
chromosome, presumably as a result of the 
translocation, and cancer biologists assume 
that the activity contributes to the increased 
growth of the leukemia cells. 

What Calabretta and his colleagues have 
now done is make a short, single-stranded 
antisense DNA, just 18 nucleotides long, 
that specifically recognizes the junction of 
the ABL hybrid. The antisense construct, 
the researchers found, stops the growth of 
the cancer cells, but not that of the normal 
cells from which the cancer cells were de- 
rived. "These findings demonstrate the fea- 
sibility," says Calabretta, "of using antisense 
compounds for gene-targeted, selective kill- 
ing of neoplastic cells." 

And the approach need not be limited to 
leukemias. Many of the common solid tu- 
mors, such as lung and colon cancer, also 
carry oncogenes that have been activated by 
gene mutations. Antisense compounds 
could be designed for those mutations, too. 

But as Rossi acknowledges, a number of 
"ik, ands, and buts" need to be worked out 
before antisense technology can be applied to 
human disease therapy. For one thing, 
antisense compounds can be unstable, break- 
ing down before they reach their targets. 
For another, cell culture experiments have 
shown that it's sometimes hard to get the 
compounds into cells at the right time to 
block messenger RNA activities. Because of 
these problems, it may be necessary to use 
large quantities of the agents, raising ques- 
tions about their potential toxicity in the 
body. Such drugs may also be very expensive. 

What's needed to design better antisense 

drugs, Rossi says, is a clearer understanding 
of how they work. Although conventional 
wisdom has it that they bind to, and inacti- 
vate, messenger RNAs, either by inhibiting 
their translation or causing their degrada- 
tion, there are reasons to think that this may 
not be the whole story. So far, for example, 
the telltale sense-antisense RNA hybrids 
have been tough to find. 

And last year, a research team led by 
Richard Jorgensen, who was then with DNA 
Plant Technology's Oakland lab and is now 
at the University of California, Davis, came 
up with some unexpected findings that show 
that the antisense picture is more compli- 
cated than expected. While working on a 
program aimed at genetically engineering 
plants for novel colors, Jorgensen put an 
extra gene for an enzyme needed to make 
the purple pigment anthocyanin into petu- 
nia plants. He  thought this would give the 
flowers a deeper color. The actual result? 
The blossoms turned white. In other words, 
the sense gene apparently behaved like an 
antisense construct. 

Nor are the petunias an isolated example. 
Other researchers, including Joseph Mol of 
the Free University in Amsterdam, Holland, 
Bill Hiatt at Calgene, and Grierson, have 
repeated Jorgensen's experiment with addi- 
tional genes, including the polygalacturonase 
gene, and have obtained comparable results. 
That's all right for the plant industry, since 
biotech companies are already using this 
"sense" technology to develop flowers, in- 
cluding petunias and chrysanthemums, with 
attractive new color patterns. 

But it adds confusion to efforts to under- 
stand how antisense technology works. One 
possibility is that antisense mechanisms in 
plants may be different from those in ani- 
mals. Or  antisense may work differently, 
depending on the developmental stage of 
the organism in which it's applied. Some 
researchers have also suggested that what 
really determines what happens is the loca- 
tion where a transferred gene ends up in the 
recipient genome, not whether it's sense or 
antisense. Examples of such "position ef- 
fects" on gene expression have been docu- 
mented in other experiments. Other research- 
ers say that the RNAs transcribed from 
antisense genes may have unusual three-di- 
mensional structures that disrupt transcrip- 
tion of the corresponding sense gene. "There 
are all these possibilities," says Jorgensen. 
"At the very least, it is dangerous to assume 
that antisense constructs work only by pro- 
ducing antisense RNAs that form hybrids 
with messenger RNAs." And only when 
researchers understand antisense mechanisms 
will they feel comfortable applying a technol- 
ogy that has worked so well on tomatoes to 
human beings. w ANNE SIMON MOFFAT 
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