
A Genetic Shield to 
Prevent Emphysema? 
Lymphocytes programmed to produce alpha-1 antitt-ypsin may 
protect lungs jiom the ravages of emphysema 

l a 4  I "IT IS." savs Ronald 

pulmonary medicine at the National Heart, 
Lung, and Blood Institute, envisions put- 
ting the gene for a protein called alpha-1 
antitrypsin into an aerosol that could be 
sprayed into the lungs of people with em- 
physema. Because of an absence of the al- 
pha-l gene that occurs in a significant per- 
centage of emphysema victims, these people 
have lungs full of holes where tissue has 
been destroyed by a natural compound, 
neutrophil elastase that ravages the delicate 
alveolar walls of the lower respiratory tract. 

Like a Star Wars defense, Crystal says, 
alpha-1 is a shield that protects the lungs 
from being eaten away by neutrophil elas- 
tase. In a healthy individual, the concentra- 
tion of alpha-1 in the lungs is sufficient to 
keep the neutrophil elastase at bay. And it is 
the absence of an alpha-1 shield that makes 
victims vulnerable to emphysema and, occa- 
sionally, to a genetically related disorder that 
results in a bleeding liver. 

Crystal thinks that alpha-1 antitrypsin de- 
ficiency is an ideal candidate for human gene 
therapy one of these days. One reason: 
There is an enormous amount of informa- 
tion about the disease that can be used to 
design a genetic approach. At a meeting on 
genetics last summer at the Jackson Labora- 
tory in Bar Harbor, Maine, Crystal de- 
scribed alpha-1 antitrypsin deficiency as the 
"only genetic disease that we thoroughly 
understand at the molecular level." And, 
although a lot of work still needs to be done 
before he and his colleagues would be ready 
to submit a protocol to the NIHYs Recombi- 
nant DNA Advisory Committee (RAC), 
which has jurisdiction over this research, a 
pretty reliable blueprint is already in hand. 

The incidence of the disease is well de- 
fined. Alpha-1 antitrypsin deficiency gener- 
ally occurs in Caucasians of Northern Euro- 
pean decent: it is rarely seen in Blacks or 
Asians. 

three cell types, most alpha-1 antitrypsin is 
made in the hepatocytes of the liver. In 
general, a mutation in the gene will result in 
the secretion of too little alpha-1, Crystal 
reports, which in turn means that the alpha- 
1 shield in the lungs can be penetrated by 
neutrophil elastase. (Disease in the liver is 
usually caused by a slightly different muta- 
tion that manifests itself by an accumulation 
of alpha-1 in hepatocytes.) 

The mechanism by which emphysema 
progresses in alpha-1 deficient patients is 
also well detailed. By the time someone is 30 
years old, there are likely to be preliminary 
signs of disease: shortness of breath, for 
instance. Cigarette smoking makes things 
worse because, Crystal says, "the ~ e t ~ ' *  
residue at the active site of alpha- 1 is vulner- 
able to oxidation by free radicals. In turn, 
alpha-1's already compromised ability to 
inhibit neutrophil is compromised further." 
Eventually, breathing becomes almost im- 
possible and as the patient's pulmonary 
h c t i o n  deteriorates, there is less oxygen in 
the blood; vital organs throughout the body 
suffer "oxygen starvation." 

Few patients live past 60. 
With all this knowledge, can alpha-1 anti- 

trypsin deficiency be treated by conventional 

The alpha-1 gene is located on chromo- Ronald G. Crystal. Planning a "Star Wars" 
some 14. Although the gene is expressed in defense with designer lymphocytes. 

A deadly lung. Without a protective shield of alpha-1 
elastase. Alpha-1 antitrypsin deficimcy is one cause of 

therapy? The answer is "probably yes," says 
Crystal. For instance, in the past few years, 
Crystal and his colleagues have also worked 
out a strategy for infusing alpha-1 prepared 
from woled ~lasma from normal donors. 
Patients received weekly infusions, and the 
researchers reported in the 23 April 1987 
issue of The New EnglandJoumal of Medicine 
that protective levels of alpha-1 could be 
detected in the lung. Since then, hundreds 
of infusions have been administered, with 
no evidence of adverse reactions beyond 
fever in just a few patients. 

On the basis of data showing that alpha- 1 
does get into the lung in what ought to be 
therawutic concentrations. the Food and 
Drug Administration has approved its use 
for emphysema patients, even though there 
are as vet no data to show that the treatment 
prolongs life. "Emphysema is just too slow a 
disease to get that kind of information," 
Crystal says. "It will take 20 years." The 
treatment is costly: weekly inhions could 
add up to $30,000 a year. 

All this would seem to rule out emphyse- 
ma as an early candidate for gene therapy, 
because current guidelines limit the as-yet 
untried technique to diseases that are un- 
treatable by other means. But Crystal argues 
that knowledge gained from treating em- 
physema patients with alpha-1 have laid the 
basis for a more radical approach: an at- 
tempt to deliver cells caGing the alpha-1 
gene directly to the lungs. "So much of the 
biology and safety data are in," he says. 

Crystal is hoping to insert the alpha-1 
gene in T lymphocytes, which would then 
be delivered to the airways in an aerosol. At 
the meeting of the American Society for 
Clinical Investigation last spring, Crystal 
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ADA Deficiency: A Prime Candidate 
When researchers began giving serious attention to gene therapy about 5 years ago, a 
rare disorder known as adenosine dcaminase, o r  ADA, dcficicnc? was at the top of  the 
list of diseases 1 : criteria for initial human studies. It  is a single gene defect 
that in theory c; rcted by modifiling a gene to praiucc the missing enzyme. It 
is also a serious- asc Iethal-clisease for \vhich ideal alternative treatment does 

'. not exist. 
: Toda!r, researchers still view ADA deficiency as a prime early candidate for gene 

themp!,. But they are n o  longer talking th bout replacing the defective gene. Instead, 
; they are contemplating stitching ADA-producing genes into Iymplioqtes, which 

~vould then be transfi~sed into a patient. The enginee ,would, it is hoped, 
rnanuFacturc the missing ADA. 

The ADA gene plays an important role in the develo the B and T cells of  
the inimune s!rstem. Chilctrcti born with a defective g c c t ~  , ,dA fail to develop a 
healthy immune system, largely because 
the lack of  ADA leads t o  the build-up o f  
a metabolite that is selectively tosic t o  T 

C and B Iymphoqtcs. As a result, ADA- 
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emphysema. 

reported success, using the N2 retrovirus as 
a vector, in getting lymphocytes to express 
and secrete human alpha-1 in mice. 

In a separate experiment reported in the 
August Annuls of Internal Medicine, he 
showed that human alpha-1 can be aerosol- 
ized and that, when sprayed into the lungs 
of emphysema patients, it produce a s q  
alpha-1 Star Wars shield against nmmphil 
elastase. 

Many challenges remain. One of them is 
finding a virus vector that could withstand 
being aerosolized. "I doubt the N2 vector 
could take it," Crystal speculates. But he 
bets that a form of the common cold virus, 
which thrives by being sprayed around, 
might do the trick. W e  know that these 
viruses penetrate cells," he says, "and they 
may be effective at carrying therapeutic 
genesn-as long as their cold-causing capaci- 
ty can be inactivated. 

If alpha-1 antiaypsin deficiency were to 
yield to this form ofgenetic medicine, Crys- 
tal guesses that other genetically related 
pulmonary diseases might not be far behind: 
chronic bronchitis, for example, or cystic 
fibrosis, a lethal deficiency for which the 
gene has just been cloned (Science, 8 Septem- 
ber, p. 1059). 

Much of this is speculation, to be sure, 
but it is not far out. As one researcher who 
works with retroviruses at the molecular 
level told Science, W e  may well be at the 
point now where the next big leaps will 
come in genetic medicine, with the Ron 
Crystals of the world using genes and their 
products therapeutically, while the rest of us 
continue to plug away at the ultimate repair 
of a defective gene itself" 

BARBARA J. C U L L ~ N  

deficient kicis are susceptible to infection 
by every bacteria and virus that comes 
along. They fail to thrive and die early in 
child hood. 

Three years ago, Michael Rlaese, French 
Anderson, and their colleagues at the Na- 
tional Instin~tcs of  Health "cured" A " A 

deficiency in a r.* They 
retroviral vcctt SAX t o  ( 

cloned ADA g ~ , , ,  ,,,,, ~ul tured  R . 
Iymphoc\.tes from kids with ADA defi- 
ciency. TIK gene not only made ADA, but 
it made it in sufficient quantities to suggest 
that it v,ould d erapeutic ( 

a hur 
In form, gcr 

apy k,, , ,,,, . ,,,,,,,,,,, .,auld entail 
uig the defective gene in the pleuripotent i 
stem cells of the bone marroxv from which * - 
B and T immune Iymphoc\.tes come. How- :: 
ever. as noted earlier, stem cell therapy has 
so far cluded researchers' grasps. 

Rlaese, \\rho is currend!, treating immune- 
deficient children, is ready to try to correct Lymphocyre engineer. R ,  . ~ ~ ; , - / 1 ~ 7 ( s 1  
the problem one step rcmo~rcd-by giving n/,~r.rc. is Irq~itrq to rn~rr~/ir.rc prltic~,its 1r9irh 
patients lymphoc\.tes that carry a normal lyttrplrc~cy~ex corlmiir ir!q AL),4-)~rodrrc~ii!y~q 
ADA gene. During the past 3 years, he has ,qcrrt7.i. 
been successfill in culturing I!mphoc\.tes 
from ADA patients. In thc lab, evenzhing is ready. The excitement that Rlacsc's 
colleagues feel at getting the cell lines to  grow and espress ADA is palpable. So is die 
frustration at not being able to move as quickly as they \vould like into human trials. 

The nest step is t o  submit a protocol to  the NIH's Recombinant DNA Committee, o r  
RAC, n.hich must approve all liuunan gene therapy proposals. 

ADA deficiency is an estremely rare disease-fewer than ten children are born \iritli it 
each year in North America. Within the past couple of years, some of these ini 
bccn p r e n  a polyeth!rlene-glycol-modified form of ADA, but after a fc\v 
etfcctiveness is often lost, b r  reasons that are not understood. It is these kids tl 
and Anderson ~vould like to treat first. Rlacsc estimates that infusions of ADPI-,,,.! .,,5 

Iymphoq~es tvould have to be given every 3 months or so. A protocol is k i n g  drafred. 
Rlaese says, "I'm almost rcaciy to  go." B.J.C. 

.,,,,ilip W, Kdntof iosinc dcaminasc dcficicncy in culn~rcd human T and R cellc tw 
rctrov~n~c-nicdiatcd '. .4ind. ,%I. 1 ' . s .A .  83. 6563 ( 1986). 




