
-RESEARCH NEWS 

A Surprise Animal Model for AIDS 
Researchers have infected pigtail macaques with HIV, raising the possibility that the animals will be 

better-and cheaper-than chimpanzees for studying the disease 

W h e n  microbiologist Michael Agy and his 
colleagues at the University of Washington's 
Regional Primate Center in Seattle decided 
to try infecting pigtail macaque monkeys 
with the AIDS virus a couple of years ago, 
few researchers thought they would be suc- 
cessful. Closely related monkeys had proved 
resistant to infection and "conventional wis- 
dom said pigtails could not become infected," 
says Douglas Bowden, the center's director. 
Last week, however, Agy and a team of re- 
searchers from the primate center and the 
universitv's medical school announced that 
the conventional wisdom was wrong: They 
have not only successfully infected eight 
pigtail macaques (Mucaca nemeshina), but 
the animals have also shown symptoms of 
acute disease. 

The achievement has sent a ripple of ex- 
citement through the AIDS research com- 
munity, for it may help remove one of the 
biggest obstacles to studying the disease: the 
lack of a good animal model for monitoring 
the course of infection and for testim candi- 
date drugs and vaccines. This is "a major 
logistic advance for pathogenesis and vac- 
cine and therapy studies," says Anthony Fauci, 
director of the National Institute of Allergy 
and Infectious Diseases. 

Until now, the only animals researchers 
have been able to infect with HIV-1 are chin- 
panzees, but these animals have major draw- 
backs: They are relatively scarce, expensive, 
and show no symptoms of disease after being 
infected. Researchers have also been mine , " 
to glean clues to HIV-1's properties by in- 
fecting some species of monkeys with a closely 
related virus known as simian immunodefi- 
ciency virus, or SIV. Mostly, however, they 
have been forced to assume that the AIDS 
virus behaves in the body the same way it 
does in the test tube-an assumption that 
recent studies suggest is not always accurate. 

The fact that pigtail macaques can be in- 
fected with HIV-1 is therefore potentially a 
major advance, but further work will be re- 
quired to determine just how good a model 
the animal will be. For one thine. none of the 
infected macaques has develop&l full-blown 
AIDS, and none has been reported to show a 
decline in CW cells, the white blood cell 
depleted in human AIDS. Moreover, while 
pigtail macaques are not an endangered spe- 
cies, there is not yet an adequate supply of 
the animals from breeding colonies-and 
importing wild animals is becoming increas- 

ingly difficult (see box). Even if it's not per- 
fect, however, the model appears to be bet- 
ter than anything researchers now have, and 
the fact that the animals develop symptoms 
soon after being infected could be especially 
important in studying the early course of 
infection. (A scientific paper describing the 
macaque model will appear in the 3 July 
issue of Science. The article was acce~ted for 
publication on 4 June, 
and Science lifted its 
normal embargo on 11 
Tune after the National 
Institutes of Health 
[NIH] issued a media 
alert announcing the 
new model.) 

When Agy, along 
with cell biologist Mi- 
chael Katze and veteri- 
narian William Morton 
of the   rim ate center 
and Lyn Frumkin, 
Lawrence Corey, Rob- 
ert Coombs, and James 
Koehler from the Uni- 
versity of Wash i ion  
medical school, started 
0-ut, they knew they 
were embarking on a 
lone shot. In the earlv 
da; of AIDS research, - 
several teams tried with- -. 

Buoyed by this success, the Washington 
researchers decided to try their luck in in- 
fecting two animals. They removed some 
white blood cells from each animal, mixed 
them with a strain of HIV-1 known as LAI, 
and then reinjected the cell and viral sus- 
pension back into the animals. Beginning 3 
days after infection, the researchers periodi- 
callv removed white blood cells from the 

out success to infect two , , lV,u 
more commonlv used 

pigtails, mixed them 
with a cell line that is 

I!! readily infected with the 
AIDS virus, and tested 
to see if the macaque 
, cells still contained in- 
t, fective virus. Bingo. The I ; researchers could detect 

virus as long as 52 weeks 
after infection. Both 
animals also developed 

,. antibodies to the virus 3 
to 4 weeks after infec- 

i tion as measured by a 
standard enzyme-linked 

- immunosorbance assay, 
and both had enlarged 
lymph nodes and bouts 
of fever. 

1 One question re- 
mained tobe cleared up: 
Could the monkevs 

ilg macaque. Pigtails are larger than rather than the HIV-l .a;w -..- ,. ommon laboratory cousins. 
the researchers had in- 

macaques, the smaller rhesus (Macaca 
mulm)  and the longtail macaque (Macaca 
fas-). "You assume that if it doesn't 
work in [other macaques], it's not going to 
work in pigtails," says Robert Whimey, di- 
rector of the National Center for Research 
Resources at NIH, which supports the Wash- 
ington primate center. But with a large popu- 
lation of pigtails close at hand, they decided 
it was worth a try. 

Agy and his colleagues began by trying to 
infect pigtail white blood cells in the test 
tube with four different HIV-1 strains-three 
from well-characterized,laboratory grown iso- 
lates and one from a recently infected AIDS 
patient. All four infected the pigtail white 
blood cells, and all showed a particular affin- 
ity for CW cells, the so-called helper T cells 
that are devastated in AIDS. The researchers 
also showed that the infected cells produced 
new virus particles. 
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jected into them? They tumed to Steven 
Wolinsky at Noithwestem University med- 
ical school in Chicaeo for the answer. Wol- 
insky has been stud$ng changes in the virus 
after it infects a living organism. Using the 
polymerase chain reaction, Wolinsky showed 
that the viral DNA from infected pigtail 
cells was indeed from HIV-1, and not SIV or 
the related HIV-2 human virus, both of 
which have been previously shown to infect 
macaques. 

More convinced than ever that they were 
on the right track, the Washington teaq in- 
jected six more pigtails with HIV-1. All six 
not only became infected but also showed 
the swollen lymph glands typical of acute 
infection. In addition, two animals devel- 
oped a rash around the groin and abdomen, 
and several had bouts of diarrhea. 

If these results hold up, researchers can at 
last contemplate an alternative to the 
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chimp-and on logistical grounds alone that 
would be a huge bonus. Chimps are an en- 
dangered species, and they can be obtained 
only through captive breeding programs. 
NIH's Whimey reckons that only about 25 
animals are being produced domestically per 
year through NIH-supported programs, and 
each costs between $60,000 and $100,000. 
By contrast, the pigtail costs about $1000 to 
$1500. The University of Washington pri- 
mate center's Morton argues that researchers 
will now be able to consider experiments 
involving 20 animals, something that is vir- 
tually unthinkable with chimpanzees. The 
pigtail macaque "should eliminate the chimp 
frOm most considerations," says Morton. 

But others are more cautious. "It's too 
early to say if it would wipe chimpanzees off 
the map," says Murray Gardner, a vaccine 
researcher at the University of California, 
Davis. Gardner says other researchers will 
have to replicate the Washington results and 
show that animals can be infected by HIV-1 
strains other than LA1 and NL4-3, the two 
the Washington team used. Alan Schultz, 
the acting chief of the vaccine research and 
development branch at NIAID, also says the 
pigtail model will need more study before it is 

I f  the pigtail macaque (Mncnca ncmestrina) does 
become the animal model of choice for AIDS re- 
searchers, demand for the animals will quickly out- 
strip the current supply, according to Douglas 
Bo\\.den, director of the Regional Primate Research 
Center a t  the University of Washington. Rreeding 
colonies in the United States are limited, and the 
wild population is d\vindline, Bo\vden told the 
ad~~isory council of the National Center for Re- 
search Resources at the National Institutes of 
Health last week. Rut Bnwden said that, thanks to 
some no\.el arrangements with the government of 

fully accepted by AIDS researchers. Schultz's 
big fear is that HIV-1 may never replicate 
inside the pigtail monkeys: It may simply get 
inside cells and stay 'there until the cells die 
naturally, even though it replicates in the 
cultured cells. Although Wolinsky's data 
show that the viral sequences can still be 
found 1 year post infection, Schultz says the 
infection appears to be weakening over time. 
Schultz would also like to see data from more 
animals indicating how large a dose of virus is 
needed to cause infection. 

Washington's Grey says that's just what 
they intend to do next. He is planning to 
infect several animals with a standard vac- 
cine challenge stock developed by Larry 
Arthur for the National Cancer Institute. 
The goal will be to determine the minimum 
infectious dose for pigtails, which will be a ' 

Indonesia and a research institute in Russia, he's lation. T h e  Washington primate center, along with 
hopeful that supplies can be stepped u p  the Oregon Regional Primate Center and Bowman Gray Medical 

Right now, the Washington primate center has the largest School in Winqton-Salem, North Carolina, recently foruned an 
captive population of pigtail macaques in the aorlcl. with ap- alliance with the Inllonesian agricultural institute in Roeor ro 
proximately 450 animals, 400 of which are females suitable for develop a breeding colony in Indonesia. T h e  three institutions are 
breeding. There are smaller colonies at the Yerkes Regional Pri- also plannine to release some pigtail macaques on  Tinjil Island, 
mate Center in Georgia and at the University of Puerto Rico. In which has n o  human population hut is home to ahouc 1OOO 
addition, a few animals are available from commercial breeders. Inngtail macaque: (\~fasacnfascis~~lans) that were introduced there 

Pigtail macaques come primarily from the Indonesian islands as part of another captive breeding pm,oram. 
ofSumatra and Kalimantan (formerly Romeo). While the animal Roaden says it will be at  least 2 years before these proposed 
is not on the endangered list, the indigenous population has been colonies are producing animals in any reasonable numbers, houf- 
under severe pressure since 198 1, when the Indonesian government ever, so researchers will have to scramble for additional supplies in 
began a massive migration proflam to these islands to reduce o\.er- the short run. That's where Russia comes in. The  Russian Acad- 
crowdinF on neighbring Java. Not only do human settlers deci- emy of Medical Sciences maintains a colon\. of about 120 pigtail 
mate the monkeys by clearing the vegetation that fomls the ani- macaques at  the Institute for Biomedical Primatoloqy in the Black 
mals' habitat, but, say.. Botvden. the macaques face a more immedi- Sea town of Adler, just across the border from Georgia. The  
ate threat: "They taste god." Indonesian oificialq have therefore Washington center is exploring a cost-sharing arrangement that 
restricted export of nlild pigtail macaqu IS year's quota of tvould provide U.S. researchers access to the monkeys in ex- 
500 animals has already heen spoken to says. change for hard currency and supplies to maintain the colony. 

There is, in any case, a potential p using wild ani- -J.P. 
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crucial requirement for designing vaccine 
trials. He is also collaboratine with other 

mals-infections with other retrc7viruses that cause 
immune deficiency. Type D retroviruses in particu- 
lar are known to cause such symptoms, and to he 
quite common in macaques. "If you are going to use 
these animals for HIV- 1, you need to be dam sure 
they don't have these other vin~ses," says Murray 
Gardner of the University of California, Davi~.  

The Indonesian gn.rvernment has, however, been 
receptive to  the idea of treating the monkeys as a 
renewable resource, and is willing to use money 
generated from the sale of the monkeys to develop 
infrastructure in the country for sustaining the p o p -  

" 
AIDS researchers to see if he can find a way 
to induce the infected pigtail CD4 cells to 
start producing massive quantities of virus. 
If this causes disease, Corey says, then they 
will have a terrific model for studying the 
pathogenesis of AIDS. 

But even if the pigtails never develop full- 

blown disease, Wolinsky says the macaque 
model will still produce extremely valuable 
information about the course of infection. "It 
will allow us to understand pathogenesis es- 
pecially following acute infection," he says. 
Like other retroviruses. HIV-1 makes a lot 
of "mistakes" as it replicates its genetic ma- 
terial inside infected cells. These mistakes 
can lead to changes in the viral proteins, 
which make it difficult for the host's immune 
system to recognize the virus. Researchers 
are now anxious to know how the virus 
changes from the early days after infection- 
when it causes only mild disease-to some 
later time when it triggers severe immune 
deficiency. Using the pigtail model, research- 
ers could also look for drugs and vaccines 
that could prevent the acute infection. 

Although the University of Washington 
results have yet to be formally published, 
Morton savs the mimate center is alreadv in- 
undated wi;h reqksrs for animals and @ts. 
But Gwey is also aware that there have been a 
lot of false alarms in the AIDS world. "I hope 
to see our work duplicated quickly, and that 
people will pick up on it," he says. That's just 
what people are beginning to do. 

-Joseph Palca 
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