
AIDS RESEARCH 

Researchers Air Alternative 
Views on How HIV Kills Cells 
Like a group of radicals from the '60s, two ogy and Respiratory Medicine in Denver. 
dozen AIDS researchers congregated in The red flag repeatedly raised by these re- 
Berkeley, California, last month to challenge searchers is that, by their gauges, too few 
the establishment, swap copies of their own CD4 cells are actually infected by HIV. 
manifestos, and enjoy the bonhomie of What is more, they contend, the body can 
hanging out for 2 days with fellow "alterna- produce new CD4s more quickly than an 
tive" thinkers. The topic wasn't politics, HIV-infected cell can produce new, infec- 
however. Rather, the meeting focused on tious HIVs. As immunologist John Krowka 
what has been one of the most puzzling and of Ascher's group put it, "There are more 
controversial scientific questions raised by bodies than bullets." The implication: HIV 
HIV: How does it destroy the immune system must somehow be killing uninfected CD4 
and cause AIDS? "We have to subvert the cells indirectly. 
dominant paradigm," said immunologist Although the participants in the Berke- 
Michael Ascher of the California Depart- ley meeting put forward a variety of hypoth- 
ment of Health Services at the opening of eses to explain how this occurs, the gathering 
the colloquium." revealed an esprit de corps rarely seen in the 

Ascher was quoting from the philosopher past. The newfound solidarity stems from 
Paul Feyerabend, whose view, said Ascher, their misgivings about widespread interpre- 
was that you don't wait for a paradigm to tations of two papers that have been the talk 
shift, "you push it over." The paradigm of the AIDS research world since they were 
Ascher and his Berkeley colleagues hope to published in the 12 January issue of Nature 
push over is the so-called cytopathic model (Science, 13 January, p. 179). These two in- 
of HIV pathogenesis. This popular theory dependent studies-one led by David Ho, 
holds that HIV cripples the immune system head of the Aaron Diamond AIDS Research 
by directly destroying T lymphocytes bearing Center, and the other by George Shaw of the 
CD4 receptors, key white blood cells that the University of Alabama, Birmingham-ana- 
body relies on to defeat invading pathogens. lyzed the kinetics of HIV production and its 
It's an appealingly simple theory that test- clearance from the body and fluctuations in 
tube studies back up, and to many research- CD4 counts. Both papers reported that when 
ers, it by and large explains the progressive anti-HIV drugs brought virus production to a 
loss of CD4' cells in HIV-infected people. grinding halt, CD4 counts skyrocketed. 

I 

Contused regulation. A computer simulation of the immune system presented at the Berke- 
lev meeting shows tag-and-drain model (left) in which level of reservoir of CD4 cells de~ends I 
or; relativerates of C D ~  production and deletion. Researchers at the meeting argued &at a 1 
regulator adjusts CD4 production and deletion (center). They suggested that during HIV in- 
fection, signals from noninfectious virions, depicted by black dots in red foam (right), confuse 
the regulator, causing the body to produce too few CD4 cells. (Computer simulation by Rob- 
ert T. Carlson. Carlson Designs; free copies available through bobod9cOwell.sf.ca.us) - 
But to Ascher and the others at the 

Berkeley gathering he co-organized, the 
model is too simplistic. "The conclusion that 
CD4s are killed directly requires a lot of as- 
sumptions," said immunologist Terri Finkel 
of the National Jewish Center for Immunol- 

^ Alternative Models of HIV Pathogenesis, 19- 
20 July, Berkeley, California. 

Neither paper overtly argued that CD4s 
were directly being killed by HIV, but be- 
cause they both emphasized that billions of 
virions were being produced each day-which 
was not so much a new finding as an under- 
appreciated one-that is the message many 
researchers took home. "It's funny how people 
read the results differently," says Ho, a vi- 
rologist. "I just wrote it to say virus is driving 

the killing. I don't know how, but it is." Yet 
Ho concedes that he'd put more chips on 
direct than indirect killing. "Being a virolo- 
gist, one is very biased to think that way," he 
says. And, referring to new work from his lab 
showing even higher levels of HIV replica- 
tion than in the earlier studies, he adds that 
"there are more bullets than you think." 

The researchers at the Berkelev meet- 
ing, several of whom aired their criticisms 
of Ho's and Shaw's papers in the 18 May issue 
of Nature, were short on compelling evi- 
dence that their ideas were correct. But that 
didn't stop them from vigorously attacking 
what thev ~erceive as a misguided establish- , . - 
ment and from passionately detailing their 
own visions of how HIV unravels the body's 
immune tapestry. 

Immunologist and Ascher collaborator 
Haynes Sheppard offered their hypothesis for 
how HIV undoes the immune system. In a 
person with a normal immune system, the 
C D ~  population remains constant, making 
and deleting cells when confronted by an 
invader. So, somehow, the immune system 
"counts" CD4s. Sheppard contended that 
HIV disrupts this homeostasis when its sur- 
face protein, gp120, meshes with the CD4 
receptor, which signals CD4 cells to become 
"activated" and mount an immune resDonse. 
In this model, the excess activation signal 
calls into action and deletes more troops of 
CD4s than necessary. "By putting HIV in 
this system, you essentially give CD4s a false 
counting system," argued Sheppard. 

How, then, are CD4s actually deleted? 
Sheppard and Ascher think a lead suspect is 
apoptosis, the process of programmed cell 
death used to clear unneeded cells. Several 
speakers at the meeting outlined their own 
views of a ~ o ~ t o t i c  mechanisms. Finkel . . 
mapped out a complex "misactivation" inter- 
action via gp120 binding to the CD4 recep- 
tor. In Finkel's model, the binding event ren- 
ders the CD4 cells anergic, or unable to re- 
spond to further stimulation by invaders. 
More devastating still, when they meet a for- 
eigner, these cells commit suicide. 

Finkel also reviewed her recent work, re- 
ported in the 2 February issue of Nature Medi- 
cine, which shows that the apoptosis "kiss of 
death" primarily takes place when gp120, 
whether associated or unassociated with 
HIV, binds to uninfected "bystander" CD4 
cells. "HIV may have proteins that inhibit 
apoptosis in the host cell but trigger it in a 
bystander," suggested Finkel. One possible 
agent for inhibiting apoptosis in infected 
cells is the HIV protein Tat, which she 
thinks may thwart the gp120-CD4 activa- 
tion signal and thus protect HIV-infected 
cells from an early death. 

An altogether different explanation for 
CD4 loss is that it is due to "redistribution" 
rather than cell killing. CD4s constantly 
traffic between the bloodstream and remote 

SCIENCE VOL. 269 25 AUGUST 1995 



lymphatic tissue, with the CD4s in the hlooii 
representing only k~hout 2% of the total 
popillat~on Se\.eral researchers at the meet- 
Ing theori:ed that because HIV progressively 
destroys the architecture of the lymph nodes, 
it might also somehoiv lead the nodes to se- 
quester more and more CD4s than they oth- 
erivlse \voilld. 

Stanford University immunologist Mario 
Rocilerer said he believes reiiistrihution is "a 
very strong possibility." Roeclerer has heen 
stuiiying h o ~ v  HIV alters the balance he- 
tween "naive" T cells-ones that hare never 
seen an invader-anil "mcmorv" T cclls. 
which have memori:eit what an inva~ter 
looks like and committed themselves to at- 
tacking it if they see it again. He has f o ~ ~ n d  
that levels of naivc CD4 cells drop much 
more precipito~lsly in HIV-infected people 
than do those of memory CD4s. And, curi- 
ijusly, he found that naivc CD8 cclls-an- 
c~ther key immune-system actor-drop in 
locksteli with naive CD4s, even though 
Inemory CD8 cells actl~ally rise iluring an 
HIV infection. Rccausc CD8s arc not susccn- 
tihle to HIV infection, Roederer concl~~iies 
that the synchrotlized decline in naive CD4s 
a n ~ l  CD8s c~innot  he clue to direct killing. He 
1'. ,I\ . or5 . rec 1'. ~strihution, and he also speculates 

that the loss c ~ f  naive T cclls might be linkcil 
to the fact that HIV destrovs the thvmus. 
\vhich is nhere naive T cells are minted. 

The University of California, San Fran- 
cisco's, Jay Levy, a virologist who iiiii not 
attend the Berkeley meeting, is glaii these 
rcscarchcrs are encoilraging colleagues to re- 
ev;~luate the Ho anii Shaw papers anii the 
role of ilirect killing. "[The papers] have 
\.slue, ahsol~~tely," says Levy, \vho nrote a 
106-jiage tome on HIV pathogenesis in the 
March 1993 IMicrobiologic~tl R~.t ' ieu's and be- 
lieves in~iircct killine is kcv. "Rut I think - 
they've hccn o\,er-touted." 

Levv hone:: the alternati\.e \,iens n i l 1  lead , . 
AIIIS clinicians to broaden their thinking 
bevonci anti-H1V iirues. Iniieed, the treat- 
lnent ilnplications stelnming from alteriia- 
rive HIV pathogenic ~nechanisms are many. 
I f  false signaling is a critical jiathogenic 
mechanism, for exam~ile, then treatments 
shoulii he aimed prim'lrily at hlocking sig- 
nals. If specific HIV proteins prevent the 
apc>ptosis of HIV-inkcted cells, then those 
proteins should he targeteii. Or  if Roeiterer's 
hunch is right, perhaps it makes sense to ilo 
thymic transplants couplcil \vith therapies 
chat rlrotect the new t h v m ~ ~ s .  

whi le  some ofthese ideas might seem far- 
out to AIDS rcscarchcrs n h o  ,ire bankine on 
anti-HIV Lir~~gs, no treatment, to ilatc, has 
hail much success. AnJ  unless that hleak re- 
ality changes, alternwti1.e thinkers a i l 1  likely 
keep needling their est,iblishment colleagiles 
and urging thcm to rethink their hasic i~nder- 
stanilina of the disease. 

-Jon Cohen 

MEETING BRIEFS 

Ecologists Flock to Snowbird 
For Varied Banquet of Findings 
SNOWBIRD, UTAH-About 2500 ecologists converged here from 30 July through 3 
August for the largest meeting ever of the Ecological Society of America (ESA). The 
meeting's theme of the transdisciplinary nature of ecology included talks on such unusual 
topics as urban ecology and fisheries economics. But there was also plenty of solid 
ecological fare on tropical forests and evolution. 

Forest Fragments Favor Frogs 

One of the lnost c o r m o n  landscape alter- 
ations in the worlci toiiay is the conversion of 
continuous forest into a patchuork of forest 
fragments surro~lndeil by pasture, farmlanil, 
and secondary growth. Ecologists have 
warned for years that such fraglnentation not 
only \vipes out the organisms that lose their 
habitat. but also harms those trvine to sur- 

~ i c c s  of the Smithsc~nian and Brazil's Na 
tionnl Institute for Research in Amazonia 
(INPA). Lovejoy wanted to find out how 
large a reserve milst he ti7 save the species in 
a givcn area, so he and colleagues marked off 
fcxest patches ranging in si:e horn 1 to 100 
hectares. Ranchers and farmers cleared sur- 
roiuniling lanil and isolated the patches, ,]I- 
t110~1gh tall secondary growth no\v adjoins 
some franments. , <- 0 

vive in the fragments. Tocher presented 10 years 
So it comes as a surprise to i7f frog data, gathered hefore 

find thdt ill a 10-year experi- and after isol;~tion hy herself, 
ment in the Brazilian Amazon, Zimmerman, and co-author 
frogs-a group thought to he Claude Gasco~l  of INPA, n h o  
sensitive ti7 ilisti~rhance-ac- coorilinates the ficlil opera- 
tually hecalne more ciiverse af- tions of BDFFP. The research- 
ter patches of forest were iso- 
lated. Results presenteii at the 
meeting hy Maniiy Tocher of tr 

the University of Canterhury 4 E 
in Christchurch, Nc\v Zcalanil, sho\vcd that u 

in slnaller t'orcst patches, the numbcr of frog I 
species roughly iic>uhleci after isolaticm, ivith 

m 
B 

an ;lver,lge of 10 n e n  species entering each 
patch. Frog brcciling sho\veil no ob\,ious de- 
cline, and only one of fi7~1r species st~~ilicil 
sho\ved a ilrop in jlopulation. In sum, says co- 
author Barhara Zilnmer~nan of Conser\.ation 
International, after 7 years of isolation, frogs 
seemeii to iio just fine in forest fragments. 

The new data haven't tilrneil scientists 
into ad\,ocares of fragmentation. Initerit, the 
same esperilnent has sho\vn that in other 
species, isolation leads to a severe loss of di- 
\.crsity. Rut this uncxpcctcd rcsilicncc in a 
group knonn to he in \vorlci\vicie decline may 
he gooil ne\vs for conservation. The  new data 
holster the view that nh'tt's outsiiie a reserve 
is cr~icial to the health of species insiiie. 
up, ,itc 1 les . ale . larely . surrouniled by completely 
nonhrcstcil areas," says Rob Bierrcgaard of 
the University of North C:arc>lina, former 
field ilirector of the project. "There's second- 
ary gro\vth outside, and it may serve some 
conser~.ation p~~rposcs." 

The frog data are part of the Ric>logicnl 
Dynamics of Forest Fragments Project 
(BDFFP) near Manaus, Brazil, begun in 1979 
hy Toln Lovcjoy, now of thc Smithsonian 
Inst i t~~t ion,  cind manageii through the aus- 

Tree-mendous diversity. Fragmentation of this 
Amazonian forest gave frogs a surprising boost. 

crs surveyed hogs hy sight anii sounil (frog 
lni~ring calls are distincti\,e), anil also sur- 
veyeii tadpules in breeding ponds. 

Because Amazonian frogs typically haye 
strict physiological anii hreeiiing reiluire- 
mcnts, researchers preiiicteil lo\ver frog di- 
versity, abundance, and breeding success, es- 
pecially in small fragments. R L I ~  they \Yere 
n.rc,ng. Althongh larger patches did h,ive 
more iiiversity than slnaller ones, all frag- 
lnents had lnorc frog species after isolation 
than hefore. 

This is all the lnore si~rprising givcn that 
BL3FFP and other es~eri lncnts  have alretldv 
s1lon.n that isolation is ~~sua l ly  hail for iiiver- 
sity. At  the syrnpc>si~lm, Gascon presenteil 
p~~blishcii and i ~ n p ~ ~ l ~ l i s h e d  surnln'lry ilata 
from various BDFFP researchers shoninz a 
ciiversity Llecline aftcr isolation in hircis, 
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