
specilllens from HIV-1-seropositive indi- 
viduals ~ v h o  have heen treated effectively 

REFERENCES AND NOTES 7. R. LV. Prce et a!. ko17. Yeu~al. 42, 675 11997): J. C.  
I . / icAl i i~~l  eta!.  ibio., p.  689. 

8. Z.-Q. Zhang eta!.. Proc. Nati. k c a d  S o  L1.S.A. 276. 
11 54 11 998): B. A~ t ran  et a1 Scie~ice 277 11 2 
11 997); N G Parere t  a!.. Nature Med. 4. 2J8 11 998) 

9. Id. Connors et a!. /Nature Med. 3, 533 (1997). G. 
Goroci-ov et ai.. iliid. 4. 21 5 I 1998). 

13 P J. H a ~ u t r a n  anc K J. O'Connor. N. Eilci J, 1'1.4ed. 

1. A T. Haase et a!. Scieiice 274, 985 11996): W. 
Cave l  et ai., jbj'd. 276 96J 11 9971. 

2. F J Palea Jr et a!.. IN EIJQ!. I .  :!/led. 338, 853 
hut suildenly die i n  vehicle accidents or 
fro111 other traumas or  causes (6). \YJe ell- 
vision a federal repository of HI\' rese,irch 
tissue, f ~ ~ n d e d  and organired perhaps by 
the  National Insti t i~tes of Heal th  ( S I H )  
and a col lsor t i~~l l l  of povernmental and 

I 1998); B H rsci-el et a1 . ,bio p 9J6. 
3. T W Chun eta!.. ?roc. Yatl. Acad. Sci. L1.S.A 94. 

13193 119971. 
L. J K. \iqJong et ai.. ,o,'d.. p 1257L. 
5. B. T. Id. Korber et a/., I .  \ h i .  68, 7L67 I1 994); J. K 

336 ~ 2 2 '  I 1997) 
11. Repoes of the N H  ADS Peaearch Proqrar Worliiny 

\iqJony eta!.. ~b,'d 71. 2059 11997) 
6 J. Coben. Sc,e:,ce 279 18% '1 998) 

GI~LI!:, sect'on XI !@tiice of the ADS besearci- A& 
!!isor;/ Counc.  NIH. Bethesda IdD, 1996). private agencies, locateci a t  a single site 

\\it11 a national or international scope tor 
specilnen acquisition and distril7ution. 
This resource \vould be advertised to 
emergency rooms, surgical services, and 
medical providers likely to  encounter vic- 
tirns of trailnla or other acute fatal condi- 

Toward HIV Eradication or 
Remission: The Tasks Ahead 

tions and aou ld  f ~ ~ n c t i o n  ( o n  a s~nal ler  
scale) like the  Uniteil Setn-ork for Organ 
Sharing [ U N O S  ( i d ) ]  for HI\/-infected 
individuals 1~110 are excluded from trans- 
plant organ ilonation. HI\/ care clinics 
could offer patients the  opportunity to 
carry cards iilentifying a ~villingness to 
becolne a "scientific tissue ilonor" in  the  

David D. Ho 

W i t h  the ailvent of combination therapy, 
it is n o ~ v  possible to achie1.e durable control 
of 11~1man immunoileficiency virus-type 1 
(HI\/-1) replication in  vivo. This develop- 
lllent has led to a si~hstalltial decline in 
AIDS incii1ence and mortality in the  
U n ~ t e i l  States In the past 2 years (1 ) .  T h e  

s~vered, hut it is knon,n that L is slnall 111 

s i x ,  generally rangillg from lo4 to 10" cells 
per host (8) and typically n o  larger than 10' 
cells (9) .  Its decay rate, p. (Fig. l ) ,  has not 
heen directly measureil n~1tl1 any degree o i  

event  of untimely death .  Tissues n>ould he 
obtaineil fro111 HIV-1-aositive indiviiluals, 
both  treated ani1 untreated controls, I.\; 
a t teni l i~lg  physicians 1vho I\-ould telephone 

accuracy, although several studies are now 
under \Yay. It is kno\vn, nonetheless, that 

a 24-hour hotline for elnergency consent 
forms and instructions (311 harvesting, pre- 

potent ant i re t ro~ira l  agents have also 
served as a tool to &fine the kinetics o f  
HI\/-1 turnover 111 infected persons (Fig. 1) .  
\YJhen de novo infectio11 is 111111hiteil 1 3 ~  

lnelnory C D 4  lymphocytes have a lnean 
half-life ( t l i 2 )  of' -3 to 4 months (1 01, 
which shoulJ ~nir ror  p.. Al tho i~gh  m~1cl1 of 
the ~ r o v i r a l  D N A  harhoreil l v~ th ln  memorv 

serving, and s h i p p ~ n g  tissues along ~ v i t h  
blood and CSF. ~31~1s a relevant lneilical 
history to  the  repository. Because reten- 
t lon of cellular morphology and slnall 
quan t i t~es  of lahile viral nilcleic a c ~ d s  is 
critical, establish~ng the  ~nfrastructure for 

d n ~ g  treatment, cell-free v i r~ons  are cleared 
rapicily anil productively infecteil C D 4  lym- 
phocytes die after a short life-span ( 2 ,  3) .  
Complete e l im~nat ion of these viral rools 

C D 4  lymphocytes of infected persons exlsts 
as defective forms (9 ) ,  the decay rate of this 
D S A  may, nevertheless, serve as a surro- 
gate to estilnate p.. \YJith this in mind, the  
decay t,:, of proviral D S A  in peripheral 
blooil mononuclear cells of a a t ~ e n t s  receiv- 

could be especteJ in -2 months. But slon-- 
er decay rates have been estllllated for aii- 

meticulous tissue preservation hy  snap 
freezing and rapid fixat1011 1s o i  paralnoullt 

cl~tional colnpartlnents carrying HI\'-1, in- 
c l ~ ~ i l i n g  infected tissue macrophages, CD4 
lymphocytes that harbor illfectioi~s genome 
111 a pre-integrateil form, and vlrions 
trapped o n  tollicular ilendrltic cells in lym- 
phoid tissues ( 4 ,  5).  Nevertheless, mathe- 
matical project~ons suggest that these pools 
could also be eliminated l i  effecti1.e treat- 

ing effective therapy has been fo i~nd  to  he 
-3 to 5 m(jntl1s (4 ,  1 1  ), consistent \\.it11 

importance. A central repository ~vould 
provi~le  the  coor 1' 1nat1011 to ens~ l re  ~1111- 

forlnlty and quality In processing samples. 
T h e  specimens would then  he catalogueii. 
stored, and  maile available to all iluallfied 
investleators via a d i s t r i b ~ ~ t i o n  system 

pre\-ious r l i l  estllnates of lnelnory lympho- 
cytes 11 0). Simt3le calc i~la t~ons based o n  
these numl>ers are quite revealing. A p p ~ o s -  
imately 14 to 30 half-lives are required tor a 
pool s i x  of 10" to 10" to ilecay to <1. Using 
4 months as the  t ,  ,, it fc~llolvs that 5 to 7 

maintained hy the  repository. 
T h e  uncer ta~n potent~al  for eradication 

lnent is contim~ecl for 2 to 3 years (4 ) ,  
thereby ralsine the t3ossihility of erail~ca- 

1 , -  

years o i  c o n t i n ~ ~ o u s ,  completely ~nhlhitory 
therat3y \v111 be necessary to e l ~ ~ n i n a t e  L. 

and immune reconstitution 111 response to 
antiretroviral therapy renders even Inore 

A ,  

pressing the need to i~nplement the recorn- 
~nendat ion of the  S I H  AIDS Research Pro- 
gram Working Group to Lle\.elop a central 
repository of biological specilllens ( 1  1 ) .  
Based on suLlden-accident mortality statistics 

t ~ o n .  Recent studies show, ho\vever, that 
i n f e c t ~ o ~ ~ s  HI\/-1 persists latently in  resting, 
memory C D 4  lym~~llocytes  in a post-inte- 

. , 
Treatment interruptions that perlnit HI\'-1 
replicat~on to  resillne n ~ l l  rapidly restore 
the  size of L. For larger p(m1 si:es or greater 
v a l ~ ~ e s  of t,!,, Inore than 10 years of contin- 
L I O L I ~  treatlnent will I3e required. A treat- 

grated for111 despite 1 to 2 years of comhi- 
l ~ a t i o n  therapy ( 6 ) .  This latent reservoir of 
HIV-1, denoted L (Fig. l ) ,  represents the 
lnaior documented hurille to virus eradica- 

and national HI\/-1 seroprevalence data, \ve 
estimate that it might be possible to ohtain 
tissues from 10 to 3P cases for this critical 
resource over a 2-year t7erioL1 at an estimateii 

lnent cii~ration this protracted is unaccept- 
able because of the  complexity, toxicity, 

tion, a l t h o ~ ~ g h  other obstacles such as viral 
sanctuaries may exist (7) .  

Hoo. do such \.in~s-carrying C D 4  lym- 
phocytes arise? Do they represent rare sur- 
vivors of proLluctive infection? O r  Ivere they 
infectecl a t  a particular j ~ ~ n c t i ~ r e  during re- 

and cost of the cilrrent i l n ~ g  regimens, es- 
pecially ~ v h e n  the  concept of "maintenance , 

cost of (2'1 million per annuin. In our vielv, 
the tissue bank proposal is responsi\ie to the 
urgent need for such a repository. Anc1 it has 
reasonable prospects for success, dra~ving as 
it iloes o n  the inspiring history, throughout 
the AIDS pandemic, of the many HIV-1- 
seropositive ind i~- idu~~ls  ~ v h o  have contribut- 
ed to the aL1vances in knolvledge o n  n.hich 
current successes and f ~ ~ t u r e  hopes are based. 

therapy" ~ v i t h  a simplifieL1 regilnen does not  
seen1 viahle 11 2 ) .  

Increasing p. n.hile continuing antiretro- 
viral therauy is a strategy that shoulil he 

L ,  - ,  

exploreci. Activation of resting cells results 
in HIV-1 replication and cell ileath, where- 

version from an activated state to the rest- 
ing state? These iluestions relnain unan- 

as the spread of virus remains inhihired hy 
antiretroviral agents, Infectioi~s proviruses 
are i~ndoubteilly harhored within a diverse 
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population of resting CD4 lymphocytes 
with memory for a large array of exogenous 
antigens. Thus, administration of a limited 
set of antigens is unlikely to activate a 
sufficient number of these cells to replicate 
virus and thereby facilitate their rapid 
death. O n  the other hand, the use of a large 
panel of antigens would be impractical. 
What about the administration of cyto- 
kines? Interleukin-2 (IL-2) alone is not ex- 
pected to activate resting lymphocytes be- 
cause such cells do not express the appro- 
priate high-affinity receptor. However, 
mixtures of certain cytokines, such as IL-2 
plus IL-6 and tumor necrosis factor, have 
been shown to activate resting T cells in 
vitro (13). Polyclonal activators such as 
lipopolysaccharide, bacterial superantigens, 
and CD3 monoclonal antibodies (mAbs) 
should be considered, because each has the 
potential to increase I*, by stimulating a 
fraction of L to make virus and thus die. 
Although each of the activators is associat- 
ed with clinical toxicity, their utility in this 
setting should be carefully examined. In 
particular, a mouse CD3 mAb, OKT3, is 
already a licensed clinical product. Rela- 
tively high doses of OKT3 are routinely 
used to deplete T cells to prevent transplant 
rejection, but lower doses are known to be a 
polyclonal activator of T lymphocytes. 
Thus, low-dose OKT3 should be judiciously 
tested not only to define its safety profile in 
this context, but also to determine the mag- 
nitude of T cell activation achievable with- 

out prohibitive toxicity. Numerous courses 
of OKT3 administration are likely required 
to "flush out" the entire latent reservoir. 
and thus a humanized version of the mAb 
will later be needed to bypass the problem 
of inducing antibodies directed against 
mouse immunoglobulins. It is worrisome, 
however, that calculations indicate that 
each course of activation must stimulate 
more than 10% of the resting CD4 lympho- 
cytes to make this strategy a viable one in 
the long run (14). Ultimately, the success of 
this type of activation strategy will be mea- 
sured by the disappearance of culturable 
HIV-1 in CD4 lymphocytes and by the lack 
of the recurrence of viremia after discontin- 
uation of antiretroviral therapy. 

A second possible strategy to deal with 
the latent pool of HIV-1 is to achieve con- 
trol without eradication. that is. to induce 
remission. In the presence of HIV-l-specif- 
ic immunitv, it is conceivable that L need 
not be reduced to a pool size of <1. There 
might be a threshold level LT (Fig. 1)  below 
which the spread of virus from intermittent 
activation of a small fraction of the reser- 
voir population could be controlled by the 
immune system without continuing antiret- 
roviral therapy. Here again, a rough calcu- 
lation is revealing. If the decay t,, of L is 
indeed about 4 months, as described above. 
then this is equivalent to a rate constant of 
0.006 day-'. With pool sizes of L ranging 
from lo4 to 10' cells, it follows that a 
maximum of 60 to 6000 cells would be 

productively 
~nfected CD4- 

1 
lymphocytes 

Fig. 1. A schematic representation of the dynamics of HIV-1 replication in vivo [adapted from (3)]. The 
latent reservoir L is shown at the top left, and its decay is hypothetically dep~cted in the insert. 

turned on each day to replicate virus. A 
number of these individual bursts of HIV-1 
replication may be contained by immune 
responses. It stands to reason that the high- 
er the virus-specific immunity, the higher 
the number of these activation events that 
could be controlled. Therefore, boosting 
specific immune responses may increase LT, 
thereby improving the chance of inducing 
HIV-1 remission. Recent anecdotal reports 
of viral breakthrough when combination 
therapy was stopped after 1 to 2 years sug- 
gest that the critical threshold has not been 
reached. Moreover, an added concern is the 
recent observation that specific immunity 
to HIV-1, both cellular and humoral, wanes 
after effective drug therapy (15). Thus, ex- 
ploring ways to increase L, by boosting 
specific immunity using candidate HIV-1 
vaccines seems particularly worthwhile. Al- 
ternatively, it has been suggested that anti- 
retroviral therapy may be intermittently 
disrupted so that the resultant viremia 
could boost specific immune responses (7). 
Such a strategy, however, is unlikely to 
substantially shrink the pool size of L. Ul- 
timately, in our effort to achieve long-term 
suppression of HIV-1 replication, it seems 
sensible to explore the feasibility of substi- 
tuting enhanced virus-directed immunity 
for antiretroviral drugs. 

The road to eradicating HIV-1 or induc- 
ing its remission is undoubtedly a bumpy 
one, replete with hidden challenges. Al- 
though the obstacles may be daunting, so- 
lutions to each must be vigorously pursued. 
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