
A National Tissue Bank to Track HIV 
Eradication and Immune 

Reconstitution 
Winston Cavert and Ashley T. Haase 

I . . .  n lndlvlduals with human immunodefi- 
ciency virus-type 1 (HIV-1) infection, re- 
cent antiretroviral drug combinations have 
proven remarkably successful at suppressing 
virus production and reducing lymphoid tis- 
sue viral reservoirs to levels near or below 
the limits of detection by existing assays 
(1 ). With such strong viral suppression, the 
immune system may regain sufficient lost 
ground to once again ward off opportunistic 
pathogens, accounting in part for the re- 
cent decline in acquired immunodeficiency- 
(AIDS)-related deaths in some countries 
(2). Total victory, though, with elimination 
of the virus and full immune system recon- 
stitution, remains a hoped-for but as-yet- 
unattained objective. HIV-1 persists in la- 
tently infected cells for at least 30 months 
after initiation of antiviral therapy (3), and 
if such treatment is discontinued, viral load 
rebounds to pretreatment levels (4). HIV-1 
may also find refuge in organ sanctuaries; 
for example, behind the blood-brain barrier 
where diminished drug concentrations in 
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the central nervous system (CNS) might 
induce the development of drug-resistant 
mutants (5 ) .  

The question of how to attack these 
documented or putative reservoirs has gen- 
erated considerable discussion (6). One 
strategy is to stay the course, suppressing 
active viral replication for the estimated 5 
or more years it might take for the latently 
infected cells to die out. A more activist 
approach endorses various strategies of im- 
mune system stimulation to "flush" hid- 
den HIV-1 out of latently infected cells 
while under antiretroviral cover to forestall 
spreading of the roused virus. Either ap- 
proach poses difficulties. The cost, com- 
plexity, and toxicity of current antiretrovi- 
ral regimens pose vexing issues for waiting 
strategies, and the prospects for flushing 
HIV-1 from latently infected cells are un- 
certain. In either case, both approaches re- 
quire careful evaluation, like the scope of 
the problem in the first place, by methods 
that accurately track infected cells through- 
out the body. A major issue here is con- 
straints on sampling (Fig. 1). The peripher- 
al bloodstream and cerebrospinal fluid 

(CSF) reflect to some extent infection in 
lymphoid tissue (LT) and the CNS, respec- 
tively (1, 7). However, assaying these fluids 
cannot eive the same assurance that HIV-1 " 
has been eradicated as an exhaustive survey 
of organ systems and deep anatomical struc- 
tures would. Sampling is also an issue in 
assessing immune reconstitution. Early in- 
creases in CD4+ T cells in the blood that 
are associated with treatment may reflect 
redistribution from other sites (8). The later 
slow expansion of nalve CD4+ T cells pe- 
ripherally and in LT is encouraging, but to 
date the T cell receptor repertoire remains 
abnormal (9). Furthermore, evidence sug- 
gests that the pace and extent of immune 
system renewal vary considerably among 
treated people. Central questions of how 
HIV-1 depletes CD4+ T cells and alters T 
cell homeostasis and about the mechanism 
and capacity for T cell regeneration in the 
adult thus remain unanswered. Investigat- 
ing T cell populations in the gut, lung, and 
other sites where they may be sequestered, 
and further examination of the thymus and 
bone marrow, probably would yield sub- 
stantial new insights about the human im- 
mune svstem. Once aeain. such information " .  
would help to weigh a waiting strategy 
aeainst more active interventions such as " 
thymic transplantation or cytokine-induced 
expansion of T cells. 

Are there practical ways to extensively 
survey organ systems and thus obtain the 
data needed to guide efforts to eliminate 
HIV-1 and rehabilitate the immune sys- 
tem? One suggestion, perhaps with Swift- 
ian overtones, is to create a tissue bank of 

Fig. 1. Cellular and sys- 
temic reservoirs of HIV-1 
infection and immune CNS 

reconstitution. HIV-1 is 
produced and stored 
in immune complexes 
bound to follicular den- tluld 

dritic cells (FDCs) in LT. Tissue 

These tissues and others 
shown in the figure, such 
as the CNS, are also ,,,, 
sites where virus may 
persist in long-lived la- 
tently or chronically in- 
fected cells. Most mem- 
ory or naive CD4+ T cells ,,, 
generated by thymopoi- 
esis or other renewal 
mechanisms reside in LT 
as well. The correspon- Eye, other organs? omer Sites? 
dence between viral and 
T cell populations in tis- 
sues and the more 

tissue fluids Retl~ulcendothelial System/ 
Privileged vascular pools? 

such as peripheral blood 
is inexact. A bank of tis- 
sues from lymphoid and other organs would provide a better opportunity to address issues of viral eradication and immune reconstitution. GALT, 
gut-associated lymphoid tissue. 
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specilllens from HIV-1-seropositive indi- 
viduals \\-I10 have heen treated effectively 
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\\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  
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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, 
n.hich 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 nould then  he catalogueii. 
stored, and  made 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  lvere 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" \\it11 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, n.here- 

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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