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Considerable progress has been made recently in understanding the genetic, immuno- 
logic, and virologic factors in human immunodeficiency virus (HIV)-infected individuals 
who either rapidly progress or do not progress to acquired immunodeficiency syndrome 
(AIDS). In addition, detection of HIV-specific immune responses in HIV-negative individ- 
uals who have been exposed to the virus multiple times suggests that natural immune 
responses to HIV may be protective in rare individuals. Understanding the correlates of 
protective immunity to HIV infection is critical to efforts to develop preventive HIVvaccines 
as well as to determine the feasibility of treating HIV infection by boosting immunity to HIV. 

A spectrum of clinical courses can occur 
after HIV infection. Approximately 10% of 
HIV-infected subjects progress to AIDS 
within the first 2 to 3 years of HIV infection 
(rapid progressors) (1 ,  2); approximately 5 
to 10% of HIV-infected subiects are clini- 
cally asympto~natic after 7 to 10 years and 
have stable peripheral blood CD4+ T cell 
levels (nonprogressors) (1,  2); and the re- 
maining HIV-infected subjects are project- 
ed to deve lo~  AIDS within a median time 
of approximately 10 years from initial infec- 
tion (typical progressors). Data from the 
Multicenter AIDS Cohort Study suggest 
that 20 years after infection, 10 to 17% of 
HIV-infected individuals will be AIDS-free 
(1 ,  2). 

In this article, we consider recent 
progress in understanding imm~unologic and 
virologic characteristics of HIV-infected 
typical progressors, rapiid progressors, and 
nonprogressors; summarize data on host ge- 
netic factors that may determine the effec- 
tiveness of immune reswonses to HIV: and 
sum~narize goals of future research. 

Typical Progressors 

In typical progressors, within weeks of HIV 
infection, virelnia falls coincident with the 
induction of anti-HIV cellular and h~uuoral 
immune responses (3). The fall in virernia 
correlates best with the appearance in pe- 
ripheral blood of anti-HIV major histocom- 
patibility complex (MHC) class I-restricted 
CD8+ cytotoxic T cells (CTLs) (3) .  

During acute HIV infection there is oli- 

B. F. Haynes 1s w ~ t h  the Department of Medcne. Dvslon 
of Rheumatoogy, Allergy and Immunology, Duke Center 
for AIDS Research, Duke Medlcal Center. Durham NC 
27710, USA. G. Pantaleo and A. S. Fauc are iv~th  the 
Laboratobl of mmunoregulaton, Nat~onal lnst~tute of A -  
ergy and lnfect~ous D~seases, Nat~onal nst~tutes of 
Health, Bethesda, MD 20892. USA 

^To whom correspondence should be addressed at Box 
3258, Duke Hosptal. Durham, NC 27710, USA. 

goclonal expansion of Vp immunoglobulin 
families, predominantly restricted to CD8+ 
T lymphocytes; within this population are 
co~ltained HIV-specific CTLs (4). Mobili- 
zation of a restricted T cell receptor-for- 
antigen repertoire may be ultimately asso- 
ciated with a less effective immune re- 
sponse, thus facilitating persistence of HIV 
(4,  5). 

CD8+ T cells are thought to be impor- 
tant in the immune response to HIV during 
the latent phase of HIV infection for the 
elimination of productively infected cells 
and for control of the viral load (6). How- 
ever, HIV-specific CD8+ CTLs may also be 
involved in the immunonathoeenesis of - 
HIV infection; they may contribute to the 
depletion of antigen-presenting cells either 
through a direct mechanism (that is, killing 
of the virus-expressing antigen-presenting 
cells) or inidirectly through tissue damage 
after the release from CTLs of certain cyto- 
kines such as tunor necrosis factor a/@ and 
interferon y during the process of cytolysis 
(5,  7-10). Nowak et  al. have hypothesized 
that natients whose immune svstems recoe- 
nize ?ewer i~nmunodominant HIV epitopes 
have a more stable and effective immune 
resoonse to HIV than those whose CTL 
responses are against multiple, less do~ni-  
nant epitopes (1 1 ). 

In addition to CTLs, neutralizing anti- 
bodies may be a component of the initial 
control of HIV rewlication 11 2 .  13). How- ~, ' 

ever, as HIV variants emerge over time, 
new variants frequently are not neutralized 
by autologous sera, and in some cases, anti- 
bodies against newly emerging HIV variants 
mav enhance HIV renlication in vitro (1 2 .  
13), although the significance in vivo of 
enhancing antibodies is controversial (13). 
Heath et  al. have reported that HIV virions 
coated with neutralizing antibody and at- 
tached to tonsillar follicular dendritic cells 
were still infectious for CD4+ T cells (14). 

This study raised the important question of 
whether neutralizing antibodies can pre- 
vent dendritic cell-associated HIV infectiv- 
ity in vim. A randomized trial of passive 
im~nunotherap~ of HIV-infected patients 
suggested that the administration of heat- 
inactivated plasma from HIV-infected indi- 
viduals every 2 weeks for 1 year could slow 
the progression to AIDS in the recipients 
(15). Thus, antibodies appear to be in- 
volved in protective immunity against the 
progression of HIV infection, although the 
specificities of anti-HIV neutralizing anti- 
bodies that might be protective in patients 
remain unresolved. 

Progression to AIDS is associated with - 
generalized activation of the immune sys- 
tem, manifested by elevated serum concen- 
trations of neopterin, soluble interleukin-2 
receptor, soluble CD8, and Pz-microglobu- 
lin, and with activation of a large propor- 
tion of CD8+ T cells (4,  7, 8, 16, 17). 
HIV-infected cells, circulating virions, and 
viral particles trapped in the follicular den- 
dritic cell network of lymph node and 
spleen maintain chronic stimulation of the 
immune svstem. 

Several components of generalized im- 
mune activation associated with HIV infec- 
tion, such as stimulation of different T cell 
subsets and high levels of antibody produc- 
tion with specificities against a large range 
of epitopes of different HIV proteins, reflect 
the efforts of the immune system to control 
the replication and spread of the virus. 
However, as the disease progresses, both 
cell-mediated and humoral immune re- 
sponses are severely impaired, resulting at 
least in part from the loss of the regulatory 
function of CD4+ T lymphocytes and de- 
fective or increased production of either 
i~nmunoregulator~ or proinflammatory cy- 
tokines or both (18). Thus, as a conse- 
quence of the impaired regulation of both T 
and B cell functions, immune activation 
may ultimately become inappropriate and 
detrimental effects will predominate. 

Rapid Progressors 

Rapid progressors have a rapid decline in 
CD4+ peripheral blood T cell levels, usually 
within 2 to 3 years after primary HIV in- 
fection (1,  2). In general, rapid progressors 
are characterized by lower levels of antibod- 
ies to HIV proteins (1,  2 ,  19, 20) and by 
low or absent antibodies that neutralize au- 
tologous HIV variants (1 9 ,  2 1 ). High levels 
of antibodies that enhance the growth of 
autoloeous HIV isolates in vitro have been - 
reported in rapid progressors (22). Levy et 
al. have found that noncytolytic CD8+ T 
cell responses that suppress HIV replication 
are initially present and then decrease in 
rapid progressors (23). Two groups (24, 25) 
have recently reported identification of 
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CD8+ T cell soluble factors that inhibit 
HIV replication (23). Baier et  al. report that 
the anti-HIV CD8+ T cell factor is IL-16 
(24), whereas Cocchi and colleagues 
showed that CD8+ cell-derived chemo- 
kines RANTES, MIP-la ,  and MIP-1P syn- 
ergized to suppress HIV replication (25). It 
will be critical to determine whether pro- 
duction of any of these cytokines is defec- 
tive in rapid progressors. Others have found 
anti-HIV CD8+ CTL activity in rapid pro- 
gressors (4,  26, 27). Rinaldo et  al. reported 
low levels of memory CD8+ CTLs by pre- 
cursor frequency analysis in rapid progres- 
sors compared with nonprogressors, al- 
though anti-HIV CTL effector cell activity 
was present in fresh peripheral blood cells 
from rapid progressors that was compara- 
ble with CTL activity in nonprogressors 
(26). Other characteristics of rapid pro- 
gressors include elevated numbers of acti- 
vated CD8+ CD38+ DR+ T cells (27) and 
elevated serum markers of immune activa- 
tion (1,  2 ,  28). 

A uniform finding has been a high viral 
load in rapid progressors that does not fall 
dramatically after primary HIV infection 
(Table 1)  (28-32). But an issue that has yet 
to be resolved is the amount of heterogene- 
itv of the viral load. Both Delwart et al. and 
wolinsky et  al. found more homogeneity in 
HIV isolates in rapid progressors compared 
with typical progressors and nonprogressors, 
implying that the immune response to HIV 
is ineffective in rapid progressors and is 
incapable of driving HIV variant diversifi- 
cation (33). In contrast, YLI et al. found 
more viral heterogeneity in HIV isolates 
over time in rapid progressors (34). 

Nonprogressors 

Nonprogressors have high levels of CD8+ 
CD38- CTLs (23), high peripheral blood 
CD8+ MHC class I-restricted anti-HIV 

CTL levels that do not fall over time (19, 
35), strong CD8+ non-MHC-restricted 
HIV suppressor activity (36, 37), and high 
levels of antibodies to HIV (19, 35, 38). 
Several investigators have reported in- 
creased neutralizing antibodies to HIV or a 
wide breadth of cross-reactive neutralizing 
antibodies (or both) in nonprogressors (1 9 ,  
21, 35, 39). Thus, neutralizing antibody 
levels may well be important for the control 
of HIV in nonprogressors, although the 
specificity of such salutary neutralizing an- 
tibodies is not known. Stable CD4+ periph- 
eral blood T cell levels are a hallmark of 
this group with low concentrations of serum 
and cellular markers of immune activation 
(1,2,  27, 35). Finally, in nonprogressors the 
structure and function of lymph node ger- 
minal centers are maintained and the follic- 
ular dendritic cells are preserved (7,  8, 19). 

It has been proposed that cytolysis of 
HIV-infected antigen-presenting cells leads 
to early and severe immunosuppression and 
is crucial to AIDS pathogenesis (40). Zink- 
ernagel and Hengartner have argued that in 
spite of in vitro cytolytic effects of HIV on 
susceptible T cell lines, HIV in vivo may 
not be a cytolytic virus, but rather induces 
profound CD8+ T cell-dependent destruc- 
tion of HIV-infected antigen-presenting 
cells and T cells (41). This hypothesis pre- 
dicts that rare individuals will be able to 
eliminate HIV-infected cells with potent 
HIV-specific CD8+ T cells (41). Similarly, 
if AIDS is primarily mediated through 
pathogenic CTL immune responses to HIV, 
then in this scenario an asymptomatic car- 
rier state should exist in which there are 
high viral loads and essentially no anti-HIV 
CD8+ T cell responses (41). The fact that 
recent data have demonstrated that the vi- 
ral load is low and that anti-HIV CTL 
levels are generally high in nonprogressors 
argues against this latter hypothesis. 

In contrast to rapid progressors, HIV 

Table 1. Characteristics of H V  in typical progressors. rapid progressors. and nonprogressors to ADS. 

Clinical course Comments 

Typical progressors Monocytotopic homogeneous HIV strains are transmitted during primary 
infection (58). 

H V  solates durng the cl~n~cally latent stage are n t a l y  monocytotopc 
nonsyncylum-nducng, slowly repl~cat~ng var~ants (29) 

H V  solates durng progresson to ADS are frequently more rapdly repcatlng 
T cell-trop~c var~ants (6, 29, 58) 

Rap~d progressors Hgh vral load n prmary HIV nfecton that generally does not f a  dramatcally 
to the levels seen w th  typca progressors (28-32) 

Rapid progressors have higher levels of unspliced HIV mRNA compared to 
nonprogressors or typical progressors (31, 59). 

Some rapid progressors may be infected w th  more rapdly replcating, vrulent 
HIV strains (29, 30). 

Nonprogressors Viral load IS generally lower in nonprogresors than in rapid progressors (19, 29, 
31, 32, 35). 

Some, but not a ,  nonprogressors may be Infected with consttutively less 
pathogenic HIV varants (60, 67). 

variants in nonprogressors have been re- 
ported by some investigators to be diverse, 
suggesting that HIV variant heterogeneity 
may be a reflection of effective immune 
responses to HIV (33). Thus, in nonpro- 
gressors, it appears that immune responses 
are sufficently effective to maintain or at 
least markedly prolong the clinically latent 
vhase of HIV infection. 

There is also evidence that some non- 
progressors are infected with constitutively 
less pathogenic or nonpathogenic HIV 
strains (Table 1). Thus, nonprogressors 
likely represent a heterogeneous group in 
whom host responses and the level of 
pathogenicity of the virus variably contrib- 
ute to the state of nonprogression of HIV 
infection. 

Multiply Exposed, 
HIV-Seronegative Individuals 

Studies of individuals who have been ex- 
posed multiple times to HIV and are persist- 
ently HIV-seronegative have raised the pos- 
sibility that, although these individuals 
show T cell resvonses to HIV vroteins, a 
small percentage of them may be resistant 
to HIV, or may have been able to clear the 
infection without making antibodies to 
HIV (37, 42, 43). 

Clues to the exvlanation of multivlv ex- 
A ,  

posed HIV-negative individuals comes from 
observations in rhesus macaques and chirn- 
wanzees of resistance to low doses of HIV or 
simian immunodeficiency virus (SIV) given 
intrarectallv or intravaeinallv (44). Primate 
studies have suggested that there may be 
local cellular mucosal immune responses ca- 
pable of protecting against low-dose muco- 
sal HIV or SIV challenges (44). However, 
given the rapidity with which anti-HIV 
circulating CTLs arise in primary HIV in- 
fection of humans and yet do not usually 
prevent the development of AIDS (3 ,  4) ,  
and the fact that anti-HIV CTLs develop in 
vertically infected children without usually 
protecting against progression of HIV infec- 
tion (45), complete clearance of HIV infec- 
tion by HIV-specific CTLs (if it occurs at 
all) must be a rare event (45). The timing 
and regional location of the appearance of 
CTLs mav be imoortant. If CTLs develov 
after the ;nitla1 d'issemination of the virus', 
they may not be capable of curtailing the 
progression of disease, whereas if CTLs are 
present at the site of challenge, that is, the 
genital mucosa before virus dissemination - 
as in the case of preimmunization, adequate 

.control of infection may be achieved. Ar- 
guing against this latter point is the fact 
that SIVgag-immunized rhesus monkeys 
with no antibodies to SIV but with high 
levels of anti-SIVgag CTLs were not pro- 
tected when challenged with intravenous 
SIVmnc in vivo (46). However, the intra- 
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venous nature of the challenge might have 
overcome any protection afforded by CTLs, 
whereas it is possible that these monkeys 
may have w~thstood a mucosal challenge. 

predispose to developing AIDS because of a 
lack of salutary responses to HIV (48). 

Second, having a certain MHC class I or 
class I1 allele could predispose an individual 
to pathogenic iin~nune responses against a 
viral epitope in certain tissues such as the 
central nervous system or lungs, or against 
certain HIV-infected cell types such as 
monocyte (or macrophage) and dendritic 
cells. Similarly, the lack of an AIDS-pro- 
moting M H C  allele would protect against 
pathogenic iminune responses to HIV. 

Thlrd, having rare MHC class I and class 

markers linked to the HLA-Al, CW7, B8, 
and DR3 haplotype, such as the comple- 
ment C4 null allele (C4AQO) and a poly- 
morphism in the tumor  necrosis factor a 
promoter, have been suggested as MHC- 
linked gene candidates that m g h t  partici- Genetic Factors Implicated in 

Modulating Host Immune 
Responses to HIV Infection 

pate in a inultigene effect on outcomes of 
HIV infection (5  1 ). 

Fifth, the recent discovery that the level 
of MHC class I expression on virus-infected 
cells regulates the suscentibilitv of these 

The M H C  class I and class I1 genes play a 
major role in determining the specificity of 
T and B cell antiviral immune responses. A 
number of MHC alleles as well as other host 

cells to-natural killer cill-ineiiated lysis 
provides a new area of investigation into 
the role of host MHC I genes in regulating 
the effectiveness of natural killer cell re- 
sDonses to HIV (52). 

genetic factors have been described that 
may influence predisposition or protection 
against HIV infection or disease (Table 2). 

There are several mechanisms whereby 
MHC-encoded molecules might predispose 
an individual to rapid or nonprogression to 
AIDS. First, having a certain MHC class I 
or class I1 allele could protect against HIV 
progression by serving as a restricting ele- 
ment for one or several i~nmunodominant 
HIV T helper or CTL epitopes, thus pro- 
moting a salutary Immune response to HIV 
and protection from progression to AIDS. 
Such a protective effect of the MHC class I1 
EL' gene in the development of murine 
AIDS has been documented (47). Similar- 
ly, the lack of protective MHC alleles could 

" 

I1 alleles could facilitate the rapld recogni- 
tion of HIV-infected allogeneic cells during 
the early stages of HIV infection, thus pro- 
moting rejection of HIV-infected cells by 
means of alloreactive T cell responses (49). 
Sheppard and colleagues have shown that 
human sera from alloimnlunized individuals 
neutralized HIV in vitro (50). Siinilarlv. 

, , 

Finally, roles for transporter-associated 
with antigen-presenting (TAP) gene alleles 
have been proposed in determining the out- 
come after HIV infection (48, 53). Data 
have suggested that colnbinations of MHC- , , 

havlng common MHC alleles could pro- 
mote less effective anti-HIV alloantigen re- 
sponses and thus promote HIV infection or 

"" 

encoded TAP and class I genes may syner- 
gize either in providing certain salutary an- 
ti-HIV responses or in avoiding pathogenic 
anti-HIV iminune responses, or both. progression. 

Fourth, huinan leukocyte antigen 
(HLA)-HIV disease associations are not 
absolute; thus, the data in Table 2 inight 
reflect the association of genes linked to or 
within the MHC (51 ). For example, genetic 

Summary and Future Directions 

A pattern is emerging that many nonpro- 
gressors to AIDS have an iminune response 
to HIV that is quantitatively and qualita- 
tivelv sunerior to anti-HIV immune re- 

Table 2. Genet~c factors ~mpl~cated n moduatng host Immune responses to HIV Infecton 
, L 

sponses that occur in HIV-infected individ- 
uals who rapidly progress to AIDS. The 
HIV load in peripheral blood mononuclear 
cells vanes widely from patient to patient 
anid ~enerallv increases within individual 

Factor Effect Reference 

Major histocompatibil~ty loci-encoded genes 
Assocated w~th Kaposl's sarcoma 
Assocated w~th Kaposl's sarcoma 
Assocated w~th Kapos~ s sarcoma 
Assocated w~th Kaposl's sarcoma 
Assocated w~th Kaposl's sarcoma 
Assocated w~th fever, sk~n rash In prlmary H V  nfectlon 
Assocated w~th HIV seropostv~ty n HIV mutply exposed 

nd~v~duals 
Assocated w~th rapd progresson to ADS 
Assocated w~th rap~d progresson to AlDS 
Assocated w~th rap~d progresslon to AlDS 
Assocated wth rap~d progresslon to AlDS 
Promotes HIV progresson to ADS 
Assoc~ated w~th thrombocytopen~a and lymphadenopathy r 

HIV nfect~on 
Assocaton of dffuse ~nf~ltratve CD8+ ymphocytos~s w~th 

Sjogren s-l~ke syndrome n HIV 
Assoc~ated wth slow decne In CD4+ cell numbers 
Protects from progresslon to AlDS 

B35, C4, DR7, DQ7 
DR7 
DR2, DR5 
DR5 
Aw23, Bw49 
562 
Aw l9  

A?, A24, C7, 88, DR3 
DR4, DQB 1 '0302 
DR3, DQ 1 
535 
TAP2.7 
DR5 

DR5, DR6 

patie;ts as the disease progresses (32). Re- 
cent studies now suggest that the cellular 
viral load level is established early on  in 
HIV infection and is a predictor of the 
subseuuent clinical course. with smaller vi- 
ral loads after serconversion predicting 
longer survival (32).  The initial key unan- 
swered question is whether a small viral load 
after seroconversion in nonprogressors is re- 
lated to low pathogenecity of the infecting 
HIV strain, to a particularly effective anti- 
HIV immune response, or to both. The an- 
swer to this question may not be the saine for 
all patients. 

A second important issue that must be 
explored quickly is that of the role of the 
host genetic background in determining the 
rate of progression of the clinical course. 
Though HIV proteins are of sufficient size to 
contain inany iinmunogenic epitopes, HIV 
proteins colntain strongly  inm mu nod om in ant 

Bw4 
513, 827, 557, 557, 

DQB 1 *0302,0303 
A26, 538, TAP1.4, 

TAP2.3 
A28, Bw70, Aw69, 578 
A32, 54, C2 
A1 7 ,  A32, B73, C2, 

DQAI*030 7, 
DQB 7 '0302, 
DRB1'0400, 
DRB4'0101 

Assoc~ated w~th abl~ty to clear H V  nfecton In trans~ently 
Infected HIV-seronegatve ndv~duals 

Assocated wth protecton from HIV nfecton 
Assoc~ated wth long-term suw~val In H V  ~nfect~on 
Assoc~ated w~th long-term sun~~val In H V  ~nfect~on 

regions, as well as a myriad of regions with 
sequence similarities to a wide spectrum of 
host proteins. Thus, it is critical to deter- 
inine if MHC-encoded or other host genetic 
factors are resnonsible for a aualitativelv 

Other genes 
Controls H V  replicative patterns and determinant of viral 

latency 
Assocated with PB mononuclear cell resstance to HIV 

infection in vitro 

p53 tumor suppressor 
gene 

Unknown Inherited tra~t 
more effective anti-HIV ilninune response 
in nonprogressors. If, in fact, nonprogressors 
are genetically programmed to successfully 
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control HIV, then immune reconstitution to 
rebuild a "better immune system" with allo- 
ge~neic bone marrow and thymus grafts be- 
comes a theoretical possibility. 

Third, the need for determining the 
specificity of both CTL responses and pro- 
tective neutral~zmg antlbodles in nolnpro- 
gressors is extraordmarily llnportant for ~111- 

derstaniimg both the biological basis of the 
nonprogressor status and the design of ef- 
fective HIV vaccine lmmunoeens. It is crit- " 
ical to determine the speclf~city of serum 
antibodies In nonprogressors that neutralize 
HIV primary isolates grown in peripheral 
blood mononuclear cells. 

Fourth, the role of viral factors in deter- 
mlnlng nonprogressor status must he hetter 
understood. A l t h o ~ ~ g h  recent data demon- 
strated that nef-deleted mutants are not a 
common finding in nonprogressors (6 1 ) , 
some investigators have found that HIV is - 
more difficult to isolate from nonprogres- 
sors compared with typical progressors (1 9). 
The key question is whether a particular 
virus type or stram interacts with a partic- 
ular host genotype to eventuate in nonpro- 
gressor status. 

Fifth, the types of anti-HIV immune re- 
sponses that are generated hy small- and 
large-inoculum HIV infection through gen- 
ital mucosa are critical to understand. More 
sensitive and l~nexpensive assays of HIV 
viral load are needed to determine the lev- 
els of HIV infection in various tissues. Stud- 
ies are needed that profile mucosal and 
systemic immune responses to HIV after 
both genital and systemic routes of HIV 
infection, and that determine what immune 
responses are protectlve for systelnic and 
genital challenges in a~nilnal models such as 
SIV infection of rhesus macaques. 

Sixth, although the use of attenuated " 
HIV strains as a vaccine remains controver- 
sial, attenuated SIV strains have protected 
adult rhesus monkeys against SIV challenge 
(54), and primary infection with HIV-2 
may confer some protection against HIV-1 
in humans (55). It is important to under- 
stand the correlates of protective immunity 
ln these settings. Of note is the fact that 
although live-attenuated nef-deleted SIV is 
not pathogenic in adult rhesus monkeys, it 
may he pathogenic in neonatal animals 
(56). The  immune and other factors in 
neonatal and adult rhesus monkeys that 
lead to protection in adults and to disease in 
neonates are critical to understand. 

F~nally, the role of pathogenic compared 
with salutary CD8+ T cell responses to HIV 
in determining the various clm~cal  courses 
of HIV infection must be defined. The  role 
of CD8+ T cell cvtokines In sunaression of 
HIV replication in long-term nonprogres- 
sors is particularly important to study. The 
fact that nonprogressors have high levels of 
anti-HIV CTLs strongly suggests that CTL 

responses to HIV may be important in the 
control of virus replication over time. How- 
ever, the questlon of whether qualitative 
d~fferences alnong antl-HIV CTLs, includ- 
i~ng the poss~blllty of pathogen~c effects, has 
not yet been resolved. Resolving t h ~ s  ques- 
tion 1s crltical to HIV vaccine immunogen 
design and to the design of novel strategies 
to ~nduce protectlve Immune responses ~n 
those patlents early In the cllnlcal course of 
progressloll to AIDS. It has been hypothe- 
slzeii that CTL Immune responses may be 
rnore effect~ve ~f thev ale targeted at a malor 
immunodominant epltope ;f HIV rather 
than at several less dominant regions ( I  1 ). 
If this were true. it is nossible that successful , L 

immunotherapy of a HIV-infected patient 
might hoost the CTL response to a single 
conserved epitope, making it ~mmunodom- 
inant hy increasing the frequency of react- 
ing T cells and ~nducing a rnore stable anil 
effective CTL response ( I  I ). Such a trial of 
peptide-based imm~~notlnerapy has just he- 
gun in HIV-infected patients (57). 

We are clearly enteri~lg a new era of 
~~nderstandine the ~athoeenesis of HIV in- - - 
fection and of appreciation of the novelty 
and complexity of the cellular and molecu- 
lar mechanisms of HIV-host interactions. 
This lnew knowledge has reilnforced the 
conviction that to develon effective anti- 
HIV drugs and vaccines, viral pathogenesis 
and the correlates of protectlve immunity 
must be understood. 

REFERENCES AND NOTES 

I .  H. W. Sheppard et a/., AIDS 7, 1 159 (1 993); H. W. 
Sheppard eta/., J. AIDS 4, 704 (1991), J. Pharetai . ,  
ibid. 5, 490 (1 992); J. Phair, AIDS Res Hum. Retro- 
viruses 10, 883 (1 994); A. Munoz et a/., Am. J. ED/- 
demioi 130, 530 (1 9891. 

2. H. W. Sheppard eta/. ,  9th /nternat~ona/ Conference 
on AIDS, Be rn ,  6 to 11 June 1993, v o  9(1), p.  46, 
abstr, lVS-B03-1 

3. R Koup eta/., J Virol. 68, 4650 (1 9941; P. Bo r ro i~  et 
a1 ~bld..  p. 6103; Y Yasutoml eta/. ,  ,bid. 67, 1707 
(1 993); K. A. Remann et a/., ibid. 68 2362 (1 994). 

4. G. Pantaleo eta/. ,  Nature 370, 463 (1 994). 
5. R. E. Phllips eta/., ,bid. 354, 453 (1991); R. Cheyner 

et a/., Cell 78, 373 (1994); S. Kaarn et a/., J. Exp. 
Med  179, 1261 (1 994). 

6. B. Walker and F Plata, AIDS 4, 177 (1 990) 
7. A. S. Faucl, Sciei?ce 262, 101 1 (1993), M. S. Saag, 

AIDS Res. Hum. Retroviruses 10, 887 (19941; J. 
Levy, Microb/o/ Re\/. 57, 183 (1 9931. 

8. A. S. Fauci et a/., 70th International Conference on 
AIDS, 7 to 12 August 1994, Yokoiiama, Japan vol. 
10(1), p 4, abstr. Ps2. 

9. J. A. Armstrong and R Horne, Lancet ii, 370 (1 984); 
P. Raczetal., Prog. Allergy 37, 81 (1986). K Tenner- 
Racz et a1 , Am J. Path01 123, 9 (1 986); P. Bberfeld 
e t a / ,  ,bid., p 436; L D. Baron1 e t a / ,  Histopatt~o/ogjf 
10, 5 (1 9861, H Spegel et a/., Am J Patho/. 140, 15 
(1 992): N L. Michael etal., J. Mrol. 66, 31 0 (1 992); K 
Luzuriaga et a/ , J Infect DIS 167, 1008 (1 993); G 
Pantaleo et a/., !Nature 362, 355 (1993), J. Embret-, 
son eta/. ,  ibid., p. 359. 

10. M. E Harper et a/ , Proc. Natl. Acad. Sci. U S.A. 83, 
772 (1 986); D. J. Ringer et a/., Am. J Patho/. 134, 
373 (1 989); 0 .  Devergne et a1 ,AIDS 5, 1071 (1 991); 
Y J. Rosenberg et al., 10, 863 (1 994); J Schmtz et 
a/., J. /mmunol. 153, 1352 (1 994); M Pope et a1 , Cell 
78, 389 (1 994), K Tenner-Racz et a/., Am J Path01 
142, 1750 (1 992); P U Cameron et a/., AIDS. Res. 

H u r ~  Retrovauses 1 0, 61 (1 994), A, Lanzavecch~a et 
a/., Nat~ire334, 530 (1 9881; R. S111cano e ta / ,  Cell54, 
561 (1 9881: S. M Schnttman e ta / ,  Proc Natl. Acad 
So. U S A. 87, 7727 (1 990), S M. Schnittman eta/., 
J /mmunol. 147, 2553 (1 991) 

11. M Noivak eta/. ,  !Nature 375, 606 (1995). 
12. J. Albert et a/., AlDS 4, 107 (1990), A. V Gegerielt et 

a/., V~roiogy 185, 162 (1 991): J. P Moore et a/., J. 
Virol 68, 51 42 (1 994). 

13 H Kohler et a/ J. AIDS 5, 11 58 (1 992): S Waln- 
Hobson, n The E~/o/ut~onari/ Biology o f  Retrovir~ises, 
S S B. Morse, Ed. (Raven, Neiv York, 1994), pp. 
185-209 B F. Haynes et a/., AlDS Res. H ~ i m  Ret- 
rovirises 11 , 21 1 ( I  9951; G. Fust et a/., /mmunol 
Today 16, 67 (1 9951; H. Kohler et a/., /mmuno/og~st 
3, 32 (1995); D. C Monteflor et a/., AIDS 5, 513 
(1 991). J. R Mascoa et a/ , AlDS Res. Hum Retio- 
vir~ises 9, 11 75 (1 993). 

14. S. L. Heath et a/. , Nature 377, 740 (1 995). 
15. D. Vittecoq et a/., Proc. Natl. Acad. Sci. U.S.A. 92, 

1 1 95 (1 995) 
16. H. W. Sheppard eta/. , Annu. Rev. Microb~ol. 46, 533 

(1 9921. 
17. M. S. Ascher eta/.  , J. AIDS 3, 177 (1 990). 
18. M. Cleric1 et a/., J. C/in /ni/est. 91, 759 (1 993); M. 

Clerlcl eta/. ,  ibid. 93, 768 (1994); C. Graziosl et a/., 
Science 265, 248 (1 994): E Maggi et a/. , ibid., p.  
244; V. S Romagnani et a/., AIDS Res. Hum. Retro- 
viruses 10, 11i (1994) 

19 G. Pantaleo et a/., N. Eng. J. Med. 332, 209 (1 995); 
Y. Cao et a/., lb ld,  p 201 

20. B. Janvier e l  a/., J. AIDS 6, 898 (1 993). 
21. S. Plncus e t a / ,  J. Clin. Invest. 93, 2505 (1994). L A 

Cavaclnl et al. , J. AIDS 6, 1093 (1 9931. 
22. J. Homsy et a/ . J Viral. 64, 1437 (1 990) 
23. C. M. Walker, D. J. Moody, D. P Stites, J. A. Levy, 

Science 234, 1563 (1986); C. E. Mackei~icz et a/., J. 
Clin. Invest. 87, 1462 (1 991). A. L. Landay eta/., C11n. 
/mmiino/. /mm~inopatho/. 69, 106 (1 9931; J. A Levy 
eta/. ,  ~n (2), vo .  9, p.  11, abstr. PS-05-2. 

24. M. Baler et a/. , Nat~ire 378, 563 (1 995). 
25. F. Cocchi e ta l  , Science 270, 181 1 (19951. 
26 C Rinaldo eta/. , J. Virol. 69, 5838 (1 995). 
27 J V Gorgl et a/., J AIDS 6, 904 (1 9931, H N Ho et 

a / ,  J. Immiino/. 150, 3070 (19931. 
28. A. Munoz eta/. ,  J. AlDS 5, 694 (1 992). 
29. M. Tersmette et a/., J Virol. 62, 2026 (1988), M. 

Tersmette et a/., ibid. 63, 21 18 (1 9891, B. Asjo et a/., 
AIDS Res. Hum. Retroviriises 6, 1 177 (1 990); C. 
Chang-Meyeretal., Proc. Natl. Acad. Sci. U.S.A. 85, 
2815 (1988); P. Scheilekens et a/., AIDS 6, 665 
(1 992) 

30 R Conners eta/. ,  J. Mroi. 67, 1772 (1 9931; i b ~ d  68. 
4400 (1 9941, M. Koot et a/., Ann. Intern. li/ied. 11 8, 
681 (1 9931. 

31. P. Gupta et a!., V~rology 196, 586 (1993); M. de- 
Mal-tlno et al., Lancet 343, 191 (1 9941; J Ferbas et 
a/., J. Infect. Dis. 172 329 (1 995); R.  J. Traugeretal., 
/mmiino/ogy 78, 61 1 (1993). 

32. T. H. Lee eta/., J. AIDS 7,381 (1 994); S. Jurraans et 
a/. Virology 204, 223 (1994); J. W. Mellors et a/., 
Ann. Intern. Med. 122, 573 (1 995). 

33. E. L. Dewart et a/ , J. Viral 68, 6672 (1 994); S. M 
Wol~nsky et a/., personal communlcatlon. It may be 
that syncytium-~nduc~ng T cell-troplc viruses are 
more easily cleared from the crculation than nonsyn- 
cytum-nducing (NS) monocytotropic ( M q  HV,  re- 
sulting n homogeneous NSI MT jiiruses belng In- 
volved in transmssion and beng the predomnant 
HIV strains present when the immune response can 
control H V  replication 

34 X Yu eta/. ,  in (8), vol lO(11, p. 9, abstr. 225A. 
35 M Kein eta/., ~n (2), abstr, lVS-B03-3: M. Kein eta/., 

J. EX,D Med. 191, 1365 (1 995). J Llfson et a/ , J 
Infect. DIS. 163, 959 (1991), T. C Greenough e ta l  , 
AIDS. Res Hum. Retroviruses 10, 395 (1 994), 
, Clin Res 40, 355A (1 994), A, C M a h e  et 
a/., In (2), abstr. SA-254, E Harrer et a/., ibid., abstr. 
RO-A220484,AlDS Res. Hum. Retrovir~ises 10, S77 
(1 994) 

36 J. A. Levy, Pediatr Res. 33, 563 (1993); R. Conner 
and D. D Ho, AIDS Res. H ~ i m  Retroviruses 10, 321 
(1994); S. Buchblnder et a/., n Program and Ab- 
stracts o f  the 30t t~  Interscience Conference on Anti- 
microbiologica/ Agents and Ct~emotherapy. Atlanta, 
GA, 24 to 26 October 1990 (American Associaton of 

SCIEKCE \'OL 271 19 IANLARY 1996 



Mcrobioogsts, Wasl?ngton, DC, 1990), abstr 304. 
J. A Levy, AIDS 7 ,  1401 (1 993). 
M. Keet e t a / ,  J Infect. Dis. 169, 1236 (19941; D. 
Chargelegue, C M. Otoole, B F Colvin, Clin Exp 
Immune/ 93, 331 (19931; H Farzadegan et a/., J 
117fect. Dis. 166. 1217 (1 992), M. Ascher et a / .  6 t t ~  
International Conference on AIDS, San Francisco, 
CA, 20 to 24 June 1990, vol. 6(31, p.  153, abstr 
SA287. R. Neurath.A/DS Res. Hum. Retrovinises 6. 
1 183 ( I  990); M. Robert-Guroff et a/ , J. /nfect.  is 
167, 538 (1 993). 

39 H. W.  Sheppard, personal com~nun~cation. 
40. L. Meyaard eta/., lrnmunol. Today 14, 161 (1 993); F 

Miedma et a/ , /mmu~~o/ .  Rev 140, 35 (1 994), M. R. 
Helbett et a/., /mmuno/. Today 14, 340 (1 993) 

41. R. M. Z~nkernagel and H. Hengartner, /mmuno/ To- 
day 15, 262, (1994). 

42. P Langlade-Demoyer et a/ J. Clin. /ni/est. 93, 1293 
(1994); S. Rowland-Jones et a/., Lancet 341, 860 
(1 993); Y. J B rpon  eta/. ,  N. Et~g. J Med 332, 833 
(1 995), M Cleric et a/., J. /nfect. Dis. 165, 101 2 
(1992); K. Fowke eta/., 8 t t ~  /17ternat1onal Conference 
onAIDS, Amsterdam, 19 to 24 July 1992, vol. 8(2), p.  
c249, abstr POC4026, T. Beardsey, Sci. Am. 270, 
20 (1994): K. Foivke et a/.. paper presented at the 
4th Annual Canadian Conference on HlV-ADS Re- 
search Toronto. Ontarlo, 1 to 3 June 1994, S. Ro~N- 
land-Jones e t a / .  Nature Med. 1 ,  59 (1 995) 

43. J A. Levy, paper presented at the Nat~onal Academy 
of Scence Institute of Medcine Roundtable on De- 
velop~nent of Drugs and Vaccne For ADS, Wash- 
lngton DC, 10 December 1993. 

44. D Pauza eta/. ,  J. Med. Prlrnato/. 22. 154 (1 993); in 
preparatjon: C.  J Miller et a/., J. Virol. 68, 6391 
(1 994); R. Benveniste et a1 . AIDS Res. Hum. Retro- 
vlnises 10. 585 (1 994). M Grard eta/.. 7 t t~  Co//oque 
Des Cent Gardes. Paris, 26 to 28 October 1992 
(Pasteur Vaccnes, Paris, 1992) p. 75. 8 t t ~  Co/loque 
Des Cent Gardes. Par~s 25 to 27 October 1993 
(Pasteur Vaccnes. Paris, 1993). p.  139 

45 K. Luzur~aga et a/ , J Immunol. 154 433 (1 995). 
46 N. Letvin personal corn~nunlcatlon 
47 M. Makno e ta /  . J, /m~nuno/ 152. 41 57 ( I  994). 
48. R. Kasloiv, paper presented at the National lnst~t~rte 

o i  Allergy and Infectious Diseases Workshop on HV-  
SIV Pathogenesis and Mucosa Transmiss~on 

Washington, DC, 14 to 17 March 1994; R. Kasloiv 
and D. Mann, J Infect. D I ~  169, 1332 (1994), A. 
Saah, in (40); D. L. Mann et a / ,  AIDS Res. Hum. 
Retrov~ruses 8 ,  1 345 (1 9921. 

49 F. A. Pummer et a/., in (2), p.  23, abstr WS-A07-3, 
E. J. Stott et a/., iliature 353, 393 (1 991): L. E. Hend- 
erson et a/., J. V~rol 61, 629 (1 987); L. 0 Arthur et 
a/ , Soence 258, 1935 (1 992). 

50 D. D. K~proji, H Vii Sheppard, H. W. Hanson, So -  
ence 263, 737 (1994). 

51. L. G. Louie, B Neivman, M. K~ng, J. AIDS 4, 814 
(1 991); A G. Wilson et a/., J. Exp li/ied. 177, 557 
(1 993), M Klein et a/., J. Infect DIS 159, 1244 
(1 994); P U Cameron eta/., Hum. /mmuno/ 29,282 
(1 990). 

52. R. R. B r ~ ~ t k ~ e w ~ c z  et a/ , J V~rol 69, 3967 (1995). 
53 R Detels et a/., in (8), abstr 163A. 
54 M D. Daniel. F. K~rchhoff. S. C.  Czaiak. P K. Sehaal. 

R. C. Desros~er, Sc~ence 258, 1938 (1 992); A.-M. 
Hardy et a/ , J. AIDS 4, 386 (1 991). 

55. T Travers eta/. ,  Soence 268, 1612 (1 9951. 
56 T W. Baha e ta /  , ~ b ~ d .  267, 1820 (1 995). 
57. Dv~sion of AlDS Treatment Resource Intatve Pro- 

tocol 01 0, A Phase I Trial of C4-V3 Polyvalent Pep- 
tide Vacclne in HIV-1 Infected Persons. The protocol 
ivII study the effect on anti-HlV CTL responses of 
i~nlnun~zing HLA-B7 ' patients ~hiith a H V  envelope 
peptide containing a CTL epitope restrcted by HLA- 
87.  The pept~de llnlnunogen is formulated In an ad- 
juvant, SA-51, that has been shown to induce MHC 
class I CTLs peptide i~ntnunogens n lnce and rhe- 
sus monkeys 

58 S. Pang et a/., AIDS 6, 453 (1 992) T F W. Wolfs et 
a/ . lJ~ro/og}f 189. 103 (1 992); K Cichuteketai., Proc. 
Nat/ Acad. Sc i  U S.A. 89. 7365 (1 992); T. Mc- 
Neaney e ta / . .  ~ h ~ d . ,  p.  10247, L. Q.  Zhang et a/.. J. 
l/iro/ 67, 3345 ( I  993). S M Viiolnsky et a/ Science 
255, 11  34 ( I  992) T Zhu et a / .  1h1d. 261 11 79 
(1 993). 

59 S. Schntt~nan et a/..AIDS Res. H ~ i m  Retrovir~ises 7. 
361 (19911; R J Pomerantz ef a/ Curr. O p n ~  /in- 
miiflo/. 4.  475 (1992); T. Seshamma et a/., Proc. 
Natl Acad. Sci U.S.A. 89. 10663 (1992). M. Arel?s 
eta/. ,  AlDS Res. Hum. Retrod~ruses 9 1257 (1993): 
N L. M~chael et a/ , J. 'Jiro/ 69, 1868 (1995). K. 
Saksela eta/ Proc. Nat/ Acad. SCI U.S A. 91. 11 04 

(19941; M. R. Furtado, L A Kingsley, S M Wonsky, 
J. V1ro1 69, 2092 (1 995) 

60 Y. Huanq, L Zhang, D D. Ho, J Virol 69, 93 (1995) 
61. J. ~earmont  et a/ ,Lancet 340, 863 (1992), F. Krch- 

hoff et a / ,  N. Eng J, tided 332, 228 (1995); N J 
Deacon eta/. ,  Soence 270. 988 (1 995). 

62. D. L. Mann eta/. ,  J. AIDS 3 (suppl ) ,  S51 (1 990) 
63 D. L Mann eta/. ,  ibid 1 ,  13 (1 9881; M. S. Pollack et 

a/., H ~ i m  /tnmuno/ 11, 99 (1 984); M. S. Pollack, B 
Safai, B DuPont, Dis Markers 1 , 135 (1 983); R. 
Scorza-Smeraldi et a/ , Lancet ii, 11 87 (1 9861; L 
Contu et a / ,  Tissue Antigens 23, 240 (19841; C. 
Papasteriades et a/., ib~d. 24, 31 3 (1 984); H. E. 
Prince et a/ , J. Cl~n /mm~ino/. 4, 242 (1 984). 

64 R Kasloiv et a/., Lancet 335, 927 (1 990), C M. Steel 
et a/., 1b1d. i, 11 85 (1 988), C. Kapan et a/., Hum. 
Hered. 40, 290 (1 9901; an excellent recent critical 
revleihi of the assoc~at~on of DQZ-DR3-B8-Cw7-A as 
well as other HLA alleles with clnical manfestations 
of HIV nfection 1s. J. J Just, Hum Imm~ino/. 44, 156 
(1 995). 

65. D. Mann eta/. ,  In (21, abstr WS-A07-6 
66. G. Fabfo et a/ , Br. J. Haematol. 75, 531 (1 9901 
67 R Scorra-Smeraldi et a / ,  Hum. Immunol. 22, 73 

(1 988): S. ltescu eta/.  J. AlDS 5, 37 (1 991). 
68 P De P a o  et a/ , Tissue Antlgens 27. 11 6 (1 986): C 

Raffoux et a/., ;bid 29. 60 (1 987), J. M. Cruse eta/. ,  
Pat/70bi0/0~y 59. 324 (1 991) 

69. S ltescu and R. Winchester Rhe~im. Dis. C/in. /\I. 
A r ~ . 1 8 , 6 8 3  (I 992): S. ltescu et a/ , Proc. Natl. Acad. 
Scl. U.S.A 91 . 11 472 (1 994) 

70 S Buchbinder et a / ,  n (2). p. 41, absrr. WS-B03-2; 
in (43). 

71. L. Duan eta/.  J Virol. 68. 4302 (1 994) 
72. L M Williams and M. W. Cloyd, l/iro/ogy 184, 723 

(1991). 
73 We thank H Sheppard. H Saah R Kasloiv, D. 

Pauza, C Miller. N Letv~n. J Sull~van, S. Buch- 
binder, K Luzuriaga, D Mann L. Arthur, K. Fowke, 
P. Fultz, G Shearer, J G~o rg~ ,  R. Winchester, S. 
Wol~nsky, H. Gold~ng. J. Levy S. Koenlg, and J 
Mulins for discussions and use of unpubshed data, 
L Holoman for b r a y  assistance, and K McCarnrny 
for secretarial assstance. Supported by NIH grants 
CA-28936, Al-28662, CA-43447, and Al-35351 
B.F H. 1s a Carter-Wallace Fellovifor AlDS Research. 

AAAS-Newcomb Cleveland Prize 
To Be Awarded for a Report, Research Article, or an Article Published in Science 

The AAAS-Newcomb Cleveland Prize is awarded to the Throughout the competition period, readers are invited to 
author of an outstanding paper published in Sciel~ce. The value nominate papers appearing in the Reports, Research Articles, or 
of the prize is $5000; the winner also receives a bronze medal. Articles sections. Nominations must be typed, and the following 
The current competition period began with the 2 June 1995 issue information provided: the title of the paper, issue in which it was 
and ends with the issue of 3 1 May 1996. published, author's name, and a brief statement of justification 

for nomination. Nominations should be submitted to the AAAS- 
Reports, Research Articles, and Articles that include original Newcomb Cleveland Prize: AAAS, Room 924, 1333 H Street, 

research data, theories, or syntheses and are fundamental contri- NW, Washington, DC 20005, and must be received on or 
butions to basic knowledge or technical achievements of far- before 30 June 1%. Final selection will rest with a panel of dis- 
reaching consequence are eligible for consideration for the tinguished scientists appointed by the editor-in-chief of Science. 
prize. The paper must be a first-time publication of the author's The award will be presented at the 1997 AAAS annual 
own work. Reference to pertinent earlier work by the author may meeting. In cases of multiple authorship, the prize will be 
be included to give perspective. divided equally between or among the authors. 

328 SCIENCE V O L  271 19  J A h U h R I  1996 




