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The immunopathogenic mechanisms underlying human immunodeficiency virus (HIV) latency was synonymous with low viral 
disease are extremely complex; the disease process is multifactorial with multiple over- burden and microbiological latency (Fig. 1) 
lapping phases. Viral burden is substantial and viral replication occurs throughout the entire (I). Hence, the rationale for aggressive 
course of HIV infection. Inappropriate immune activation and elevated secretion of certain treatment with antiretroviral agents at this 
cytokines compound the pathogenic process. Profound immunosuppression ultimately 
occurs together with a disruption of the microenvironment of the immune system, which 
is probably unable to regenerate spontaneously. Thus, therapeutic strategies in HIV 
disease must not be unidimensional, but rather must be linked to the complex pathogenic 
components of the disease and must address where feasible each of the recognized 
pathogenic processes for the possibility of therapeutic intervention. 

o v e r  the past several years, researchers, 
clinicians. and health care ~roviders have 
gained considerable experience in studying 
and caring for individuals infected with 
HIV throughout the often prolonged course 
of HIV disease and the acquired immuno- 
deficiency syndrome (AIDS). On the basis 
of this experience, it has become clear that 
the pathogenic mechanisms underlying 
H N  infection and disease are not unidi- 
mensional, but rather are extremely com- 
plex (I). Any attempt to design a compre- 
hensive therapeutic strategy for HIV disease 
must take this fact into account. The mech- 
anisms producing perturbation of the im- 
mune system must be fully delineated, and 
therapib must be directed not only at 
blocking HIV replication but also, where 
possible and appropriate, at the selective 
pathogenic processes that may be only tan- 
gentially related to the direct infection of a 
given target cell. In the present discussion, 
we will not attemvt to review exhaustivelv 
the literature dialing with 
mechanisms of HIV disease. but rather we 

with primary infection (3). It is highly 
likely that this state of heavy viremia is 
responsible for the seeding of virus to vari- 
ous organs, including the brain (4) and 
lymphoid tissues (see below). There is a 
dramatic perturbation in the numbers of 
peripheral blood mononuclear cell (PBMC) 
subsets, usually with a substantial decrease 
in CD4+ T lymphocytes (2, 3). Within 
weeks to months, a humoral and cellular 
immune response to HIV is detected, and 
the levels of culturable virus decrease dra- 
matically (2, 3). Most PBMC subsets return 
to normal levels-except the CD4+ T cells, 
which may rebound somewhat, but which 
rarely return to pre-infection levels (3). 
Patients then enter a phase of clinical 
latency, which is characterized by a lack of 
symptoms, only moderately decreased levels 
of CD4+ T cells, and low levels or absence 
of culturable virus in the blood. 

. Viral burden and replication. Owing to the 
relative absence of viral parameters in the 
PB compartment during the period of clin- 
ical latencv. it was assumed that clinical 

phase was felt to be weak. However, in 
recent studies of HIV-infected individuals 
at various stages of disease, the use of 
sensitive molecular techniques combined 
with careful histopathologic examination 
(5, 6) has indicated that there is a high 
burden of HIV in the lymphoid tissues both 
as extracellular virus trapped in the follicu- 
lar dendritic cell (FDC) network of the 
germinal centers (Fig. 2A) (5-7) and as 
intracellular virus (Fig. 2B) ( 5 4 ,  usually 
in a latent form (6). Furthermore, HIV is 
persistently replicating even during the ear- 
ly, asymptomatic phase of disease (5). As 
disease progresses, viral burden and levels of 
replication increase in the lymphoid tissue, 
and only later in the course of disease are 
parameters of active virus replication again 
readily detectable in the PB (Fig. 1) (5). 

Peripheral lymph nodes are not the only 
lvmohoid reservoirs for virus burden and 
repication. The gut is one of the major 
lymphoid organs in the body, and as many 
as 50 to 60% of all of the body's lympho- 
cytes are contained in the lymphoid tissue 
of the gut, which is distributed as Peyer's 
patches, lamina propria lymphoid cells and 
aggregates, and intraepithelial lymphocytes 
(8). Infection in the gut-associated lym- 
phoid tissue is similar to that in the periph- 
eral lymph nodes, with trapping of virus on 
FDC and reservoirs of latent and replicating 
virus (9). In addition, it is possible that 
other reservoirs for HIV exist in the' body , , 

will focus on those recognized pathogenic 
mechanisms potentially amenable to thera- 
peutic intervention and develop a frame- 1. HIV replication in PeriPh- Clinical Advanced 
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HIV iniection, there is a burst of virus 
replication and high levels of viremia (2). 
This is most readily recognized in those 
individuals (up to 70%) who manifest an 
acute symptomatic syndrome associated 

vanced disease. A heavy signal 
was seen in PBMC during the first 
several weeks after primary infec- 
tion. The signal was barely de- 
tectable in the PBMC after 20 
weeks and throughout the period 
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and that virus produced in these locations 
contributes to the accumulation of virus in 
lymphoid tissue. 

Most recently, by means of highly sensi- 
tive molecular techniques of quantitative 
competitive polymerase chain reaction 
(PCR) on plasma and PCR-driven in situ 
hybridization on PBMC (10) , it has become 
clear that the quantity of virus in the plasma 
as well as in the PBMC of HIV-infected 
individuals is much k h e r  than was formerly 
thought. Taken together, these data indi- 
cate that high levels of viral burden are 
present fnnn the earliest stage of HIV infec- 
tion and that these levels as well as the 
degree of virus replication increase as HIV 
disease progresses. The degree of CW+ T 
cell depletion that can be attributed to direct 
killing of cells by the virus as compared with 
indirect cytotoxic effects triggered by the 
virus is at present unclear (see below). How- 
ever, there is no question that the presence 
of virus and its active replication is at least 
assxiated with CW+ T cell depletion, and 
thus HIV is a primary component of the 
d' lsease Drocess. 

~atidnale for &&d therapy. The 
above discussion provides a sound scientific 
basis for blocking the initial burst of virus 
replication and dissemination as well as the 
persistent replication throughout the course 
of disease by treating HIV-infected individ- 
uals with antiretroviral agents from the ear- 
liest time that HIV infection is recognized 
through the entire course of infection. Un- 
fortunately, currently available agents are 
only partially effective in suppressing virus 
replication, and this effect is transient (1 I). 
Clear-cut, but limited, benefit is seen when 
zidovudine (azidothymidine, AZT) is given 
to a patient with advanced HIV disease. 
However. the benefits of earlv intervention 
are usually only temporary and do not result 
in significant long-term advantages with re- 
gard to course of disease and death. In the 
decision-making process of considering 
whether to start antiretroviral therapy with 
currently available drugs in an asymptomatic 
HIV-infected ~atient. these facts must be 
balanced ag-t the' cost and toxic side 
effects of treatment in addition to the like- 
lihood of selecting for drug-resistant strains. 
However, strategies aimed at blocking virus 
dissemination, decreasing viral burden, and 
inhibiting virus replication at the earliest 
possible time after infection are scientifically 
justified. When safer and more effective 
antiretroviral drugs become available, they 
should be used in this context. 

Immune Cell Activation 
in HIV Infection 

Chronic activation of the immune system. 
Activation of the immune system is an 
essential component of an appropriate im- 

mune response to a foreign antigen. Once 
the immune response adequately deals with 
and clears the foreign antigen, the system 
returns to a state of relative quiescence 
until the next stimulus is introduced (12). 
This is essential for the optimal functioning 
of the immune response. In HIV infection, 
however, the immune system is chronically 
activated. Spontaneous hyperactivation of 
B cells in AIDS patients has been reported 
(13, 14), as well as persistent activation of 
multiple components of the immune sys- 
tem. Such components of immune activa- 
tion include spontaneous lymphocyte pro- 
liferation; activation of monocytes; expres- 
sion of T cell activation antigens on C W +  
and CD8+ T cells; lymph node hyperplasia 
early in the wurse of disease; increased 
cytokine expression, elevated levels of neo- 
pterin, ~2-microglobulin, acid-labile inter- 
feron, and interleukin-2 receptors; and au- 
toimmune phenomena (1 5). This is partic- 
ularly true during the early stages of infec- 
tion when a vigorous immune response to 
H N  is being mounted. The persistence of 
virus and viral replication throughout the 
course of HIV disease (5, 6) may play a 
primary role in the maintenance of this 
state of immune activation. 

In addition, it has been proposed that a 
superantigen of microbial origin encoded 
either by HIV or an unrelated microbe 
might be involved in the pathogenesis of 
HIV disease (16). Since stimulation by 
superantigens requires binding only to the 
variable (V) region of the T cell receptor 
(TCR) p chain in association with bind- 
ing to the p chain of the major histocom- 
patibility (MHC) class I1 molecule, super- 
antigens can induce massive stimulation 
and expansion of all those T cells that bear 
the specific p chain regions. This is in 
contrast to conventional antigens, which 
require interaction with specific compo- 
nents of all regions [V, diversity (D), and 
joining 0)) of the TCR a and p chains 
and thus stimulate only a small fraction of 
T cells (1 7). The finding that HIV-infect- 
ed individuals manifest massive deletions 
of a large proportion of Vg families (18) 
has not been continned in studies that 
have reported either no perturbations in 
the V0 repertoire or selective changes in 
one or two V0 families (1 9). Therefore, in 
HIV infection it is likely that superanti- 
gens, if indeed they are present and have 
an impact on pathogenesis, act as potent 
activators of T cells [producing the nega- 
tive consequences associated therewith 
(see below)] rather than as agents directly 
responsible for the deletion of selective 
subsets of T cells. 

Finally, it has been hypothesized that 
autoimmune phenomena are initiated and 
propagated throughout the course of HIV 
disease and that these contribute substan- 

Fig. 2. Viral burden and replication in lymph 
node of an HIV-infected individual with early 
stage disease (CD4+ T lymphocyte count >500 
per cubic millimeter). (A) Cross section of hy- 
perplastic lymph node illustrates well-demar- 
cated germinal centers. In situ hybridization 
analysis demonstrates large numbers of extra- 
cellular virions (white areas) trapped wjthin the 
follicular dendritic cell network of the germinal 
centers. (8) Individual cell expressing HIV 
mRNA as demonstrated by in situ hybridization. 

tially to the state of inappropriate hyperac- 
tivation. In addition, cross-reactivity be- 
tween viral proteins and self components 
such as MHC molecules could trigger im- 
inunological responses that eliminate im- 
mune competent cells or impede immuno- 
logical function such as antigen recognition 
(15. 20). . - 

iVegC;tiw consequences of persistent im- 
mune system activation. Although the ability 
to activate the immune system in response 
to antigenic stimulation is critical for nor- 
mal immune function (12), persistence of 
immune activation may have a number of 
negative consequences (15). From a viro- 
logic standpoint, although quiescent CD4+ 
T cells can be infected with HIV, reverse 
transcription, integration, and virus spread 
is much more efficient in activated cells 
(2 1). Furthermore, cellular activation in- 
duces expression of virus in cells latently 
infected with HIV (2 1, 22). . 

From an immunologic standpoint, re- 
peated or persistent exposure of the im- 
mune system to an antigen may ultimately 
lead to immune system dysfunction and 
loss of the ability to maintain an adequate 
immune response to the antigen (15, 23). 
Furthermore, the general functional capa- 
bility of immune competent cells may be 
impaired if they are maintained in a 
chronically activated state (15, 23). In 
addition, chronic activation of the im- 
mune system may induce an abnormal 
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program of cell death (apoptosis) as well as 
the secretion of certain cytokines that can 
induce HIV expression (see below). 

Apoptosis is a form of programmed cell 
death that may serve as a normal mecha- 
nism to eliminate effete cells in organo- 

u 

genesis as well as in the cellular prolifera- 
tion that occurs in an immune resaonse: it 
was originally described in the context of 
the intrathymic elimination of autoreac- 
tive T cell clones (24) and is closely 
dependent on cell activation. It has been 
proposed as a mechanism whereby CD4+ 
and even CD8+ T cells can be killed in 
HIV-infected individuals without invok- 
ing direct infection of the cell by HIV 
(25). In this model, large numbers of cells, 
particularly those in the microenviron- 
ment of the lymphoid organs where there 
is close cell-to-cell contact, would be ex- 
posed to virus or virus products (particu- 
larly gp120) without necessarily becoming 
infected. O n  subsequent activation by 
conventional antigen or a putative super- 
antigen, these cells would undergo apop- 
tosis (25). 

Rationale for determining the feasibility of 
inhibit in^ immune activation. The above dis- " 

cussion indicates that it is reasonable to 
pursue the feasibility of selectively blocking 
immune activation without compounding 
the immunosuppressed state of HIV infec- 
tion. This approach might be particularly 
appropriate during the early stages of HIV 
disease before the stage of profound immu- 
nodeficiency. 

Cyclosporine A (CsA) is a noncyto- 
toxic immunosuppressive agent that has 
been used successfully in the prevention 
and treatment of organ transplantation 
rejection (26). It suppresses T cell activa- 
tion by blocking the formation of the T 
cell transcription activating factor NF-AT 
(27). In 1986, CsA was shown to block 
binding of HIV to its target cells (28). In 
addition. it was shown to inhibit HIV 
expression and cell growth of chronically 
infected cells (29). There have been con- 
flicting reports of the in vivo effects of 
CsA in HIV-infected individuals, with 
some studies showing improvement (30) 
and others clinical deterioration (31). The 
negative conseauences of CsA on HIV - 
infection were felt to be due to the com- 
pounding of immunosuppression in pa- 
tients whose immune systems were already 
substantially compromised. However, a 
recent review of 53 patients who were 
infected with HIV either by an infected 
transplanted organ or by blood transfu- 
sions during or shortly after transplanta- 
tion indicated that the group (n = 13) 
that did not receive CsA as part of its 
immunosuppressive regimen had a signifi- 
cantly higher incidence of advancement 
to AIDS by 66 months than did the group 

(n = 40) that received CsA (32). Because 
CsA was administered early in the course 
of infection and was continued throughout 
the infection, it is conceivable that block- 
ing immune activation before severe im- 
munosuppression had a beneficial effect. 

Recent studies indicate that the mecha- 
nisms underlying the action of CsA on HIV 
infection may be more complex than that of 
merely blocking cellular activation. It has 
been demonstrated in vitro that CsA inter- 
feres with the binding of cellular cyclo- 
philin A and B to HIV gag protein and in 
this manner might interfere with HIV rep- 
lication (33). Furthermore, nonimmuno- 
suppressive analogs of CsA are now being 
tested in transplantation patients and may 
prove to be more appropriate for testing in 
HIV-infected individuals. 

Since the triggering of CD4+ T cells by 
gp120 alone or complexed with antibody 
to gp120 may deliver an anergic signal to 
the cell or prime it for subsequent activa- 
tion-induced apoptosis, the strategy of 
blocking the gp120-CD4 interaction 
might prove beneficial. Whether by the 
administration of soluble CD4 (15) or 
other therapeutic modalities, the scientific 
rationale exists for interrupting this inter- 
action. Furthermore, if apoptosis results 
from a signal that occurs after this initial 
gp120-CD4+ T cell interaction, strategies 
should be pursued to block the apoptotic 
event either by administration of certain 
cytokines that interfere with apoptosis 
(34) or by pharmacologic means (35). 
Finally, if a putative microbial superanti- 
gen contributes to the pathogenic process 
in vivo, elimination of the superantigen 
either by antiretroviral therapy (if it is a 
product of HIV) or by treatment of the 
relevant non-HIV microbe if and when it 
is identified should be undertaken. 

Cytokines in HIV Infection 

Cytokine modulation of HIV expression. Cy- 
tokines are peptide hormones that are crit- 
ical for generating inflammatory responses 
and maintaining the homeostatic regula- 
tion of the immune system (36). Infection 
with HIV is associated with increased pro- 
duction of a number of cytokines in vitro 
and in vivo (37). B cells isolated from 
HIV-infected individuals spontaneously se- 
crete high amounts of tumor necrosis fac- 
t o r e  (TNF-a) and interleukin-6 (IL-6) in 
vitro (38). These and several other cyto- 
kines have been shown in vitro to modulate 
the expression of HIV in infected cells of 
both T lymphocytic and monocytic lineages 
(39) (Table 1). Since activated B cells 
within the germinal centers of lymph nodes 
of HIV-infected individuals are in close 
proximity to latently infected CD4+ T cells 
in the paracortical areas of the nodes as well 

Table 1. Cytokine regulation of HIV expression 
and replication. T, T lymphocyte; M, monocyte 
or macrophage; TGF-p, transforming growth 
factor-p; M-CSF, monocyte colony-stimulating 
factor; GM-CSF, granulocyte-macrophage col- 
ony-stimulating factor. [Adapted from (39) with 
permission] 

Cytokine Target cell Effect 
or cells 

Bulk supernatant 
IL-1 
I L-2 
I L-3 
I L-4 
I L-6 
IL-10 
IL-13 
TNF-a, TNF-p 
TGF-p 
M-CSF 
GM-CSF 
IFN-a, IFN-p 
IFN-y 

as to those infected CD4+ T cells that 
infiltrate the germinal centers (5, 6), it is 
likely that cytokine secretion plays a major 
role in the activation of HIV expression in 
the microenvironment of the lymph node. 

TNF-a is of particular interest and po- 
tential importance in HIV infection since it 
also has the property of causing wasting and 
cachexia in animal models (40). It is hy- 
pothesized that the wasting syndrome seen 
in certain HIV-infected patients may be 
due at least in part to high levels of TNF-a. 
In addition. TNF-a has been correlated 
with deleterious effects in other diseases 
such as tuberculosis, lepromatous leprosy, 
leishmaniasis, and malaria (41). 

Rationale for inhibiting cytokine secretion. 
Attempts to selectively inhibit cytokine 
secretion or effects (or both) have been 
made in certain diseases in which cytokines 
are felt to play a pathogenic role. IL-1 has 
been shown to be a mediator of endotoxin 
shock (42). Clinical trials have utilized IL-1 
receptor antagonist to block the tissue ef- 
fects of IL-1 with some clinical benefit and 
very little toxicity (43). Soluble TNF-a 
receptors that block the effects of TNF-a 
are currently being tested in animal models 
of endotoxemia as well as in clinical trials 
in inflammatory conditions such as autoim- 
mune diseases (44). Soluble TNF receptors 
have been shown to inhibit TNF-a-in- 
duced HIV-1 transcription and expression 
in vitro (45). Thalidomide selectively in- 
hibits the production of TNF-a in vitro in 
human PBMCs that have been induced 
with lipopolysaccharide and other agonists 
(46). Thalidomide also reduces serum levels 
of TNF-a in lepromatous leprosy patients 
with erythema nodosum, and this reduction 
is associated with an amelioration of symp- 
toms (47). With regard to HIV infection, 
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in vitro thalidomide inhibits TNF-a 
mRNA levels and protein as well as the 
expression of virus in chronically infected 
cell lines and in the PBMCs of HIV-infect- 
ed patients (48). Pentoxlfylline is an agent 
that has been used successfully in the treat- 
ment of peripheral vascular disease (49); it 
has more recently been demonstrated to 
block the secretion of TNF-a in cancer 
patients and in bone marrow transplant 
patients in whom symptoms were associated 
with elevated levels of TNF (50). Pentox- 
lfylline has also been shown to inhibit the 
replication of HIV in human PBMCs and in 
cultured T cells (5 1 ) , and preliminary clin- 
ical trials have demonstrated that the ad- 
ministration of pentoxifylline to HIV-in- 
fected individuals was safe and was associ- 
ated with a decrease in TNF-a expression 
in PBMCs (52). Finally, IL-1 receptor an- 
tagonist has been shown to block the IL-1- 
dependent induction of HIV in vitro (39). 
Thus, given the clear-cut demonstration of 
the role of cytokines in HIV pathogenesis 
and the apparent lack of serious toxic side 
effects associated with pharmacologic at- 
tempts to selectively block cytokine secre- 
tion or action, this approach should be 
explored vigorously in clinical trials for the 
treatment of HIV-infected individuals. 

Immunodeficiency in HIV Disease 

Degrees of immunaleficiency. Varying de- 
grees of immunodeficiency are associated 
with the different stages of HIV disease. In 
early stage disease (stages 1 to 3), before the 
occurrence of profound decreases in num- 
bers of circulating CD4+ T cells, selective 
defects in antigen-specific T cells are ob- 
served (53). Over time there is a gradual 
and progressive decrease in numbers of cir- 
culating CD4+ T cells accompanied by 
severe immune function abnormalities, and 
in advanced staee disease abnormalities of 
virtually every component of the immune 
system have been reported (1, 54). Al- 
though depletion of CD4+ T cells is a 
critical factor in the development of the 
profound immunodeficiency associated with 
HIV disease (I), a major role in the tran- 
sition from the ~hase  of immune activation 
(that is, early sLge disease) to the phase of 
progressive and severe immunodeficiency 
(intermediate and advanced stage disease) 
is played by the HIV-mediated destruction 
of the microenvironment of the lymphoid 

3. Lymph node germinal Eadv dk---- 

organs. 
DestncctMl of 'the microenoismtwu of 

lymphoid organs. The immune system is 
comprised of labile cellular elements cap-  

centers during various stages 
of HIV disease. During eady 
disease an intact folliilar 
dendritic cell (FDC) netwwk 
(staining pink with a CD21 
monoclonal antibody) is seen 
within the germinal center (up 
per panel). At this point indi- 
vidual FDCs appear healthy 
by electron microscopy (ar- 
row, middle panel). During 
this p e i i  H N  particles are 
trapped by the processes of 
the FDC and initiate a vigor- 
ous humoral immune re- 
sponse by the germinal cerr 
ter B cells. CD4+ T cells mi- 
grate into the area and are 
acposed to virus (lawer pan- 
el). During intermediate stage 
disease FDCs begin to de- 

ble of freely circulating among or populat- 
ing a variety of lymphoid organs. In addi- 
tion, individual lymphoid organs have a 
sessile component or microenvironment 
that is necessary for the maturation and 
propagation of cellular elements. The in- 
tegrity of the microenvironment is crucial 
for optimal presentation of antigen as well 
as for the execution of specific immune 
functions (55). It is well recognized that 
HIV may be directly or indirectly involved 
(or both) in the destruction of labile im- 
mune competent cells (see above). Howev- 
er, it is also true that certain elements of 
lymphoid organ architecture and microen- 
vironment are severely disrupted in HIV 
infection. 

Over the prolonged course of HIV dis- 
ease, the complex FDC network within the 
germinal centers of lymphoid tissue is grad- 
ually and progressively disrupted and ulti- 
mately destroyed (5-7) (Fig. 3). Since the. 
FDCs serve as the major antigen-presenting 
cell network for germinal center B cells and 
are responsible for the initiation of B cell 
responses and memory, disruption of the 
microenvironmental network is incompati- 
ble with an effective humoral immune re- 
sponse. In addition, the disruption of the 
lymph node architecture results in an ab- 

generate, as indTlcated by Lymph nodehypmpb 
clumping of the fine dendritic 
network (clumped red stain- 
ing by antibody to CD21, u p  \ 
per panel) and by swollen or- 1 
ganelles on electron micros- Induceanti 
copy (arrow, middle panel). At *= 
this point the efficiency of the mnBm 
FDC in trapping viims is di- 
minished (lower panel). 9 !4 

RIfacl 
During advanced stage dis- lymph( 
ease the FDC network is 
virtually destroyed, with minimal staining by antibody to CD21 (upper 
panel) and necrotic-appearing, amorphous cells by electron microsco- 
py (dark staining material, middle panel). At this point, the destroyed 

FDCs are incapable of trapping virus, which now is readily detectable in 
blood. The loss of FDC function contributes to the profound immuno- 
suppression of advanced stage disease (lower panel). 
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normal distribution of lymphocytes within 
the lymphoid tissue, and it is likely that the 
function of accessory cells such as macro- 
phages and interdigitating reticular (den- 
dritic) cells that present antigen to T lym- 
phocytes is profoundly impaired. 

The thymus is comprised of a complex 
microenvironment of thymic epithelial 
cells that form a stromal network extendine 

u 

from the subcapsular to the cortical to the 
medullary areas of the gland. At least six 
different types of thymic epithelial cells 
populate the thymus; they are rich in cyto- 
kines and are critical in the nurturing and 
maturation of thymocytes (56). After the 
direct injection of HIV into a fully devel- 
oped human thymus resident in the severe 
combined immunodeficiency (SCID)-hu- 
man (hu) mouse model, there is progressive 
infection and destruction of multiple sub- 
sets of thymocytes (57, 58), as well as 
widespread destruction of thymic epithelial 
cells (58). The SCID-hu mouse offers the 
potential for studying the effect of HIV on 
the thymic microenvironment; it should 
serve as an excellent model for HIV infec- 
tion of the human thymus since the mor- 
phologic and histopathologic appearance of 
the HIV-infected thymus in the SCID-hu 
mouse is similar to that of thymuses exam- 
ined at autopsy from simian immunodefi- 
ciency virus-infected monkeys (59) and 
from patients with advanced HIV disease 
(60). 

In the bone marrow microenvironment. 
a network of stromal cells of monocytic 
lineage is vital for optimal sustenance and 
maturation of stem cells and progenitor 
cells of myeloid and lymphoid lineage (6 1 ) . 
There is evidence that in HIV infection 
bone marrow stromal cells are adversely 
affected (62). In addition, we have demon- 
strated that in advanced HIV disease, 
CD34+ progenitor cells within the bone 
marrow can be infected with HIV (63). 

Role of lymphoid tissue microenvironment 
in the regeneration of the immune system. It is 
unclear at present whether the severely 
damaged immune systems of patients with 
advanced HIV disease would be capable of 
spontaneous regeneration even if virus rep- 
lication could be completely inhibited by a 
totallv effective antiretroviral aeent. In 
fact, ;here is suggestive evidence t ia t  spon- 
taneous reeeneration would not occur un- - 
der these circumstances. In clinical trials of 
antiretroviral aeents in HIV-infected indi- - 
viduals in which there is at least a tempo- 
rarv inhibition of virus revlication. a com- 
ple;e reconstitution of Aormal levels of 
CD4+ T cell counts, even transiently, is 
rarely if ever observed (1 1). This is in 
contrast to the situations in which immune 
competent cells are suppressed or destroyed 
iatrogenically by the administration of im- 
munosuppressive regimens for a variety of 

diseases. Under those circumstances, com- 
plete regeneration of the immune system 
generally occurs after cessation of immuno- 
suppressive therapy (64). Furthermore, it 
has been demonstrated in the SCID mouse 
model that collaboration between T and B 
cells and the factors that these cells produce 
is essential for the normal development of 
FDC (65). Thus, unless regeneration of a 
normal balance between T and B cell ele- 
ments also occurs, spontaneous regenera- 
tion of normal FDC development would 
likely be compromised. 

One of the most problematic areas relat- 
ed to the ability of the immune system to 
spontaneously regenerate in HIV infection 
concerns the role of the thvmus in adults. It 
is generally, although incdrrectly, assumed 
that the thymus is not necessary in adults. 
This assumption is based on the observation 
that individuals who undergo thymectomies 
for medical reasons generally can lead nor- 
mal lives with relatively intact immune 
function. However. vatients treated with , L 

thymectomy for myasthenia gravis develop 
a moderate lvmohooenia even in the ab- , .  . 
sence of subsequent obvious stresses to the 
immune system (66). 

HIV-infected individuals not only have 
destruction of their thymuses, but also 
experience a gradual and persistent destruc- 
tion of mature CD4+ T cells over a period 
of years (I) .  This would be equivalent to 
surgically thymectomizing an individual 
and chronically administering antilympho- 
cytic globulin for a prolonged period of 
time. In several animal svecies. adult 
thymectomy is associated with a gradual 
decrease over months in circulating lym- 
phocytes (67). Relevant to the situation 
with HIV in humans is the observation that 
thvmectomized. irradiated. bone marrow- 
reconstituted adult mice do not achieve 
normal immune function without co-im- 
plantation of a fetal thymus (68). The 
thymic microenvironment is apparently 
critical for complete immunological recon- 
stitution despite the fact that stem cells and 
precursor cells were supplied by the bone 
marrow transplant. Similarly, HIV-infected 
individuals with advanced disease (and per- 
haps even with early stage disease) are 
functionallv thvmectomized (see above). , 1 

Hence, even if precursor cells are still pre- 
sent in HIV-infected individuals or supplied 
by bone marrow transplantation, it is ques- 
tionable whether the reconstitution of nor- 
mal immune function would occur in the 
absence of an intact thvmic microenviron- 
ment. Furthermore, it is unclear at present 
how the infection of bone marrow stromal 
cells would contribute to the lack of regen- 
erative capability of the immune system in 
HIV infection. 

Rationale for attempts to reconstitute the 
immune system. Certain cytokines are capa- 

ble of inducing the replication of HIV; 
therefore, selective blocking of cytokines is 
an important strategy in the treatment of 
HIV disease (see above). Nonetheless, cy- 
tokines are also important for the expres- 
sion and regulation of normal immune 
function. In fact, defects in the production 
of IL-2 and interferon-y (IFN-y) have been 
reported in HIV infection (69). Therefore, 
the administration of cytokines in order to 
partially reconstitute or stimulate the defec- 
tive immune system in HIV disease is a 
reasonable strategy that is being pursued 
(70). Recent reports suggest that there is a 
progressive imbalance in the T cell limbs of 
the immune systems of HIV-infected indi- 
viduals, with a selective defect in TH-1 
responses mediated by IL-2 and IFN-y and a 
predominance of TH-2 responses mediated 
by IL-4, IL-5, IL-6, and IL-10 (71). The 
potential exists for correcting this imbal- 
ance by the administration of TH-1-type 
cytokines such as IL-2 or IL-12 (72). In this 
regard, dramatic and sustained (several 
months) increases in numbers of circulating 
CD4+ T cells have been noted in a limited 
number of HIV-infected patients treated 
with intermittent (5 days every 2 months) 
doses of IL-2 intravenously (73). The 
mechanisms underlying this enhancement 
of CD4+ T cell numbers are currently being 
investigated and may reflect a combination 
of direct expansion of T cell subsets, cor- 
rection of the IL-2 defect of HIV disease, as 
well as the potential beneficial effects of 
intermittent stimulation of the immune 
system (see below). 

Recent studies have suggested that IL- 
12, a potent cytokine that enhances T cell 
and natural killer cell capabilities and that 
is involved in the differentiation of TH-1 
CD4+ T lymphocytes (74), might be useful 
in the treatment of HIV-infected individu- 
als. PBMCs from HIV-infected patients are 
defective in the production of IL-12, and 
treatment of these cells with IL-12 in vitro 
significantly enhanced the cytotoxic capa- 
bility of the cells (75). Finally, a number of 
chemical immune enhancers have been 
proposed for the treatment of HIV-infected 
individuals, with clinical trials generally 
showing variable results (70). 

The most direct and votentiallv most 
complete form of immunologic reconstitu- 
tion is the revlacement of cellular elements 
of the immune system. Allogeneic and syn- 
geneic bone marrow transplantation have 
been attempted in HIV-infected individuals 
without notable success (76). We have ~, 

performed syngeneic bone marrow trans- 
plantation from uninfected to infected 
identical twins together with the transfu- 
sion of syngeneic PB lymphocytes (77) and 
have noted a transient increase in CD4+ T 
cells. The lack of complete reconstitution 
could be explained by infection of the 
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transplanted elements by HIV, inadequacy 
of marrow take owing to the fact that the 
recipient was not conditioned, or lack of an 
intact thymus microenvironment for the 
maturation of transplanted T cell progeni- 
tor cells. Other attempts to reconstitute 
cellular elements include the transfusion of 
ex vivo IL-2-expanded, syngeneic CD4+ T 
cells, HIV-specific CD8+ T cells, and HIV- 
swcific CD8+ T cell clones (78). Results 
are too preliminary for conclisibns to be 
reached concerning the feasibility and low- 
term benefit of these approaches. 

- 

Experience with thymic transplantation 
in congenital immunodeficiency diseases as 
well as in AIDS has not been promising, 
but the extent of experience has been min- 
imal (79). The loss of thymic cellular ele- 
ments and the disruption of the thymic 
microenvironment in HIV 'infection pro- 
vides a compelling argument to aggressively 
pursue the feasibility of this approach as a 
component of attempts directed at immu- 
nologic reconstitution of HIV-infected in- 
dividuals. Furthermore, recent studies have 
suggested the existence of alternative, ex- 
trathymic development pathways for T lin- 
eage cells, particularly in the gut (80). 
Delineation of the integrity of these path- 
ways in HIV-infected individuals would be 
important. 

Although chronic, intermittent stimula- 

Flg. 4. The multiiactorii, 
multiphasic, and over- 
lapping components of 
the pathogenic mecha- 
nisms of HIV disease. Vi 
rus replication occurs 
throughout the entire 
cwrse of HIV infection. 
Immune activation and 
cytokine secretion are 
major camponents of 

tion of the immune system as a therapeutic 
modality in HIV infection might seem 
counter-intuitive given that immune acti- 
vation has potentially negative conse- 
quences, the possibility exists that under 
certain circumstances and in association 
with the administration of effective antiret- 
roviral agents, intermittent stimulation of 
the immune system might have a beneficial 
effect in partially reconstituting immune 
competence. It is noteworthy that earlier 
trials with continuous infusions of IL-2 in 
HIV-infected individuals did not show 
clear-cut benefit (72) ; however, recent 
studies with intermittent IL-2 stimulation 
in which the immune system was allowed to 
rest for 7 to 8 weeks between 5-day courses 
of IL-2 resulted in dramatic increases in 
CD4+ T cells in some patients (73). Sen- 
sitive measurements of virus activity in 
plasma by a branched DNA technique re- 
vealed transient increases in virus replica- 
tion associated with each course of IL-2, 
which usually returned to baseline. This 
observation underscores the need for the 
simultaneous administration of antiretrovi- 
ral agents with this approach. It is unclear 
why the immune system must rest between 
courses of stimulation, but this may be 
related to the requirement for optimal ex- 
pression of IL-2 receptors. Other approach- 
es at intermittent stimulation of the im- 

the pathogenic process W I . ~  

their variability among mrus nplkrll~n 
knrnmn mdtWlion 

patients and for the fact wold lhwe adwatbn 

that they may occur 
at different stages of 
disease. They are 
prevalent at the time of 
primary infection, par- 
ticularly in patients 
with anacutes~ndrom. , , , , 1, ' 0 1 c c 
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course of disease, re- - 
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mune system with materials such as polio 
vaccine (81), typhoid vaccine (82), and 
dinitrochlorobenzene (DNCB) (83) have 
yielded variable results. Finally, the use of 
killed HIV or its protein components as a 
therapeutic vaccine is currently in clinical 
trials, and there have been reports suggest- 
ing beneficial effects on CD4+ T cell counts 
or viral burden (or both) (84). However, 
available data do not allow conclusions to 
be reached regarding immunologic, viro- 
logic, or clinical benefit. Despite the fact 
that these studies were designed to stimu- 
late HIV-specific immune responses, these 
products could also nonspecifically stimu- 
late the immune system. Taken together, 
these studies provide the basis for pursuing 
cautiously the feasibility of intermittent 
immune system stimulation, preferably in 
combination with an antiretroviral agent. 

Conclusions 

Any comprehensive therapeutic strategy 
must consider the complexities of the 
va th~en ic  mechanisms of HIV disease. 
suppression of HIV replication is only one 
of several wssible avvroaches to the thera- 
py of an i-IIV-infected individual; certain 
stages of the disease may benefit more than 
others from an intensive regimen of antiret- 
roviral drugs. The early phase of wide viral 
dissemination seems particularly amenable 
to such an approach. Inappropriate and 
sustained immune activation, cytokine se- 
cretion, disruption of the microenviron- 
ment of the immune system, and the pro- 
found immunodeficiency are all potential 
targets of therapeutic intervention. Such an 
approach is particularly problematic, how- 
ever, since these multifactorial components 
of HIV pathogenesis occur in phases that 
may overlap (Fig. 4). Certain types of 
interventions may be appropriate at one 
stage of disease and contraindicated at an- 
other. This may be particularly relevant 
with regard to the overlap in certain pa- 
tients of aberrant cellular activation and 
profound immunosuppression. Some ap- 
proaches may be undertaken in temporal 
sequence, whereas others might be under- 
taken simultaneously. It is only through the 
process of carefully conducted clinical trials 
based on the expanding knowledge of HIV 
pathogenesis that answers to these impor- 
tant questions will be forthcoming. 

REFERENCES AND NOTES 

1. A. S. Fauci, Sciem239,617 (1988); G. Pantaleo, 
C. Graziosi, A. S. Fauci, N. Engl. J. Med. 328,327 
(1993); J.  Levy, Microbial. Rev. 57, 183 (1993). 

2. E. S. Daar, T. Moudgil, R. D. Meyer, D. D. Ho, N. 
Engl. J. Med. 324, 961 (1991); S. J. Clark et al., 
ibid., p. 954; C. Graziosi et al., Proc. Natl. Acad. 
Sci. U.S.A. 90, 6405 (1993). 

3. 0. Tindall and D. A. Cooper, AIDS 5, 1 (1991); J. 
T. Safrit, Y. Cao, C. A. Andrews, D. D. Ho, R. A. 



Koup, 9th International Conference on AIDS, Ber- 
lin, 6 to 11 June 1993, abstract WS-A15-1, p .  31 

4. R. W. Price et a/.,  Science 239, 586 (1988); R. 
Geleziunas, H. M. Schipper, M. A. Wainberg, 
AlDS 6 ,  1411 (1992); L. G. Epstein and H. E. 
Gendelman, Ann. Neurol. 33, 355 (1993). 

5. G. Pantaleo et al., Nature 362, 355 (1993). 
6. J. Embretson etal.. ibid, p. 359. 
7. J. A. Armstrong and R. Horne, Lancet ii, 370 

(1984); J. A. Armstrong, R. L. Dawquins, R. Horne, 
Immunol. Today6, 121 (1985); J. A. Armstrong, in 
Accessory Cells in HlVand Other Retroviral Infec- 
tions, P. Racz, C. D. Dijkstra, J. C. Gluckman, Eds. 
(Karger, Basel, Switzerland, 1991), pp. 69-82; K. 
Tenner-Racz. P. Racz, M. Dietrich, P. Kern. Lan- 
cet i, 105 (1985): K. Tenner-Racz et a/.,  Am. J. 
Pathol. 123, 9 (1986); P, Biberfeld etal.,  ibid., p. 
436; K. Tenner-Racz et a/., AlDS2, 299 (1988): C. 
D. Baroni et a/., Am. J. Pathol. 133, 498 (1 988); G, 
S. Wood, in Progress in AIDS Pathology, H. Rot- 
terdam, P. Racz, M. A. Greco, C. J. Cockerell, 
Eds. (Field and Wood, New York, 1991), vol. 2, 
pp. 25-32; G. Pantaleo et a/.,  Proc. Natl. Acad. 
Sci. U.S.A. 88, 9838 (1991); C. H. Fox et al., J. 
Infect. Dis. 164, 1051 (1991); H. Spiegel, H. 
Herbst, G. Niedobitek, H. D. Foss, H. Stein, Am. J. 
Pathol. 140, 15 (1 992). 

8. M. F. Kagnoff, in Gastrointestinal Disease: Patho- 
physiology, Diagnosis, Management, M. H. 
Sleisenger and J. S. Fordtran, Eds. (Saunders, 
Philadelphia, 1981), p. 114. 

9. C. H. Fox, D. Kotler, A. Tierney, C. S. Wilson, A. S. 
Fauci. J. Infect. Dis. 159, 467 (1989); P. Racz et 
al., Lab. Invest. 68, 106A (1 993). 

10. M. Piatak et al., Science 259, 1749 (1993); B. K. 
Patterson etal., ibid. 260, 976 (1993); 0. Bagasra, 
S. P. Hauptman, H. W. Lischner. M. Sachs. R. J. 
Pomerantz. N. Engl. J. Med. 326, 1385 (1992); P. 
Bagnarelli et a/., J. Virol. 66, 7328 (1992). 

11. M. S. Hirsch and R. T. D'Aquila, N. Engl. J. Med. 
328, 1686 (1 993). At the 9th lnternational AlDS 
Conference in Berlin. 6 to 11 June 1993. M. 
Seligmann presented results of the United King- 
domiFrance study of immediate versus delayed 
zidovudine therapy for early asymptomatic HIV 
infection. The study found that despite a trend 
toward benefit of immediate therapy after 1 year, 
there was no difference in the two groups with 
regard to advancement to AlDS or death after 3 
years. 

12. G. R. Crabtree. Science 243, 355 (1989); A. K. 
Abbas, A. H. Lichtman. J. S. Pober, Cellular and 
Molecular immunology (Saunders, Philadelphia, 
1991), pp. 3-12. 

13. H. C. Lane etal.. N. Engl. J. Med. 309, 453 (1983). 
14. S. Pahwa, R. Pahwa, C. Saxinger, R. C. Gallo, R. 

A. Good, Proc. Natl. Acad. Sci. U.S.A. 82, 8198 
(1985); R. Yarchoan. R. R. Redfield, S. Broder, J. 
Clin. Invest. 78, 439 (1986); 1. R. Katz, S. E. Krown, 
B. Safai, H. F. Oettigen. M. K. Hoffmann, Clin. 
Immunol. Immunopathol. 39, 359 (1986); 0. Mar- 
tinez-Maza, E. Grabb. R. T. Mitsuyasu, J. L. 
Fahley, J. V. Giorgi. J. Immunol. 138, 3720 (1987); 
H. Mizuma, S. Litwin, S. Zolla-Pazner. Clin. Exp. 
Immunol. 71, 410 (1988); A. Amadori et al., J. 
Immunol. 143, 21 46 (1 989); A. Amadori and L. 
Chieco-Bianchi, Immunol. Today 1 1 ,  374 (1990). 

15. M. S. Ascher and H. W. Sheppard, Clin. Exp. 
Immunol. 73, 165 (1988); J. M. Lang etal.,  Immu- 
nol. Lett. 19, 99 (1 988); J. B. Allen et a/.,  J. Clin. 
Invest. 85, 192 (1 990); J. L. Fahey et a/., N. Engl. 
J. Med. 322, 166 (1990); G. Pantaleo, S. Koenig, 
M. Baseler, H. C. Lane, A. S. Fauci, J. Immunol. 
144, 1696 (1990); M. S. Ascher and H. W. Shep- 
pard, J. AIDS 3. 177 (1990); H. W. Sheppard et 
al., ibid. 4, 704 (1991); H. Z. Bass et al., Clin. 
Immunol. Immunopathol. 64, 63 (1992); Z. F. 
Rosenberg and A. S. Fauci, in Fundamental Im- 
munology (Raven, New York, ed. 3, in press). 

16. C. Janeway, Nature 349, 459 (1991). 
17. J. Kappler et a/., Science 244, 81 1 (1989); A. 

Zumla, Clin. Infect. Dis. 15. 313 (1992); D. D. Taub 
and K. J. Blank, Ann. Intern. Med 119, 89 (1993). 

18. L. Imberti, A. Sottini, A. Bettinardi, M. Puoti, D. 
Primi, Science 254, 860 (1991), 

19. H. Soudeyns et a/.,  Semin. lmmunol 5,  175 

(1993); A. G. Dalgleish et a/.. Lancet 339, 824 
(1992); V. L. Hodara etal.,  AlDS7, 633 (1993); L. 
R. Bisset, M. Opravil, E. Ludwig. W. Fierz, AlDS 
Res. Hum. Retroviruses 9,  241 (1993); J. Lau- 
rence, A. S. Hodtsev, D. N. Posnett, Nature 358, 
255 (1992); D. N. Posnett, S. Kabak. A. S. Hod- 
stev, E. A. Goldberg, A. Asch, AIDS7, 625 (1993); 
G. Gorochov, B. Autran, P. Debre, F. Sigaux. 8th 
International Conference on AIDS, Amsterdam, 
Netherlands, 19 to 24 July 1992, Abstract ThA 
1541. p. Th72. 

20. P. A. Paciucci and J. F. Holland, AlDS Res. I ,  149 
(1984); J. L. Ziegler and D. P. Stites, Clin. Immu- 
nol. Immunopathol. 41, 305 (1986): C. S. Via, H. C. 
Morse Ill, G. M. Shearer, Immunol. Today 1 1 ,  250 
(1 990); D. H. Katz, AlDS Res. Hum. Retroviruses 
9 ,  489 (1 993). 

21. Z. F. Rosenberg and A. S. Fauci, AlDS Res. Hum. 
Retroviruses 5 ,  1 (1989); J. A. Zack etal., Cell61. 
213 (1990); J. A. Zack, A. M. Haislip, P. Krogstad, 
I. S. Chen, J. Virol. 66, 1717 (1992): 0. Ramilo, K. 
D. Bell, J. W. Uhr, E. S. ~ i tet ta,  J. Immunol. 150. 
5202 (1 993). 

22. G. Poli and A. S. Fauci, AlDS Res. Hum. Retrovi- 
ruses 8,  191 (1992). 

23. G. Pantaleo etal.. Proc. Natl. Acad. Sci. U.S.A. 87, 
4818 (1990); B. E. Tomkinson, D. K. Wagner. D. L. 
Nelson, J. L. Sullivan, J. Immunol. 139, 3802 
(1987); W. P. Carney, V. lacoviello, H. S. Hirsh, 
ibid. 130, 390 (1983); L. G. Lum, Blood 69, 369 
(1987); M. Linker-Israeli, J. D. Gray, F. P. Quin- 
suorio, D. A. Horwitz. Clin. Exp. Immunol. 73, 236 
(1988); C. Pitzalis, G. Kingsley, J. S. S. Lanch- 
bury, J. Murphy, G. S. Pomayi, J. Rheumatol. 14, 
662 (1 987). 

24. E. Duvall and A. H. Wylie, Immunol. Today7. 115 
(1986); C. A. Smith, G. T. Williams, R. Kingston, E, 
J. Jenkinson, J. J. T. Owen, Nature 337, 181 
(1 989); D. J. McConkey et al., J. Immunol. 143, 
1801 (1989); E. J. Jenkinson etal.,  Eur. J. Immu- 
no/. 19, 2175 (1989); G. T. Williams, Cell65, 1097 
(1 993). 

25. J.-C. Ameisen and A. Capron, Immunol. Today 
12, 102 (1991); J.-C. Ameisen, ibid. 13, 388 
(1992); H. Groux et al., J, Exp. Med. 175, 331 
(1992); A. Amadori et a/., J. Immunol. 148, 2709 
(1992); M. L. Gougeon eta/.,  C. R. Acad. Sci. 111 
312, 529 (1991); A. G. Laurent-Crawford et a/.,  
Virology 185. 829 (1991); C. Terai, R. S. Korn- 
bluth. C. D. Pauza. D. D. Richman, D. A. Carson, 
J. Clin. Invest. 87, 1710 (1991); N. K. Banda etal., 
J. Exp. Med. 176, 1099 (1 992); M. L. Gougeon, V. 
Colizzi, A. Dalgleish, L. Montagnier, AIDS Res. 
Hum. Retroviruses 9, 287 (1993); M. L. Gougeon 
and L. Montagnier, Science 260, 1269 (1993); L. 
Meyaard etal., ibid. 257, 217 (1992); M. L. Gou- 
geon et a/., Semin. Immunol. 5,  187 (1 993). 

26. A. W. Thompson, Immunol. Today 10 ,6  (1989); B. 
M. Foxwell and B. Ruffel, Cardiol. Clin. 8. 107 
(1990); A. W. Thompson, Annu. Rev. Immunol. 10, 
51 9 (1 992). 

27. A. L. DeFranco, Nature 352, 754 (1991); W. M. 
Flanagan, B. Corthesy, R. J. Bram, G. R. Crabtree, 
ibid., p. 803: E. A. Emmel, Science 245, 1617 
(1 989). 

28. D. Klatzmann et al., C. R. Acad. Sci. Paris 9,  343 
(1 986). 

29. A. Karpas, M. Lowdell, S. K. Jacobson, F. Hill, 
Proc. Natl. Acad. Sci. U.S.A. 89, 8351 (1992). 

30. J.-M. Andrieu et a/., Clin. Immunol. Immunopathol. 
46, 181 (1988). 

31. A Phillips etal.,  Can. Med. Assoc. J. 140, 1456 
(1 989). 

32. A. Schwarz etal.,  Transplantation 55, 95 (1993). 
33. J. Luban, K. L. Bossolt, E. K. Franke, G. V. 

Kalpana, S. P. Goff, Cell 73, 1067 (1993). 
34. M. A. Nieto and A. Lopez-Rivas, J. Immunol. 143, 

4166 (1989); M. A. Nieto, A. Gonzalez, A. Lopez- 
Rivas, F. Diaz-Espada, F. Gambon, ibid. 145, 
1364 (1990); M.-L. Gougeon et a / ,  AlDS Res. 
Hum. Retroviruses 9,  553 (1993); D. F. Mangan 
and S. M. Wahl, J. Immunol. 147, 3408 (1991); M. 
Buschle et a/.,  J. Exp. Med. 177, 21 3 (1 993); G. 
Deng and E. R. Podack. Proc. Natl. Acad. Sci. 
U.S.A. 90, 2189 (1 993). 

35. W. Malorni, R. Rivabene, M. T. Santini, G. Donelli, 

Fed. Eur. Biochem. Soc. 327, 75 (1993): Y. Yang. 
M. S. Vacchio, J. D. Ashwell. Proc. Natl. Acad. 
Sci. U.S.A. 90, 61 70 (1 993). 

36. F. R. Balkwill and F. Burke, Immunol. Today 10, 
299 (1 989); W. E. Paul, Cell 57, 521 (1989); A. 
Cerami, Clin. Immunol. Immunopathol. 62, S3 
(1 992). 

37. G. Poli and A S. Fauc~, Semin. Immunol. 5,  165 
(1 993). 

38. P. Rieckmann, G. Poli, J. H. Kehrl, A. S. Fauci, J. 
Exp. Med. 173, 1 (1991); P. Rieckmann. G. Poli, C. 
H. Fox, J. H. Kehrl, A. S. Fauci. J. Immunol. 147, 
2922 (1991); F. Boue etal., ibid. 148,3761 (1992). 

39. H. Schuitemaker et a/.,  J. Clin. Invest. 89, 1154 
(1 992); Y. Koyanagi et a/., Science 241, 1673 
(1988); R. M. Novak et a/., AlDS Res. Hum. 
Retroviruses 6 ,  973 (1990); F. Kazazi et a/.,  J. 
Gen. Virol. 73, 941 (1992); G. Poli et a/., J. Exp. 
Med 172, 151 (1990); G. Poli etal., ibid. 173, 589 
(1991); H. E. Gendelman eta/ . .  J. Immunol. 145, 
2669 119901: T. M. Folks. J. Justement. A. Kinter. 
C. A. '~ina;ello, A. S. Fauci. science' 238, 800 
(1987); G. Poli etal.,  Proc. Natl. Acad. Sci. U.S.A. 
87. 782 (1990); W. Tadmori, D. Mondal. I. Tad- 
mori, 0. Prakash, J. Virol 65, 6425 (1991); K. L. 
Harshorn, D. Neumeyer. M. W. Vogt, R. T. 
Schooley, M. S. Hirsch, AIDS Res. Hum. Retrovi- 
ruses 3 ,  125 (1 987); P. Biswas et a/., J. Exp. Med. 
176, 739 (1992); G. Poli et a/.,  Proc. Natl. Acad. 
Sci. U.S.A. 89, 2689 (1992); J. K. Lazdins etal., J. 
Immunol. 147, 1201 (1991); L. Osborn. S. Kunkel. 
G. J. Nabel, Proc. Natl. Acad. Sci. U.S.A. 86, 2336 
(1989): F. Barre-Sinoussi etal.,  Science 220, 868 
(1983); R. C. Gallo etal., ibid. 224, 500 (1984): T. 
M. Folks et al.. Proc. Natl. Acad. Sci. U.S.A. 86. 
2365 (1989); P. K. Peterson et a/., J. Immunol. 
146, 81 (1991): H. E. Gendelman et a/.,  J. Exp. 
Med. 167, 1428 (1988); D. D. Ho etal.,  Lancet i, 
602 (1985): G. Poli, J. M. Orenstein. A. Kinter. T. 
M. Folks, A. S. Fauci, Science244, 575 (1989); Y. 
Shirazi and P. M. Pitha, J. Virol. 66, 1321 (1992); L. 
J. Montaner et a/.,  J. Exp. Med. 178, 743 (1993); 
G. Poli, A. L. Kinter, A. S. Fauci, Proc. Natl. Acad. 
Sci. U.S.A., in press: D. Weissman, G. Poli, A. S. 
Fauci, unpublished 0b~eNati0nS. 

40. B. Beutler and A. Cerami, N. Engl. J. Med. 316, 
379 (1987); A. Cerami and B. Beutler, Immunol. 
Today 9,  28 (1988); A. Oliff, Cell 54, 141 (1988). 

41. D. Aderka et al., Cancer Res. 51, 5602 (1991); N. 
Shaffer et al.. J. Infect. Dis. 163, 96 (1991); D. 
Kwiatkowski, Lancet336, 1201 (1990); G. E. Grau 
et a/. , N. Engl. J. Med. 320, 1586 (1 989); P. Kern, 
C. J. Hemmer, J. Van Dumme, H.-J. Gruss, M. 
Dietrich, Am. J. Med. 87, 139 (1989); P, Pisa etal., 
J. Infect. Dis. 161, 988 (1990); P. F. Barnes, J. 
Immunol. 145, 149 (1 990). 

42. C. Dinarello and S. Wolff, N. Engl J. Med 328, 
106 (1 993) 

43. W. P. Arend, J. Clin. Invest. 88, 1445 (1 991); C. A. 
Dinarello and R. C. Thompson, Immunol. Today 
12, 404 (1991). 

44. W. Lesslauer et a/.,  Eur. J. Immunol. 21, 2883 
(1991); R. Bertini etal., Eur Cyfokine Nehv 4, 39 
(1993); K. M. Mohler etal.,  J. Immunol. 151, 1548 
(1993); J. Agosti, unpublished 0bseNations. 

45. 0 .  M. Z. Howard, K. L. Clouse, C. Smith, R. G. 
Goodwin, W. L. Farrar, Proc. Natl. Acad. Sci. 
U.S.A. 90, 2335 (1 993). 

46. E. P. Sampaio, E. N. Sarno, R. Galilly, Z. A. Cohn, 
G. Kaplan, J. Exp. Med 173, 699 (1991). 

47. E. P. Sampaio, A. L. Moreira, E. N. Sarno, A. M. 
Malta, G. Kaplan, ibid. 175, 1729 (1992). 

48. S. Makonkawkeyoon, R. N. R. Limson-Pobre, A. L. 
Moreira, V. Schauf, G. Kaplan, Proc. Natl. Acad. 
Sci. U.S.A. 90, 5974 (1993). 

49. A. Ward and S. P. Clissold, Drugs 43, 50 (1987). 
50. R. M. Streiter et a/., Biochem. Biophys. Res. 

Commun. 155, 1230 (1988); B. J. Dezube, J. L. 
Fridovich-Keil, I. Bouvard, R. F. Lange, A. B. 
Pardee, Lancet 335, 662 (1990); J. A. Bianco et 
al., Blood78, 1205 (1991); E. Holler etal., ibid. 75, 
101 1 (1 990). 

51. F. Fazely, B. J. Dezube, J. Allen-Ryan, A. B. 
Pardee, R. Ruprecht, Blood 77, 1653 (1991). 

52. B. J. Dezube et a/., J. AIDS 6 ,  787 (1993). 
53. H. C. Lane etal., N. Engl. J. Med 313, 79 (1985); 

SCIENCE VOL. 262 12 NOVEMBER 1993 1017 



J. Giorgi et a/., J. Immunol. 138, 3725 (1 987); J. 
Petersen. J. Church, E. Gomperts, R. Parkman, J. 
Pediatr. 115, 944 (1989); F. Miedema et a/., J. 
Clin. Invest. 82, 1908 (1988); M. Clerici etal., ibid. 
84, 1892 (1 989) 

54. Z. F. Rosenberg and A. S. Fauci, Adv. lmmunol, 
47. 377 (1989); in Fundamental Immunology 
(Raven. New York, ed. 3, in press). 

55. B. F. Haynes and A. S. Fauci, in Harrison's Prin- 
ciples of Internal Medicine, J. D. Wilson et a/., 
Eds. (McGraw-Hill, New York, ed. 12, 1991), p. 
76. 

56. F. P. van de Wijngaert, M. D. Kendall, H. J. 
Schuurman, L. H. P. M. Rademakers, L. Kater, 
Cell Tissue Res. 237, 227 (1 984) 

57. J. M. McCune et a/., Science 241, 1632 (1 988); R. 
Namikawa, H. Kaneshima, M. Lieberman, I.  L. 
Weissman, J. M. McCune, ibid. 242, 1684 (1988); 
M. L. Bonyhadi et a/., Nature 363, 728 (1993); G. 
M. Aldrovandi et a/., ibid., p. 732. 

58. S. K. Stanley etal., J. Exp. Med. 178, 1151 (1993). 
59. J. G. Muller etal., Am. J. Pathol. 143, 699 (1993). 
60. T. A. Seemayer et a/., Hum. Pathol. 15, 469 

(1984); W. W. Grody, S. Fligiel, F. Naeim. Am. J. 
Clin. Pathol. 84, 85 (1985), H. J. Schuurman etal., 
Am. J. Pathol. 134. 1329 (1 989) 

61. P. W. Kincade, Adv Cancer Res. 54, 235 (1990) 
62. L. I. Zon, C. Arkin, J. E. Groopman, Br. J. Haema- 

tol. 66, 251 (1987); N. C. J. Sun etal.. Am. J. Clin. 
Pathol. 92, 589 (1989), H. J. Stutte, H. Muller, S. 
Falk, H. L. Schmidts, Res. Virol. 141, 195 (1990). 

63. S. K. Stanley eta/,,  J. Immunol. 149, 689 (1992). 
64. A. S. Fauci and K. R. Young, in Textbook of 

Rheumatology, W. N. Kelley, E. D. Harris, S. 
Ruddy. C. B. Sledge, Eds. (Saunders, Philadel- 
phia, 1989), p. 862. 

65. Z. F. Kapasi, G. F. Burton, L. D. Shultz, J. G. Tew, 
A. K. Szakal, J. Immunol. 150, 2648 (1993). 

66. F. A. Joske, Med. J. Aust. 45. 859 (1958). 
67. J. F. A. P. Miller, Physiol. Rev. 47, 437 (1967). 
68. , E. Leuchars. A. M. Cross, P. Dukor, Ann. 

N. Y. Acad. Sci 120, 205 (1 964). 
69. J. Antonen and K. Krohn, Clin. Exp. Immunol. 65, 

489 (1986); P. C. Creemers, M. O'Shaughnessy, 
W. J. Boyko, lmmunology 59, 627 (1986); E. M. 

Hersh et a/., Cancer Res. 45, 406 (1985); M. 
Clerici et al., J. Clin. Invest. 91, 759 (1993), D. 
Fuchs et a/., Clin. Exp. Immunol. 80, 44 (1990); S. 
Rossol et a/., J. Infect Dis. 159, 81 5 (1 989). 

70. H. C. Lane and A. S. Fauci, Ann. Intern. Med. 103, 
714 (1985); A. S. Fauci et a/., ibid. 106, 421 
(1 987); E. M. Hersh, Int. J. Immunopharmacol. 13, 
9 (1991); E. M. Benson, J. AlDS6, S61 (1993); R. 
T. Mitsuyasu. Rev. Infect. Dis. 13, 979 (1 991); J. L. 
Fahey and R. Schooley. Clin. Exp, lmmunol 88, 1 
(1 992); J. W. Haddon, Immunol. Today 14, 275 
(1 993). 

71. M. Clerici and G. M. Shearer, Immunol. Today 14, 
107 (1 993). 

72. H. C. Lane etal.,  J. Biol. Response Modif 3, 512 
(1984); H. C. Lane, AlDS 3. S181 (1989); D. H. 
Schwartz. G. Skowron, T. C. Merigan, J. AlDS 4, 
11 (1991); A. G. Clark. M. Holodniy, D. H. 
Schwartz, D. A. Katzenstein, T. C. Merigan, ibid. 
5, 52 (1992); R. Wood, J. G. Montoya, S. K. 
Kundu, D. H. Schwartz, T. C. Merigan, J. Infect. 
Dis. 167, 519 (1993); H. Teppler et a/., J. Exp. 
Med. 177, 483 (1993); H. Teppler etal., J. Infect. 
Dis. 167. 291 (1993); G. Trinchieri, Immunol. To- 
day 14, 335 (1993). 

73. J. Kovacs and H. C. Lane, unpublished 0 b s e ~ a -  
tions. 

74. P. Scott, Science260, 496 (1993); R. T. Gazzinelli, 
S. Hieny, T. A. Wynn, S. Wolf, A. Sher. Proc. Natl. 
Acad. Sci. U.S.A. 90, 61 15 (1993): J. P. Sypek et 
a/., J. Exp. Med. 177, 1797 (1993); M. M. Bertag- 
nolli, B.-Y. Lin, D. Young, S. H. Herrmann. J. 
Immunol. 149, 3778 (1992); B. Perussia et a/., 
ibid., p. 3495; M. K. Gately et a/., ibid. 147, 874 
(1991). 

75. J. Chehimi etal.,  J. Exp. Med. 175, 789 (1992). 
76. D. M. Aboulafia, R. T. Mitsuyasu, S. A. Miles, AlDS 

5, 344 (1991); N. Giri, M. R. Vowels, J. B. Ziegler, 
J. Paediatr. Child Health 28, 331 (1992); R. A. 
Bowden et a/.,  Ann. Intern. Med. 11 1, 973 (1 989); 
S. R. Riddell et al., Hum. Gene Ther. 3, 319 
(1 992). 

77. H. C. Lane et a/., Ann. Intern. Med. 113, 512 
(1 990). 

78. R. B. Herberman, Semin. Hematol. 29, 35 (1992); 

M. Ho eta/ . ,  Blood81, 2093 (1993); T. L. White- 
side et al., ibid., p. 2085. H. C. Lane and S. 
Koenig have transfused autologous, HIV-specific, 
in vitro-expanded T cell clones into an HIV- 
infected patient. However, no beneficial effects 
were noted. 

79. S. A. Danner etal., Arch. Intern. Med. 146, 1133 
(1986); T. J. Neuhaus and J. Briner, Pediatr. 
Pathol. 5, 251 (1986); R. Hong, Clin. Immunol. 
Immunopathol. 40, 136 (1986); J. Phair, Arch. 
Intern. Med. 146, 1074 (1 986); J. M. Dwyer, C. C. 
Wood, J. McNamara, B. Kinder, ibid. 147, 513 
(1987); S. Higuchi et a/.,  Acta Paediatr. Jap. 35, 
39 (1 993) 

80. B. Rocha, P. Vassalli. D. Guy-Grand, Immunol. 
Today 13. 449 (1 992) 

81. F. N. Pitts and A. D. Allen, Clin. Immunol. Immu- 
nopathol 43,277 (1987): G. E. Mathisen and A. D. 
Allen, Arch. Dermatol. 126, 833 (1 990). 

82. M. A. Cima and S. Catapano, 5th Interscience 
World Conference on Inflammation, Antirheumat- 
ics, Analgesics, Immunomodulators, Geneva, 
Switzerland, 25 to 28 April 1993, abstract 214. 

83. R. B. Stricker, B. F. Elswood, D. I .  Abrams, Immu- 
nol. Lett. 29, 191 (1991); R. B. Stricker et a/.,  
poster presentation (PO-826-2140) at the 9th In- 
ternational AlDS Conference in Berlin, 6 to 11 
June 1993. 

84. R. R. Redfield et al., N. Engl. J. Med. 324, 677 
(1991); A. M. Levine et al., oral presentation 
(WS-B28-1 and WS-B28-2) at the 9th International 
Conference on AIDS, Berlin, 6 to 11 June 1993; C. 
Persson eta/.,  poster presentation (PO-A21 -0469) 
at the 9th lnternational Conference on AIDS, Ber- 
lin, 6 to 11 June 1993. 

85. 1 thank G. Pantaleo, G. Poli, C. Graziosi, S. Stan- 
ley, H. C. Lane, C. Fox, J. Orenstein, and Z. 
Rosenberg for helpful discussions. I also thank 
the clinical staff of the intramural research pro- 
grams of the National Institute of Allergy and 
Infectious Diseases and the Warren G. Magnuson 
Clinical Center for their invaluable assistance in 
caring for our patients. Finally, I thank the HIV- 
infected patients who generously participated in 
our research protocols. 

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 Science. 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 4 June 1993 issue information provided: the title of the paper, issue in which it was 
and ends with the issue of 27 May 1994. 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 1994. Final selection will rest with a panel of 
reaching consequence are eligible for consideration for the distinguished scientists appointed by the editor of Science. 
prize. The paper must be a first-time publication of the author's The award will be presented at the 1995 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. 

r 

1018 SCIENCE VOL. 262 12 NOVEMBER 1993 




