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Dur ing  infection by human immunodefi- 
ciency virus (HIV), the virus replicates in 
cells of the immune system (1). T lympho- 
cytes expressing CD4 are preferred targets, 
and this subset of cells is eventually se- 
verely reduced, resulting in deficient im- 
mune responses. HIV preferentially infects 
activated T cells, precisely the T cells that 
respond to and protect against environ- 
mental pathogens. This selective loss may 
e x ~ l a i n  whv ~a t i en t s  with AIDS can no  , A 

longer fight common pathogens and have 
f r e~uen t  infections. This degeneration of - 
the immune system is not prevented by a 
strong antibody response against HIV, and 
in fact HIV-infected patients normally 
have high concentrations of antibodies to 
HIV in their blood (which are used to diag- 
nose HIV infection). 

Antibody production and cell-mediated 
immunity are immune responses associated 
with distinct patterns of cytokine produc- 
tion that are often reciprocal. Antibody 
production and cell-mediated immunity are 
often reciprocal immune responses associ- 
ated with two patterns of cytokines origi- 
nally identified in mouse CD4 T cells (2): 
T helper l (TH1) cells secrete interleukin-2 
(IL-2), interferon y (IFN-y), and lympho- 
toxin and are associated with cell-mediated 
responses such as delayed type hypersensi- 
tivity (DTH); the TH2 pattern includes IL- 
4 and IL-5 and is associated with antibody 
and allergic responses (3). These patterns 
also occur in humans (4-7). The TH1 and 
TH2 patterns probably represent the most 
extreme functional differences between 
CD4 T cells. but further com~lexitv is 
added by t h e  existence of otherL cytokine 
secretion patterns, such as the THO pattern 
that includes most or all of the TH1 and 
T,2 cvtokines (8, 9).  Some or all of theses .. , . , 

cytokines may also be secreted by other 
cells, which thus contribute to the Datterns. 

During parasitic infections there can be 
a dichotomv between these two immune 
responses. ~ b r  some infections, a cell-medi- 
ated/TH1 response provides a cure but anti- 
body/TH2 responses are ineffective; for 
other parasites the reverse is true (1 0,  1 1 ). 
In general terms, infections by viruses and 
intracellular pathogens are often better 
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controlled by cytotoxic (TH1 and cytotoxic 
T cell) responses, whereas infections by ex- 
tracellular parasites and bacteria may be in- 
hibited more effectively by antibody/TH2 re- 
sponses. Considerable cross-regulation ex- 
ists between the two responses, and each can 
inhibit the other via their characteristic cy- 
tokines (12). Thus, for each infectious 
agent, the immune system must choose the 
correct response that will mediate resis- 
tance. 

HIV infection may potentially be com- 
bated at two levels. Antibody may be useful 
for preventing initial infection by free vi- 
rus, but the high levels of antibodies pro- 
duced by most HIV+ patients do not eradi- 
cate an  ongoing infection or prevent pro- 
gression to AIDS. There are tantalizing 
suggestions that a cytotoxic/cell-mediated 
response may be more useful for dealing 
with established infection. T cell prolifera- 
tive and cytotoxic responses to HIV pep- 
'tides have been demonstrated in some indi- 
viduals who have been exposed to HIV but 
are healthy and do not produce antibodies 
against HIV (1 3-1 6). T cell proliferation 
normally indicates a cell-mediated rather 
than an antibody response, and so these re- 
sults raise the exciting possibility that, a 
cell-med~ated/cytotoxic response against 
H.IV may be more effective than an  anti- 
body response for holding the virus in 
check and preventing progression to AIDS. 

Clerici, Shearer, and colleagues (1 7, 18) 
have suggested that, during the early stages 
of HIV infection, there is a selective loss of 
immune responses against recall antigens- 
that is, antigens of common infectious 
agents to which individuals are normally 
immune. This is followed, they argue, by a 
transient bias toward TH2-like responses in 
vit'ro, including a decreased ability to pro- 
duce IFN-y and IL-2 and enhanced ability 
to produce IL-4. These selective immune 
defects are followed by loss of additional 
immune functions, then a decline in CD4 
cell numbers, and finally susceptibility to 
frequent infection by common pathogens. 
Because of the theoretical advantages of 
THl-like responses for defense against vi- 
ruses, great interest has been generated by 
the suggestion that a TH2 bias, and hence 
TH1 inhibition, contributes to the loss of 
control of the immune system over HIV in- 
fection, resulting,in progression to AIDS. 

Two major features of this model have 

now been tested, with complex results. In 
this issue of Science, the study by Graziosi, 
Fauci, and collaborators directly assesses 
the cytokines expressed in lymph nodes of 
patients with HIV by measuring cytokine 
mRNA (19). Previous work by the same 
group has indicated that HIV is present in 
large amounts in lymph nodes, which may 
be major sites both of infection and im- 
mune responses against HIV and other 
pathogens (20). Thus, the cytokine pat- 
terns in lymph nodes of HIV+ patients 
should be a very significant measure of the 
status of the immune response. Graziosi et 
al. clearly indicate that there is increased 
expression of a number of cytokines in 
lymph nodes from HIV+ patients, but that 
there is not an overall shift in the cytokine 
patterns toward the TH2 subset. Interest- 
ingly, most of the cytokines were made by 
cells other than CD4 T cells. CD8 and 
other cells prodtuced IFN-y, and non-T 
cells produced IL-10. In view of the impor- 
tance of CD4 T cells as a source of 
cytokines and their role in immune re- 
sponses, it is surprising that CD4 cells ac- 
counted for very little of the cytokine 
mRNA in lymph nodes. For some 'cy- 
.tokines, even the low levels detected could 
have been. contributed by minor contami- 
nation of the purified CD4 cells by other 
populations. Thus, the lymph node envi- 
ronment does not show any bias toward 
TH2 cytokines, but it has not yet been pos- 
sible to clearly identify the cytokines made 
by the CD4 population, especially the cru- 
cial subset specific for recall antigens. 

The study by Maggi, Romagnani, and 
collaborators makes two major points (21 ). 
First, among large panels of T cell clones 
from normal and HIV+ individuals, general 
T cell populations do not show a bias to- 
ward TH2-like cytokine patterns during 
progression to AIDS. However, t h e  impor- 
tant T cell population specific for recall an- 
tigens did show a moderate shift toward the 
expression of TH2 as well as TH1 cytokines 
-that is, increased numbers of THO clones 
were obtained. Thus, there is moderate sup- 
port for a selective change in cytokine pat- 
terns in this population, but not for a gen- 
eral massive alteration to-TH2. The second 
point made by Maggi et al. 7s that HIV rep- 
licates preferentially in TH2 and THO rather 
than TH1 clones in vitro. This provides 
both an  explanation and a further conun- 
drum. If the patient's immune response was 
pushed toward TH2 for environmental rea- 
sons, the virus may replicate more easily 
and the disease would spread faster. How- 
ever, selective infection and destruction of 
THO/TH2 CD4 cells would tend to leave 
predominantly THl cells rather than the 
THO-like cells specific for recall antigens. 

Both of the studies reported in this issue 
of Science examine cytokine synthesis in 
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stimulated, freshly isolated peripheral blood 
lymphocytes . In contrast to the earlier 
studies of Clerici and Shearer, no  TH2 bias 
was found during the progression to AIDS. 
Several experimental differences may have 
contributed to these discrepancies. In the 
paper by Graziosi et al., short stimulation 
times of 4 hours were used so that the 
cytokines synthesized by the T cells would 
indicate the immediate potential of the 
cells. In the Clerici studies, longer stimula- 
tion periods were used, which may have al- 
lowed both activation and differentiation 
of the T cells. Also, both the Graziosi and 
Maggi studies concentrated on the period 
of declining CD4 cell numbers, whereas 
the Clerici studies identified a TH2 cyto- 
kine bias in a particular subset of patients 
at an earlier stage in the disease, character- 
ized by differential responsiveness to recall 
antigens and alloantigens. 

There is a critical difference between 
the types of cells used in different aspects of 
these studies. Lymphocytes circulating in 
peripheral blood should comprise both 
nalve cells and memory T cells that can re- 
spond against environmental pathogens. 
These cells represent the potential immune 
responses of the individual, and their cyto- 
kine patterns have to be revealed by stimu- 
lation with recall antigens, alloantigens, or 
polyclonal activators such as phytohemag- 
glutinin. Lymph nodes are major sites of 
immune reactions, and cytokines expressed 
in vivo represent the ongoing responses. 
The studies of Clerici and Shearer, and the 
results of Maggi et  al. in this issue suggest 
that HIV infection causes a selective defect 
in T cell responses against recall antigens. 
Because it is defects in these recall immune 
responses that allow the opportunistic in- 
fections that define AIDS, it would be illu- 
minating (but technically difficult) to ana- 
lyze the cytokines expressed by antigen-spe- 
cific T cells in lymph nodes during a re- 
sponse to recall antigens. 

A model of HIV infection can accom- 
modate much of the complex cytokine data 
now available. O n  initial entry, HIV may 
be neutralized by antibody, but if it escapes 
this mechanism, or no antibody is present, 
then a cell-mediated/THl/cytotoxic T cell 
response may be more useful for containing 
or eradicating the ensuing infection. HIV 
replicates preferentially in activated CD4 
cells, presumably taking advantage of ongo- 
ing responses against environmental anti- 

gens. These include potentially infectious 
agents that are normally harmless, because 
immune responses effectively prevent 
discernable infection. HIV will thus selec- 
tively infect and kill useful T cells and pro- 
gressively deplete memory responses as as- 
sessed by cytokine production of circulating 
T cells. In lymph nodes, HIV may preferen- 
tially replicate in activated THO or TH2 
cells. This could induce generalized 
cytokine production by non-antigen-spe- 
cific cells responding to infection and cell 
damage, but high levels of TH2 cytokines 
may not be seen because of the death of in- 
fected THO/TH2 cells. Non-activated T cells 
specific for other recall antigens may not be 
infected, so circulating T cells in blood - 
could present a different picture than 
lymph nodes. 

The apparently conflicting results of dif- 
ferent studies may be explained if there is a 
balance between the induction of a Tu2 
bias. during infection, and rapid killing 'bf 
TH2 and THO cells. This hypothesis could 
also explain why allergy and immunoglob- 
ulin E (IgE) levels, correlated with TH2-like 
responses, are not dramatically elevated in 
HIV patients, but high IgE levels predict 
more rapid progression to AIDS (21). Cou- 
pled with the data indicating a subtle TH2 
bias and yet increased susceptibility of TH2/ 
T;O cells to infection, this could mean that 
HIV induces a moderate bias toward THO/ 
TH2 responses and takes advantage of such 
responses to replicate more effectively. This 
would also mean that the destruction of the 
immune system may proceed faster in areas 
where there is a high parasite infection, 
rate, as many helminth parasites induce 
very-strong TH2 responses that can interfere 
with antiviral responses (22). 

In future experiments, it will be impor- 
tant to resolve the discrepancies in the 
cytokine data from peripheral blood, hope- 
fully by different laboratories using the 
same protocols. It is important to find out 
whether HIV selectively infects normal 
THO/TH2 cells in the same way as clones. 
Does HIV induce a THO/TH2 bias in im- 
mune responses, or does it only take advan- 
tage 'of such responses induced by other 
agents? Macrophages are also infected by 
HIV, and CD8 cells have the potential to 
kill HIV-infected cells, so it is crucial to 
understand the effect of HIV on the normal 
interplay between these cell types and CD4 
T cells. In addition to the TH1/THO/TH1! ef- 

fector CD4 T cell types, there is also a large 
population of precursor cells that secrete 
mainlv IL-2. and then differentiate into 
one of the effector types. What is the sus- 
ceptibility of these cells to infection, and 
does HIV influence their differentiation? 

Tul-like cells mav resist direct HIV in- 
fection and also be more able to induce de- 
struction of infected cells. The immune re- 
sponse against the actual HIV viral compo- 
nents is crucial. Patients who have cell-me- 
diated but not antibody immunity against 
HIV are extremelv imuortant: Have thev , . 
been infected and brought the virus under 
control or were thev exuosed to viral anti- , - 
gens without having been genuinely in- 
fected? It is conceivable that we could live 
with HIV infection provided the immune 
system could contain the infection, in the 
same way that infection by some herpes vi- 
ruses can be life-long, yet cause minimal 
symptoms unless the immune system is sup- 
pressed. If a TH1-like, cell-mediated, non- 
antibodv resDonse can control HIV, this , L 

has enormous importance for the design of 
vaccines and strategies for treating HIV-in- 
fected patients. 
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