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ABSTRACT. The severe depletion of CD4+ T cells is the 
most obvious and dramatic immunologic event that occurs 
in individuals infected with the human immunodeficiency 
virus (HIV) type 1 during development to AIDS. Never- 
theless, a complex and sequential pattern of loss of T- 
helper cell (TH) function can occur years before develop- 
ment of AIDS symptoms. Such suppression could be due 
to immunosuppressive factors that are either products of 
HIV, such as gp120 and tat, or HIV-induced immunoreg- 
ulatory cytokines such as transforming growth factor-p and 
IL-10. Recent data suggest that multiple and independent 
immunosuppressive factors, including gpl20-induced 
suppression and IL-10, are responsible for the loss of TH 
function seen in HIV-infected individuals before develop- 
ment of symptoms. The same TH functional abnormalities 
observed in adult patients are also seen in pediatric cases. 
Pediatric cases of HIV infection present some unique prob- 
lems, however, in that one needs to be able to distinguish 
between HIV-induced suppression of TH function and the 
absence of TH function that is due to lack of maturation 
or immunologic priming. (Pediatr Res 33 (Suppl): S71- 
S75,1993) 

Abbreviations 

ALLO, HLA alloantigen 
APC, antigen-presenting cell 
AZT, azidothymidine (zidovudine) 
CBL, cord blood leukocyte 
ddI, dideoxyinosine 
FLU, influenza A virus 
HIV, human immunodeficiency virus 
PHA, phytohemagglutinin 
PBL, peripheral blood leukocyte 
r, recombinant 
REC, recall antigen 
TH, T-helper cell 

AIDS is characterized by a severe depletion of CD4+ T lym- 
phocytes, susceptibility to opportunistic infections, hypergam- 
maglobulinemia, and, in some cases, the appearance of lympho- 
mas or generalized Kaposi's sarcoma (1, 2). The most obvious 
and dramatic immunologic event that occurs during the devel- 
opment of AIDS is the well-known decline in the number of 
CD4+ T cells, which has resulted in the use of this parameter 
(often referred to as "CD4 count") as the most important marker 
for assessing AIDS progression and therapeutic efficacy of anti- 
retroviral drugs (3,4). There is no doubt that CD4 counts provide 
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an important indicator of susceptibility to opportunistic agents, 
and critically low numbers of CD4+ cells (<50/mm3) have been 
shown to be predictive for death in AIDS patients (5). Thus, to 
date, the major emphasis has been placed on quantitative aspects 
of CD4 cells. 

The mechanism(s) responsible for the decline in CD4 counts 
in individuals infected with HIV are still unresolved, although 
several proposals have been made to account for CD4 T-cell 
depletion. These include a direct cytopathic effect of HIV; cell 
fusion and the formation of giant multinucleated cells; cytolysis 
of infected, or gpl20-coated, CD4+ cells; autoimmunity; and 
programmed cell death or apoptosis (6-14). 

However, despite the ultimate decline in CD4 counts in pro- 
gression to AIDS, loss of TH function can occur years before 
CD4 counts drop to critical levels and AIDS symptoms appear 
(1 5-17). This loss in TH function is complex and sequential such 
that TH responses to REC, e.g. FLU and tetanus toxoid, occur 
before the loss of TH function to ALLO, which appears before 
the loss of response to the T-cell mitogen, PHA (16). Although 
this sequential loss in TH function was most extensively studied 
in adults, a similar pattern of decline in TH function has been 
reported in HIV-infected children (1 8). In the above studies, TH 
function was measured by 3H-thymidine incorporation and/or 
IL-2 production. Similar results have been reported in which the 
proliferation of T cells stimulated with soluble anti-CD3 was lost 
before proliferation to insolubilized anti-CD3 (15). The loss of 
T H  function to REC is predictive for a decline in CD4 counts 
in asymptomatic, HIV-infected (HIV+) adults but does not 
appear to be associated with increased susceptibility to opportun- 
istic infections (19). However, in pediatric patients with AIDS 
symptoms, the absence of TH function to REC is associated with 
susceptibility to bacterial infections, and the loss of responsive- 
ness to PHA is associated with susceptibility to opportunistic 
infections (1  8). Although these early examples of TH dysregula- 
tion are not currently used as part of either the Centers for 
Disease Control or the Walter Reed staging criteria, they do, 
nevertheless, herald events predictive for or associated with 
AIDS. Thus, we consider changes in T-cell function to be relevant 
for AIDS development and instructive for understanding some 
of the earliest events of HIV-induced immune dysregulation. 

MECHANISMS FOR LOSS OF TH FUNCTION 

The loss of TH function without critical depletion of CD4+ 
cells (for example, >400 CD4+ cells/mm3) could be due to at 
least two different effects: 1)  loss of accessory or APC function 
necessary for activating TH cells, or 2) loss of TH function by 
immunosuppressive or inhibitory factors. Concerning the first 
possibility, we did not detect APC defects in the antigen-present- 
ing function of PBL from HIV+ individuals but did detect APC 
defects in approximately two thirds of patients with AIDS (20). 
Furthermore, we have costimulated T H  with APC by using PBL 
from monozygotic twins, one who was HIV+ and unresponsive 
to REC and the other who was uninfected (HIV-) and responsive 
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to REC. TH from the HIV- individual plus APC from the HIV+ 
individual responded to REC. In contrast, TH from the HIV+ 
donor plus APC from the HIV- donor did not respond to REC 
(21). The results of the above experiments indicate that the early 
defect is not attributable to a defect in antigen presentation but 
is due to some intrinsic defect in TH function (Fig. 1). 

Several laboratories have reported that PBL from AIDS pa- 
tients can suppress the T-cell responses of PBL from HIV- 
donors (22-25), and one laboratory has demonstrated the pres- 
ence of a suppressive factor (23). By coculturing PBL from the 
HIV+ and HIV- monozygotic twins noted above (Fig. 2), as 
well as samples of cryopreserved PBL from the same individual 
taken before seroconversion and after the development of AIDS, 
we demonstrated suppression of TH function to REC, but not 
to ALL0 or PHA (26). The suppressive effect was mediated by 
CD8+ but not by CD4+ T cells, and a factor that also selectively 
suppressed REC-specific TH responses was produced by short- 
term culture of CD8+ but not CD4+ cells from the patients. 
The suppressive factor was found not to be HIV. It is noteworthy 
that two of the AIDS patients whose CD8+ cells produced the 
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Fig. 1. Schematic diagram summarizing results of experiments using 
T H  and APC from a pair of monozygotic twins, one who was HIV- 
infected and one who was uninfected. APC were irradiated with 5000 
rad. 
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Fig. 2. Schematic diagram summarizing results of experiments dem- 
onstrating immunologic suppression by coculture of PBL from HIV- 
infected and uninfected monozygotic twins. 

suppressive factor were on antiretroviral drug therapy. Thus, 
despite AIDS therapy, these patients produced a factor that 
suppressed TH function to REC. It is of interest that AIDS 
patients whose lack of TH function is attributed to CD4+ T-cell 
depletion are likely to also exhibit a defect (suppression) that is 
not due to TH depletion. Finally, it should be noted that one of 
the pairs of discordant monozygotic twins whom we studied was 
5 y of age (26). This indicates that suppressive factors can also 
contribute to the immune deficiency seen in pediatric cases of 
AIDS. 

Identification of the inhibitory factor(s) has not yet been made, 
but several candidates exist, including products of HIV such as 
gp120 (27-29) and tat (30) and immunoregulatory cytokines 
such as transforming growth factor-p (31) (Table 1) and IL-10 
(32, 33). It is also possible that HIV-induced antibodies block 
the interaction between TH and APC, e.g. the gp41 antibody 
that cross-reacts with nonpolymorphic HLA class I1 determinants 
(34). Based on preliminary results, we consider it likely that 
multiple factors contribute to the inhibition of efficient T-cell 
activation in HIV+ individuals. For example, it is probable that 
IL-10, a cross-regulatory cytokine produced by the TH2 func- 
tional subset of T cells and monocytes in humans (35,36) down- 
regulates TH 1 cells, which characteristically produce interferon- 
y and IL-2. In the process, IL-4, IG5, and IL-6 (cytokines that 
augment B cell responses), as well as IL-10, are produced by 
TH2 cells. Thus, we have observed in HIV+ individuals that the 
down-regulation of IL-2 production that we have consistently 
observed in hundreds of cases (1 6) is accompanied by increased 
production of IL-4 (37). At a second level, it is probable that a 
product of HIV itself will be shown to be responsible for immune 
suppression in HIV+ individuals. Several laboratories have re- 
ported that the gp120 envelope protein of HIV can suppress in 
vitro-generated T-cell responses of PBL from HIV- individuals 
(27-30). Because the gp120 envelope protein is used by the virus 
to bind the CD4 molecule on CD4+ cells, it is possible that free 
gp120 would also bind to CD4 on T cells, thereby preventing 
their efficient activation. In fact, we have been able to block the 
in vitro inhibitory effect of gpl20 with rCD4-IgG, an agent that 
has been used in AIDS therapeutic trials (see below). Finally, the 
suppressive factor described above that is produced by CD8+ 
cells from HIV+ individuals could represent a third type of 
suppressive phenomenon. It is possible that this factor is the 
same as that described by Walker et al. (36), which inhibits HIV 
replication in vitro and is produced by CD8+ cells. In conclusion, 
there are a number of factors, some products of cells and some 
products of HIV itself, that can induce immune suppression in 
experimental systems and could therefore contribute to the im- 
mune deficiency that is independent of CD4+ cell depletion in 
both asymptomatic and symptomatic HIV-infected individuals. 

THERAPY-INDUCED IMPROVED TH FUNCTION 

A number of protocols have been initiated to test the effects 
of antiretroviral therapy in both asymptomatic patients and 
patients with AIDS (38-42). The surrogate markers used to test 
the efficacy of AZT (zidovudine), ddI, and rCD4-IgG include 
increased CD4 counts and reduced serum levels of p24 antigen 
and of P2 microglobulin (38-43). By these markers, as well as 
increased life-span and improved quality of life, it has been 
concluded that AZT and ddI, but not rCD4-IgG, are efficacious 
therapeutic agents. However, only some patients on therapy 
showed an increase in CD4 counts. Based on the observations 
that loss of TH can be independent of CD4 counts, we considered 
the possibility that improved TH function could occur in patients 
on therapeutic trials who do not necessarily show increased CD4 
counts. Thus, we have tested: I )  both asymptomatic and symp- 
tomatic adult patients on AZT, 2) symptomatic pediatric patients 
on ddI, and 3) symptomatic adult patients on rCD4-IgG (44, 
45). We observed improved in vitro TH function in: 1)  75% of 
both asymptomatic and symptomatic patients on AZT, 2) more 
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Table 1. Factors in HIV+ individuals that could be responsible for inhibition of TH immune function and source, site of action, 
and possible therapeutic strategy for such factors 

Blocking factor Factor produced by Cell type affected Suppressive effect inhibited by 

g~ 120 H I V  TH 
IL-10 Monocytes, TH2 cells TH 
Anti-gp4 I B cells APC 

than 50% of the pediatric patients on ddI, and 3) 90% of the 
patients on rCD4-IgG. Improved TH function was correlated 
with resistance to opportunistic infections in pediatric patients 
on ddI therapy (44, 45). In all three studies, improved TH was 
observed independently of increase& CD4 counts. The incidence 
of improved TH function in asymptomatic HIV+ patients not 
on therapy was less than 7%. In these three studies, improved 
TH function was more readily observed for responses to ALLO 
and PHA than for responses to REC in asymptomatic patients. 
In patients with AIDS, improved TH function was detected for 
responses to ALLO and PHA, but not to REC. This is probably 
because symptomatic patients have reduced CD4 counts, and 
TH responses to ALLO and PHA can be mediated by CD8+ as 
well as CD4+ cells (43). The data suggest that: 1 )  suppressive 
factors, the effects of which can be reversed by therapy, contribute 
to  the immune deficiency in these patients, and 2) CD8+ TH 
cells are also susceptible to suppression. It is noteworthy that the 
dramatic improvement in TH function that we observed by in 
vitro testing for TH function of the patients on rCD4-IgG did 
not agree with the conclusions that these patients showed no 
evidence of therapeutic efficacy. The reason for this dichotomy 
is not known, but it could reflect that: 1 )  our TH test is not 
relevant for improved status of AIDS patients, or 2) the param- 
eters currently used for assessing therapeutic efficacy are not 
adequate and fail to detect some factors that could be relevant 
for the patient's status. Our results raise the possibility that 
qualitative as well as quantitative immunologic parameters 
should be included in assessing the efficacy of therapeutic regi- 
mens for AIDS. 

TH STUDIES RELEVANT FOR PEDIATRIC 
IMMUNODEFICIENCY STATES 

We have observed that the same functional defects that are 
detected in asymptomatic and symptomatic adults infected with 
HIV are also observed in children infected with HIV who have 
AIDS symptoms (18). Thus, pediatric patients have been ob- 
served whose PBL: 1) fail to respond to REC but respond to 
ALLO and PHA, 2) fail to respond to REC and ALLO, but 
respond to PHA, and 3) fail to respond to all three stimuli. The 
higher incidence of more severe TH immune defects in pediatric 
patien:; than in the adult patients may reflect: 1) the fact that 
most of the children we studied were symptomatic, whereas most 
of the adults were asymptomatic, and/or 2) the possibility that 
the immune system of children may be weaker than that of 
adults due to lack of maturation or of adequate immunologic 
exposure and priming. Thus, before evaluating TH functional 
immune parameters in HIV-infected infants, one may need to 
reexamine TH function in healthy newborns and infants. 

Several studies have been performed to evaluate the ability of 
CBL from HIV- deliveries to produce cytokinesc in response to 
mitogenic stimuli (46-49). It was found that CBL express IL-2 
receptors and produce near adult levels of IL-2 when stimulated 
with mitogens but are defective for interferon-7 production (46- 
49). We have observed that TH function generated by leukocytes 
from infants of different ages is very different in response to 
REC, ALLO, and PHA (Clerici M, unpublished data). Thus, TH 
function assessed by IL-2 production or by 3H-thymidine incor- 
poration in response to the REC FLU was negative to REC by 
CBL and by PBL from infants up to 24 mo of age. PBL from 
children older than 24 mo responded to REC, as did PBL from 
adults. CBL and PBL from infants and children of all ages 

Recombinant CD4-IgG 
Antibodies to TH2 cytokines (anti-IL-10; anti-IL-4) 

responded as well as did PBL from adults to both ALLO and 
PHA. 

The most interesting results were those obtained in response 
to adult allogeneic leukocytes depleted of APC (ALLO-APC). In 
this experiment, the responding PBL not only provide the helper 
cells but are also required to provide accessory or antigen- 
presenting function, and the 5000 rad-irradiated adult allogeneic 
stimulator cells provide only the alloantigens. Our results indicate 
that: 1) CBL respond to ALLO-APC and ALLO; 2) PBL from 
infants between 6 and 13 mo of age do not respond to ALLO- 
APC but do respond to ALLO; and 3) children older than 14 
mo, as well as adults, respond to ALLO-APC and ALLO. Al- 
though neither infants' PBL nor CBL respond to REC, possibly 
due to lack of sufficient priming, the most striking finding is that 
CBL but not PBL from 6- to 13-mo-old infants respond to 
ALLO-APC. It appears that CBL are more developed to respond 
to an antigen for which priming is not required but for which 
autologous antigen presentation (ALLO-APC) is required than 
are PBL from infants between 6 and 13 mo of age. We have 
attributed this to an age-dependent defect of antigen-presenting 
function maturation, in which both TH and APC of CBL are 
relatively mature, possibly due to exposure to maternal cytokines 
in utero. This state of maturation is temporary; it is lost by 6 mo 
of age and not regained by normal developmental mechanisms 
until 13 mo of age. We also consider that this defect, which is 
lost after birth, is attributable to an APC defect and not to a 
defect in TH function. Our results raise the possibility that 
newborns will exhibit more mature TH potential than will infants 
between 6 and 13 mo of age. These findings from studies per- 
formed in healthy infants need to be taken into consideration in 
studies aimed at assessing T-cell function in primary and ac- 
quired immune deficiency states. Thus, if CBL are functionally 
more developed than the PBL of infants less than 13 mo of age, 
and if such temporary development is the result of the influence 
of maternal cytokines in utero, then analysis of cellular immune 
function could be misleading if tested only at birth or soon 
thereafter (when maternal cytokines could still exert an influence) 
in infants suspected of primary or acquired immune deficient 
states. The above discrepancy between the functional maturation 
of CBL and infant PBL (from 6 to 13 mo of age) also raises the 
possibility of efficient immunization for T-cell immunity in utero 
or at birth compared with immunization of 6- to 13-mo-old 
infants. Such consideration could be important in congenital 
infections by cytomegalovirus, Toxoplasma, or HIV. 
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FLOOR DISCUSSION 

Dr. Schwartz: We and others have reported that it appears 
naive responders can respond to HIV peptides. We have dem- 
onstrated this with envelope peptides with HIV- individuals, so 
that you may be seeing a de novo response without necessarily 
the education of these cells by contact with HIV peptides. We 
think that the peptides have a direct mitogenic activity, particu- 
larly, in our hands, peptides from gp41. 

I would also like to make a comment as a corollary to your 
observations with IL-2. We have recently reported that with a 
fusion peptide, an envelope gag peptide that predominates with 
gp41 residues, we have been able to demonstrate, at a transcrip- 
tional level, specific down-regulation/inhibition of IL-2 gene 
expression as well as IFN-y receptor gene expression. That fits 
very nicely with the data that you have described, but I would 
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be careful about the issue of specific responses to some of these 
envelope peptides because they do seem to stimulate even naive 
cells, which are PCR (polymerase chain reaction) negative. 

Dr. Shearer: That is an interesting comment. We went into a 
study of the HIV-specific responses in cord bloods because we 
believe that these are going to be significant. We have studied 
HIV-seronegative individuals, both low risk and high risk. So 
far, we have followed 155 low-risk adults, using Dr. Jay Berzof- 
sky's peptides and Dr. Clerici's assay. We have found 10 of 155 
(6.5%) who show either proliferative or IL-2 responses to this 
series of HIV peptides. In contrast, in testing high-risk homosex- 
ual men from Los Angeles, we have found five out of five who 
were positive by this T-cell assay and who were seronegative and 
PCR negative. Our findings were similar in a different at-risk 
individual who was initially both seronegative and PCR negative. 
Approximately 50% of seronegative gay men have tested positive 
to these peptides. Approximately 40% of i.v. drug abusers have 
been positive by our T-cell test, despite their being seronegative. 
We are also finding seronegative health care workers who have 
had needle sticks who show T-cell responses in our assay. In our 
experience, we are finding that approximately 7% of low-risk 
individuals show this activity. In contrast, known high-risk in- 
dividuals are running up around 40 to 50%. We went into the 
pediatric HIV study because of our extensive experience in HIV- 
specific TH responses. Whether they are infected or not, I do  not 
know. What we can say is, it looks as if these exposed individuals 
have had an immunologic exposure that would indicate they 
have been primed. We have no reason to think that these at-risk, 
exposed individuals are naive in their exposure to HIV. A test of 
HIV seronegativity does not prove lack of exposure. 

Dr. Gupta: It appears that loss of the function of the T H  to 
REC might be more at the level of the responder cell rather than 
a suppression phenomenon. We published a paper in January 
1983 in the Journal of Clinical Investigation on Kaposi's sarcoma 
with a normal CD4 cell count in which autologous immune 
responses were depressed. When we depleted the CD8+ cells, 
those cells still did not respond. In a later publication, we reported 
that if you add IL-2 you can reconstitute that response. So in 
those cases, perhaps the lack of response is because of the lack 
of a responder population or production of IL-2 rather than a 
suppressor phenomenon. Secondly, I think we should be really 
cautious when discussing the CD45 RA as a memory cell. We 
have 14 MVP cell lines that respond to MVP and express both 
the stable CD45 RO and RA, so those markers are not without 
the ability to distinguish between memory and naive cells. Lastly, 
d o  you have any idea as to the mechanism of AZT-induced 
restoration of those immune responses that you showed? 

Dr. Shearer: No, we have not resolved the mechanisms. But it 
turns out that in asymptomatic individuals who are on AZT we 
can see at least a partial restoration of T-helper function to REC, 
as well as a more complete restoration of responses to ALLO 
and PHA. When one goes to AIDS patients who have depleted 
CD4 cell numbers, we never see restoration of response to REC, 
which we would expect, based on low CD4 counts. I think these 
assays are measuring factors or soluble materials, perhaps prod- 
ucts of HIV or cytokines or suppressive factors, that may be 
modulated by AZT therapy. However, as I pointed out, that one 
child who was on ddI still was able to make this "suppressive 
factor," and we've seen this in adults on AZT, as well. Going 
back to your first comment, I don't believe that the only "sup- 
pressive" mechanism has to do with a CD8 suppressor cell. There 
could be viral products, there could be cytokines that are a result 
of HIV infection-any or all of which could contribute to 
mechanisms of immune dysfunction or immune regulation that 
are independent of CD4-cell depletion. 

Dr. Strober: Did you try to look at the CD4+ T cells from 
the various patients in culture? One idea that came to my mind 
was that if you could stimulate the CD4 cells with PHA (a 
stimulus that is relatively preserved), carry them in culture for 
several weeks after stimulation, and look for a response to either 
ALLO or REC, would you recover in culture what the patient 
presumably has lost in vivo? 

Dr. Shearer: That is a question in which we have been very 
interested, and one that we have studied. Thus, we demonstrated 
that we could use ALLO plus FLU costimulation in vitro to 
reconstitute a cytotoxic T-cell response to influenza. In fact, we 
could activate HIV-specific cytolytic cells by costimulating with 
ALLO plus HIV peptides. This approach provides another po- 
tential approach for therapy, although one has to be concerned 
that overstimulation of the immune system might set the patient 
up for a number of activated cells that could be infected very 
eficiently by HIV. I am not sure that approach could be used 
therapeutically, but in vitro experiments of this type have been 
done and are in progress. 

Dr. Yolken: Your data had very striking implications for the 
way we usually look at perinatal infections. Would you speculate 
on why you think the mothers and the babies respond to different 
peptides representing different HIV strains since presumably they 
are infected with the same strain? Do you think a certain subtype 
infects the baby, or do you think there is an HLA-dependent 
response to the peptides? 

Dr. Shearer: In studying the HIV-specific responses of known 
seropositive adults, we have not found (by cytotoxic activity) any 
particular HLA class I epitope that was predominant in the 
response to these peptides. We do not know why the mother 
may respond to T1 and the baby to T2. Even within the same 
individual over time, our experience has been that one can see a 
predominant response to the T1 or T2 peptides, whereas if you 
rebleed the patient 6 mo later, the response may be stronger to 
p 18 or to T4. So this variation in response seems to be dynamic, 
even within an individual. I cannot answer why that is the case, 
and certainly cannot answer why mother and baby would be 
different. We do know that at the time we draw the blood the 
mother can be responding to one peptide, while the baby can be 
responding to another. This point was used in my discussion to 
support the argument that, on an immunologic basis, the cord 
blood is not of maternal origin. 

Dr. Levy: There is another explanation possible for the two 
children not responding to HIV antigens: that they were infected 
after birth. Obviously you need many more to study. It would 
be interesting to know whether the cord blood contained virus. 
I would predict it did not and these children were infected later 
on. 

Dr. Shearer: Certainly, that is a possibility. 
Dr. Wara: As a follow-up, do you know when the first positive 

culture was obtained on those two infants? 
Dr. Shearer: One was detected at birth and the other was 

observed a few weeks after birth. This is a dynamic process, and 
the infants are being brought in repeatedly for retesting. 

Dr. Wara: I would like to point out that many of us feel that 
a subset of infants is infected in utero. Those infants probably 
will have positive cord cultures, but the majority of infants we 
have seen who eventually prove to be infected have their first 
positive culture at about 8 wk of age, their cord bloods are not 
positive, and their 2-wk cultures are not positive. Just by chance, 
you may have picked up two infants who were infected in utero. 
I agree with Dr. Levy that you need to expand your information, 
but it is very interesting. 

Dr. Shearer: We are expanding our data base, both by longi- 
tudinal retesting of the infants already on study, and by including 
additional mother-infant pairs. 
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