
to expression of the Gem protein. 
The effect of deregulated expression of 

Gem on cell growth and morphology was 
investigated by permanently transfecting NIH 
3T3 cells with a mycophenolic acid-select- 
able mammalian expression vector (pMSG) 
containing the entire Gem coding region 
(pMSG-GEM) . Deregulated expression of 
Gem reduced the number of selectable colo- 
nies to <0.1% of that obtained with cells 
transfected with the vector alone (16). Simi- 
larly, the number of selectable colonies ob- 
tained after conansfection of 3T3 cells with 
pMT2T-GEM and pSV2-neo was -20% of 
that obtained after transfection with pSV2- 
neo alone (2). Transfection of pMSG-GEM 
into 3T3 cells previously transformed by 
v-fms, v-H-ras, or v-raf did not yield viable 
colonies (1 6). Because signals transduced 
through Raf act subsequent to those trans- 
duced through Ras (1 7), these results suggest 
that Gem did not inhibit growth simply by 
competing with Ras for substrates or regulato- 
ry factors. Rather, Gem must inhibit growth 
or induce cell death by some other mecha- 
nism. Gem thus appears to be a tightly regu- 
lated protein that may function in receptor- 
mediated signal transduction. 
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Ability of HIV to Promote a T i 1  to THO Shift and to 
Replicate Preferentially in TH2 and THO Cells 
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Francesco Annunziato, Marco De Carli, Marie Pierre Piccinni, 

Roberto Manetti, Maurizio Carbonari, Anna Maria Pesce, 
Gianfranco Del Prete, Sergio Romagnani* 

Both interferon y (IFN-y) produced by T helper 1 (TH1) lymphocytes and interleukin-4 (1L-4) 
produced by TH2 lymphocytes were reduced in either bulk circulating mononuclear cells or 
mitogen-induced CD4+ T cell clones from the peripheral blood of individuals infected with 
human immunodeficiency virus (HIV). There was a preferential reduction in clones producing 
IL-4 and IL-5 in the advanced phases of infection. However, enhanced proportions of CD4+ 
T cell clones producing both TH1 -type and TH2-type cytokines (THO clones) were generated 
from either skin-infiltrating T cells that had been activated in vivo or peripheral blood T cells 
stimulated by antigen in vitro when cells were isolated from HIV-infected individuals. All TH2 
and-most THO clones supported viral replication, although viral replication wasrlpt detected in 
any of the TH1 clones infected in vitro with HIV. These results suggest that HIV (i) does not 
induce a definite TH1 to TH2 switch, but can favor a shift to the THO phenotype in response to 
recall antigens, and (ii) preferentially replicates in CD4+ T cells producing iH2-type cytokines 
(TH2 and THO). 

Defects in T, immune function can be number of circulating CD4+ T lymphocytes 
detected in HIV-infected individuals long (1). Recently, it has been shown in both 
before the occurrence of a decline in the mice and humans that CD4+ T cells repre- 

sent a functionally heterogeneous popula- 
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sults in delayed type hypersensitivity) and 
production of both complement-fixing and 
opsonizing antibodies. TH2 cells produce 
IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13, 
provide optimal help for humoral immune 
responses [including immunoglobulin E 
(IgE)], and promote both mast cell and 
eosinophil differentiation and activation 
( 2 ) .  In the absence of a prominent differ- 
entiation to TH1 or TH2 cells, most CD4+ 
T cells produce both TH1- and TH2-type 
cytokines and are called THO cells (3). 

In previous studies, the production of 
IL-2, IL-4, and IL-10 has been determined 
in peripheral blood mononuclear cells 
(PBMCs) obtained from HIV-infected indi- 
viduals at different stages of disease. It has 
been reported that enhanced production of 
IL-4 and IL-10 in response to stimulation 
with phytohemagglutinin (PHA) was asso- 
ciated with disease progression (4), and on 
the basis of these results it has been pro- 
posed that a switch from the TH1 to the 
TH2 cytokine profile plays a major role in 
the progression of HIV infection (4). 

To examine this possibility, we used 
different experimental approaches (Table 
1). First, we assessed the ability of PBMCs 
obtained from 72 HIV-seronegative healthy 
subjects and 73 HIV-infected individuals to 
produce IFN-y and IL-4 in response to 
stimulation with phorbol 12-myristate 13- 
acetate (PMA) plus monoclonal antibody 
to CD3 (anti-CD3). PBMCs from HIV- 
infected individuals produced significantly 
lower amounts of both IFN-y and IL-4 than 
did PBMCs from HIV-seronegative donors 
(Table 2). No significant differences were 
found in the levels of IFN-y and IL-4 
produced by PBMCs of HIV-infected indi- 
viduals at different stages of infection (Ta- 
ble 2). Similar results were obtained by 
stimulation of PBMCs with PHA or a mix- 
ture of anti-CD2 and anti-CD28 (5). 

One possible explanation for the dis- 
crepancy between these results and those 
reported by Clerici and Shearer (4) might 
be the different categorization of HIV-in- 
fected individuals because patients in our 
study with CD4 levels >500 per microliter 
displayed all of the different antigen-reac- 
tive groups that were seen by Clerici and 
Shearer (4). This possibility is unlikely 
because in none of our patients did PBMCs 
produce enhanced amounts of IL-4. Nei- 
ther was the discrepancy due to lower sen- 
sitivity of the enzyme-linked immunosor- 
bent assay (ELISA) as compared to the 
sensitivity of the biological assay because 
the ELISA can detect IL-4 concentrations 
as low as 5 to 10 pglml. 

Because IFN-y can be produced by either 
CD4+ and CD8+ T cells or natural killer 
cells, and in view of the fact that the levels 
of IL-4 detected in the supernatant of 
PBMCs in short-term cultures are generally 

Table 1. Summary of in vitro models applied to assess changes in cytokine production by cells from 
HIV-infected individuals in comparison with cells from HIV-seronegative healthy controls. 

Type of culture Cells involved 

Changes in 
cytokine 

production 

PBMC T cells and non-T cells J *  
Polyclonal CD4+ T cell lines 

.1 
CD4+ T cells .1 .1 

Cloned T cells 
PHA-induced All T cells . t .1 
Skin-derived, Il-2-expanded In vivo-activated memory T cells . tS 
Antigen-induced In vitro-activated memory T cells . ? 

'Decrease, tNo difference. $Increase. 

low ( 6 ) ,  cytokine secretion was also deter- 
mined in T cell lines generated by stimula- 
tion with insolubilized anti-CD3 from puri- 
fied CD4+ T cells of 28 HIV-infected indi- 
viduals and 16 HIV-seronegative healthy 
controls. In contrast to HIV-seronegative 
donors, polyclonal CD4+ T cell lines from 
HIV-infected individuals produced signifi- 
cantly lower amounts of IL-4 than those 
produced by control T cell lines (0.23 2 
0.09 nglml versus 0.04 2 0.001 nglml; P < 
0.05 by XZ analysis). Production of IFN-y by 
CD4+ T cells was lower in HIV-seropositive 
than in HIV-seronegative subjects (4.8 2 
1.0 nglml versus 2.6 f 0.5 nglml), but the 
difference was not statistically significant. 

We also determined cytokine produc- 
tion by a panel of CD4+ T cell clones 
generated from the peripheral blood of nine 
asymptomatic HIV-infected and nine HIV- 
seronegative individuals by a high-efficien- 
cy cloning procedure that allows the expan- 
sion of virtually every T cell (naive, mem- 
ory, resting, and activated) (7, 8). A total 
of 390 and 500 CD4+ T cell clones were 
obtained from the nine HIV-seronegative 
donors and the nine HIV-infected individ- 
uals, respectively. All clones were assessed 
for IL-4, IL-5, and IFN-y production after 

stimulation with PMA plus anti-CD3. The 
proporrion of CD4+ T cell clones that 
produced IFN-y after stimulation was not 
significantly different in the two groups of 
subjects, whereas the proportion of CD4+ 
T cell clones that could be induced to 
produce IL-4 and IL-5 was significantly 
reduced in HIV-infected patients in com- 
parison with controls. This reduction was 
the result of the preferential depletion of 
both THO- and TH2-type CD4+ T cells in 
the four patients who had low numbers of 
circulating CD4+ T cells (<200 per micro- 
liter) (Table 3). 

The next approach was to assess the 
cytokine secretion profile of T cell clones 
generated from skin biopsy specimens of 
four HIV-infected patients. As controls, T 
cell clones were also generated from the 
skin biopsy specimens of 11 HIV-seronega- 
tive donors (four without any skin disease 
and seven suffering from atopic dermatitis). 
To selectively expand the progenies of in 
vivo-activated memory T cells, we cultured 
skin biopsy specimens in vitro with IL-2, 
and growing T cells were then cloned with 
PHA under limiting dilution conditions 
(9). In all, 609 clones were generated from 
the skin of HIV-infected patients, 330 from 

Table 2. Production of IL-4 and IFN-?/ by fresh PBMCs from HIV-infected individuals. PBMCs (lo6 
per milliliter) from 72 HIV-seronegative and 73 HIV-seropositive age- and sex-matched individuals 
were cultured for 3 days in RPMl 1640 medium supplemented with 5% fetal bovine serum (Hyclone 
Labs, Logan, Utah) in the presence of PMA (Sigma; 10 nglml) plus anti-CD3 (OKT3) (Ortho 
Pharmaceutical, Raritan, New Jersey; 100 nglml). Cell-free culture supernatant~kyere collected and 
assayed for IFN-7 and IL-4 content by appropriate radioimmunoassay (RIA) (Cent; Centocor, 
Malvern, Pennsylvania) and ELISA (Quantikine R&D Systems, Minneapolis, Minnesota), Tespective- 
ly. Statistical analysis of the data was done by t test. HIV-infected individuals were subdivided into 
three groups on the 'basis of absolute count of CD4+ T cells: 2500 per milliliter, 200 to 500 per 
milliliter, 1200 per milliliter. 

Subjects No. of 
cases IL-4 (nglml) . 

HIV-seronegative 72 11 .O + 1.5* 0.09 + 0.01** 
HIV-seropositive 73 6.2 + 0.6* 0.04 + 0.01 ** 

(CD4+ T cellslml) 
> 500 24 6.2 + 0.9 0.05 5 0.01 
1500 > 200 30 7.2 + 1.2 0.04 ? 0.01 
1200 19 4.2 ? 1 .O 0.02 ? 0.01 

' P  < 0.005. ' ' P  < 0.02. 
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the skin of healthy subjects, and 443 from 
the skin of patients with atopic dermatitis. 
The majority of clones generated from both 
healthy subjects and patients with atopic 
dermatitis were CD4+ (86% and 73%, 
respectively), the remainder being CD8+ 
(14% and 27%, respectively), whereas only 
a minority (1 1%) of skin-derived clones in 
HIV-infected patients were CD4+, the ma- 
jority (89%) being CD8+. The proportion 
of IFN-y-producing CD4+ T cell clones 
generated from the skin of HIV-infected 
patients was not significantly different from 
that of healthy controls, whereas the pro- 
portion of CD4+ IFN-y-producing clones 
derived from the skin of patients with atopic 
dermatitis was significantly lower than that 
of controls (Fig. 1). In contrast, the propor- 
tion of CD4+ IL-4-producing clones was 
significantly higher both in HIV-infected 
patients and in HIV-seronegative patients 
with atopic dermatitis in comparison with 
HIV-seronegative healthy individuals. Un- 
expectedly, the proportion of CD8+ IL-4- 
producing T cell clones generated from the 
skin of HIV-infected individuals was also 
significantly higher than that derived both 
from healthy subjects and from patients with 
atopic dermatitis (Fig. 1). 

Finally, T cell clones specific for one or 
more Toxoplasma gondli (Tg) antigens were 
generated from the peripheral blood of 
three HIV-infected subjects and three HIV- 
seronegative healthy donors. Likewise, pu- 
rified protein derivative (PPD)-specific T 
cell clones were generated from the periph- 
eral blood of a fourth HIV-infected individ- 
ual and from two other HIV-seronegative 
healthy donors. When assessed for their 
cytokine secretion phenotype, 40% of 
CD4+ Tg-specific clones from HIV-sero- 
negative subjects behaved as TH1 cells, the 
remaining clones (60%) exhibiting a mixed 
(THO) profile. In contrast, virtually all Tg- 
specific T cell clones generated from the 
three HIV-infected individuals showed a 
THO profile (Fig. 2, A and B). As expected, 
the majority (80%) of CD4+ PPD-specific 
T cell clones generated from the two HIV- 
seronegative subjects had a clear-cut TH1 
profile, the remainder (20%) being THO 
(Fig. 2A). In contrast, most of the PPD- 
specific clones derived from the HIV-sero- 
positive donor (7 1%) exhibited a THO-like 
profile, and only a minority (29%) were 
TH1 (Fig. 2B). No TH2 clones specific for 
Tg or PPD were observed in HIV-infected 
donors and HIV-seronegative controls (Fig. 
2A). 

Taken together, these results do not sup- 
port the model of a switch from the THl  to 
the TH2 cytokine phenotype during the 
course of HIV infection; at most they suggest 
a shift in a proportion of memory CD4+ T 
cells from the THl  to the THO phenotype. 
One possible explanation for this shift is the 

altered cytokine production by HIV-infected 
antigen-presenting cells (APCs) . Cytokines 
produced by APCs, such as IFN-a, IL-1, 
IL-10, and IL-12, are capable of influencing 
both the in vivo differentiation of nayve T 
cells and the in vitro development of mem- 
ory T cells into a particular cytokine secre- 
tion profile (10). The production of both 
IL-12 and IFN-a is defective in HIV-infect- 
ed subjects ( I  I ) ,  despite normal or increased 
production of IL-1, IL-6, IL-10, TNF-a, and 
granulocyte-macrophage colony-stimulating 
factor (1 2). Therefore, the combined defect 
in IL-12 and IFN-a production by macro- 
phages from HIV-infected individuals may 
favor the enhanced expression of TH2 cyto- 
kines even in response, to antigens, such as 
PPD, that preferentially expand CD4+ T 
cell clones that have a TH1 profile (2). 

The results of this study also suggest a 
preferential depletion of CD4+ TH2-type 
cells in the advanced phases of HIV infec- 
tion (Table 3). In favor of this finding we 
have observed a differential ability of TH1 
and TH2 CD4+ T cell clones to support 
virus replication in vitro. Fifty-two CD4+ T 
cell clones generated from HIV-infected 
individuals were infected in vitro with HIV 
under identical experimental conditions 
(13). After 3 weeks, the presence of DNA 
provirus was determined by amplification 
with the polymerase chain reaction (PCR), 
and viral replication was evaluated by mea- 
surement of p24 antigen (Ag) production in 
the culture supernatants of the T cell clones 
after overnight stimulation with PMA plus 
anti-CD3. All of the 11 TH2 clones and 22 
out of 33 THO clones produced p24 Ag, 

Table 3. Cytokine production by PHA-induced CD4+ T cell clones from HIV-infected individuals. 
CDd+ T cell clones were generated from PBMCs of nine HIV-seropositive and nine HIV-seroneg- 
ative subjects by stimulation of limiting numbers of T cells (0.3 per well) with PHA (0.5% vlv) in the 
presence of irradiated (6000 rads) allogeneic spleen cells as feeder cells (lo5 per well) and 
recombinant IL-2 (Eurocetus, Milano, Italy; 20 IUlml) (7, 8). Clonal efficiency was calculated as 
described (7, 8).  The phenotype of T cell clones was evaluated by cytofluorimetric analysis with 
anti-CD3, anti-CD4, and anti-CD8 (Ortho Pharmaceuticals; Raritan, New Jersey). T cell blasts from 
each CD4+ Tcell clone (lo6 per milliliter) were then stimulated for 24 hours with PMA (10 nglml) plus 
anti-CD3 (100 nglml) and cell-free supernatants assessed for their cytokine content. IL-4 and IFN-y 
were quantitated by RIA and ELISA, respectively, as reported in Table 2. For measurement of IL-5, 
the murine LyH7.Bl3 cell line was used as indicator cells and human recombinant IL-5 (Genzyme) 
as a standard (2, 9). Cytokine levels 5 standard deviations over the mean levels of controls 
(dpernatants derived from stimulation of lo6 irradiated feeder cells alone) were regarded as 
positive. 

Source of T cell 
clones (no, of 

donors) 

H IV-seronegative (9) 
All clones 

HIV-seropositive (9) 
(CD4+ T cellslml) 

>500 (2) 
>200 <500 (3) 
<200 (4) 
All clones 

Clonal No. (%) of T cell clones producing: 
Of efficiency clones ?/.) IFN-y I L-4 I L-5 

Fig. 1. IL-4 and IFN--y production by T cell CD8+ Clones 
clones generated from the skin of HIV-seropos- 
itive individuals. Skin biopsy specimens ob- 
tained from four HIV-infected ~atients (one 8 
asymptomatic and three suffering from ~aposi  $ 6O 
sarcoma) (closed columns), four HIV-seroneg- 5 { 
ative healthy volunteers (open columns), and .: 40 
seven HIV-seronegative.subjects suffering from 5 .g atopic dermatitis (shaded columns) were cul- n 20 
tured in RPMl 1640 medium supplemented with H 
2 mM i-glutamine, 20 mM 2-mercaptoethanol, 
10% fetal bovine serum (Hyclone Laboratories, IL-4 
Logan, Utah) (complete medium), and IL-2 (50 
Ulml). IL-2 (50 Ulml) was added three times a week for an additional 12 days (9). Growing T cell 
blasts were cloned (0.3 cell per well) with PHA (1% vlv) and IL-2 (20 Ulml) in the presence of 
irradiated (6000 rads) feeder cells (1 O5 per well). T cell blasts of each clone (lo6 per milliliter) were 
stimulated for 24 hours with PMA (10 nglml) plus anti-CD3 (100 nglml; Ortho Pharmaceuticals). 
IFN-y and IL-4 production was assessed by RIA and ELISA, respectively, as described in Table 2. 
Results represent the mean percent values (+- SEM) of CD4+ and CD8+ T cell clones producing the 
indicated cytokines. Statistical analysis of the data was performed with the x2 test (*P < 0.05; **P 
< 0.0005). 
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whereas none of the 8 TH1 clones did. The 
results obtained in 6 representative clones 
(3 TH1, 2 THO, and 1 TH2) (Fig. 3) 
indicate that at least in vitro, HIV prefer- 
entially replicates in T cells that produce 
T ~ 2 - w  cytokines. The apparent lack of 
HIV replication in TH1 cell clones did not 
simply reflect the ability of these clones to 
produce IFN-y because the majority of  THO 
clones (which also produce IFN-y) effi- 

Fig. 2. Cytokine production by antigen-specific 
CD4+ T cell clones generated from HIV-sero- 
positive and HIV-seronegative individuals. 
PBMCs were stimulated for 6 days with a Tg 
extract (bioM6rieux; Marcy-I'Etoile, France) or 
with PPD (Istituto Sieroterapico e Vaccinogeno 
Sclavo, Siena, Italy), followed by addition of 
11-2 (50 Ulml). Growing T cell blasts were 
cloned (0.3 cell per well) in the presence of 
PHA (1% vh), 11-2 (20 Ulml), and irradiated 
feeder cells (2, 9). Tg- or PPD-specific T cell 
clones were identified on the basis of their 
ability to proliferate in response to the specific 
antigen under major histocompatibility com- 
plex-restricted conditions (2, 9). A total of 149 
CD4+ Tg-specific T cell clones were obtained 
from the three HIV-infected patients, whereas 
179 CD4+ Tg-specific T cell clones were gen- 
erated from the three HIV-seronegative sub- 
jects. The number of PPD-specific CD4+ T cell 
clones generated from a fourth HIV-infected 
subject and from two other HIV-seronegative 
individuals were 34 and 79, respectively. For 
the induction of cytokine secretion, T cell 
clones were stimulated for 36 hours with PHA, 

ciently supported viral replication. Howev- 
er, IFN-y may contribute at least in part to 
such a protective effect. Accordingly, in 
another set of experiments we found that 
purified CD4+ T cells generated from the 
peripheral blood of some HIV-infected pa- 
tients could be triggered to spontaneous p24 
Ag  production by incubation with anti- 
IFN-y or anti-IFN-y receptor (Table 4). 
Therefore, IFN-y may protect CD4+ T 

and cell-free supernatants were assayed for T,I T,O TH2 T,I T,O T,2 
11-4, 11-5, and IFNq content as reported in 
Tables 2 and 3. Production of TNF-6 and 11-10 was assayed by commercial ELlSAs (Quantikine 
TNF-p; R&D, and Cytokit 10, Assay Research, College Park, Maryland, respectively). (A) Production 
of IFN-y, TNF-$, 11-4, 11-5, and 11-10 by Tg-specific T cell clones. Results represent the mean 
percent values (+SE) of clones producing the indicated cytokines. (B) Categorization of Tg-specific 
or PPD-specific CD4+ T cell clones according to pattern of cytokine production. T cell clones 
producing IFNq, but not 11-4, were defined as THl; clones producing 11-4, but not IFN-,, were 
defined as TH2; clones producing both lFNq and 11-4 were defined as THO. The mean (+SEM) 
percent distribution of antigen-specific TH1, THO, and TH2 clones generated from HIV-seronegative 
(open columns) or HIV-seropositive (closed columns) individuals is shown. Statistical analysis of the 
data was performed with the x2 test (**P < 0.0005). 

Fig. 3. HIV replication in TH2 
and THO, but not in TH1, 
CD4+ T cell clones infected 
in vitro with HIV. Six tetanus 
toxoid-specific T cell clones 
were generated from 
PBMCs of an HIV-seronega- 
tive donor, assessed for their 
profile of cytokine produc- 
tion, and infected in vitro 
with HIV, as reported in Ta- 
ble 3. Twenty days later, HIV 
DNA provirus was assessed 

Clone I F N - ~  p24 antigen 
(nglml) (PQlml) 

by semiquantitative PCR a b c d e f 1 2 3 4 5 6 
(1 7). Lanes a to f , calibration 
c u m  of 1 04, lo3, 1 @, lo1, 1 0°, and 0 HIVZG copies added to a crude extract of 2 x 1 O3 normal CD4+ 
T cells. Lanes 1 to 6,2 x lo4 T cell blasts from HIV-infected CD4+ T cell clones. The relative mobility of 
the specific product of the HIV gag region (1 15 base pairs) was defined with Hae lll-diiested 4 x 174 
as size marker. T cell blasts from HN-infected clones (1 x 106 per milliliter) were then stimulated for 24 
hours with PMA (10 ng/ml) plus anti-CD3 (100 ng/ml), and cell-free supernatants were assessed for p24 
antigen and 11-4 content and for IFN-, content, as reported in Table 4. 

cells from HIV replication in the absence of 
TH2 cytokines, possibly by acting in con- 
cert with one or more THlderived soluble 
factors. Nonlytic suppression of HIV repli- 
cation mediated by CD8+ T cell-derived 
soluble factors has been demonstrated (14). 
Because CD4+ TH1-like cells exhibit a 
cytokine profile similar to that of CD8+ T 
cells, it i s  possible that the same factor (or 
factors) are responsible for the lower effi- 
ciency of CD4+ TH1 cells in supporting 
HIV replication. 

The preferential HIV replication in 
CD4+ TH2 cells may explain the reduced 
cloning efficiency, as well as the preferen- 
tial depletion of CD4+ TH2 clones, found 
in the advanced phases of HIV infection 
(Table 3). Virus replication could indeed 
lead to spread of virus in culture and allow 
selective killing of these cells during the 
clonal procedure. These same mechanisms 
may be operating in vivo and account for a 
preferential depletion of T cells that pro- 
duce IL-4, as suggested by the lack of IL-4 
mRNA expression in freshly isolated un- 
stimulated CD4+ T cells from lymph nodes 
and PBMCs of HIV-infected individuals 
(15). Such a possibility i s  also supported by 
the observation that HIV-infected patients 
showing high IgE serum levels at the time of 
serodiagnosis progress more rapidly toward 
both the depletion of circulating CD4+ T 
cells and the development of  full-blown 
acquired immunodeficiency syndrome 

Table 4. Induction of p24 Ag production by 
anti-IFN-, or anti-IFN-y receptor in CD4+ T 
cells from HIV-infected individuals. T cell sus- 
pensions enriched for CD4+ T cells were pre- 
pared by negative selection; PBMCs were in- 
cubated with anti-CD8, anti-CD16, and anti- 
CD20 followed by addition of immunomagnetic 
beads coated with goat anti-mouse IgG (Dyna- 
beads M-450, Dynal, Oslo) (13). CD4+ T cells 
(lo5 per milliliter) were cultured for 6 days in the 
absence or presence of anti-IFNq (1 pg/ml; 
IgG1: Jansen, Belgium), anti-IFN-y receptor (1 
pglml; IgG1: Genzyrne) or control (anti-melano- 
ma) (1 pglml; IgG1). As positive control, CD4+ 
T cells were incubated with TNF-a (20 ng/ml; 
R&D) because of the ability of this cytokine to 
enhance HIV replication (12). Cell-free super- 
natants were then assayed for p24 Ag content 
by an appropriate ELISA (HIVAG-1 monoclonal; 
Abbott, Wiesbaden-Delkenheim, Germany). 
Data from three representative experiments are 
shown. 

p24 Ag production 

Reagent added (picograms per 108 

in culture 
CD4+ T cells/ml) 

Exp. 1 Exp. 2 Exp. 3 

Medium alone <5 <5 330 
TNFa 110 164 640 
Anti-IFN-y 37 340 843 
Anti-IFNq receptor 22 227 782 
Control Ab <5 <5 350 
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(AIDS) (5). We therefore suggest that pro- 
gression of disease in HIV-infected individ- 
uals is not due to a switch from the TH1 to 
the TH2 phenotype, but may be favored by 
high and continuous HIV replication in 
CD4+ T cells activated in vivo in response 
to the sustained production of TH2-type 
cytokines (for example, through stimula- 
tion by common environmental allergens or 
helminthic infections). In contrast, some 
immunologic mechanism, such as activa- 
tion of programmed cell death after gp120- 
CD4 interaction or mediated by an HIV- 
associated superantigen (16), may be re- 
sponsible for the depletion or functional 
impairment (or both) of TH1-type CD4+ T 
cells, as observed even at the clonal level 
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Lack of Evidence for the Dichotomy of TH 1 and 
TH2 Predominance in HIV-Infected Individuals 

Cecilia Graziosi,* Giuseppe Pantaleo, Kira R. Gantt, 
Jean-Pierre Fortin, James F. Demarest, Oren J. Cohen, 

Rafick P. Sekaly, Anthony S. Fauci 
A switch from a T helper 1 (TH1) cytokine phenotype to a TH2 phenotype has been 
proposed as a critical element in the progression of human immunodeficiency virus (HIV) 
disease. Here, constitutive cytokine expression was analyzed in unfractionated and sorted 
cell populations isolated from peripheral blood and lymph nodes of HIV-infected individuals 
at different stages of disease. Expression of interleukind (IL-2) and IL-4 was barely 
detectable (or undetectable) regardless of the stage of disease. CD8+ cells expressed 
large amounts of interferon y and IL-1 0, and the-levels of these cytokines remained stably 
high throughout the course of infection. Furthermore, similar patterns of cytokine expres- 
sion were observed after stimulation in vitro of purified CD4+ T cell populations obtained 
from HIV-infected individuals at different stages of disease. These results indicate that a 
switch from the TH1 to the TH2 cytokine phenotype does not occur during the progression 
of HIV disease. 

T w o  populations of CD4+ TH lymphocytes interferon y (IFN-y) (TH1 CD4+ cells) or 
have recently been identified in mice on IL-4, IL-5, and IL-10 (TH2 CD4+ cells) 
the basis of their mutually exclusive produc- (I). A similar dichotomy between TH1 and 
tion of certain cytokines such as IL-2 and TH2 cells has been identified in human 
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ed whether a switch from the TH1 to the 
TH2 cytokine phenotype occurs during the 
course of HIV infection (6). They measured 
the production of IL-2, IL-4, and IL-10 
after in vitro stimulation with recall anti- 
gens of unfractionated peripheral blood 
mononuclear cells collected from HIV-in- 
fected individuals in early stages of the 
disease and after stimulation with phyto- 
hemagglutinin (PHA) of cells collected 
from patients in intermediate and late stag- 
es of the disease (6). They reported that 
IL-2 production decreased and IL-4 and 
IL-10 production increased (6) with disease 
progression. On the basis of these findings, 
they proposed that a switch from the TH1 
(IL-2 and IFN-y) to the TH2 (IL-4 and 
IL-10) cytokine phenotype is a critical step 
in the progression of HIV disease (6). 

To address the question of a switch from 
the TH1 to the TH2 cytokine phenotype in 
HIV infection. we undertook several exDer- 
imental approaches. (i) We performed 
cross-sectional analysis of the constitutive 
expression of a group of cytokines (IL-2, 
IL-4, IL-10, and IFN-y) in unfractionated 
mononuclear cells isolated +ism   peripheral 
blood and lymph nodes from the_ same 
HIV-infected individuals in different stages 
of disease. The measurement of constitutive 
cytokine expression ex vivo may provide 
important information on the predominant 
pattern of cytokine expression in vivo and 
niay avoid the variability and potential for 
artifact that is inherent in the in vitro 
stimulation of heterogeneous and function- 
ally defective mononuclear cell populations 
(7). (ii) We performed longitudinal analysis 
of constitutive cytokine expression in pe- 
ripheral blood mononuclear cell samples 
collected from the same patient at different 
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