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ABSTRACT

CD8-depleted PBMCs from 20 HIV-1-seropositive donors were incubated in the presence of no cytokines, rlL-
2, rIL-12, or both. HIV-1 replication, measured by culture supernatant p24 Ag, was increased to a compara-
ble extent by either rIL-2 or rIL-12 in five of seven asymptomatic subjects and was not induced by either cy-
tokine in the remaining two asymptomatic subjects. Recombinant IL-2 induced increased detectable p24 in
cultures from 8 of 13 symptomatic subjects, but rIL-12 did only in cell lines from 5 symptomatic subjects and
then only marginally. In IL-2 containing cultures from subjects with minor symptoms of HIV infection, the
mean p24 Ag was 320 ± 217 pg/ml versus 27 ± 6 in IL-12-containing cultures (p = 0.03). When rIL-12 was
added with rIL-2, p24 Ag levels were reduced fourfold compared to cultures from this group incubated with
only rIL-2 (p = 0.03). Neither cytokine had much effect on viral replication in CD8-depleted PBMCs from
subjects who had had a major AIDS infection, although the number of CD4 cells in four of six of those cul-
tures was markedly reduced. IL-4, IFN-y, and IL-10 production induced by exposure to IL-2 and/or IL-12
were also measured. In CD8-depleted cultures from all infected asymptomatic donors and from some symp-
tomatic donors, addition of rIL-12 to rIL-2 decreased IL-4 and increased both IFN-y and IL-10 production.
Cytokine-induced production of IL-4, IFN-y, and IL-10 was greater in cultures from asymptomatic donors
than in cultures from symptomatic subjects. Our results suggest that IL-12 immunotherapy may be compli-
cated by enhancement of viral expression in asymptomatic individuals.

INTRODUCTION

Interleukin 12 (IL-12), produced by macrophages and B
cells, is an attractive cytokine for HIV immunotherapy be-

cause of its ability to enhance the antiviral cellular immune re-

sponse.1-5 It stimulates naive CD4+ T cells to develop into TH1
cells that produce interferon y (IFN-y) and IL-2 and provide
help to cytotoxic T cells and acts directly on CD8+ T cells to
induce cytolytic activity and IFN-y secretion. It also increases
the activity of natural killer (NK) cells and is mitogenic to ac-

tivated T cells and NK cells.6-1 ' Furthermore, in vivo adminis-
tration of IL-12 has proven beneficial in several animal mod-
els in which cellular immunity is important, including
leishmaniasis12-13 and toxoplasmosis.14

HIV infection leads to defects in NK and T cell function, in-
cluding loss of delayed-type hypersensitivity, decreased T cell

response to recall antigens, decreased IFN-y secretion by pe-
ripheral blood lymphocytes (PBLs) in response to IL-2, and di-
minished NK cytotoxicity.15-19 Stimulated IL-12 production is
reduced in peripheral blood mononuclear cells (PBMCs) from
HIV-1-infected individuals.20 Addition of IL-12 helps correct
in vitro NK and T cell defects, which suggests that IL-12 may
be useful therapy for HIV-1-infected individuals.21-22

The relation between HIV-1 and the immune system is inti-
mate. Stimuli that activate immune cells also tend to activate
viral expression. For that reason, most approaches to HIV im-
munotherapy are potentially double-edged swords that may in-
crease viral burden at the same time that they seek to reduce it.
Clinical trials with IL-2 infusion illustrate this apparent para-
dox. Although viral burden in the plasma and circulating
PBMCs of IL-2-treated patients transiently increases after IL-
2 infusion, the CD4 counts of a substantial fraction of inter-
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mittently treated patients actually rises.23 Because IL-12 in-
duces T cell proliferation and activation, we investigated the
effect of IL-12 on viral replication in CD8-depleted PBMCs
from HIV-1-infected donors.

MATERIALS AND METHODS

Subjects
PBMCs were obtained by Ficoll-Hypaque density centrifu-

gation from heparinized blood from 20 HIV-1-infected (16
male, 4 female; ages 26-53 years) and 5 HIV-seronegative in-
dividuals. All subjects were either on approved antiretroviral
therapy or were not taking any antiviral medication; no subject
had received any experimental immunotherapy. Informed con-

sent was obtained and the study was approved by the New
England Medical Center Human Investigation Review Com-
mittee. The clinical status of the subjects is summarized in Ta-
ble 1.

Cytokine production by CD8-depleted cells

PBMCs were washed and suspended in 100 pi of phosphate-
buffered saline-2% fetal calf serum (PBS-2% FCS) at 4°C and
an excess of washed Dynabeads M-450 CD8 (Dynal, Great
Neck, NY) (10-20X the number of estimated CD8+ cells to be
cleared) was added at 1.4 X 108 beads/ml in PBS-2% FCS. The
mixture was incubated with rocking for 30 min at 4°C before
placement in a magnetic particle concentrator for 3 min. The

depletion was repeated on the nonadherent supernatant.24 The
extent of the depletion was verified by flow cytometry and
fewer than 2% of the depleted cells were CD8+. CD8-depleted
cells were incubated at 2.5 X 106 cells/ml in RPMI 1640
supplemented with 15% fetal calf serum, 2 mM glutamine,
2 mM A/-2-hydroxyethylpiperazine-A/'-2-ethanesulfonic acid
(HEPES), penicillin (100 U/ml), streptomycin (100 pg/ml), and
50 pM 2-mercaptoethanol. The medium contained either no

added cytokines, recombinant IL-12 (rIL-12, 10 U/ml; Genetics
Institute, Cambridge, MA), rIL-2 (20 Cetus U/ml; Chiron
Corporation, Emeryville, CA), or the combination of rIL-12 and
rIL-2 (10 and 20 U/ml, respectively). All culture conditions
were tested in duplicate in six-well plates. Cells were incubated
at 37°C for 1 week without change of medium. Supernatants
were harvested, Triton X-100 was added (0.5% final concen-

tration), and the samples were frozen at
—

70°C for subsequent
use in the cytokine and p24 assays.

Flow cytometry analysis of T cell lines

T cell lines (2 X 105) were harvested and resuspended in 50
pi of cold fluorescence-activated cell sorting (FACS) medium
(PBS with 1% bovine serum albumin [BSA] and 0.02% sodium
azide) to which 5 pi of Leu2a-phycoerythrin (PE) and 5 pi of
Leu3a+3b—fluorescein isothiocyanate (FITC) (Becton Dickin-
son, Mountain View, CA) were added. After incubation for 20
min at 4°C, the cells were washed with 1 ml of FACS medium,
pelleted and washed again with 500 pi. The cells were fixed
with 1% formaldehyde in FACS medium before two-color flow
cytometry (FACScan [Becton Dickinson] with LYSYS II soft-

Table 1. Characteristics of Study Subjects Listed in Approximate Order of Increasing Immunodeficiency"

Subject
CD4 count

(cells/mm3) Clinical status Treatment

Disease stage

CDC 1986 CDC 1993

313
310
312
169
307
318
327
308
186
232
321
317
319
178

329
206
171
328
331

332

770
590
540
480
410
280
170
480
280
250
170
110
130
30

380
280

50
50
65

10

C-2
A

Asymptomatic
—

II
Asymptomatic

—

II
Asymptomatic

—

II
Asymptomatic AZT II
Asymptomatic

—

II
Asymptomatic AZT, ddC II
Asymptomatic

—

- II
Oral hairy leukoplakia AZT, ddC FV,
Candidal vaginitis ddl IV,
Oral hairy leukoplakia AZT, ddl IV, C-2
Thrush

'

—

IV, C-2
Thrush AZT, ddC IV, C-2
Thrush, cervical dysplasia AZT IV, C-2
Thrush, oral hairy leukoplakia,

—

IV, C-2
diffuse lymphadenopathy

PCP
—

IV, C-l
PCP AZT, ddC IV, C-l
PCP, thrush ddC IV, C-l
PCP AZT IV, C-l
KS, PCP, thrush, candidal ddC IV, C-l

esophagitis
Candidal esophagitis ddl IV, C-l

Al
Al
Al
Al
Al
A2
A3
B2
B2
B2
B3
B3
B3
B3

C2
C2
C3
C3
C3

C3

aSubjects are classified by the 198625 and 199326 staging systems defined by the Centers for Disease Control.
Abbreviations: AZT, zidovudine; ddC, dideoxycytosine; ddl, dideoxyinosine; PCP, P. carinii pneumonia; KS, Kaposi's sar-

coma.
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ware). Known CD4+ and CD8+ clones were stained simulta-
neously to establish gates and gain settings.

p24 ELISA

Duplicate samples were assayed for HIV-1 p24 antigen by
enzyme-linked immunosorbent assay (ELISA; DuPont/New
England Nuclear [NEN], Boston, MA) as per manufacturer in-
structions. The limit of detection of the ELISA was 12.5 pg of
HIV-1 p24 antigen per milliliter.

Cytokine assays

Duplicate samples were assayed for IFN-y and IL-4 by
ELISA (Genzyme, Cambridge, MA) as per manufacturer in-
structions. The limit of detection of the ELISAs was 100 and
190 pg/ml, respectively, for IFN-y and IL-4. Although these as-

says are reported to be sensitive at lower thresholds, the slope
of the ELISA curve below these values is close to flat and not

sensitive in our hands to give reproducible data. Duplicate sam-

ples were assayed for IL-10 by radioimmunoassay (RIA) (an-
tibody provided by C. A. Dinarello, New England Medical
Center, Boston, MA). The limit of detection of the RIA was 45
pg/ml. A medium blank of 270 pg/ml was subtracted from all
experimental readings.

Statistical methods
Differences in the mean values of p24 Ag, IFN-y, IL-4, and

IL-10 for clinically defined subgroups of subjects were com-

pared using the nonparametric sign rank test between groups.
When the value was below the threshold for detection, the
threshold value was assigned for the analysis. For multiple read-
ings on each subject, the mean value was used in the test. All
of the data were analyzed by stratifying subjects in three ways.
They were either grouped by clinical symptoms (asymptomatic
[CDC 1993 stages A1-A3], symptomatic without a history of
major opportunistic infections [CDC 1993 stages B2-B3], or

history of AIDS opportunistic infections [CDC 1993 stages
C2-C3]), by CD4 count (>500, 20(M99, <200), or by the
CDC 1993 Classification for AIDS (stage A and CD4 >200,
stage B and CD4 >200, and stage C or CD4 <200).25-26

RESULTS

Induction of viral replication by recombinant IL-12
Whole PBMCs cultured for 7 days with or without rIL-12

( 10 U/ml) and/or rIL-2 (20 Cetus U/ml), produced no detectable
p24 Ag in seven of nine subjects (169, 307, 186, 328, 329, 331,
and 332). In the two individuals with detectable p24, viral Ag
from one (178) was barely detectable (13 pg/ml in the absence
of added cytokines, with 12.5 pg/ml the detection threshold),
and was slightly enhanced by addition of rIL-2 (19 pg/ml) or

rIL-2 and rIL-12 (20 pg/ml). The other subject (327) had de-
tectable p24 only in the presence of rIL-12 (16 pg/ml) or rlL-
2andrIL-12(18pg/ml).

To enhance the detection of viral replication, CD8+ cells
were removed by immunomagnetic depletion prior to culture
in cytokine-containing medium. Flow cytometry for CD4 and
CD8 expression was performed after bead depletion and after

7 days of culture. There was no significant change in the num-

ber of CD4-expressing cells irrespective of the cytokine condi-
tions and fewer than 2% CD8+ T cells were present after 7 days
of culture (data not shown). Cultures from uninfected control
subjects contained 81 ± 7% CD4+ cells; from asymptomatic
HIV-seropositive subjects, 79 ± 6% CD4+ cells; and from sub-
jects with minor symptoms of HIV infection, 66 ± 18% CD4+
T cells. None of these differences was significant. For the AIDS
subjects, however, the cultures derived from the two subjects
with higher CD4 counts (subjects 329 and 206) had compara-
ble numbers of CD4 T cells, but the four other cultures had no

CD4 cells above the flow cytometry background.
Of the nine subjects whose undepleted PBMCs were stud-

ied, virus could not be cultured from four of the CD8-depleted
cultures vs. seven of the undepleted cultures. The levels of p24
measured were also three- to ninefold higher in the CD8-
depleted cultures (data not shown). These results are consistent
with the known ability of CD8+ T cells to suppress viral repli-
cation.27 The concentrations of IL-2 and IL-12 were chosen
based on the concentrations required to stimulate specific cy-
totoxic T lymphocyte (CTL) and NK activity10 and our finding
in an initial dose determination study using CD8-depleted
PBMCs from subject 310 that higher concentrations of IL-12
(30 U/ml) and IL-2 (100 Cetus U/ml) at the end of 7 days with-
out medium change resulted in decreased cell viability.

Incubation of CD8-depleted PBMCs with rIL-2 induced de-
tectable or increased p24 Ag in the culture supernatant from 13
of 20 subjects while incubation with rIL-12 alone induced in-
creased or measurable p24 Ag in 9 of 20 subjects (Table 2).
Interleukin 12 induced detectable p24 Ag only in cultures that
were also induced by IL-2. p24 Ag in the supernatants of cul-
tures from two representative subjects are shown in Fig. 1. Two
distinct patterns were observed when the cytokines were com-

bined. In one group, illustrated by subject 169, rIL-12 induced
viral replication by itself and acted in concert with rIL-2 to in-
duce increased viral replication, while in another group repre-
sented by subject 308, rIL-12 alone did not induce viral repli-
cation and inhibited rIL-2 induced viral replication. No virus
was detected above background by p24 antigen assay in five
HIV-seronegative donors and in seven subjects (313, 318, 186,
329, 171, 331, and 332) despite CD8 cell depletion. These sub-
jects were at different disease stages. The cultures from the 3
AIDS patients which had no detectable p24Ag also had no CD4
cells above flow cytometry background.

When the subjects were evaluated according to clinical status,
rIL-12 induced significant viral expression in five of seven

asymptomatic subjects (CDC stage A) (Table 2). For this sub-
group, cultures that were induced by IL-12 were all induced by
IL-2. Viral expression induced by rIL-12 (85 ± 26 pg of p24 per
milliliter) in stage A subjects was comparable to that induced by
rIL-2 (96 ± 28 pg of p24 per milliliter). In subjects who had mi-
nor HIV-related symptoms (CDC stage B) or had a history of an

AIDS opportunistic infection (CDC stage C), IL-12 had little ef-
fect on p24 Ag levels; IL-12-containing cultures had either small
increases or decreases in viral production compared with cultures
without added cytokines. Recombinant IL-2 induced viral ex-

pression in all three groups. Furthermore, whereas in the asymp-
tomatic donors rIL-12 and rIL-2 had an additive effect on viral
expression, rIL-12 partially inhibited the rIL-2-induced viral ex-

pression in symptomatic subjects. When rIL-12 was added to
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Table 2. Effect of Recombinant IL-12 and Recombinant IL-2 on HIV-1 Replication in CD8-Depleted PBMCs"

Added cytokine
None rIL-12 rIL-2

CDC 1993 stage n
p24 Ag
(pglml)

n > 72.5
pglml

p24 Ag
(pglml)

n > 12.5
pglml

p24 Ag
(pglml)

n > 12.5
pglml

rIL-12 + rIL-2

p24 Ag n > 12.5
(pglml) pglml

A1-A3
B2-B3
C2-C3

7 39 ± 17 2 85 ± 26b
7 22 ± 3 5 27 ± 6
6 24 ± 9 2 32 ± 13

5 96 ± 28b
4 320 ± 217c
2 46 ± 29

All HIV seropositive 20 28 ± 7 49 ± IIe 11 159 ± 78e

5
6
2

13

137±40b 5
73 ± 16c,d 6
36 ± 19 2

85 ± 18e,f 13

"The mean and standard error of p24 Ag ELISA and the number of cultures above the detection threshold are shown. Subjects
are stratified according to Ref. 26.

bp vs. medium = 0.06.
cp vs. medium = 0.03.
dIL-2/IL-12 vs. IL-12 p = 0.03.
eIL-12 vs. medium p = 0.008; IL-2 vs. medium p = 0.0002; IL-2/IL-12 vs. medium p = 0.0001.
fIL-2/IL-12 vs. IL-12 p = 0.008.

rIL-2 in the cultures of stage B subjects who were symptomatic,
but had not developed major AIDS opportunistic infections, the
mean amount of viral antigen was reduced to less than one-fourth
of what it was in the presence of rIL-2 alone.

The latter effect was also observed in one of the subjects
with a history of Pneumocystis carinii pneumonia (PCP) (206).
The effect of cytokine stimulation on viral production was sig-
nificantly blunted in cultures from stage C donors for all cy-
tokine conditions tested. For example, after rIL-2 stimulation,
the mean p24 concentration in the cultures from asymptomatic
individuals increased 2.5-fold, in cultures from subjects with
minor symptoms 14.5-fold, but the cultures derived from donors

IL-12 IL-2 IL-2/IL-12
Cytoklnes added

IL-12 IL-2 IL-2/IL-12
Cytokines added

FIG. 1. Effect of rIL-12 on viral replication in CD8-depleted
PBMCs. PBMCs from HIV-1-seropositive donors were de-
pleted of CD8 cells by immunomagnetic separation, and incu-
bated for 7 days in the presence of no cytokines, rIL-12 (10
U/ml), rIL-2 (20 Cetus U/ml), or the combination of rIL-12 and
rIL-2 (10 and 20 U/ml, respectively). p24 levels were measured
by ELISA in the supernatant. (A) Viral replication in asympto-
matic subject 169 is induced by rIL-12 and rIL-2 and the two
cytokines have an additive effect on p24 levels. (B) Viral repli-
cation in subject 308 with AIDS-related complex (ARC) symp-
toms is induced by rIL-2, but not by rIL-12, and rIL-12 inhibits
the rIL-2-induced viral expression.

with a history of major opportunistic infections increased only
1.9-fold. However, these results were difficult to interpret be-
cause fewer than 2% of the CD8-depleted cells stained for CD4
expression in four of the six stage C cultures.

When subjects were stratified by CD4 counts, the differences
between patient groups disappeared and the statistical power
was weaker, suggesting that clinical status was a better deter-
minant of cytokine effects than CD4 counts. (Table 3) In all
groups stratified by CD4 count, rIL-12 induced viral produc-
tion but to a lesser extent than rIL-2. The addition of rIL-12 to
rIL-2 reduced p24 levels compared to IL-2 alone. None of these
differences reached statistical significance except in the group
with CD4 < 200/mm3.

Induction of cytokines by recombinant IL-12

Recombinant IL-12 in different donor cultures varied in its
ability to induce viral replication in the presence or absence of
rIL-2. To better understand the observed heterogeneity, we in-
vestigated the possible role of subject differences in helper T
cell subset representation by measuring the levels of IFN-y, IL-
4, and IL-10 in culture supërnatants in comparison to levels in-
duced in cultures from HIV-seronegative controls. In the ab-
sence of added cytokines, both IFN-y and IL-4 were essentially
undetectable in all the culture supernatant? whether from
seronegative or infected subjects (Fig. 2, Tables 4 and 5).

Low levels of IL-10 were detected in cultures from seroneg-
ative donors, but not from HIV-infected subjects in the absence
of added cytokines (Fig. 2, Table 6). In seronegative controls,
rIL-12 by itself induced IFN-y (210 ± 58 pg/ml vs. unde-
tectable, p = 0.06) but no IL-4 and no significant change in IL-
10 (112 ± 47 pg/ml with rIL-12 vs. 99 ± 40 pg/ml with no

added cytokines). Recombinant IL-2, however, induced IL-4
(302 ± 68 pg/ml, not significant) and IL-10 (mean, 356 ± 92
pg/ml; p = 0.06) but no IFN-y. The combination of rIL-12 and
rIL-2 led to a large increase in rIL-12-induced IFN-y produc-
tion (968 ± 130 pg/ml with rIL-2 and rIL-12 vs. 210 ± 58
pg/ml with rIL-2 alone, p = 0.06), a decrease in rIL-2-induced
IL-4 production (231 ± 36 pg/ml vs. 302 ± 68 pg/ml, not sig-
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Table 3. Effect of Recombinant IL-12 and Recombinant IL-2 on HIV-1 Replication in CD8-Depleted PBMCs3

Added cytokine
None rIL-12 rIL-2

CD4 count
(cells/mm3)

p24 Ag n > 12.5 p24 Ag n > 12.5
n (pg/ml) pg/ml (pg/ml) pg/ml

p24 Ag
(pg/ml)

n > 12.5
pg/ml

rIL-12 + rIL-2

p24 Ag n > 12.5
(pg/ml) pg/ml

>500
200-499
<200

3 41 ± 29 1 84 ± 36
8 22 ± 7 3 65 ± 19
9 30 ± 11 5 40 ± 15

2 107 ± 54
4 115 + 58
5 216 ± 169b

2 87 ± 47
5 106 ± 36
6 64 ± 20b

All HIV seropositive 20 28 ± 7 49 ± IIe 11 159 ± 78e 13 85 ± 1 >c,d

2
5
6

13

aThe mean and standard error of p24 Ag ELISA and the number of cultures above the detection threshold are shown. Subjects
are stratified according to CD4 count.

bIL-2 vs. medium p = 0.03, IL-2/IL-12 vs. medium p = 0.02.
CIL-12 vs. medium p = 0.008; IL-2 vs. medium p = 0.0002; IL-2/IL-12 vs. medium p = 0.0001.
dIL-2/IL-12 vs. IL-12 p = 0.008.

nificant), and enhanced IL-10 production (547 ± 123 pg/ml
with IL-2 and IL-12 vs. 112 ± 47 pg/ml with rIL-12 alone, p =

0.06; vs. 356 ± 92 with IL-2 alone) (Tables 4-6).
Addition of either rIL-2 or rIL-12 to the cultures derived

from HIV-infected CD8~ PBMCs induced low and compara-
ble levels of IFN-y secretion (mean of all HIV seropositives,
152 ±26 pg/ml with rIL-2, 139 + 20 pg/ml with rIL-12).
However, when the disease stage of the subjects was analyzed,
IFN-y secretion occurred consistently in the cultures from
asymptomatic subjects, which contained 171 ± 42 pg of IFN-
y per milliliter in response to rIL-2 and 175 ±48 pg of IFN-y
per milliliter in response to rIL-12. The levels of rIL-12-induced

secretion of IFN-y were comparable to those in the seronega-
tive cultures. However, the induction of IFN-y by rIL-2 was

seen only in CD8-depleted cultures from HIV-seropositive in-
dividuals and not from HIV-seronegative controls. Cytokine-
induced IFN-y secretion disappeared with disease progression.
Cultures from only 3 of the 13 symptomatic subjects produced
IFN-y above baseline in any culture. Subjects 308 (oral hairy
leukoplakia and CD4 count of 480/mm3) and 321 (thrush and
CD4 count of 170/mm3), who have less advanced disease, se-

creted amounts of IFN-y comparable to those in the cultures
from asymptomatic persons but CD8-depleted cultures from the
remaining five stage B subjects and five of six stage C subjects

200

LI

1000

800

600

200
-

It-12 IL-2 IL-2/IL-12 IL-12 IL-2 IL-2/IL-12

Cytokines
IL-12 IL-2 IL-2/IL-12

FIG. 2. Effect of rIL-12 on IFN-y, IL-4, and IL-10 production in CD8-depleted PBMCs. Cells were cultured under the condi-
tions described in Fig. 1 and cytokines measured in the culture supernatants by ELISA or RIA. The level of detection for the
ELISA is 100 pg/ml for IFN-y and 190 pg/ml for IL-4. The level of detection for the RIA is 45 pg/ml for IL-10. (A) CD8-de-
pleted PBMCs from a representative HIV-seronegative control secrete no IL-4 (open bars) in the presence of rIL-2, but signifi-
cant levels of IFN-y (black bars) are induced by the addition of rIL-12 to rIL-2. There is IL-10 production in the absence of ex-

ogenous cytokines. (B) In asymptomatic HIV-seropositive subject 169, rIL-2 induces IL-4 and IL-10 secretion, while the addition
of rIL-12 to rIL-2 reduces the level of IL-4 and increases IFN-y secretion. (C) In subject 317 with stage B symptoms, no cy-
tokine is produced at significant levels.
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Table 4. Effect of Recombinant IL-12 and Recombinant IL-2 on Interferon y Production by CD8-Depleted PBMCs

Added cytokine
Medium rIL-12 rIL-2

CDC 1993 stage
IFN-y
(pglml)

n> 100
pglml

IFN-y
(pglml)

n> 100
pg/ml

IFN-y
(pglml)

n> 100
pglml

rIL-12 + rIL-2

IFN-y n > 700
(pglml) pglml

HIV seronegative
A1-A3
B2-B3
C2-C3

5 <100

7 <100
7 112 ± 12d
6 <100

All HIV seropositive 20 104 ± 4

210 ± 58"

175 ± 48
131 ±29
105 ± 5d

139 ± 20e

<100

171 ±42
177 ± 64

<100

152 ± 26e

968 ± 130b

777 ± 191b,c
325 ± 153b,c
102 ± 2d

417 ± 104e,f

"IL-12 vs. medium p = 0.06.
bIL-2/IL-12 vs. IL-2 and vs. IL-12 p = 0.06.
cIL-2/IL-12 vs. medium p = 0.06.
dOnly one well from one subject was above the level of detection. Wells that were below the level of detection were assigned

the lower limit of 100 pg/ml.
ep vs. medium = 0.03 (IL-12); 0.06 (IL-2); 0.004 (IL-2/IL-12).
fIL-2/IL-12 vs. IL-2p = 0.004 and vs. IL-12 p = 0.01.

did not secrete IFN-y after exposure to rIL-2 or rIL-12. The
one stage C subject who did (329) produced 131 pg of IFN-y
per milliliter only with rIL-12. Despite a history of P. carinii
pneumonia, his CD4 count at the time of this assay was

380/mm3.
When both rIL-2 and rIL-12 were added to the cultures, IFN-

y secretion increased about fivefold, compared to rIL-12 alone,
in cultures derived from both seronegative and asymptomatic
seropositive individuals. The combination of cytokines in-
creased IFN-y levels in the stage B subjects (308 and 321) by
about the same amount as for the asymptomatic subject-derived
cultures and induced newly detectable IFN-y in one additional
subject (317). Production of IFN-y slightly above the detection
level persisted when rIL-2 and rIL-12 were combined in cul-

tures from donor 329, but there was no increase (114 pg/ml
with rIL-2 and rIL-12, 131 pg/ml with rIL-12, undetected with
rIL-2). However, dual cytokine-stimulated cultures from the
five other stage B subjects and the five remaining stage C sub-
jects did not produce detectable IFN-y.

Interleukin 4 was essentially undetectable in cultures from
all HIV-seronegative and HIV-seropositive individuals unless
stimulated with rIL-2. In the presence of rIL-2, IL-4 produc-
tion was substantially greater in the cultures from asymptomatic
infected individuals (mean, 849 ± 277 pg/ml with rIL-2; mean,
310 ± 63 pg/ml with rIL-2 and rIL-12) when compared to cul-
tures from uninfected individuals (mean, 302 ± 68 pg/ml with
rIL-2; mean, 231 ±36 pg/ml with rIL-2 and rIL-12). (Table 5,
Fig. 2) The addition of rIL-12 to rIL-2 dampened the rIL-2 in-

Table 5. Effect of Recombinant IL-12 and Recombinant IL-2 on IL-4 Production by CD8-Depleted PBMCs

Added cytokine

CDC 1993 stage

Medium rIL-12 rIL-2

IL-4
(pglml)

n> 790
pglml

IL-4
(pglml)

n>190
pglml

IL-4
(pglml)

n> 190
pglml

rIL-12 + rIL-2

IL-4 n> 190
(pglml) pg/ml

HIV seronegative
Al-A3
B2-B3
C2-C3

5 198 ± 8"

7 <190
7 <190
6 <190

All HIV seropositive 20 <190

193 ± 3"

<190
210 ± 20"

<190

197 ± 7"

1 302 ± 68

0 849 ± 277
1 282 ± 92
0 <190

1 453 ± 118d

231 ± 36

310 ± 63b,c
233 ± 43

<190

247 ± 28d

"Only one well of duplicate wells from one subject was just above the level of detection. Wells that were below the level of
detection were assigned the value of the lower limit of detection.

bIL-2/IL-12 vs. IL-2 and vs. IL-12 p = 0.02.
cIL-2/IL-12 vs. medium p = 0.02.
dIL-2 vs. medium and IL-2/IL-12 vs. medium p = 0.06.
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Table 6. Effect of Recombinant IL-12 and Recombinant IL-2 on IL-10 Production by CD8-Depleted PBMCs

Added cytokine
Medium rIL-12 rlL-2

CDC 1993 stage
IL-10

(pg/ml)
n>45
pg/ml

IL-10
(pg/ml)

n>45
pg/ml

IL-10
(pg/ml)

n>45
pg/ml

rIL-12 + rlL-2

IL-10 n>45
(pg/ml) pg/ml

HIV seronegative
Al-A3
B2-.B3C2^C3

99 ±40

28 ± 15
40 ± 28

0

112 ±47

All HIV seropositive 19 23 ±11

20:
32:
30 :

27

16
20
14

356 ± 92a

136 ± 55
382 ± 336

41 ±25

183 ± 107d

4
5
3

12

547 ± 123a-b

894 ± 312c
413 ± 335

41 ±25

473 ± 170d-e

7
5
5

17

aIL-2 vs. medium and IL-2/IL-12 vs. medium p = 0.06.
bIL-2/IL-12 vs. IL-12 p = 0.06.
cIL-2/IL-12 vs. medium, IL-2, IL-12 p = 0.02.
dIL-2 vs. medium p = 0.01 and IL-2/IL-12 vs. medium p = 0.0006.
eIL-2/IL-12 vs. IL-2 p = 0.002 and vs. IL-12 p = 0.001.

duced production of IL-4. One of the early stage B subjects
(308) whose cultures showed evidence of IFN-y production also
secreted levels of IL-4 comparable to those of the asymptomatic
infected subjects (837 pg/ml with rIL-2 alone, 490 pg/ml with
both rIL-2 and rIL-12). CD8-depleted PBMCs from the re-

maining six symptomatic individuals and the six subjects with
AIDS did not produce detectable IL-4 under any of the cytokine
conditions.

In the absence of added rIL-2, there were low levels of IL-
10 in seronegative individuals and virtually none in the seropos-
itive subjects. (Table 6) In the presence of rIL-2, IL-10 secre-

tion increased in seronegative donors (mean, 356 ± 92 pg/ml
without rIL-12; mean, 547 ± 123 pg/ml with rIL-12) and in
asymptomatic subjects (mean, 136 ± 55 pg/ml without rIL-12;
mean, 894 ±312 pg/ml with rIL-12). In symptomatic subjects
only an early stage B subject (308) secreted high levels of IL-
10. Very little IL-10 was produced under any condition by the
remaining five symptomatic subjects and all six AIDS subjects.

Addition of rIL-12 to rIL-2 decreased levels of IL-4 and in-
creased IFN-y and IL-10 secretion in all individuals whose
CD8-depleted PBMCs were capable of producing cytokines af-
ter rIL-2 or rIL-12 exposure (Fig. 3). The changes in cytokine
levels were substantial in asymptomatic individuals with a five-
fold increase in IFN-y (trend toward significance, p = 0.06), a

threefold decrease in IL-4 production (p = 0.02), and a seven-

fold increase in IL-10 (p = 0.02) after addition of rIL-12. The
effect of adding rIL-12 to rIL-2 on IL-4 secretion was less pro-
nounced in seronegative controls, (mean, 302 ± 68 pg/ml in
rIL-2, 231 ±36 pg/ml in rIL-2 and rIL-12, not significant).
Interleukin 10 increased from 356 ± 92 pg/ml to 547 ± 123
pg/ml with the addition of rIL-12 to rIL-2 (p = 0.06). The IL-
10 increase was most marked in the asymptomatic subjects.

Two of seven stage B subjects and five of six stage C sub-
jects secreted no cytokines under any of the experimental con-

ditions. When phytohemagglutinin (PHA) was added to rIL-12
to optimize T cell activation for three nonresponding cultures
(317, 318, and 319), two of three of these nonresponding cul-
tures produced detectable IFN-y and one of three produced IL-
4 (data not shown).

DISCUSSION

To evaluate the potential of IL-12 for immunotherapy in
HIV-infected individuals, we have investigated the effects of
IL-12, alone and in combination with IL-2, in short-term cell
cultures on viral replication and on IFN-y, IL-4, and IL-10 se-

cretion in a small group of subjects at varying disease stages.

2000

Ö)
a

1500

1000
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500 1000

IFNY (pg/ml)
1500

FIG. 3. Addition of rIL-12 (closed symbols) to rIL-2 (open
symbols) causes a switch in phenotype from IL-4-secreting TH2
cells to IFN-y-secreting TH1 cells in cultures derived from HIV-
seronegative subjects (O,  ) and in most asymptomatic HIV-
infected individuals (D,  ). In some stage B subjects (A, A)
and in all stage C subjects (not shown), no secretion of IL-4 or

IFN-y is induced.
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Because the presence of CD8+ CTLs in these cultures inhib-
ited viral replication to undetectable levels independently of cy-
tokine conditions in seven of nine subjects, this study focused
on examining the cytokine effects on CD8-depleted PBMCs.
However, because CD8+ T cells are an important component
of the T cell response to HIV-1 and will be stimulated by IL-
12, the potential therapeutic effect of IL-12 will be determined
by the sum of its effects on NK and CD8+ and CD4+ T cell
function as well as on viral replication.

We found that IL-12 by itself can induce viral replication in
the CD8-depleted PBMCs from 9 of 20 HIV-infected subjects.
This increase, however, was greater and more frequent in the
subset of subjects with early disease, who are either asympto-
matic or have early stage B symptoms. Viral replication in T
cells is known to be highly dependent on T cell activation.
Interleukin 12 has been shown to stimulate antigen-specific pro-
liferation of murine CD4+ TH1 cells but not TH0 or TH2 cells.28
Although results in mice are not always applicable to humans,
our results suggest that it is likely that asymptomatic and early
stage B individuals have infected TH1 cells that can be stimu-
lated by IL-12 to produce HIV and that infected TH1 cells de-
cline about the time of development of HIV-associated symp-
toms. Although Maggi et al. found that HIV-1 did not infect
ThI clones from seronegative donors in vitro,29 other groups
have reported HIV-1 infection of ThI, TH0, and Tg2 clones.30

In analyzing our data we stratified subjects according to their
history of clinical symptoms, their CD4 counts, and the most
recent CDC classification system, which takes into account both
clinical history and CD4 count. The analysis that we present in
this article is according to the clinical symptom stratification
because it most closely correlated with the p24 Ag and cytokine
production differences among the subjects. Most of the statis-
tically significant effects were lost when the subjects were strat-
ified by the other categories. This suggests that the immuno-
deficiency of HIV infection most closely parallels defects in
CD4 T cell function as opposed to CD4 cell number. Although
a few subjects who had developed AIDS-related complex
(ARC)-like symptoms maintained the ability to produce cy-
tokines, the onset of symptoms seems to signal the loss of CD4
T cell cytokine secretion in response to exogenous IL-2 or

IL-12.
A few studies have begun to examine the effect of IL-12 on

viral replication but with contradictory conclusions. Two early
studies found little or no effect of IL-12 on viral replication in
small numbers of infected subject samples or in acutely infected
CD4+ cells in vitro.31'32 Reports from two other laboratories
demonstrate enhanced viral replication in the presence of IL-
12 in exogenously infected, mitogen-activated T cells from
HIV-seronegative donors.33,34 Another preliminary report de-
scribed enhanced isolation of HIV-1 from unselected PBMCs
or lymph node cells cultured in the presence of IL-12 from
some, but not all, HIV-seropositive subjects.35 The apparent
discrepancies seen in the different studies may be explained by
a number of factors. As shown in our study, IL-12 by itself has
no effect on viral replication in more than half of subjects and
can either synergize or inhibit IL-2-induced replication de-
pending on the disease state of the individual. It is possible that
studies that examine small numbers of subjects or use IL-2 in
addition to IL-12 could have missed the effects of IL-12. The
effect of IL-12 on viral replication in exogenously infected

CD4+ T cells from HIV-seronegative donors requires their pre-
vious activation, which may explain the lack of an effect in at
least one of the earlier reports. The high frequency of activated
circulating T cells in infected individuals may explain why it
was unnecessary for us to preactivate the CD8-depleted PBMCs
to detect IL-12-induced viral replication. Differences in the
number of circulating activated CD4+ T cells may have con-

tributed to the variable viral and cytokine production responses
to IL-12 in the donor subgroups in this study.

Our data concerning IL-4 and IFN-y secretion by cytokine-
stimulated CD8-depleted PBMCs from HIV-seropositive per-
sons also contribute information about the changes in CD4 T
cell function with disease progression. Because cytokines at
these concentrations probably act only on activated T cells, it
may be difficult to compare our findings on cytokine secretion
with those obtained in other studies after PHA/PMA activation.
We have used IL-4 production as an indicator of Th2 cell func-
tion and IFN-y secretion as an indicator of TH1 cell function.
We found evidence for increased numbers of both IFN-y- and
IL-4-secreting T cells in asymptomatic subjects compared with
uninfected controls. The cultures from asymptomatic and some

early stage B infected subjects secreted IFN-y after only IL-2
stimulation, whereas CD8-depleted PBMCs from seronegative
controls required the presence of IL-12 to stimulate IFN-y se-

cretion. The levels of IL-4 secreted in response to IL-2 were

substantially higher in the cultures from asymptomatic HIV-1-
infected subjects than from seronegative donors. These results
are consistent with the presence of a high frequency of already
activated circulating CD4 T cells of both the TH1 and TH2 phe-
notypes in asymptomatic HIV-infected subjects. With the ap-
pearance of clinical signs of disease, the cytokine-stimulated
secretion of IFN-y and IL-4 declines to levels that are gener-
ally undetectable and below those found in cultures derived
from uninfected controls. One subject with stage B symptoms
retained the ability to secrete IFN-y and IL-4 and he had a rel-
atively high CD4 count of 480 cells/mm3. Another ARC sub-
ject secreted IFN-y, but not IL-4. Although the number of sub-
jects whose cultures were studied was small, we did not observe
a preferential loss of IFN-y secretion before the loss of IL-4 se-

cretion, the so-called THl-to-TH2 CD4 cell switch.36,37 In fact,
the only culture (321) in which there was secretion of one cy-
tokine, but not both, had evidence for preserved TH1 but not
TH2 function.

The original model of Clerici and Shearer suggested a se-

quential shift in cytokine production from THl-type to Tt^-type
cytokines with a late increase in IL-10-producing cells.36 We
did not observe any IL-10 production in CD8-depleted PBMCs
from subjects with advanced disease. One possible explanation
for the apparent discrepancy between our results and those of
Clerici and Shearer is that we examined cultures from which
CD8 T cells had been depleted and their cultures contained all
PBMCs. Two studies in HIV-infected subjects have shown in
fact that CD8+ T cells from these subjects are capable of se-

creting IL-4 and IL-10.38,39 A modified model of a switch with
HIV disease progression from type 1 to type 2 cytokine pro-
duction by the ensemble of diverse cytokine-secreting cells, in-
cluding CD4 and CD8 T cells, NK cells, monocytes, and den-
dritic cells, would be consistent with our results.40

Our study of cytokine secretion was undertaken to under-
stand the variable effects of IL-12 on endogenous HIV-1 repli-
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cation. Interleukin 12 stimulated viral expression in the CD8-
depleted PBMCs of only those subjects whose cells retained the
ability to secrete IFN-y and IL-4 in response to IL-12. In these
asymptomatic subjects viral enhancement by IL-12 was com-

parable to that of IL-2. Interestingly, the addition of IL-12 to

IL-2-containing cultures from asymptomatic patients induced
high levels of production of its antagonistic cytokine, TL-10.
Our study confirms the results of others that IL-12 in vitro was

able to redirect the predominantly IL-4 secretory response to
IL-2 stimulation to a predominantly IFN-y response, suggest-
ing enhanced TH1 and diminished TH2 function.

What are the implications of these results to designing clin-
ical trials to use IL-12 to treat HIV-1 infection? Although tox-

icity trials are currently in progress, studies to look at efficacy
have not yet begun. Our results suggest that IL-12 therapy,
like IL-2 therapy, is potentially a double-edged sword that
may augment viral replication at the same time that it enhances
antiviral immunity. Which effect is predominant can only be
determined by in vivo studies. When compared to IL-2 stim-
ulation in vitro, our results suggest that IL-12 is likely to be
more effective than IL-2 because it stimulates viral replica-
tion in a smaller subset of subjects and generally at compara-
ble levels. It also effectively redirects the CD4 response in
asymptomatic and some ARC subjects to a predominantly TH1
phenotype.

Neither IL-2 nor IL-12 induced much cytokine secretion by
CD8-depleted cells from stage C donors with a history of AIDS
opportunistic infection. Both enhanced viral levels to some ex-

tent in this group, although IL-2 had a larger effect. This result
may help explain why infusion of IL-2 has not been shown to
have a beneficial effect on CD4 count in subjects with advanced
disease.23 Interleukin 12 therapy is also unlikely to be effective
in subjects with a history of AIDS opportunistic infections.
Interleukin 2 by itself induced significant production of IFN-y
and even greater production of IL-4 in cultures from asympto-
matic HIV-infected subjects, beyond what was obtained from
HIV-seronegative subjects. The striking increase in IL-4 pro-
duction could have clinical consequences in IL-2-treated pa-
tients.

We expect that IL-12 may be effective in stage A or B sub-
jects, but the clinical outcome will depend on the balance be-
tween its beneficial immune modulatory effects and possible
deleterious effects, especially in asymptomatic subjects, on vi-
ral replication. However, cytokine production is but one of the
ways that CD4 T cells provide helper function. In vitro studies
to look at the effect of IL-12 on CD4 T cell help to augment
antigen-specific CTL responses would provide additional guid-
ance for the design of clinical trials using IL-12.
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