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ABSTRACT. Interleukin (IL)-10 suppresses synthesis of the pro-inflammatory cytokines tumor necrosis factor
(TNF)a, IL-1p, and interferon (IFN)y. Since pro-inflammatory cytokines have been implicated in the production
of human immunodeficiency virus type 1 (HIV-1), cytokine synthesis in whole blood cultures were determined
during a 4-week course of subcutaneous IL-10 injections in 33 HIV-1-infected patients. Patients were randomized
into four groups: placebo (nine), IL-10 at 1 pg/kg/day (nine), IL-10 at 4 pg/kg/day (six) and IL-10 at 8 pg/kg three
times per week (nine). Whole blood was obtained at the beginning and conclusion of the study and was stimulated
for 24 hours with the combination of IL-18 plus lipopolysaccharide. TNFa production in stimulated whole blood
was reduced three and six hours after the first injection of IL-10 compared to subjects injected with the placebo.
After four weeks of treatment, production of IFNy was suppressed in a greater number of patients in the IL-10
treatment groups compared to subjects in the placebo group. Similarly, IL-1p production was lower in the IL-10
treatment groups compared to subjects receiving placebo. In contrast, after four weeks of IL-10, circulating levels
of the anti-inflammatory TNF soluble receptor p55 increased dose-dependently compared to placebo subjects.
Patient heterogeneity and small sample size presented difficulties in establishing statistical significance. Although
the cytokine changes in our study did not demonstrate statistically significant changes, the data nevertheless reveal
that four weeks of IL-10 therapy in HIV-1 infected subjects produced the anticipated suppression of pro-
inflammatory cytokines.
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The morbidity and mortality of human immunodeficiency
virus type 1 (HIV-1)-infected patients have decreased sig-
nificantly following the introduction of highly active anti-
retroviral therapy (HAART) regimens [1]. However,
HIV-1 infected patients on HAART may harbor viruses
containing resistance mutations [2], and the presence of
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these mutated viruses is associated with clinical failure of
antiretroviral therapies [3, 4]. Novel treatment approaches
include administration of substances that enhance natural
defenses against HIV-1 rather than targeting virus-specific
components. Several cytokines or cytokine antagonists can
suppress HIV-1, including interferon (IFN)y [5, 6], inter-
leukin (IL)-1 receptor antagonist (IL-1Ra), tumor necrosis
factor (TNF) soluble receptors [7, 8], IL-18 [9], and the
B-chemokines regulated upon activation, normal T cell
expressed and secreted (RANTES), macrophage inflam-
matory protein (MIP)-1a, and MIP-1f [10]. Clinical appli-
cations of cytokine-based therapy in conjunction with
HAART regimens could prove more effective than
HAART alone.
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IL-10 is an 18 kDa protein that is active as a homodimer
and produced by several cell types including monocytes,
macrophages, T-cells, and B-cells [11]. IL-10 has anti-
inflammatory properties that include suppression of gene
expression and synthesis of pro-inflammatory cytokines
such as TNFo and IL-1B [12]. Consistent with these in
vitro effects, IL-10-deficient mice develop spontaneous,
fatal enterocolitis with growth retardation and anemia
[13]. These findings are thought to result from excessive
inflammation initiated by the endogenous intestinal flora
in the absence of IL-10 anti-inflammatory activity [13, 14].
This observation underscores the role of endogenous IL-10
in protecting the host from inflammation.

The pro-inflammatory cytokines TNFa and IL-1, as well
as IL-6 stimulate HIV-1 production in vitro, and elevated
levels of circulating pro-inflammatory cytokines have been
documented in patients with HIV-1 infection [8, 15-19].
Since pro-inflammatory cytokines increase HIV-1 expres-
sion in vitro, and IL-10 inhibits production of pro-
inflammatory cytokines in vitro [20], administration of
IL-10 to HIV-1-infected patients may reverse the virus-
inducing effect of pro-inflammatory cytokines. In fact, a
single intravenous infusion of IL-10 administered to HIV-
I1-infected persons in an uncontrolled study inhibited pro-
inflammatory cytokine production and decreased viral
RNA levels in some subjects [21]. IL-10 also possesses
antiretroviral function in vitro that may be independent of
cytokine modulation [22-24].

In the present clinical study, a four-week course of subcu-
taneous (sc) IL-10 was administered to HIV-1-infected
subjects in a double-blind, placebo-controlled phase II/I11
trial evaluating the effect of IL-10 on HIV-1 viral load [25].
We describe a sub-study of this trial where the effect of
IL-10 on cytokine production was examined. To enhance
clinical relevance, we evaluated ex vivo cytokine produc-
tion in whole blood obtained from patients before and after
IL-10 injection. In this design, manipulation of IL-10
blood concentrations occurred by administering IL-10 to
subjects in vivo, and experiments were performed in vitro
using samples of blood. Therefore, IL-10 in the blood
samples reflects biologically relevant levels, and the ob-
served effects likely reflect in vivo IL-10 activity. Our
investigations showed that IL-10 suppressed the induction
of pro-inflammatory cytokines in whole blood cultures,
and IL-10-injected subjects possessed elevated levels of
circulating anti-inflammatory TNFsRp55.

METHODS

Subject selection

Thirty-nine HIV-1-infected subjects between 22 and
54 years of age were enrolled in a phase II/III study of
IL-10 as an antiretroviral therapy as described previously
[25]. After informed consent was obtained, patients were
enrolled in six centers following Institutional Review
Board approval. Eligibility requirements included HIV-1
RNA quantification by PCR of at least 1500 RNA
copies/mL, CD4"* lymphocyte count of at least 200/mm?>, a
Karnofsky performance score greater than 50, life expect-
ancy of at least 12 weeks, and absence of systemic oppor-
tunistic infection. Patients were either antiretroviral
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therapy naive or were receiving a stable antiretroviral
regimen for at least one month prior to entry. Additional
requirements included a normal screening chest x-ray, no
history of systemic opportunistic infection or immuniza-
tion within the preceding three months, and weight of at
least 104.4 pounds (47.5 kg). Required laboratory values
included a platelet concentration of at least 100 000/mm?>,
hemoglobin at least 9.0 gm/L, absolute neutrophil count
750/mm?> or greater, serum creatinine less than 1.5 times
the upper limit of normal, SGOT and SGPT each less than
5.0 times the upper limit of normal, and direct bilirubin
less than 3.0 mg/dL. Women of childbearing potential
required a negative serum B-HCG pregnancy test within
24 hours of the initial study injection.

Exclusion criteria included clinically significant disorders
not related to HIV-1 disease, participation in a clinical trial
of a new medication within one month of the first dose of
IL-10, allergy to E. coli proteins or IL-10, malignancy
including Kaposi’s sarcoma, cytotoxic therapy for cancer
within the past year, blood transfusion within 60 days,
receipt of HIV-1 vaccination within the preceding three
months, or inability to understand informed consent. Addi-
tional exclusion criteria included immunomodulatory
therapies within eight weeks of study entry, systemic cor-
ticosteroids (excluding anabolic agents), intravenous im-
mune globulin, interferons, interleukins, pentoxifylline,
cimetidine, thalidomide, granulocyte colony-stimulating
factor (G-CSF), granulocyte-monocyte colony-stimulating
factor (GM-CSF), dinitrochlorobenzene, thymosin alpha-1,
thymopentin, isoprinosine, polyribonucleoside, ditiocarb
(diethyldithiocarbamate), or N-acetylcysteine.

Study design

This was a prospective, randomized, double-blind,
placebo-controlled study of four weeks treatment with
subcutaneous (sc) vehicle placebo (a lyophilized formula-
tion without IL-10) once daily or three times weekly, or sc
recombinant human IL-10 (Schering-Plough, Kenilworth,
NJ, USA) at 1.0 pg/kg once daily, 4.0 pg/kg once daily, or
8.0 ng/kg three times each week (TIW). Randomization of
subjects was in a 1:1:1:1 ratio. Venous blood was drawn
immediately before dose of the first administration of
placebo or IL-10 injection and three, six and 24 hours
following the initial injection. Blood samples were also
taken before the final dose of placebo or IL-10 (day 28 for
once daily dosing groups or day 26 for the TIW dosing
groups), and three, six, and 24 hours following the final
dose of placebo or IL-10. Blood was assessed for white
blood cell count and differential, platelet count, and con-
centration of CD4" lymphocytes [26]. Blood was also
added to a Cytochek tube (National Genetics Institute,
Culver City, CA, USA) to quantify viral load.

Twenty four-hour whole blood cytokine stimulation
cultures

Whole blood drawn from an antecubital vein was aspirated
into sterile, heparin-containing vacuum tubes or into
polypropylene syringes containing heparin (final heparin
concentration 10 units/mL). One milliliter of heparinized
blood was added to sterile polypropylene tubes (Falcon,
Becton Dickinson, Franklin Lakes, NJ, USA) that con-
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tained 1.0 mL of RPMI (Mediatech, Herndon, VA, USA)
with 20 ng lipopolysaccharide (LPS, E. coli O55:B5,
Sigma, St. Louis, MO, USA) and IL-18 (20 ng PeproTech,
Rocky Hill, NJ, USA). Following addition of heparinized
blood, the tubes were inverted three to five times and
incubated upright for 24 hours at 37°C, 5% CO,. Follow-
ing incubation, each 2.0 mL sample was mixed by inver-
sion and transferred into a 5.0 mL cryogenic tube (Corn-
ing) containing 200 pL. of 10% (vol/vol) Triton-X-100
(approximately 1% vol/vol final concentration, Fisher Sci-
entific, Fair Lawn, NJ, USA). Tubes were inverted to lyse
the blood and samples were frozen at -70°C until assayed
at the University of Colorado at Denver and Health Sci-
ences Center.

Circulating TNF soluble receptor p55 (TNFsRp55)

One milliliter of heparinized blood drawn at the beginning
and conclusion of the study was transferred into 5.0 mL
polypropylene cryogenic tubes (Corning, Cambridge,
MA, USA) containing 100 pL of 10% (vol/vol) Triton-X-
100 (approximately 1% vol/vol final concentration, Fisher
Scientific, Fair Lawn, NJ, USA). Tubes were inverted to
lyse the blood and the samples were immediately frozen at
-70°C.

Cytokine assays

Blood samples were warmed to room temperature and
analyzed by ELISA for mature IL-1f (Cistron) and
MIP-1a as described previously [27]. Lysed whole blood
specimens were diluted prior to assay. The samples and
cytokine standards in each assay were diluted to the same
degree using as diluent a pooled whole blood lysate from
20 healthy volunteers. Under these conditions, the lower
limits of detection were 200 pg/mL for IL-1f and
100 pg/mL for MIP-10.TNFa and IFNy were quantified
using electrochemiluminescence (ECL) assays as de-
scribed previously [28]. Each ECL cytokine assay was
unaffected by 1% Triton-X-100 and the cytokine standards
in each assay were diluted using a pooled, whole blood
lysate from 20 healthy volunteers. The lower limit of
detection for TNFa was 40 pg/mL, and for IFNy
60 pg/mL. TNF soluble receptor pS5 (TNFsRp55) was
measured using a radioimmunoassay as described previ-
ously [29]. The TNFsRp55 radioimmunoassay was unaf-
fected by 1% Triton-X-100.

Data analysis

Production of cytokines in whole blood after 24 hours (hrs)
of incubation was calculated as concentration per million
cells derived from the concurrent white blood cell count
and differential. Since T-cells are thought to be the primary
source of IFNy, whole blood IFNYy levels were calculated
per million CD4" T-cells. For IL-1B, TNFa, and MIP-1a,
the cytokine concentrations were calculated per million
monocytes to reflect the likely cell of origin for these
molecules. Since the source of circulating TNFsRp55 is
not known, there was no normalization of TNFsRp55
levels for any type of white blood cell.
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Differences in cytokine production were tested for statis-
tical significance within each study group using paired
t-tests (figures 1-4), or between groups using a one-way
ANOVA with Kruskal-Wallace analysis (figure 5). Statis-
tical significance was defined as p < 0,05.

RESULTS

Study group characteristics

Enrollment in this study assessing IL.-10 as an antiretrovi-
ral therapy ceased after an interim analysis revealed that
IL-10 treatment had no significant effect on HIV-1 RNA
viral load [25]. Complete cytokine data were available for
33 of the 39 subjects and this subset of 33 comprises the
group described in this report. 7able I shows characteris-
tics of the 33 subjects. Caucasian volunteers predominated
in the 1 pg/kg and 8 pg/kg IL-10 groups, whereas African
Americans predominated in the 4 pg/kg group. The
8 ng/kg group had the highest mean weight (77.0 kg) and
the lowest mean CD4* count (317.6 cells/mm?). The mean
HIV-1 RNA viral load measurements (in RNA copies/mL
plasma) were within 0.15 log, units of 4.0 in the study
groups.

Effect of a four-week course of IL-10
on IL-18/LPS-induced IFNy production

To analyze the effect of four weeks of IL-10 administration
on ex vivo cytokine production in the HIV-1-infected
individuals in this study, pre-injection cytokine production
was measured in 24-hour whole blood cultures stimulated
with a combination of IL-18 and LPS. This combination of
stimuli induces IFNy as well as other cytokines. Whole
blood cytokine production was measured before the first
dose of placebo or IL-10 and compared to measurements
before the final dose of placebo or IL-10. Since IFNy
possesses anti-HIV-1 activity in vitro [5, 6], we measured
the effect of IL-10 on whole blood IFNYy induction. For
each subject, [IFNy production in blood cultured before the
first study dose was set at 100% and the IFNYy obtained in
cultures conducted before the final dose were expressed as
a percentage of the pre-study level. As shown in figure 1A,
five of nine patients randomized to the placebo group
produced less IFNy after the four-week course (range of
percentage production compared to first dose 18-75%),
whereas four patients produced greater amounts of IFNYy.
In contrast, most subjects receiving any IL-10 dose exhib-
ited decreased IFNYy production after the four-week course
of treatment (18 of 24, figures 1B-D). Decreased produc-
tion in subjects receiving 1, 4 or 8 pg/kg was observed in
six out of nine, five out of six and seven out of nine
subjects, respectively. In all subjects combined, pre-study
IFNY concentrations ranged from 29 to 6,083 pg/mL/10°
T-cells, and after four weeks of study the ranges in the
placebo and in the three combined IL-10 groups were
27-12,889 pg/mL/10° T-cells and 27-4,966 pg/mL/10°
T-cells, respectively.

Effect of a four-week course of IL-10
on IL-18/LPS-induced IL-1p production

In vitro studies in chronically infected Ul cells showed
that IL-1B induced HIV-1 replication, suggesting that
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Figure 1

Stimulated whole blood IFNYy production after four weeks of placebo or IL-10. IL-18/LPS-induced IFNy values were calculated per million
CD4" T-cells and expressed as a percentage compared to the pre-study level (100%) for each subject. Log,, percentage IFNy levels are shown
on the vertical axes. The horizontal dashed lines indicate 100% and the solid lines identify 50% reductions in 24-hour IFNy production. The
fractions shown indicate the number of subjects in each group exhibiting reduced IFNy production after four weeks of study (numerator)
compared to the total number of subjects in each group (denominator). Data are shown for the four study groups: (A) placebo, (B) IL-10 at

1 pg/kg/day, (C) IL-10 at 4 ng/kg/day, or (D) IL-10 at 8 pg/kg TIW.

IL-1B induces HIV-1 in vivo [7, 8]. Since IL-10 can inhibit
pro-inflammatory cytokines and HIV-1 production in
vitro, we assessed the effect of four weeks of placebo or
IL-10 administration on IL-1f production. In whole blood
cultures stimulated with IL-18 and LPS, five out of nine
placebo subjects exhibited decreased IL-1B production
after four weeks of study, with a 54-91% range of produc-
tion compared to pre-study levels (figure 2A). For patients
receiving IL-10 (figure 2B-D), there was a direct relation-
ship between the IL-10 dose and the fraction of patients
with decreased IL-1J at study conclusion. For IL-10 at 1,
4, or 8 ug/kg, the number of patients exhibiting reduced
IL-1B synthesis after four weeks were three out of nine
(33%), three out of six (50%) and seven out of nine (78%),
respectively. A dose-dependent inhibition of stimulated
IL-1P is suggested since the suppression was greatest in
the group receiving IL-10 at 8 pg/kg TIW (range of per-
centage production 45-94%). In all subjects combined,
pre-study IL-1B concentrations were 2,041-28,731 pg/
mL/10° monocytes, and after four weeks of study the

ranges in the placebo and the in the three combined IL-10
groups were 2,946-24,867 pg/mL/10° monocytes and
2,860-20,123 pg/mL/10° monocytes, respectively.

Effect of a four-week course of IL-10
on IL-18/LPS-induced TNFa production

TNFa stimulates HIV-1 replication in lymphocyte cell
lines and substantially enhances viral production in pri-
mary blood monocyte-derived macrophages [15, 30].
Figure 3 depicts the effect of four weeks of placebo or
IL-10 administration on IL-18 and LPS-induced TNFa
production ex vivo. Six out of nine (67%) patients in the
placebo group had decreased TNFa production at conclu-
sion of study (range of percentage production of 4-96%).
None of the groups receiving IL-10 had a greater propor-
tion of subjects with decreased TNFa production. In all
subjects, pre-study TNFa concentrations were 59-
32,654 pg/mL/10° monocytes, and after four weeks of
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Figure 2
Stimulated whole blood IL-1f production after four weeks of placebo or IL-10. IL-1 was measured in the same IL-18/LPS-stimulated whole
blood cultures described in figure 1. The concentrations of IL-13 were calculated per million monocytes and shown as log,, percentage
productions on the vertical axes. The horizontal dashed lines indicate 100% and the solid lines identify 50% reductions in 24-hour, IL-1
production. The fractions indicate the number of subjects in each group exhibiting a decrease in IL-1f production (< 100%, numerator) compared
to the total number of subjects in each group (denominator). Data are shown for (A) placebo, and IL-10 given at (B) 1 pg/kg/day, (C) 4 pg/kg/day,

or (D) 8 ng/kg TIW.

study, the ranges in the placebo and in the three combined
IL-10 groups were 120-4 083 pg/mL/10° monocytes and
95-14 473 pg/mL/10° monocytes, respectively.

Effect of a four-week course of IL-10
on IL-18/LPS-induced MIP-1a production

The B-chemokines are natural ligands for the CCRS HIV-1
co-receptor and these molecules may have a role in mod-
erating HIV-1 progression [10]. In figure 4, pre-injection
IL-18 and LPS-stimulated MIP-1a was measured at the
beginning and conclusion of the study. One out of nine
(11%) placebo subjects exhibited decreased MIP-1a pro-
duction after four weeks (figure 4A). In contrast, decreased
MIP-1a production was observed in four out of nine
(44%), two out of six (33%) and three out of nine (33%)
subjects receiving 1, 4 or 8 ug/kg IL-10, respectively
(figure 4B-D). Thus, 37.5% of all subjects receiving IL-10
produced less MIP-1a after four weeks, compared to 11%
in the placebo group. In all subjects, pre-study MIP-1a
concentrations ranged from 213 to 8,531 pg/mL/10°

monocytes. After four weeks, the MIP-1a range in the
placebo group was 772-6,039 pg/ mL/10° monocytes. The
range in the three combined IL-10 groups was 207-
29,779 pg/mL/10° monocytes.

Effect of a four-week course of IL-10
on TNFsRp55 levels

Figure 5 depicts TNFsRp55 levels measured at the end of
the study in whole blood, expressed as mean percentage
level compared to the pre-study concentrations (set at
100%). After four weeks, there was a dose-dependent in-
crease in TNFsRp55 associated with IL-10 administration.
Compared to pre-study values (100%), mean TNFsRp55
concentrations measured at the conclusion of study in the
placebo, 1, 4 and 8 pg/kg IL-10 groups were 95 + 12,
131 17, 142 £ 19 and 146 + 27 percent (mean * stan-
dard error of the mean (SEM)), respectively. Table 2 sum-
marizes the results for IL-18 and LPS 24 hr whole blood
cytokine production.
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Figure 3

Stimulated whole blood TNFa production after four weeks of placebo or IL-10. TNFo was measured in the IL-18/LPS-stimulated whole blood
samples described in figure 1. TNFa concentrations were calculated per million monocytes and the results presented as described in figure 1. The
fractions indicate the number of subjects in each group exhibiting a decrease in TNFa production (< 100%, numerator) compared to the total
number of subjects in each group (denominator). Data are shown for (A) placebo, (B) IL-10 at I pg/kg/day, (C) IL-10 at4 pg/kg/day, or (D) IL-10

at 8 png/kg TIW.

DISCUSSION

In vitro studies have shown that IL-10 reduces HIV-1
production in chronically or acutely infected cells [22-24,
31]. The likely mechanisms of IL-10 antiretroviral activity
include effects on signal transduction, inhibition of cellu-
lar differentiation, decreased HIV-1 RNA half-life, and
suppression of cytokines with HIV-1-inducing activity.
However, other in vitro studies have revealed that IL-10
stimulated HIV-1 production in monocytic cell lines [32-
35]. The complex effects of IL-10 on HIV-1 production in
vitro stress the need for clinical data to establish the role of
IL-10 in infected persons. IL-10 administered as a single
intravenous injection to healthy volunteers significantly
decreased ex vivo whole blood IL-1f and TNFa produc-
tion [26]. Since IL-1P and TNFa increase HIV-1 produc-
tion in some in vitro models [7, 8, 15, 30], IL-10-
dependent inhibition of these cytokines provided
additional rationale for using IL-10 as an antiretroviral
agent. In a previous phase I trial in HIV-1-infected indi-

viduals with CD4* T-cell counts between 200 and 500/uL,
a single intravenous IL-10 dose induced a transient but
substantial reduction in circulating HIV-1 RNA in a subset
of enrollees [21].

In the present double-blind, placebo-controlled phase II/III
trial in 39 HIV-1-infected volunteers, HIV-1 production after
four weeks of recombinant human IL-10 was the primary
outcome. Analysis of clinical endpoints showed no effect on
viral load or disease progression during the four weeks of
IL-10 therapy as reported previously [25]. In the subset of
subjects (33 out of 39) in this study, we assessed the effect
of IL-10 on cytokine production. The combination of
IL-18 and LPS was used to initiate a cytokine response and
reveal an IL-10 effect in whole blood cultures [36]. Cytok-
ine production was adjusted per million cells to ensure that
levels reflected cell activity and not cell concentration. An
ex vivo design was used since blood removed from a sub-
ject during therapeutic intervention and then studied in
vitro is more likely to reflect in vivo conditions.
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Figure 4
IL-18/LPS-stimulated whole blood MIP-10 production after four weeks of placebo or IL-10. MIP-la was measured in the IL-18 and
LPS-stimulated samples described in figure 1. The fractions indicate the number of subjects in each group exhibiting a decrease in IL-1
production (< 100%, numerator) compared to the total number of subjects in each group (denominator). MIP-1a concentrations were calculated
per million monocytes and the data calculated for each study group, including (A) placebo, or IL-10 given at (B) 1 pg/kg/day, (C) 4 png/kg/day,

or (D) 8 ng/kg TIW.

Since IL-10 possesses anti-inflammatory effects in vitro
and invivo [12, 21, 26, 37], we anticipated IL-10 inhibition
of pro-inflammatory cytokines. Consistent with previous
experiments, IL-10 suppressed production of the pro-
inflammatory cytokines IFNy and IL-1f in stimulated
whole blood cultures. Compared to blood obtained prior to
the start of study drug, blood obtained after four weeks of
therapy in the 8 ug/kg TIW IL-10 group revealed non-
significant reductions in IL-18/LPS-induced IFNy and
IL-1pB production. In the placebo group, five out of nine
(66%) subjects exhibited decreased IFNy production after
four weeks of study compared to IFNy measured just prior
to study. In contrast, six out of nine (67%), five out of six
(83%) and seven out of nine (78%) patients receiving 1, 4
or 8 pg/kg IL-10, respectively, showed decreased IFNy
after four weeks of study (figure 1). For IL-1B, 78% of
patients in the group receiving the highest IL-10 dose
demonstrated reduced cytokine production at the conclu-
sion of the study compared to five out of nine patients
(56%) in the placebo group (figure 2). No notable differ-
ences in TNFo concentrations before the first and last

treatments were observed in the placebo or any IL-10 dose
groups (figure 3). However, circulating levels of the natu-
rally occurring, soluble TNF receptor p55 dose-
dependently increased after four weeks of IL-10 injections
compared to levels before IL-10 treatment (figure 5). In
patients receiving placebo, there was no increase.

Since B-chemokines are natural ligands for the CCR5
HIV-1 co-receptor, modulation of B-chemokines in HIV-
1-infected persons receiving IL-10 is of interest [10].
While 11% of patients receiving placebo exhibited de-
creased IL-18/LPS-induced MIP-1a after four weeks
(figure 4), 37.5% of all subjects receiving IL-10 experi-
enced decreases. Although subjects receiving IL-10 had
greater overall reduction in MIP-1a compared to patients
in the placebo group, inhibition was not IL-10 dose-
dependent and the proportion of IL-10 subjects with de-
creased MIP-1a production (37.5%) was relatively small,
suggesting a lack of effect of IL-10 on 3-chemokine pro-
duction.

During prolonged exogenous administration of a biologi-
cal response modifier, decreased responsiveness may
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Figure 5

Effect of IL-10 on whole blood levels of TNFsRp55. TNFsRp55 levels

measured in whole blood prior to initiation of study drug (pre-study) were

set at 100%. The mean percentage production (+ SEM) at four weeks compared to pre-study is shown for each study group. The vertical axis

shows percentage TNFsRp55 levels for patient groups administered

placebo (placebo) or IL-10 at 1 pg/kg/day, 4 pg/kg/day or 8 pg/kg TIW

(depicted on the horizontal axis as placebo, 1,4 and 8, respectively). The numbers in parentheses above each bar indicate the range of percentage

TNFsRp55 levels obtained after four weeks of IL-10.

emerge (tachyphylaxis). Possible mechanisms include
neutralization of the response modifier by antibody pro-
duction, generation of soluble receptors, induction of spe-
cific antagonists, decreased expression of cell surface

receptors, or reduced signal transduction following
engagement of cell surface receptors.

The IL-10 effect has been examined over a one-day
period in ex vivo studies in healthy, non-HIV-1-infected

Table 1
Patient characteristics

Placebo IL-10 at 1 pg/kg/d IL-10 at 4 pg/kg/d IL-10 at 8 pg/kg TIW

m=9) n=9) (n=6) mn=9
Age
mean 42.7 36.0 335 424
(range) (32-54) (25-50) (22-44) (28-54)
SEM 2.09 2.75 3.16 2.46
Sex (M/F) 8/1 772 472 6/3
Race
Caucasian 4 8 2 7
Black 4 4 2
Hispanic 1
Native American 1
Weight (kg)
mean 70.9 74.8 68.7 77.0
(range) (61.4-85.0) (64.0-94.0) (52.0-83.9) (59.5-100.0)
SEM 43 3.6 5.1 4.6
CD4 (cells/mm?)
mean 377.0 410.8 386.4 317.6
(range) (175-814) (173-619) (142-808) (75-485)
SEM 57.1 50.4 78.5 40.2
HIV-1 RNA viral load 4.06 4.10 4.15 4.01
(log,o RNA copies/mL plasma)
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Table 2
Summary of cytokine data obtained in whole blood stimulated for 24 hr with combined IL-18
and LPS. The data are shown for each study group

Placebo IL-10 at IL-10 at IL-10 at 8 pg/kg
1 pg/kg/day 4 pg/kg/day TIW
IFNy 5/9 6/9 5/6 719
IL-1p 5/9 3/9 3/6 7/9
TNFa 6/9 4/9 3/6 5/9
MIP-1a 1/9 4/9 2/6 3/9
(Number of subjects with reduced cytokine/number of subjects in each study group).

volunteers [38]. In this prior study, a single intravenous
IL-10 injection suppressed ex vivo IFNy induction in
peripheral blood mononuclear cells three and six hours
post-IL-10 injection, but not 24 hours post-IL-10 injec-
tion. In the present study, compared to the placebo group,
reductions in stimulated (IL-18 and LPS) whole blood
IFNY, IL-1f and TNFa were noted three hours following
the first as well as the last IL-10 administrations (data not
shown). At the six-hour time point, corresponding reduc-
tions in cytokine synthesis after the first and last IL-10
administration were also observed (also not shown). The
reductions in cytokines three and six hours post-IL-10
injected following the first dose of IL-10 are well-
described, but this is the first report that after four weeks of
IL-10, the three and six-hour reductions were again ob-
served. These observations suggest a durable, suppressive
effect of IL-10 on cytokine induction over four weeks of
administration. The absence of tachyphylaxis to IL-10
administration supports the concept that the inability of
IL-10to reduce viral load during the study is not due to loss
of IL-10 activity.

This study demonstrated that although multiple doses of
recombinant human IL-10 did not affect HIV-1 viral load,
the pro-inflammatory cytokines IFNy and IL-13 were re-
duced, while circulating levels of TNFsRpS5 were simul-
taneously increased. While four weeks of IL-10 adminis-
tered to HIV-1-infected subjects resulted in trends
suggesting a net reduction of pro-inflammatory cytokines
and an increase in anti-inflammatory cytokines, none of
these results achieved statistical significance. The lack of
statistical significance was likely due to patient heteroge-
neity and/or small sample size. Also, although ex vivo
investigation is an attractive method with which to study
the effects of a therapeutic intervention on cytokine pro-
duction, ex vivo analysis may reflect in vivo cytokine pro-
duction inaccurately.

The failure of IL-10 to reduce HIV-1 viral load in this study
does not necessarily contradict the hypothesis that cytok-
ine modulation may be antiretroviral. Since statistically
significant IL-10 effects on HIV-1-modulating cytokines
were not obtained in these patients, the data are insufficient
to refute the hypothesis that cytokine modulation affects
HIV-1 production in vivo. The considerable literature dem-
onstrating the effects of cytokines on HIV-1 in vitro sug-
gests that further study of cytokine modulation as a means
of affecting HIV-1 production in patients should continue.
Study designs should carefully consider study population,
power analysis and the rationale for assessing particular
cytokines.
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