C-C Chemokines, IL-16, and Soluble Antiviral Factor Activity
Are Increased in Cloned T Cells from Subjects with
Long-Term Nonprogressive HIV Infection’
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A combination of three B, or C-C, chemokines, as well as IL-16, have been shown to inhibit HIV replication in vitro. Cellular
antiviral factor is a more potent agent, and acts on all HIV strains. All are mainly, but not exclusively, produced by CD8™ T cells,
both in HIV™ and healthy subjects. We studied the production of these HIV-suppressive factors in patients with H1V infection
at different stages of disease. No difference in production by PBMC stimulated with PHA has been observed in asymptomatic
HIV™, long-term nonprogressors (LTnP), and AIDS patients. When T cell line supernatants from these three groups were studied,
no significant difference was found for C-C chemokines or IL-16 production, and viral suppression. However, T cell clones from
LTnP secreted higher levels of all three chemokines, IL-16, and exerted a stronger inhibition on HIV replication. CD8™ clones
showed a higher production than CD4* clones. These clones were able to produce all antiviral factors irrespective of the
secretion of type 1 or type 2 cytokines. The antiviral activities were not correlated, implying that viral suppression did not
depend solely on C-C chemokines or IL-16. We postulate that all factors are needed to prevent HIV disease progression. The
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ell-mediated immune responses represent the main

bodily defences against viral infections. Among T lym-

phocytes, CD8 ™" cells are the primary effectors of cellular
immunity. Both cytotoxic, specific, lytic mechanisms and noncy-
totoxic, MHC-unrestricied, nonlytic actions are exerted by CD8™
lymaphocytes to control spread of viruses (1). The latter have been
described in HIV infection by Levy over 10 yr ago (2). The effect
is mediated, at least in part, by a soluble factor, which has not been
further characterized (1, 3).

Recently, Cocchi et al. (4) demonstrated an inhibitory effect on
HIV replication in vitro using a combination of three C-C chemo-
kines (RANTES,* MIP-1«, and MIP-18), and postulated to have
identified the nature of the antiviral soluble factor.

Chemokines are a superfamily of over 30 distinct proinflamma-
tory, inducible, secreted proteins of 6 to 14 kDa, which regulate the
traffic of leukocytes in mammalian species (5, 6). Most members
of the chemokine family exhibit from 20 to 50% homology in
primary amino acid sequences with a conserved four-cysteine
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motif. On the basis of the arrangement of the first two of these four
cysteines, two subfamilies of chemokines are recognized. The C-C
chemokines exert their activity on monocytes, basophils, eosino-
phils, and activated T lymphocytes, but not on neutrophils (6, 7).
Many other cytokines possess chemotactic properties for T lym-
phocytes, including the recently described C chemokine, lympho-
tactin (5), and IL-16, produced by CD8™" cells. Baier et al. (8)
reported that both African green monkey and human rIL-16 sup-
press HIV replication in vitro. The relationship between the re-
combinant and the natural product has been questioned (9), but
the antiviral activity, although at high doses, seems to be
confirmed (3).

Neither C-C chemokines nor IL-16 account in full for the
CD8"-derived antiviral activity described by Levy et al. (I, 3).
Therefore, it appears that these factors may synergize in suppress-
ing HIV replication. In HIV-infected patients, both CAF and C-C
chemokine production has been found to correlate with lack of
progression in HIV-infected subjects, and of infection in highly
exposed subjects, respectively (10, 11).

People with no sign of disease progression, despite several years
of infection with HIV, have been designated long-term nonpro-
gressors (LTnP), and found to retain an efficient immunity (12~
14). The characteristics of these subjects are very different from
those of patients progressing to AIDS, but very similar to asymp-
tomatic HIV-positive subjects who have a shorter time of infection
(15). We therefore looked at the production of all the antiviral
factors described in LTnP, asymptomatic HIV-positive individu-
als, and patients who progressed to AIDS. In addition, since a
switch from type 1 to type 2 cytokine production has been postu-
lated to determine disease progression (16), we also measured IL-4
and IFN-v levels in supernatants derived from mononuciear cells
and T cell lines (TCL) and clones {TCC) obtained from HIV-
infected and noninfected subjects, and compared them with the
production of different antiviral factors.

0022-1767/97/$02.00
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Materials and Methods

Patients

Thirty-one HIV-1 seropositive subjects from the Rome metropolitan area
represented our study group. A total of 13 patients (10 males and 3 fe-
males) had no symptoms, at least L0 yr of seropositivity, a stable absolute
number of CD4™ lymphocytes >500/ul, and no use of antiretroviral
agents. These individuals, defined as long-term nonprogressors (LTnP),
ranged in age from 31 to 48 yr; the route of infection was i.v. drug abuse
in 6 individuals, 5 maies were infected through homosexual sex and 2
women were infected heterosexually. HIV-infected individuals studied as
controls were |1 (7 male and 4 female) asymptomatic subjects with a
duration of infection of 1.2 to 3.5 years, CD4" lymphocytes stably >500/
wl, and age range from 24 to 42 yr. The route of infection was in 5 males
homosexual sex, 2 were i.v. drug abusers and 4 women were infected
heterosexually. Seven AIDS patients were HIV-infected males (age range
35 to 48 years), with CD4" T cell counts below 50/ul, all classified. ac-
cording to Centers for Disease Control and Prevention criteria as group IV
C-1. Seven HIV-seronegative subjects (four coauthors of this paper) were
also studied as healthy controls.

Not all subjects were analyzed in ail assays. In particular, TCL super-
natants were available in 4 patients in each group, PBMC were not studied
in AIDS patients, and antiviral activity was tested in 15 subjects (9 LTnP
and 6 asymptomatic HIV™ controls), due to unavailability of other super-
natants. TCC supernatants were selected according to high or low chemo-
kine production and Th pattern.

Flow cytometric analysis

For double-fluorescence analysis the cells were stained with the following
mAbs, R-phycoerythrin- or FITC-conjugated: anti-CD3 (Leu-4), TCR-ap8,
anti-CD45R0 (Leu-45R0), anti-CD4 (Leu-3a), and anti-CD8 (Leu-2a; all
from Becton Dickinson Immunocytometry System, Mountain View, CA).

A total of 2 X 10° lymphocytes from PBMC, TCL and clones were
delivered into the test tube containing 20 ul of each mAb, and placed in an
ice water bath for 20 min. After two washes with PBS containing 2% FCS
(Life Technologies, Paisley, Scotland. U.K.) and 0.02% NaN, cells were
resuspended in PBS. Quantitative analysis for double-color immunofluo-
rescence was carried out by flow cytometry (Cytoron Absolute, Ortho Di-
agnostic Systerns, Raritan, NJ), Five thousand events were acquired and the
data were analyzed by the Immunocount software (Ortho), in an IBM-
compatible computer. Live lymphocytes were electronically gated by the
side and forward light scatters.

PBMC stimulation, TCL, and TCC

Lymphoprep (Nycomed, Oslo, Norway)-separated PBMC were resus-
pended in RPMI 1640 (Life Technologies, Grand I[sland, NY) supple-
mented with penicillin 100 U/m} and streptomycin 100 ug/mi (Life Tech-
nologies), L-glutamine 2 mM (Life Technologies) and 10% FCS (Hyclone,
Logan, UT) (complete medium) at 2 X 10° cells/ml. Lymphocytes were
stimulated with PHA-P (1 pg/ml; Wellcome, Beckenham, U.K.) in 24-well
flat-bottom plates (Falcon, Oxnard, CA). After 48 h supernatants were
collected and stored at ~80°C for cytokine evaluation. rIL-2 (20 U/ml;
Boehringer Mannheim, Mannheim, Germany) was then added to the cells
at weekly intervals. After 3 wk, viable T blasts were resuspended in com-
plete medium (supplemented with 2-ME 50 uM; Sigma Chemical Co, St.
Louis, MO) and seeded at 0.3 cell/well in U-bottom 96-wells plates (Fal-
con), as described (17). A total of 2 X 10° irradiated (6000 rad from Cs
source) allogeneic mononuclear cells were used as feeders. After 3 wk,
growing wells were identified using an inverted microscope, and expanded
by weekly splitting and addition of r1L-2 supplemented complete medium.
TCL were also cultured in bulk with rIL-2 addition.

Assay of antiviral activity

The antiviral activity of supernatants was evaluated as previously described
(18). Briefly, C8166 cells were incubated with HIV-IIIB at multiplicity of
infection of 0.01 50% tissue culture infective dose/cell. After 1 b the cul-
ture was washed and resuspended in medium containing dilution of super-
natants of PHA-activated PBMC, TCL, or clones derived from LTnP and
asymptomatic HIV™ controls. HIV replication was evaluated after 72 h by
measuring the yield of viral Ags (p24 EIA, Abbott Laboratories, Abbott
Park, IL) and the reduction in comparison to the control has been calcu-
lated. The values reported in Results represent the medium * SD of the
percentage of reduction obtained using supematants of cells derived from
the two groups of patients. HIV strain I[IB has been chosen because it is
insensitive to the action of C-C chemokines (1, 4), and therefore it may
more appropriately reflect CAF activity.

SOLUBLE ANTIVIRAL FACTORS IN NONPROGRESSIVE HIV INFECTION

Table I.  C-C chemokines and cytokines production in PHA-
stimulated PBMC cultures®

LTnP Asymptomatic HIV™"
No. 11 10
RANTES 4(3.4-12.8) 4 (3.2-8)
MIP-1a 24 (3.8-225) 17.4 (4.8-52)
MIP-18 14.6 (4.6-207) 9.7 (4.8-36)
IL-4 80 (<15-290) 46 (<15-166)
{FN-y 1.6(0.1-12.5) 2.51(0.1-15.5)

? Production of C-C chemokines and prototypic type T and 2 cytokines by
48-h PHA-stimulated PBMC from LTnP and asymptomatic HIV* subjects. Re-
sults are expressed as median (and range) in ng/ml, except -4 {pg/m)).

Cytokine measurement

Supernatants of PBMC (11 from LTnP and 10 from HIV™* controls), TCL
(4 from each group of subjects, after 3-wk culture) and clones (at the
second month of culture) were collected 48 h after stimulation for PBMC,
or restimulation for TCL and TCC, with PHA-P (1 pg/ml). Cytokine con-
tent was determined in supernatants using the following kits: human IFN-v,
IL-4, RANTES, MIP-1a, and MIP-18 ELISA kits (Quantikine, R&D Sys-
tems, Minneapolis, MN) and human IL-16 capture assay (Immunokontact,
Frankfurt-am-Main, Germany). All samples were tested in duplicate and
thawed only once. Measurements were performed according to the man-
ufacturers’ instructions, and results interpolated from the standard refer-
ence curve provided with each kit. Supernatants were diluted 1:5 for IFN-y
measurement, 1:200 for RANTES, MIP-la and -8, [:10 for IL-16, and
undiluted for {L-4.

Statistical methods

We applied Wilcoxon’s rank sum test for mean differences of cytokines
levels, x> for proportions in disease groups, ¢ test for antiviral activity, and
linear regression analysis when applicable. A p value <0.05 was accepted
as significant.

Results
PBMC and TCL cytokines production

Cytokines production was studied in PHA-stimulated PBMC from
11 LToP and 10 asymptomatic HIV" subjects. Both IFN-y and
IL-4 were synthesized from all but 2 LTnP and one asymptomatic
patient, who produced IFN-vy but no detectable IL-4. All PBMC
cultures produced intermediate to high amounts of all three che-
mokines studied, and no significant differences between LTnP and
controls were seen even though a slight, not significant increase
was observed in MIP-1a and MIP-18 levels (Table I). IL-16 pro-
duction by PBMC was not investigated.

Four TCL from each group (healthy donors, LTnP, asymptom-
atic HIV™ subjects, and AIDS patients) were established. After
culture for 3 wk with rIL-2, the phenotype of T cells grown dif-
fered among the groups, with 65 to 78% CD4 " cells in healthy
subjects, 15 to 20% in the asymptomatic persons, 30 to 35% in
LTnP, and none in AIDS patients. The corresponding percentages
of CD8™ T lymphocytes accounted for most other cells, with 2 to
5% double-negative (CD4"CD87) af™ T cells in seronegative
controls and AIDS cases, and 2 to 3% double-positive
(CD47CD8™") af8™ cells in LTnP.

All TCL studied secreted IFN-v, but no IL-4 was detectable
(i.c., <15 pg/ml). Levels of IFN-y in TCL supernatants decreased
from LTnP to asymptomatic HIV™ subjects and healthy donors,
and last, to TCLs from AIDS patients (data not shown). MIP-18
(above 1 ng/ml) was found in TCLs from two healthy individuals,
and RANTES was measurable at a low level in only one; none
secreted MIP-1a above 1 ng/ml. Moderate to high levels of all
three C-C chemokines were found in TCLs from both LTnP and
asymptomatic subjects. TCLs obtained from AIDS patients pro-
duced very low amounts (<1 to <5 ng/ml) of MIP-1a, MIP-15,
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Table I\, Production of IL-16 and C-C chemokines in T cell lines*
Healthy Subjects Asymptomatic HIV™" LTnP AIDS
RANTES 1 (<1-3) 2 (<1-82) 7 (4-18) 1 (<1-4.8)
MIP-Tx 1(<1-1) 0 (1-250) 12 (2.6-27) 25 (<1-4.4)
MIP-18 35 (1-36) 8 (14-203) 36 (7-52) 1.5 (1-4.6)
IL-16 1.3 (<1-3.6) 4 (<<1-7.5) 3.9(2.4-4.1) 3(1-3.1)

+ C-C chemokines and IL-16 secreted by TCL (four in each group) after culture for 3 wk in rlL-2 and restimulation with PHA. Results (in nanograms per milliliter)

are reported as median (and range). All T cell lines produced IFN-y, but no IL-4.
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FIGURE 1.

subjects. Levels below 1 ng/ml (0.5 for IL-16) were undetectable.

and RANTES. These chemokines were never synthesized together
in TCLs from AIDS patients and in one TCL no chemokine was
detected. IL-16 was found to be present in most TCL supernatants
from all subjects. Levels were lower in TCLs from healthy sero-
negative individuals, and were similar (3 to 4 ng/ml) in all HIV*
groups studied (Table II).

TCC cytokine production

A total of 101 TCR-af™ CD45R0™ TCC (19 CD4", 73 CD8™", 6
CD4~CD87,3CD4"CD8™) from patients and controls were cho-
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A to D, Production of C-C chemokines and IL-16 in CD8" TCC from HIV™ patients (LTnP, asymptomatic HIV*, AIDS) and healthy

sen 1o study the production of IL-16, RANTES, and MIP-1« and
-B. on the basis of their Th profile, according to secretion of IFN-y
and IL-4. A total of 15 TCC were IL4"IFN-y~ (type 2), 35 IL-
AT IFN-y" (type 0), and 47 IL-4 IFNy" (type 1). No CD4"
clones were obtained from AIDS patients. We analyzed 25 TCC
from healthy subjects, 33 TCC from LTnP individuals, 19 from
asymptomatic HIV™ patients, and 24 from AIDS patients. Results
of CD8 clones are reported in Figure 1.

The simultaneous production of the three C-C chemokines was
more often found in CD8" TCC. in comparison with CD4™ TCC,
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Table . Chemokines and iL-16 production by a8 TCR* double-positive or double-negative TCC?
Cytokine
Clone No. Pattern RANTES MIP-Tar MIP-18 IL-16
Healthy donors
CD4-CD8~ Lv 29 Tht 119.5 <1 298.4 6.4
CD4-CD8~ RR 04 Thi 49 5 14.2 5.2
LTnP
CD4*CD8™ UNT01 35 Thi 10 10.8 57.4 3.3
CD47CD8™ UNT02 119 Thi 170 12.8 23.2 1.8
CD4*CD8™ UNT02 135 Tho <1 8.4 240.6 27.4
AIDS
CD4-CD8~ CD35 Tho 315 57.6 20.8 ND
CD4-CD8~ MF 11 Th1 27.5 20.6 10 9
CD4~CDh8~ CD13 ThO 15 48.4 63.6 2.6
CD4-CD8~ MF 41 Th2 12,5 42.4 21.8 ND

@ C-C chemokines and IL-16 secreted by DP or DN TCC after 48 h of PHA-P restimulation. Individual results are reported in nanograms per milliliter.

irrespective of the patient’s or control group (p < 0.002, p < 0.02,
and p-< 0.006 for RANTES, MIP-1a, and MIP-18, respectively).
Seven out of nine double-positive or -negative TCC produced all
three chemokines (Table III).

No relationship was found between the type 1 or 2 cytokine
pattern and C-C chemokines production, but higher amounts of all
three chemokines were found in Th1/ThO clones (Fig. 2, A to D).
MIP-18 production was significantly more represented in Th1 and
ThO clones (x? test: p < 0.03), producing IFN-y.

IL-16 production was found to be higher in CD8" compared

with CD4™ TCC supernatants (Table IV and Fig. 1D). However,
CD4™ clones from LTnP exhibited levels of IL-16 comparable to,
or even higher than, those of other groups’ CD8* clones. This
finding was associated with the observation that all 20 clones stud-
ied in LTnP secreted IL-16 (>0.7 ng/ml), but they decreased to
12/15 in healthy controls, 10/16 in asymptomatic HIV™ subjects,
and 7/13 in AIDS patients, with mean levels decreasing in the
same order.
RANTES production. A total of 20/22 CD8™ clones tested from
LTnP, 13/14 from asymptomatic stage II, and 17/20 from AIDS
cases produced RANTES, whereas only 11/17 from HIV™ controls
(x” test: p << 0.04 vs LTnP). This chemokine was detectable, at low
levels, in 7/19 CD4™ TCC (1/6 from controls, 2/8 from LTnP, and
4/5 from asymptomatic HIV ", Table IV). Double-negative and 2/3
double-positive TCC produced RANTES.

The highest levels of RANTES were found in LTnP CD8™

TCC, significantly more in comparison with CD8" TCC from
healthy donors (p < 0.03), asymptomatic HIV™ (p < 0.002), and
AIDS patients (p < 0.005). No differences were found among
CD8* TCC obtained from HIV-negative controls, asymptomatic
HIV™, and AIDS patients (Fig. 14).
MIP-1« production. A total of 15/22 CD8" clones tested from
LTnP, 8/14 from stage I, 17/20 from AIDS, and 10/17 from con-
trols, produced MIP-1e (Fig 1B). This chemokine was also found
in all CD4™ TCC from HIV™ subjects but only in 2/6 CD4™ TCC
from controls. Double-positive and all but one double-negative
TCC produced detectable levels of MIP-1« (Table III).

The highest levels of MIP-1a were found in LTnP CD8* TCC,
significantly different in comparison with CD8 " TCC from healthy
donors (p < 0.002), asymptomatic HIV™ (p < 0.002), and AIDS
patients (p < 0.03). MIP-1« levels synthesized by CD8% TCC
from AIDS patients were significantly higher when compared with
healthy donors (p < 0.03).

All CD4™" TCC from both LTnP and stage I patients, but only 2/6
from healthy donors, produced MIP-1ex (¥* test: p < 0.03).
MIP-18 production. High levels of MIP-13 were found in all
CD8" TCC, both from HIV™ or HIV™ seronegative subjects, but in
LTnP they were significantly higher compared with asymptomatic
HIV™ (p < 0.02) or AIDS patients (p < 0.01) (Fig. 1C). A total of
4/6 CD4™ TCC of normal subjects, 6/8 of LTnP, and 3/5 of HIV*
asymptomatic individuals secreted this chemokine (Table IV).

It is noteworthy that none of the Th2 CD4* TCC produced

MIP-1p, despite the fact that Th-2-like CD8™ clones secreted this
cytokine, although to a lesser extent than Th1/ThO-like clones
(p < 0.03).
Interleukin-16. All T cell clones from LTnP produced this cyto-
kine at levels above 0.7 ng/ml, in contrast to 7/11 CD4 ™ clones and
22/33 CD8™ clones of the other groups. Moreover, the amount of
IL-16 was significantly higher both in CD4" and CD8* TCC from
LTnP, compared with other control or HI'V-infected groups (Table
IV and Fig. 1D). Asymptomatic HIV™ subjects did not differ from
seronegative healthy controls for CD4" clones’ production of IL-
16, but their CD8™ clones secreted less of this cytokine with re-
spect to normal persons (p < 0.02), and did not differ from those
of AIDS patients.

Seven DN or DP TCC from normal seronegative controls,
LTnP, and AIDS patients produced detectable or even high
amounts of IL-16 (Table III).

Antiviral activity

We have preliminarily examined the ability of supernatants of
PHA-activated PBMC or TCL derived from LTnP and HIV™
asymptomatic controls (PBMC: nine LTnP and six HIV " controls;
TCL: four LTnP and four controls) to reduce HIV-1 replication.
The results show that the degree of inhibition of replication is
generally moderate and highly variable, being between 2.8 and
98%. No significant differences were observed between antiviral
activity (expressed as the average mean of percentage reduction
compared with the control value) of supernatants from LTnP and
that of supernatants derived from HIV*® controls (LTnPpgmc
80.2 * 12.0% vs HIV™' controlpgye 654 * 19.6% p = NS;
LTnP 47.8 = 41.3% vs HIV™ controly o 47.6 = 42.9%, p =
NS). The above values represent the results obtained in two dif-
ferent experiments in which the supernatants were diluted 1:5.
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FIGURE 2. A to D, Production of C-C chemokines and IL-16 in CD8* TCC according to Th pattern of cytokine production.

Supernatants of CD8* TCC from 10 patients (four L'TnP and six
controls) were also examined for antiviral activity. Interestingly, su-
pernatants derived from LTnP had a higher activity to reduce HIV-1
replication compared with those derived from controls (LToP,,,..
63.1 = 27.3% vs HIV® control .. 18.3 * 15.7%; p < 0.05). At-
tempts to correlate the presence of C-C chemokines or IL-16 with
antiviral activity have been made but no significant association has
been found between the degree of antiviral activity and the amount of
any cytokines present in various supernatants (Table V).

Discussion

Our study examined the putative role of antiviral factors (C-C
chemokines, IL-16, and soluble HIV-suppressive activity) secreted
by T cells in the progression of HIV disease, and determined their
lack of association with the production of type 1 or type 2 cyto-

kines. We were unable to observe differences in the production of
such factors when PBMC or TCL from HIV-infected subjects at
different stages of disease were studied, as has been described by
others (3). However, when TCC were used as sources of factors,
both CD4™ and CD8" clones from LTnP showed a higher pro-
duction of chemokines and IL-16, as well as a stronger inhibition
on HIV-IIB replication (a chemokine-insensitive strain) compared
with both AIDS patients and asymptomatic HIV™ individuals.
The different results obtained may be explained with the cellular
composition of cell types generating the supernatants studied: in
PBMC from asymptomatic persons and LTnP, a large proportion
of cells were CD4 %, also producing C-C chemokines and IL-16,
thus far thought to be a product of CD8™ T lymphocytes only (8),
whereas TCL from all groups were more homogeneous for the
cytokine pattern, being all IFN-y* producers, but with CD8* T
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Table V. Cytokine production by CD4" T cell clones®

SOLUBLE ANTIVIRAL FACTORS IN NONPROGRESSIVE HIV INFECTION

RANTES MIP-Ta MIP-18 IL-16 1L-4 IFN-y
Th Phenotype {ng/ml) (ng/ml) (ng/ml) (ng/ml) (pg/ml) (pg/ml)
Healthy individuals
Tht <1 6 7,2 1 0 265
Thi <1 <1 6 0.8 0 125
ThO <1 <1 3,6 1.1 33 110
Tho 25 11 68 2.07 1360 135
Th2 <1 <1 2 <0.5 74 0
Th2 <1 <1 2 2.05 49 0
LTnP patients
Thi <1 4,4 2 6.24 Q >5000
Thi <1 7,2 93,6 3.99 0 3475
Thi 10 8,8 14,8 5.93 0 5000
Thi 11 23,8 40, 8 3.92 0 4370
Tho <1 4,8 14, 4 2.57 50 3330
ThO <1 4 3,4 3.49 508 >5000
ThO <1 5 5,2 2.53 >2000 3315
Tho <1 4,4 2 9.58 665 4924
Asymptomatic HIV*
Thi 9 52 2,8 0.94 0 271
Tho <1 4 4 <0.5 714 345
Tho 10 8,2 7,6 1.27 513 190
Th2 14 3,6 <1 1.38 2000 0
Th2 12,5 3,1 <1 1.13 144 0

7 Cytokines were measured in supernatants collected after 48-h restimulation with PHA-P. All CD4* clones are represented.

cells in the order of >90% in AIDS patients, 80% in asymptomatic
HIV™ patients, 65% in LTnP, down to 30% or less in noninfected
healthy subjects. Therefore, no CD4" TCC seeded from TCLs
were grown from patients with AIDS. Only the use of single cell
clones revealed differences between recently infected asymptom-
atic and long-term asymptomatic HIV™ subjects. If one assumes
that clones grown are representative of the frequency of cells in the
original population, they represent a more powerful tool of anal-
ysis than mixed populations where only some cells contribute to
the phenomenon studied. Moreover, T cell clones gave us the pos-
sibility to gain information about the correlation between type 1
and type 2 cytokines and IL-16 or chemokines production (5). The
antiviral activity of the supernatants tested was often weak, and it
needs to be emphasized that a huge variability was recorded be-
tween samples from patients belonging to the same groups. Nev-
ertheless we found that supernatants from different subjects, although
containing significantly different amounts of C-C chemokines or IL-
16, did not significantly differ in their ability to reduce viral replica-
tion. It is possible that both the variability and the low antiviral ac-
tivity of some supernatants may be due to the presence of different
factors (i.e., content of susceptible CD4" cells, activation-induced
cytokines and PHA itself) affecting both the viral replication and the
cellular activation, which is known to modulate viral replication, as
well as in vitro consumption or binding of antiviral factors. This sug-
gests that the antiviral activity might be masked by the presence of
other (activating) factors. Indeed, when supernatants from clones,
which are supposed to contain Iower amount of “disturbing” factors,
were examined, higher antiviral activity was observed in those from
LTnP, despite <1 log of reduction on average, but no association was
found between the amount of chemokines or IL-16 and degree of
antiviral activity.

Furthermore, it is possible that the virus and the cellular system
used in this study are not suited for evaluating the antiviral activity of
such factors. Indeed, it has been reported that HIV-IIB is insensitive
to the antiviral activity displayed by chemokines (4), and it has been
selected because of this reason to evaluate the full antiviral potential

of T cells. However, we have obtained similar findings using another
viral strain (HIV-MN) and, more importantly, when present (>>80%
of reduction in five LTnP clones), the antiviral activity has been
promptly and accurately measured in both systems, thus indicating
that the experimental procedure is suitable to detect such type of ac-
tivity. However, we cannot rule out the possibility that other viruses
and/or other cells can allow detection of more reproducible results
and, above all, higher degrees of inhibition, and we are currently de-
veloping new test systems.

IL-16, a CD4-binding lymphocyte chemoattractant cytokine (8),
was found to be produced by both CD4™ and CD8 ™ T cells, with very
high synthesis in cells from LTnP. The nonexclusive pattern of pro-
duction, within the limits of the test used (showing, however, a higher
inducible secretion by CD8™, compared with CD4™, cell clones, with
again the exception of CD4™ cells from LTnP subjects), represents a
novel finding of this study. Moreover, we found no correlation be-
tween IL-16 and anti-HIV-IIIB activity, although in CD8* TCC su-
pernatants from LTnP IL-16 levels appeared to rise in parailel to the
content of RANTES and MIP-1¢, but not MIP-183. Therefore we
must look forward to other details addressing the antiviral function of
this cytokine, which seems also to be unrelated to the type 1 or 2
pattern of other cytokines. Its mode of action certainly does not ac-
count for the CD8-derived CAF activity (1, 3).

C-C chemokines are produced by both CD4 ™ and CD8™ T cells,
as well as by other cell types (5). In HIV™ subjects, and also in
healthy seronegative controls, CD8" T lymphocytes were the ma-
jor producers, but this applied also to IFN-vy production.

MIP-1a was produced at lower levels both in TCL and clones
from healthy donors compared with HIV™ subjects. MIP-1e che-
moattracts activated CD8" and NK cells, whereas MIP-18 is a
potent attractant for CD4™ lymphocytes (19, 20). Levels of this
latter chemokine are not significantly different between healthy
subjects and asymptomatic and symptomatic HIV". MIP-1« pro-
duction is up-regulated in HIV infection, and LTnP show a fivefold
increase of production compared with all other groups.
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Table V. Comparison between chemokine production and antiviral activity

RANTES MIP-1e MIP-18 IL-16 % of Viral Ag
(ng/mh {ng/mi) {ng/mh) {ng/m)) Reduction
PBMC
LTnP-1 3.4 9.4 8.0 86.6
L TnP-2 4 64.5 53.8 79
LTnP-3 3.8 6.8 7.8 67.1
LTnP-4 4.6 23.8 4.8 67.1
LTnP-5 6 25.8 36.2 73.1
LTnP-6 4.6 224 207 731
LTnP-7 3.8 54 33.6 98.6
LTnP-8 12.8 3.8 4.6 98.6
LTnP-9 3.8 9 14.6 79
HIV™ control 1 8 13.8 11.4 50.7
HIV* control 2 3.6 10.6 8.8 79
HIV™ control 3 4 21.8 10.4 56.7
HIV™ control 4 3.2 4.8 5.6 59.7
HIV* control 5 6.8 21 4.8 47.7
HIV* control 6 3.4 11.2 8.4 98.6
TCL
LTnP-1 4 2.6 46.6 4.1 0
LTnP-2 7 19.8 24 2.4 28.5
LTnP-3 18.2 27.4 51.8 3.8 91.4
LTnP-4 7.1 12 7 3.9 71.4
HIV™ control 1 <1 40 203 <1 0
HIV* control 2 4.2 1 48 3.9 28.5
HIV* control 3 82.6 250 48.8 7.5 99.2
HIV™ contral 4 6.2 1 1.4 3.9 62.8
aB*CD8™ Clones
LTnP-A (Th1) 60.5 146 412 3.9 99.1
LTnP-B (Th2) 64.5 100.4 48.4 3.9 66.0
LTnP-C (Th1) 35.5 70.2 185.4 9.5 53.5
LTnP-D (ThO) 145 62.8 54.6 11.9 33.9
HIV* control A (ThO) 29 46.8 37.8 1.2 47.3
HIV™ control B (Th1) 10 11.6 11.2 <0.5 19.2
HIV* control C (Th2) 10.5 6 8 1.2 12.1
HIV* control D (Th1) 25.5 11.6 111.2 2.3 17.8
HIV* control E (ThO) 13 4.4 3.4 <0.5 0
HIV* control F (Th1) 20 6.2 56.8 <0.5 13.4

The production of the C-C chemokines is not related to the type
1 or 2 cytokine pattern of CD4™ and CD8™ cells, with the notable
exception of MIP-1f, which is preferentially expressed in [FN-y-
producing clones. Our data on TCC from HIV ™ subjects demon-
strate that C-C chemokines and IL-16 secretion by T cells appears
to be independent of IL-4 and IFN-vy production. If we assume that
the hypothetical switch from Th1 to Th2 type of response underlies
the progression to AIDS (16), this model would not account for a
protective role of chemokines, because the two events are unre-
lated. Since we found that all antiviral activities are significantly
increased at the clonal level in cells from LTnP, and they are
expressed irrespective of the other cytokine types, it is difficult to
reconcile the different roles of these factors in HIV disease pro-
gression. The evidence provided that both C-C chemokines, IL-16,
and HIV-antiviral factor activity are independently present in
higher quantity in T cell clones of LTnP may constitute an indi-
cation that all are needed to prevent progression of HIV infection
to overt disease. It is necessary to emphasize that most immune
parameters differ between asymptomatic HIV* and patients with
signs of progression (3, 12-15), whereas little changes have been
found between LTnP in comparison with asymptomatic HIV™;
however, our study indicates that long-term nonprogressors also
have a quantitative increase in noncytolytic HIV-suppressive fac-
tors in respect to asymptomatic and immunologically balanced
HIV™* with a shorter time of infection, most of whom are likely to

develop symptoms within 10 yr (21). A clinical and immunologic
follow-up of these patients is currently being made.
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