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Recombinant human IL-16 inhibits HIV-1 replication and protects against
activation-induced cell death (AICD)
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SUMMARY

The chemoattractant cytokine IL-16 has been reported to suppress lymphocyte activation and to inhibit
HIV-1 replication in acutely infected T cells. We have cloned and expressed human IL-16 in
Escherichia coliand investigated whether the recombinant protein could regulate the level of
lymphocyte apoptosis from HIV-1-infected subjects. After purification and refolding, only 2—10% of
the recombinant cytokine was present in a biologically active homotetrameric form. This could
explain the need for high concentrations of the bacterially derived IL-16 to induce significant inhibition
of HIV-1 replication. Addition of IL-16 to unstimulated peripheral blood mononuclear cell (PBMC)
cultures from HIV-1-infected subjects did not modify the observed level of spontaneous lymphocyte
apoptosis. In contrast, IL-16 added to PBMC cultures stimulated with anti-CD3, anti-CD95 or
dexamethasone reduced significantly the percentage of lymphocytes undergoing AICD. This effect
was found to correlate with the ability of the cytokine to decrease CD95 expression on activated CD4
cells. Comparative studies on PBMC from healthy individuals indicated that the regulation of apoptosis
levels by IL-16 is a complex phenomenon and could depend on the nature of the activator used and/or
the immune status of lymphocytes tested. The outcome of CD4 cross-linking on T cells by various
ligands is discussed in the context of the observed beneficial activities of IL-16 and its potential role in
the treatment of HIV disease.
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INTRODUCTION peripheral lymphocytes of HIV-infected subjects, the increased
susceptibility to apoptosis was correlated with disease progression
}L?,S] or with high viral load [9] and could be prevented through
cosignals delivered simultaneously by IL-1 and IL-2 [10]. In

In HIV infection, functional defects and deletion of antigen-
reactive T cells are more frequent than can be explained b

direct viral infection. Cells from infected subjects were found to 2 R o .
undergoin vitro a spontaneous process of programmed cell deatl"fldd'.t'on’ the inhibition of AICD .COUld similarly be ach|eved by
costimulation of cell cultures with type-1 cytokines, interferon-

(PCD). This process also appeared to increase in magnitude upon .
cell activation with different stimuli [1,2]. Viral antigens including gamma (IFNy), IL-2 or IL-12 [11,12]. Nevertheless, a correlation

gp120 and tat have been reported to accelerate, even in nort?_etween the ability of a cytokine to inhibit HIV replication and to

infected lymphocytes, the AICD and are therefore believed toblock the increased sensitivity of lymphocytes to PCD is not yet

contribute to CDA T cell depletion in HIV disease [3,4]. The evident. This would necessitate a thorough evaluation of the
relationship between T cell depletion and PCD in HIV’ infection capacity of HIV-suppressive cytokines to inhibit in parallel the

has been further substantiated by tinevivo findings of high enh:nced Itehvel of I)rqmp.hocytke apo;;tos:s. . tant role in th
apoptosis levels, occurring predominantly in bystander cells, in mong the mechanisms known to play an important role in the

lymph nodes of infected subjects [5]. The increased intensity of theapOptOSIS of CDA lymphocytes following infection with HIV are

apoptotic phenomenon in lymph nodes was also linked to a generéme increased expression of the death receptor CD95 (Fas) and the

state of immune activation and was shown to be independent d]ncreased production of CD95-ligand by peripheral blood mono-

disease progression or of the level of viral load [6]. However, innuglear cells_ (PBMC) [13]. Cross-linking the CDA.' antlgen_, using
anti-CD4 antibodies or HIV-1 envelope glycoprotein, was similarly
Correspondence: G. M. Bahr, Institut Pasteur de Lille, INSERM Unite S_hown to enhan_ce T cell apoptosis by up-regulating CD95 and CP95'
167, 1 rue du Professeur A. Calmette, 59019 Lille cedex, France. ligand expression on lymphocytes and monocytes, respectively
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[14]. On the other hand, the natural ligand for CD4 has been(Bioprobe Systems, Montreuil, France). Reverse transcription was
identified as the chemoattractant cytokine IL-16 [15]. This mole-performed in 25l final volume containing 0-pg total RNA which

cule has been reported to be active only when present in homaowas incubated for 5 min at 66 before the addition of 0-25mmix
tetrameric form, to inhibit lymphocyte activation [16] and to dNTPs, X reverse transcriptase (RT) buffer (5@nTris—HC1
suppress HIV-1 replication [17,18]. Therefore, in this study wepH8-3, 75 nu KCI, 3mm MgC1,, 8 mm DTT, 4 U RNase inhibitor)
addressed the question whether CD4 cross-linking by its naturadand 200U Mu-MLV RT. The reaction was allowed 1h atG7
ligand could regulate the level of spontaneous and activationand 3min at 92C. To produce recombinant human IL-16,
induced cell death in cultures from HIV-1-infected subjects orwe amplified 2ul of the product of reverse transcription in the
healthy controls. In addition, we cloned, expressed and evaluategresence of IL-16-specific primers flanked with BamH1 at the
the inhibitory activity of recombinant IL-16 on the replication of 5 end and Hindlll site at the ‘3end. The primers derived
macrophage-tropic (M-tropic) and T-tropic HIV-1 isolates in from the published sequence of IL-16 [19] were: sense:
human PBMC. We present data to demonstrate that the HIVGAGAGGATCCATGCCCGACCTCAACTCCTCC, antisense:
suppressing activity of IL-16 is mediated by the tetrameric form. GAGAAAGCTTCTAGGAGTCTCCAGCAGCTGT.

However, the latter constitutes only up to 10% of the total protein  The amplified product of the right size was purified, digested
produced in the bacterial expression system. Furthermore, weith BamH1 and Hindlll, subcloned in pQE 30 expression vector
provide evidence for a protective activity of the recombinant(Qiagen GmbH, Hilden, Germany) and entirely sequenced. The
cytokine against AICD and we show that this effect is mediated,obtained sequence was identical to the published one [19]. The
at least in part, by down-regulation of CD95 expression on €D4 production of IL-16 was done ifEscherichia colifollowing the
lymphocytes from HIV-infected subjects. manufacturer's recommendations and was rendered endotoxin-free
(<0-125 endotoxin unit (EU)/2@y protein) by several passages over
polymyxin-B column (Pierce, Montluan, France).

Further purification of IL-16 by medium pressure liquid chro-
Study subjects matography was performed using a gel-filtration column (Bio-
A total of 34 HIV-1 infected subjects and 18 seronegative healthySilect SEC125.5, 3087-8 mm; BioRad) connected to the Biologic
controls was studied. Among the HIV group, 15 were asympto-Workstation (BioRad). The column was equilibrated with 50 m
matics (grade A according to the classification of the Centers fophosphate buffer, 200mNaC1, pH 6-8 at a flow rate of 1 ml/min.
Disease Control) and 19 were symptomatics (grade B). At the timd-ractions (0-5ml) were collected and were tested for inhibition of
blood samples were drawn, only one asymptomatic and fiveHIV replication as described below. Molecular weights of eluted
symptomatics were not receiving anti-retroviral therapy. The resforms of recombinant hiL-16 were deduced from a curve calcu-
of the subjects were on treatment with either two reverse trantated by plotting the decimal logarithm of standard molecular
scriptase inhibitors or a three-drug regimen containing one proweight protein markerssersustheir elution time expressed in
tease inhibitor. The CD4 counts (mears.e.m.; 662t 74 cells/ seconds.
mm?>; range 300—1458 cells/mthand viral loads (median 1992
copies/ml; range 150-293695 copies/ml) in the asymptomatic€ulture conditions
were comparable to those detected in symptomatic patientBBMC were isolated from heparinized blood samples by Ficoll—
(570=* 43 cells/mnt; range 394-1061 cells/mmand median Hypaque density gradient centrifugation, and cultured in RPMI
5306; range 200-199 970 copies/ml). None of the subjects pret640 (Geco, Courbevoie, France) supplemented with 10% fetal
sented with opportunistic infections during the study period.calf serum (FCS; Boehringer), 2unglutamine (Gsco) and 1%
Because no significant differenceBX0-05; Mann—WhitneyJ- gentamycin (Schering Plough, Levallois-Perret, France). Cells were
rank test) could be noted between grade A and grade B infectedultured for 24 h in 96-well plates (Costar, Brumath, France) at
subjects with regard to clinical parameters or to the effects of IL-162-5x 10°/ml or at 5x 10°/ml in 48-well plates (Costar). Lymphocyte
described below, data on all subjects from both categories werapoptosis was induced by stimulation with DEX {181), PHA

SUBJECTS AND METHODS

pooled to represent a single group. (1pg/ml) or anti-CD3 MoAb (0-mg/ml). The effect of CD95
cross-linking was also explored by incubating cells with the CD95
Reagents used MoAb CH11 (3ug/ml). When added to the cultures, MIR-and

Murine anti-human MoAbs used either in culture or for cytofluoro- IL-16 were used at 0-2 andud/ml, respectively, unless otherwise
metric detection were CD4—FITC, CD95-PE (UB2), IgG1-FITC, stated.

IlgG1-PE, CD3 (UCHT1) and purified azide-free IgM anti-human

CD95 (CH11) (Immunotech, Marseille, France). Other reagentdMeasurement of apoptosis

were dexamethasone (DEX), phytohaemagglutinin (PHA; SigmaApoptosis was measured by either optical or cytofluorometric
La Verpilliere, France), YOPRO-1 dye (Molecular Probes Inc, analysis of cell death, as previously described [12,20]. Briefly,
Eugene, OR), polyrA and oligo dT (Pharmacia, Saclay, France)cells were counted in a haemocytometer in the presence of 0-5%
and>H-thymidine triphosphate (Amersham, Les Ulis, France). Geltrypan blue. Cells counted as apoptotic included those with
filtration standards were from BioRad (lvry-sur-Seine, France).characteristic nuclear chromatin condensation and fragmentation
IL-2 was purchased from Boehringer Mannheim (Meylan, France)as well as dead cells that had lost trypan blue exclusion capacity.
and macrophage inflammatory protei®-{MIP-1«) from R&D Cytofluorometric analysis of cell death was assessed using the

Systems (AbingdonJK). impermeant DNA intercalatant YOPRO-1 dye, which was added at
10um final concentration to 810" cells and was allowed to stand
Cloning and expression of human IL-16 for 5min at room temperature in the dark. Cell analysis was

Total RNA from PHA-activated PBMC was isolated using performed on a Vantage cell sorter (Becton Dickinson) using an
RNA Plus and following the manufacturer's recommendationsargon-ion laser tuned to 488 nm. Green cell fluorescence, gated on
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forward and side light scatter, was collected using a:52® nm replication could be achieved with a concentratiarb ug/ml of
band-pass filter and displayed using a logarithmic amplificationthe recombinant cytokine. This effect was evident on all viral
Inhibition of cell death by costimulation with cytokines was strains tested, including the primary isolate CHR4. The replication

calculated as follows: of this latter was also found to be inhibited (63%) by the
(apoptosis in stimulated cells) (apoptosis in stimulated cells cytoking 100 continuous presence of M|R11|.n the culture Z.it a ?anentratlon
(apoptosis in stimulated cells) (apoptosis in unstimulated cells) of 0-2ug/ml (Table 1). The maximum level of inhibition observed

Th ducibilit d ificity of detecti f ot under our experimental conditions was 90% using the highest
€ reproducibiiity and specificity of detection of apoptolic o, 46yin-free concentration of our recombinant IL-16 £80ml).

ceII§ were yerlfled rgndomly on S"’_‘mples from five different We did not attempt to use higher concentrations to achieve 100%
subjects by (1) assessing the apoptosis levels on the same Samp‘ﬁﬁibition due to the potential and probable effect of minute

in triplicate and obtaining<5% variation among triplicate contaminants, which could lead either to false-negative or to
measurements, and (ii) cell sorting the populations represemingalse-positive ,results

apoptotic cells, following flow cytometry, and demonstrating that The relatively high concentration of IL-16 needed to induce

these cells did not show any uptake of trypan blue. significant inhibition of viral replication prompted us to evaluate
the percentage of the biologically active tetrameric form of IL-16
in our recombinant preparation. Thus, @pof the cytokine were
?)assed over gel filtration column and Q:bfractions of different
molecular sizes were collected as described in Subjects and
Methods. The fractions were filtered through 0428-Millipore

Phenotypic analysis of living cells

In some experiments, the expression of CD95 antigen on th
surface of living CD4 T cells was examined. PBMC stimulated
for 24 h with DEX, PHA or anti-CD3, in the presence or absence of

IL-16 (1 pg/ml) were first incubated with FITC- and PE-conjugated filters and were tested at 1:20 dilution (v/v), for the inhibitory

N(I)OA.bS (10ug for 10 cells in a 1004 final volume) for .30 min at activity on HIV-1 Bal replication. Results shown in Fig. 1
4°C in the dark. Cells were subsequently washed twice with cold

monstrate that the virus-inhibitin tivity of IL-16 was retain
PBS containing 10% bovine serum albumin (BSA). Live lympho- demonstrate that the virus biting activity o 6 was retained

. ST o in the fraction containing the tetrameric form (50—60 kD), but
cytes were gated using their higher forward and side light scattef hich only represented 2—10% of the total protein (in six different

|nte_ns_|t|es ?nd were agalysed fof: smultaneousfdog%i staglg%g atch preparations). Extrapolations from these results suggest that
emission of green and orange fluorescences for an e observed IL-16-mediated inhibition on HIV-1 replication

expression, respectively. Percentages of CD95-expressing TD4 .\ "ot 4 concentration range of 100—500 ng/ml of the active
cells were determined after correcting for non-specific dOUblehomotetramer
staining. '

Effect of IL-16 on spontaneous and activation-induced cell death
We then evaluated the ability of IL-16 to regulate the level of
spontaneous lymphocyte apoptosis and AICD detectambigétro

HIV-1 infectionin vitro

PHA blasts generated in 3 days’ culture of PBMC from healthy
donors were incubated for 2h at “87 with a dose of HIV-1
corresponding to 5000 ct/min of RT activity per®ieells. Follow-

ing two washings, cells were cultured ak%0°/ml in medium
containing 10 U/ml IL-2 and were fed twice a week by replacing
0-5ml of the supernatant with fresh medium. Cytokines evaluated
for inhibitory effects on HIV replication were added immediately

Table 1.IL-16-mediated inhibition of HIV-1 replication in acutely infected
human peripheral blood mononuclear cell (PBMC) cultures

upon seeding and were present continuously in culture. Infection Strain of
was performed with one of three isolates: the T-tropic strain HIV-1Experiment HIV-1 Cytokine added  RT levels Percent
1B, the M-tropic strain HIV-1Bal and a primary non-syncytium- no. used £9/ml) (ct/min) inhibition
inducing, M-tropic strain CHR4, which was isolated from an HIV-1
individual and was phenotyped in our laboratory. Viral replication 1 1B - 37125 -
was evaluated by the level of RT activity in culture supernatants, as :::12 Eg'gf) gg’ 888 33
previously described [21]. IL-16 (5.0) 15500 =g
Statistical analysis 2 Bal N 51884 -
o . . . IL-16 (1-0) 32018 38
Statistical comparisons were made using the non-parametric IL-16 (10-0) 23270 55
Wilcoxon matched-pairs test or Mann—Whitné&lrank test.
Probability values<0-05 were considered significant. 3 CHR4 _ 82895 _
IL-16 (1-2) 60517 27
IL-16 (5-0) 40794 51
RESULTS IL-16 (20-0) 15636 81
MIP-1« (0-2) 36715 63

Effect of IL-16 on HIV-1 replication in human PBMC
PHA-activated cells from different donors were infected either

with T-tropic or M-tropic HIV-1 isolates and were maintained in vjrus dose equivalent to 5000 ct/min reverse transcriptase (RT) activity;

culture in the absence. or presence of various concentrations Utokines were added immediately after infection and were present con-
IL-16. The level of RT in the supernatants was assessed bEtweqP\uously in culture. RT levels reflect means of triplicates and were

days 7 and 14 and results from three representative experiments afRasured on day 12 post-infection in experiment 1 and on day 7 in
shown in Table 1. It was noted that a 50—60% inhibition of viral experiments 2 and 3.

Phytohaemagglutinin (PHA)-activated cells were infected with a
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7] concentration tested. Thusu@/ml of IL-16 was then used in all
— 100 further experiments to evaluate the effects on apoptosis level. As
shown in Table 3, cells from healthy individuals incubated for 24 h
in the presence of IL-16 showed a significant increase (32%) in the
0-100 — - 80 detectable level of spontaneous apoptosis. In contrast, IL-16 did
not exert any detectable change in the level of spontaneous
apoptosis when added to cells from HIV-1-infected subjects.
Addition of the 3-chemokine MIP-& to cell cultures from the
HIV group slightly increased the percentage of lymphocytes
undergoing spontaneous apoptosis, although this effect did not
B y | attain statistical significanceP¢0-05, Wilcoxon matched-pairs
/.\ J test). On the other hand, IL-16 appeared to exert a different profile
— -1 20 of activity on the level of AICD (Table 3). Thus, in cell cultures
L i from healthy controls, the co-addition of IL-16 with DEX or with
0-000 N _l PHA reduced significantly by 29% and 15%, respectively, the level
Fractions of AICD. No significant effect could be attributed to IL-16 in the
protection against anti-CD3- or anti-CD95-induced apoptosis.
protein and evaluation of their HIV-suppressing activities. Purified IL-16 Under the same culture conditions, costimulation of cells from

(25p9) was loaded onto gel filtration column at a flow rate of 1 ml/min. HIV-l-Infected _SUbJECtS with _”-'16 reduced S'gr?'f'camly the
Fractions (0-5ml) were collected, diluted to 1:20 and tested for theBPOPtOSiS level induced by anti-CD3 (22%), by anti-CD95 (53%)
inhibition of HIV-1Bal replication in acutely infected phytohaemagglutinin Of by DEX (27%), without modifying the level induced by PHA
(PHA) blasts. The solid line represents the optical density (OD) values af2%). However, costimulation with MIPelat 0-25.g/ml did not
280nm and open bars reflect the percentage inhibition of reverse trarappear to exert any protective activity against DEX- or PHA-
scriptase (RT) levels measured on day 14 post-infection. Arrows indicaténduced cell death in cultures from HIV-1-infected individuals
the position at which standard molecular weight proteins were eluted fro”(TabIe 3).
the column: 1 is thyroglobulin (670 kD), 2 is 1gG (150kD), 3 is human — papresentative data, using flow cytometric analysis, of the
serum albumin (67 kD), 4 is ovalbumin (44 kD) and 5 is horse myoglobin o 1 ctive activity of IL-16 against DEX-induced apoptosis in cells
(17kD). . ) o L
from one infected subject are shown in Fig. 2. Cultures maintained
in medium without any stimulants for a period of 24h showed
14-3% YOPRO-1 cells undergoing spontaneous apoptosis
from cells of HIV-infected subjects or healthy controls. Results (Fig. 2a). The percentages of YOPRO<dells in parallel cultures
shown in Table 2 represent the level of lymphocyte apoptosisstimulated either with DEX (Fig. 2b) or with DEX and IL-16
detectable under different culture conditions, from the two testedFig. 2c) were found to increase to 34:8% or to 24-6%, respectively.
groups. The percentage of spontaneous apoptosis in cells frofhus, addition of IL-16 to DEX-treated cultures resulted in 50%
HIV-1-infected subjects was significantly higher than, and overprotection against AICD.
twice as much as that observed in cells from healthy controls.
Similarly, the net percentage of AICD by anti-CD3 or by DEX was Effect of IL-16 on CD95 expression
significantly elevated in cells from HIV-1-infected individuals, The level of AICD in CD4 lymphocytes has been attributed to
whereas that induced by IgM anti-CD95 or by PHA was similar increased expression of the death receptor CD95 [13,14]. In an
and not significantly different among the two groups (Table 2). Inattempt to understand the mechanism of the protective activity of
preliminary experiments on cells from three subjects, addition oflL-16 on AICD, we analysed the level of surface expression of
0-01, 0-1 or Lg/ml of IL-16 to 24 h cultures demonstrated a dose- CD95 on CD4 lymphocytes following stimulation of PBMC
dependent inhibition of AICD which was maximal at the highest with DEX, with anti-CD3 or with PHA in the absence or presence

4w
<
<

0125y vy

0-075 — — 60

OD 280 nm

0-050 — — 40

Percent RT inhibition

0-025

Fig. 1. Separation of various oligomeric forms of IL-16 in the recombinant

Table 2. Levels of spontaneous apoptosis and AICD in lymphocytes from healthy controls and HIV-infected subjects

Percent AICD by

Subjects Percent spontaneous

tested apoptosis Anti-CD3 Anti-CD95 DEX PHA

Healthy 6-7-0-5 1.-6-0-7 2:4+1.3 9.1+ 1.3 151+ 2.5
(n=16)* (n=15) h=8) (n=16) h=12)

HIV-infected 15-1+ 1.1t 4.7+ 0-8t 3:6:09 13.9+0-8% 13.6:2-3
(n=34) h=33) (h=18) h=34) (h=21)

Peripheral blood mononuclear cells (PBMC) were cultured for 24 h in the absence or presence of anti-CD3, anti-CD95,
dexamethasone (DEX) or phytohaemagglutinin (PHA). The presented percentages of cells undergoing AICD (% AICD) reflect
the meanst s.e.m. of net values obtained over those of spontaneous apoptosis.

*Number of individuals tested.

T Significantly different from the corresponding values of healthy subj&t(05; Mann—Whitney-rank test).

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$1284-91



88 T. Idzioreket al.

Table 3. Modulation of the levels of spontaneous apoptosis and AICD by DISCUSSION

IL-16 or macrophage inflammatory proteia-{MIP-1c . .
phag yP { ) Important advances have recently been made in the recognition of

processes involved in HIV-1 entry into cells and in the identifica-

Percent modulation of apoptosis tion of cytokines with virus-suppressing activities [22—25]. Several
levels in cells from « and@ chemokine receptors were found to serve as cofactors used
Activator Cytokine by different HIV-1 isolates to infect different cell populations
used added Healthy controls HiV-infected 22 23]. The respective ligands of these receptors were in turn
. reported to block viral entry [24,25]. On the other hand, IL-16, the
EEEZ M:';_f 1% ,%lgl ast ;'ﬁ gi gg; lymphocyte chemoattra_ctant_t_hat bin_ds_tq the major HI\_/-l recep-
Anti-CD3 IL-16 3.2+ 130 (15) _21.8+ 9.6 (33) tor CD4_, has also been identified as inhibitor of HIV rep_hcaﬂon in
Anti-CD95 IL-16 7.8+ 23.0 (8) —53.4+28.1* (18) acutely mf_ecteq PBMC culturgs [17,26]. Our_resu_lts,.usmg M- and
DEX IL-16  —28-8+ 10-5* (16) —26-6+ 5-4* (34) T-tropic virus isolates, confirm these earlier findings and the
DEX MIP-1c ND 11-2+ 7-3 (10) requirement to use f&g/ml of the recombinant cytokine produced
PHA IL-16  —15-2+3.3*(12) 2.0+ 8-3 (21) in the E. coliexpression system, to achieve 50% inhibition of viral
PHA MIP-1o ND 27-0=3-7 (8) replication. The need for such a high concentration of recombinant

IL-16 was attributed to different folding characteristics of the

Peripheral blood mononuclear cells (PBMC) were cultured for 24 h in bacterially derived protein [17]. Our data support these findings
the absence or presence of activators and one cytokine (IL-1ggiior ~ and show that the protein derived from expressiorEincoli is
MIP-1a at 0-25ug/ml). Changes in the level of apoptosis due to the mostly in monomeric or dimeric forms which lack HIV-suppressing
presence of a cytokine were calculated as described in Subjects araictivity. Analysis of different batch preparations of IL-16 revealed
Methods; presented values are the means.e.m. and negative values that the tetrameric form responsible for the virus-inhibiting effect
reflect reduced levels of apoptosis. ND, Not done. did not exceed 10% of the total protein. Although these results do

*Significant  differences R<0-05; Wilcoxon matched-pairs test) pot clarify the reasons for the improper folding of the bacterially
between values _obt‘allned in the presence and in the absence of Cymk'nederived IL-16, they clearly suggest that when present in properly

TNumber of individuals tested. folded active form, tetrameric IL-16 exerts potent HIV-suppressing

activity at v concentrations. Similar virus-inhibiting concentrations

of the cytokine have been recently reported in Jurkat cells trans-
of IL-16. Results presenting the percentages of CBdd CD95 fected with IL-16 cDNA [18]. The mechanism of HIV suppression
gated lymphocytes in cultures from nine HIV-1-infected subjectsby IL-16 has been shown not to involve steric inhibition of viral
are shown in Fig. 3. The mean of double-positive lymphocytes inbinding to CD4, but to be mediated through repression of HIV
DEX-treated cultures was 21-1%, and this was found to becoméng-terminal repeat promoter activity [27]. Interference with the
significantly reduced in cultures stimulated with DEX and IL-16 transcription of early HIV regulatory genes has also been suggested
(Fig. 3a). Similarly, co-addition of IL-16 with anti-CD3 decreased as a complementary or alternative mechanism [18]. All these obser-
the percentage of CD4 and CD95 double-positive cells from 36%vations have been made on CDdymphoid cells, but whether
to 28%. Although this effect did not attain statistical significance similar IL-16-mediated effects operate on reservoir cells, including
(P>0-05), the reduction in the expression of CD95 on ¢D4 macrophages and dendritic cells, is not yet known and needs to be
lymphocytes could be observed in cultures from seven out of nin@ddressed in future studies. Another issue which still awaits
tested subjects (Fig. 3b). On the other hand, no change in thelarification is related to the question of whether the 130 amino
percentage of CDZ lymphocytes expressing CD95 could be acid recombinant IL-16 represents a major form of the naturally

attributed to IL-16 in PHA-stimulated cultures (Fig. 3c). secreted cytokine [28]. This would be relevant for a proper
1000 [ (a) 1000 | (b) 1000 | (c)
_ 800 _ 143 800 |— 348 800 — _24'8
g ' - ' -
8 600 600 600
o g B
‘;" 400 400 400
.E \
200 [ 200 [ 200 [
0 :HHHH‘ HHHH‘ HHHHl [IHHH‘ 0 :HHHH‘ HHHH‘ HHHH‘ HHHH‘ 0 :]JHHH HHHH‘ HHHH‘ [IHHH‘
10° 10" 102 10° 10* 10° 10" 102 10° 10* 10° 10" 107 10® 10?

YOPRO-1 fluorescence YOPRO-1 fluorescence YOPRO-1 fluorescence

Fig. 2. Flow cytometric analysis of the protective effect of IL-16 on dexamethasone (DEX)-induced apoptosis. Peripheral blood mononuclear
cells (PBMC) from one HIV-infected subject were cultured for 24 h with (a) medium, (b) DEX and (c) DEX and IL-16. Cells undergoing
apoptosis were quantified by staining with YOPRO-1 dye and the percentage of positive cells in the upper right quadrant reflects that of
apoptotic cells.
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70 — 70 — 70 — CD95 expression on activated CD4 cells may well explain the
oo L (a) | (b) | (c) protective activity of this cytokine against AICD. However, other
S 60| 60 |— 60 |— alternative or additional mechanisms can not be ruled out, includ-
o | L L ing inhibition by IL-16 of the secretion of cytokines which enhance
® 50 |— - - apoptosis [34]. Such a mechanism would clearly differentiate the
@ 50 50 50
g_ u u o activity of IL-16 on AICD from that of other CD4 ligands which
X 40— 40 — 40 — are known to induce secretion of cytokines implicated in enhancing
2 L L — L PCD [30,35]. Alternatively, the difference in the activity of IL-16
830 30— 30— from that of other CD4 ligands may well be linked to the
=L B _ L recognition of different epitopes on the CD4 molecule [15].
S 20— 20 |- 20 |- Signals transduced following the binding of certain anti-CD4
= L B L —%— antibodies or gp120 to their respective epitopes have been shown
:1_5 10 - 10 - 10— to result in the inhibition of binding activities of hqclear factors
g | L R that are known to up-regulate gene enhancer activity of IL-2 [36].

! 0 ! ! 0 ! ! In addition, different CD4 epitopes have been reported to induce
DEX DEX CDh3 CD3 PHA  PHA distinct signalling properties, and those recognized by anti-CD4 or
16 16 L6 gp120 were found inefficient in activating the transcription factor

NF-AT, needed for IL-2 gene expression [37]. The latter cytokine,
Fig. 3. Effect of IL-16 on CD95 expression in CD4lymphocytes.  however, is known to possess apoptosis-inhibiting effects on cells
Peripheral mononuclear cells from HIV-infected subjects were culturedfrom HIV-infected subjects [38]. Thus, it will be of high interest to
for 24h with () dexamethasone (DEX), (b) anti-CD3 antibodies and (c)examine in future studies whether signalling via the IL-16 epitope
E:hyllltohaem?k?glugninbEPHf)_, i”(;he,t":]bfslence orpresence (;f ijL-Jlgt'/ﬁ(]:I)D.A on CD4 could result in up-regulating IL-2 enhancer activity. On the

ells were then double-stained with fluorescein-conjugated anti- an s :

PE-conjugated anti-CD95. Plotted values represent tfiegpercentage 6fCD4(1$th.er hand, the ?b.mty of all t.hre.e CD4 ligands, IL-16, gp120 and
lymphocytes expressing CD95. Bars indicate the arithmetic mean valuesantl'CDLl’ to inhibit HIV repl_lcatlon [39,40] grgues that sugh an

effect would have to be mediated by mechanisms that are different

from those implicated in regulating apoptosis. This is also sub-
understanding of the physiological role of natural IL-16 in the stantiated by our findings that MIRxJexerts HIV-suppressing but
inhibition of HIV replicationin vivo. However, clarification of this  lacks anti-apoptotic activities.
issue will not modify the potential value of recombinant IL-16 in The protective effect of IL-16 against AICD appears to be
the therapeutic approaches against HIV infection. dependent on the nature of the activator used and on the immune

Cross-linking CD4 molecules by HIV-envelope protein gp160 status of lymphocytes tested. In this respect, IL-16 protected
or by anti-CD4 antibodies has been shown to induce lymphocytdymphocytes from HIV-infected subjects against PCD induced
apoptosis in PBMC cultures from normal individuals. This effect by anti-CD3, by IgM anti-CD95 or by DEX, whereas no such
was found to be related to an up-regulation of CD95 expression oeffect could be noted on PHA-induced apoptosis. These findings
lymphocytes through the induced secretion of tumour necrosisould be explained by the inability of IL-16 to down-regulate
factor-alpha (TNFe) and IFN+ [29,30]. We have also observed a CD95 expression in PHA-stimulated cells (Fig. 3). Alternatively,
small yet significant increase in spontaneous apoptosis of lymphocD95/CD95 ligand interaction may not be involved in the process
cytes from healthy donors following incubation with IL-16. How- of AICD following PHA stimulation of cells from HIV-infected
ever, this was not the case when cells from HIV-infected subjectsubjects. This would be in agreement with previous findings
were treated with the cytokine, and no modification of the alreadydemonstrating that AICD can be mediated by multiple and/or
elevated level of spontaneous apoptosis could be detectedifferent mechanisms [41,42]. In addition, our findings of a
Although we have not analysed the mechanisms of this phengprotective activity of IL-16 on the PHA-induced apoptosis of
menon, the difference in the effects of IL-16 could be explained bylymphocytes from healthy controls suggest that distinct mechan-
a difference in the responsiveness of CD4 lymphocytes fromisms, which could be triggered by the same activator, may operate
patients to the chemoattractant cytokine. This may well be attriin health and in disease [43].
buted to an altered state of cell activation, to an altered level of CD4  Finally, the state of chronic immune activation in HIV infec-
expression and/or to an altered efficiency in signal transductiontion has been linked to the gradual and continuous process of
Alternatively, the explanation may be an indirect one related tommune deficiency resulting from T cell depletion [44]. Although
defective responses of accessory cells from patients to IL-16. Thithe evidence for a direct correlation between the level of viral load
is supported by two independent findings: (i) an abnormal functiorand cell apoptosis is still questionable [45], results on the use of
of monocytes in HIV-1 infected subjects [31], and (ii) the need for highly active anti-retroviral therapy suggest a direct relationship
the presence of accessory cells in the PBMC populations in order tbetween sustained suppression of viral replication and enhanced
induce lymphocyte apoptosis through CD4 cross-linking [29].  lymphocyte count or immune recovery [46]. Moreover, effective
The effect of IL-16 on the inhibition of AICD may reflect a anti-retroviral treatment has been recently demonstrated to result in

major difference in the outcome of signals transduced followingdown-regulation of CD95-ligand expression on T cells, suggesting
CD4 ligation with different ligands. Cross-linking CD4 molecules that significant reduction in virus replication could lead to a
with gp120 in the presence of anti-T cell receptor stimulation hagdecrease in the PCD of uninfected cells [47]. Thus, therapeutics
been reported to increase AICD through a mechanism involvingapable of inhibiting viral replication and simultaneously blocking
CD95/CD95 ligand interaction [32]. Similar results have also beenAICD may have stronger and more rapid effects in the treatment of
obtained when anti-CD4 antibodies were used as the ligandHIV disease. Our results on the efficacy of IL-16 to down-regulate
[30,33]. Our findings on the ability of IL-16 to down-regulate both processes related to the infection give a high potential and
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priority for the clinical development of this cytokine as adjunct
therapy to anti-retrovirals.
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