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Natural Killer Cells from HIV-1 * Patients Produce C-C
Chemokines and Inhibit HIV-1 Infection?

Todd A. Fehniger,*'® Georges Herbein Haixin Yu,* T Michael I. Para,*® Zale P. Bernstein!
William A. O'Brien, T and Michael A. Caligiuri 2 '3

Human NK cells have been shown to produce cytokines (e.g., IFM-and TNF-«) and the chemokine macrophage inflammatory
protein (MIP)-1 « following stimulation with the combination of two monokines, IL-15 plus IL-12. The C-C chemokines MIP-l,
MIP-1 8, and RANTES have been identified as the major soluble macrophage-tropic HIV-1-suppressive factors produced by CD8
T cells, which exert their action at the level of viral entry. Here, we demonstrate that monokine-activated NK cells, isolated from
both normal and HIV-1* donors, produce similar amounts of MIP-1a, MIP-1 8, and RANTES protein, in vitro. Further, super-
natants of monokine-activated NK cells obtained from both normal donors and AIDS patients showed potent (routinel90%)
suppressive activity against HIV-1 replication in vitro, compared with unstimulated control supernatants. NK cell supernatants
inhibited both macrophage-tropic HIV-1 gn.sx @nd T cell-tropic HIV-1 , ,_3 replication in vitro, but not dual-tropic HIV-1 g4 &
Importantly, the C-C chemokines MIP-1«, MIP-1, and RANTES were responsible only for a fraction of the HIV-1-suppressive
activity exhibited by NK cell supernatants against macrophage-tropic HIV-1. Collectively these data indicate that NK cells from
normal and HIV-1* donors produce C-C chemokines and other unidentified factors that can inhibit both macrophage- and T
cell-tropic HIV-1 replication in vitro. Since NK cells can be expanded in patients with HIV-1, AIDS, and AIDS malignancy in vivo,
this cell type may have an important role in the in vivo regulation of HIV-1 infection. The Journal of Immunology,1998, 161:
6433-6438.

response to a variety of viruses, fungi, parasites, and bacef HIV-1 in vitro (11, 12). The C-C chemokines MIRx1MIP-1,
teria (1-4). Resting human NK cells constitutively ex- and RANTES have been identified as major CDB cell-derived
press a number of cytokine receptors and secrete immunoreguld-tropic HIV-1-suppressive factors (13) and act by competitivg
tory cytokines following receptor activation (5, 6). We have binding to CCRS5 or by down-regulation of surface CCR5, the pré
previously shown that the monocyte/macrophage-derived cytomary coreceptor for M-tropic HIV-1 entry into target cells (148
kines (monokines) IL-15 and IL-12 are potent costimulators of15). Wagner et al. have recently shown that the C-C chemoklr@s
IFN-vy, TNF-a, as well as the C-C chemokine macrophage inflam-are released from the CD8 cell cytolytic granules complexed to 3§ R
matory protein (MIPJ-1a, production by human NK cells (7-9). proteoglycans and, in this form, exert greater inhibition of HIV- @
HIV-1 isolates are categorized as macrophage-tropic (M-tropic)replication (16). Similarly, CXCR4 has been identified as the C@’r
T cell-tropic (T-tropic), or dual-tropic, based upon their ability to receptor for T-tropic HIV-1 entry (17) and is inhibited by its nat-u
replicate in monocyte-derived macrophages and/or T cell linegiral CXC chemokine ligand, SDF-1 (18, 19). Based upon this cqf-

(10). Soluble factors derived from the culture supernatants of actelation between cellular tropism and coreceptor usage, it has b@en
proposed to refer to M-tropic HIV-1 strains that utilize coreceptqy
CCR5 as R5 viruses, to T-tropic strains that use coreceptg)r
CXCR4 as X4 viruses, and to dual-tropic strains utilizing botg
Divisions of *Hematology/Oncology!Human Cancer Genetics, afiafectious Dis- coreceptors as R5X4 viruses (20).
ease, Department of Internal Medicine, afizepartment of Medical Microbiology
and Immunology and the Comprehensive Cancer Center, Ohio State University, Co- Exogenous, s.c. administration of ultra-low dose IL-2 has be%’]
lumbus, OH 43210%Division of Infectious Disease, Department of Internal Medi- ShOwn to selectively expand human NK cells in vivo (21-23). wé
cine, University of Texas Medical Branch, Galveston, TX 77555; @epartment of have observed a S|gn|f|cant, selective expans|0n of this subset of
Medicine, Roswell Park Cancer Institute, Buffalo, NY 14263 . . .

innate immune effector cells in both phase | (21) and phase Il (23)
studies of ultra-low dose IL-2 therapy given to patients with AIDS
The costs of publ_lcatlon of this article were defrayed in pqn by the payment of Pageyng AlDS-associated malignancies, when CDHcells are often

charges. This article must therefore be hereby maddbrtisemenin accordance .
with 18 U.S.C. Section 1734 solely to indicate this fact. below 100/mm. Additionally, we have shown that ultra-low dose

1 supported by Grants P30CAL6058, CA09581, CA68456, CA65670, CA/AIg1542IL-2 therapy can increase endogenous IfFigene expression in

(to M.A.C.) and NS-35705 (to W.A.O.) from the National Institutes of Health. T.A.F. these patients in vivo, as well as enhance H-protein production

is the recipient of the Howard Hughes Medical Institute (Chevy Chase, MD) Researc

Fellowship for Medical Students and of the Bennett Fellowship from Ohio Staterby LPS- andToxopIasma gondﬁtlmUIated PBMC in vitro (24)

University College of Medicine. Thus, the human NK cell represents an expandable reservoir of

2 Address correspondence and reprint requests to Dr. Michael A. Caligiuri, Ohio Stat€ytokine producing cells in HIV-1-infected patients.

University, 458A Starling-Loving Hall, 320 West 10th Avenue, Columbus, OH In the current Study we investigated whether NK cells derived

43210. E-mail address: caligiuri-l@medctr.osu.edu . ’ . .

3 Abbreviati dinth b hage inf . i Mtroni from HIV-1-infected patients produce C-C chemokines, and
reviations used in this paper: ; macrophage inflammatory protein; M-tropic, . . :

macrophage-tropic; T-tropic, T cell-tropic; HAB, human AB serum; rh, recombinant \.Nh?t.her mon.Okme_'aCtllvat.ed NK cells from such patients could

human; PE, phycoerythrin. inhibit HIV-1 infection in vitro.

T he NK cell is a critical component of the innate immune tivated CD8 T cells have been shown to suppress the replicati
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Materials and Methods p24). Target cells were then washed twice with RPMI 1640 to remove
Reagents excess unbound virus, and the NK cell-conditioned supernatants (100%
vIv) or controls in 10% HAB were replaced. PBL were then cultured for 14
Purified recombinant human (rh) IL-15 was provided by Immunex Corpo-days at 37°C. On days 6, 8, and 10 postinfection, half of the culture su-
ration (Seattle, WA). Purified rhIL-12 (sp. act., 4% 10° U/mg) was pernatant (5Qul) was harvested for p24 assessment and replaced with 10%
obtained from Genetics Institute (Cambridge, MA). Purified rhIL-2 (spec. HAB supplemented with 10 U/ml IL-2. Target cells were monitored for
act., 18x 10° IU/mg) was obtained from Chiron (Emeryville, CA). All  viability during the course of the infection assays by vital dye exclusion. To
cytokines were reconstituted in sterile PBS with 0.1% human albumin (Ar-examine the effects of the C-C chemokines, some NK cell supernatants
mour Pharmaceutical, Kankakee, IL). Neutralizing goat anti-human MIP-were precleared of these chemokines with polyclonal neutralizing Abs
la, MIP-18, and RANTES polyclonal Abs were purchased from R&D (R&D Systems). Supernatants were first incubated with anti-human che-
Systems (Minneapolis, MN). Normal goat Ig was used as a control (R&Dmokine-neutralizing Abs (anti-MIP«l, anti-MIP-18, and anti-RANTES,
Systems). PE-conjugated anti-human CD56 mAb was purchased frorgach at 2-5Qug/ml, concentrations able to neutralized5% of their ac-
Coulter Immunology (Hialeah, FL), and PE-isotype control mAb were pur- tivity as determined by the manufacturer) or an equivalent amount of nor-

chased from Becton Dickinson (San Jose, CA). mal goat Ig (6—15Qug/ml) for 1 h at 4°Cwith gentle agitation. Protein
] G-Sepharose (Bio-Rad, Hercules, CA) was then added, and the superna-
Patients tants were incubated with gentle agitation for an additional hour. The pro-

tein G-Sepharose was then pelleted by centrifugation, and the chemokine-
Mleared supernatants were transferred to another microfuge tube without
disturbing the Sepharose pellet. This clearing process resulted in mogo-
kine-stimulated NK cell supernatants with undetectable MdPNIIP-13,
RANTES, and goat Ig protein by ELISA (data not shown). Target ce
infected and cultured in fresh 10% HAB supplemented with 10 U/ml IL-
Isolation of human NK cells and uninfected target cells were additional controls.

Studies were performed on blood obtained after informed consent fro
seven HIV" patients receiving highly active antiretroviral therapy
(HAART), with HIV-1 RNA < 200 copies/ml of plasma by PCR. Blood
was also obtained after informed consent from two patients with AIDS
receiving ultra-low dose IL-2 therapy, as described (23).

/:dny wouy pdpegiumo

PBMC were obtained from patients with HIV-1 infection or AIDS, or from Detection of HIV-1 p24 production
normal donor fresh leukopacs (American Red Cross, Columbus, OH) usingyantitation of HIV-1 p24 protein production in the supernatants of i

Ficoll-Hypaque (Sigma, St. Louis, MO) density gradient centrifugation. tacteq targets was performed using a commercial p24 Ag capture ELISA

Red blood cells were lysed, after which PBMC were washed twice inyit (aIDS Vaccine Program, Frederick, MD), following the manufacturer's
RPMI 1640 supplemented with 10% human AB serum (HAB, C-six Di- i siructions.

agnostics, Mequon, WI), antibiotics, and anti-PPLO (Life Technologies,

Grand Island, NY) (10% HAB), and culturedrf@ h in plastic tissue cul-  Statistical analysis

ture dishes to remove adherent monocytes. T cells, B cells, and remaining ) ) )

monocytes were depleted using goat anti-mouse immunomagnetic beaddatistics were determined by using the Studetest, withp < 0.05 con-

(PerSeptive Biosystems, Framingham, MA) and a combination of murinesidered significant.

mADb reactive against CD3, CD20, and HLA-DR, as described (25). Non-

depleted cells were then stained with CD56-PE mAb, washed in 10vRResults

HAB, and isolated by FACS for CDS6NK cells on a Coulter ELITE flow  Human NK cell supernatants contain abundant C-C chemokin

cytometer (Coulter Immunology). Sorted CD56IK cells were routinely . . =

=97% pure by flow cytometric analysis. Human NK cells produce MIP<l and a variety of cytokines in 3

response to stimulation with the monokine combination IL-15 pluis

IL-12 (7, 9). We therefore assayed NK cells from normal donogs
i : N

Sorted CD56 NK cells were cultured in 10% HAB at a density of10° and HIV" patients for production of the known HIV-1-suppressives

cells/ml, in sterile 96-well U-bottom plates. NK cells were then stimulated C.C chemokines MIP-d¢, MIP-18, and RANTES (13). Fig. 1 5

with IL-15 (10 ng/ml), IL-12 (10 U/ml), IL-15 plus IL-12, or no stimulus B : :
(medium alone control). After a 72-h incubation at 37°C in 5%,0@I- shows the levels of these C-C chemokines in NK cell culture s

ture supernatants were harvested, centrifuged to remove cells and debrRe€rnatants obtained from normai ¢ 8) and HIV-1" (n = 7)
and stored at-80°C. In some experiments, sorted CD5RK cells were  donors (5X 10* cells/ml). NK cells from HIV-1" patients pro-
cultured as described above, but at a density of 50%/ml. duced equivalent amounts of MIR¢LMIP-18, and RANTES in
response to IL-15 plus IL-12, when compared with normal donots.
Supernatants from NK cells activated with the combination G
NK cell production of MIP-Iv, MIP-15, and RANTES was measured from | .15 pjys IL-12 showed the greatest and most significant increa®e

cell-free culture supernatants utilizing commercial ELISA kits, following . 3
the manufacturer's instructions (R&D Systems). RANTES levels were cor-"! MIP-1a (p < 0.0008) and MIP-g (p < 0.0003), when com- 2

o . . QO
rected for any background obtained from the culture medium (10% HAB,Pared with supernatants from NK cells cultured in medium along.

=250 pg/ml). Results represent the mean of duplicate welSD. RANTES was measurable but not significantly different under al

culture condition in NK supernatants from normal or HIV-In- 3
dividuals (data not shown).

PBMC from normal donors were prepared as described above and cultured o

in 100-mm tissue culture dishes at a density ob430%/ml in 10% HAB. Human NK cell culture supernatants suppress HIV-1 replication
After 2 h, nonadherent cells were removed, centrifuged, and resuspendéd vitro

in RPMI 1640 supplemented with 10% FCS and antibiotics (10% FCS), . . . )
and incubated with phytohemagglutinin (PHA u&/ml; Sigma) for 2-3 ~ We next investigated the ability of supernatants from monokine-
days. PBL were next washed twice in RPMI 1640, resuspended in 10%timulated NK cells to inhibit HIV-1 replication in vitro. We used
FCS supplemented with 10 U/ml IL-2, and seedet(20° cells/well) into the M-tropic HIV-1yen.sx (26), which utilizes CCR5 as a core-

96-well flat-bottom plates for infection assays. PBL were then used aS.antor. The effect of normal donor NK cell supernatants on viral
targets Ifo‘r in;ection assays 0-2 days following IL-2 stimulation (3-5 daysrep[))licaltion was assessed by comparing ungtimulated (medium
postisolation). > -

only) to monokine-stimulated NK cell supernatants. Supernatants
from unstimulated and IL-15-stimulated NK cells produced high
PBL prepared as described above were preincubated in 100% (v/v) N)lamounts of HIV-1 p24 by day 6 postinfection of target PBL (Fig.
ceII-conditioneq supernatants or controls, suppler_nented with 10 U/mlIL-22). Supernatants from IL-12-stimulated NK cells reduced HIV-1
for 1 dh befr?re '”fefnon' ']f‘ rr]noll\cilcular‘ly .Clolned :_’:&}1 H('Z\%JN-SX (ZE’)' p24 levels by approximately 50%p(< 0.03), compared with me-
encoding the envelope of the M-tropic isolate HIYxzk, , was then . : .
added to the wells at a final input of 0.5 ng/ml p24 in a total volume of 100dlum controls. However, PB_L targets 'r_]feCted and cultured in su-
wl, and incubated fo4 h at37°C. Other viruses utilized included dual- Pernatants from NK cells stimulated with IL-15 plus IL-12 dem-

tropic HIV-1g4 5(28) (1 ng/ml p24) and T-tropic HIV{d 4_5(29) (5 ng/ml  onstrated =95% decrease in p24 production, compared with

)

ey
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Preparation of human NK cell-conditioned supernatants
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Measurement of NK cell cytokine production

Preparation of primary PBL targets

HIV-1 infection assays
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FIGURE 1. Monokine-stimulated NK cells purified from normal donors HIV-1 replication in PBL targets in vitro. Human NK cells were cultured{1
and HIV" patients produce abundant C-C chemokines in vitro. Human NK10%ml) in medium, IL-15 and/or IL-12, for 72 h. PBL targets from healthy:’%
cells were isolated by FACS=98% purity), plated at 5< 10%ml, and donors were preincubated (1 h) with the NK cell supernatants (100% v/v) a&id
stimulated with medium (control), IL-15, IL-12, or IL-15 plus IL-12. After then infected with 0.5 ng/ml HIVJey.sx. PBL targets were washed exten-3
72 h, cell-free culture supernatants were harvested and assayed) for (sively afte 4 h and again cultured with the NK cell supernataAisCulture g
MIP-1a and B) MIP-1p levels by ELISA. Results represent the mean  supernatants were harvested at days 0, 6, and 8 postinfection and tested fo§p24
SD of eight normal donors and seven Hi\patients. There was no sig- production by ELISA. Results shown are the mean of duplicate measures and
nificant difference between normal and Hi\donor NK cell production of  are representative of three separate experim&t$he percentage of p24 3
these C-C chemokines in response to IL-15 plus IL-12. There was a sigproduction of control supernatants (medium) was calculated at day 6 posfh-
nificant increase in the production of MIR:Jand MIP-18 (*, p < 0.008) fection, and the meart SD of three separate experiments is shown. Supeg-
by IL-15 plus IL-12-stimulated NK cells from both HIV1and normal  natants from NK cells stimulated with IL-12 alone (#,< 0.027) and IL-15 &
donors, compared with unstimulated (medium) controls. plus IL-12 (*,p < 0.0005) significantly decreased HIV-1 p24 production conig
pared with medium controls.

L

nuer Q| uo }ss

medium controls p < 0.0005). We also quantitated the levels of natants of monokine-stimulated NK cells isolated from HIV{ia-
C-C chemokines in the IL-15 plus IL-12-stimulated NK cell su- tients for the ability to suppress HIV-1 replication in vitro. Extended
pernatants (cultured att 10° cells/ml) shown in Fig. 2, and the leukopheresis of HIV-1 patients for the purpose of this in vitro assayg
mean= SEM (pg/ml) were 27,442 4,668 for MIP-1x, 29,295+ could not be justified on ethical grounds. Sufficient numbers of human
4,887 for MIP-18, and 4,576+ 1,482 for RANTES. To control for  NK cells were therefore isolated from two AIDS patients that had
the direct effects of any remaining riL-15 and rlL-12 in the NK cell received s.c. ultra-low dose IL-2 (1:2 1¢f IU/m?%day) and, hence,
supernatants, the residual amounts of these cytokines were qualmad an expanded NK cell population (23). Supernatants from their NK
titated (15-30% of input for rIL-12, 35-50% of input for rIL-15), cells that were activated by IL-15 plus IL-12 significantly decreased
and these levels were assayed for any effects on H|MqLx HIV-1 replication in vitro by =90%, compared with unstimulated
replication. In our infection system, rIL-12 did not change p24 control supernatants (Fig. B,<< 0.0024). Likewise, identical super-
production compared with medium alone, while IL-15 and IL-15 natants obtained from monokine-activated NK cells of one HfV-1
plus IL-12 modestly increased (1.5- to 2-fold) p24 production (datapatient on highly active antiretroviral therapy (HAART) and not re-
not shown). Therefore, we concluded that these recombinant cyeeiving IL-2 inhibited HIV-1 replication in vitro by=90% (data not
tokines were not directly involved in the observed inhibition of shown).

p24 production by stimulated NK cell supernatants. ] ) ) )
C-C chemokines are only partially responsible for suppression

NK cell supernatants from patients with AIDS suppress HIV-1 of HIV-1 replication observed with NK cell supernatants

replication in vitro To assess whether the measured C-C chemokines were responsible

To directly verify that the inhibition by normal donor NK cell super- for the observed suppression of HIV-1 replication, we utilized neu-
natants was also operating in HIV-Jpatients, we tested the super- tralizing Abs to MIP-ky, MIP-18, and RANTES to block their
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patients receiving ultra-low dose IL-2 therapy inhibit HI\(,_sx repli- £ o s 5 ¥ o
cation in vitro. In vitro infection assays were performed as described in Fig. ¢ / g 6 z
2 andMaterials and Methodsind compared with unstimulated NK cell I - 40 g
supernatant controls. Results are shown as the mean percent HIV=t p24 F % 20 g
SD of medium control supernatants at day 6 postinfection, and demonstrate B §
- i ; ol
a S|gn|I|cant decrease with IL-15 plus IL-12-stimulated NK cell superna- o 2 4 & & 10 Medium 115 + 1L12 %
tants (*,p < 0.0024). Time Post-Infection (days) NK Cell Supernatant =
c
o ) o FIGURE 5. Supernatants from monokine-stimulated NK cells inhibié
effects on HIV-1 replication. Fig. 4 shows that the inhibition of p24 Hiv-1,,,,_,, but not HIV-15 4 in vitro. Infection assays were performeds
production by stimulated NK cell supernatants could be only par-as described in Fig. 2 aridaterials and Methodswith the T-tropic HIV-  §
tially abrogated by preclearing with neutralizing Abs against MIP- 1, ,_s and dual-tropic HIV-}4 ¢ A andC, The amount of HIV-1 p24 was ?
la, MIP-1B8, and RANTES, compared with supernatants mockdguantitated at days 0, 6, anc_j 10 postinfection with HRYzLs or HIV- - £
cleared with an equal amount of nonreactive goat Ig. To insure thatse.s Results are representative of tyvo separate experiments and presegted
partial abrogation was not a result of insufficient amounts of the®S tr_‘f‘? mead” p24 (ng/ml) from d“p“?ﬁl‘iﬂef‘r&a';d D,dT_heLe "I"fi: g
neutralizing Abs, the experiment was repeated using a 25-fold e>ﬁ§'gn' icant decrease in percentage o -1 p24 produced in the IL- plgs
cess of the concentrations necessary to neutralize the measur Lt 2-stimulated NK cell supernatants when infected with Hiyid s at 3
f ch ki : ﬁ ol Pfé&/ 6 postinfectiong{ < 0.002), while there was no significant differences
a_mc_)unts of chemokines present in the supernatants and yieldeglc.red with HIV-3, ¢ When compared with medium controls. s
similar results (data not shown). é
<)
Stimulated NK cell supernatants inhibit the replication of HIV- 3
(=}

1yia—s but not HIV-14 4 that utilizes CXCR4 as a coreceptor for entry and the dual-tropic
pI_—|IV-189_6that can utilize either CCR5 or CXCR4 as a corecepto%
as well as several other potential HIV-1 coreceptors (30). Supg-
natants from NK cells costimulated with IL-15 plus IL-12 signif-&

We also examined the effects of NK cell supernatants on the re
lication of two additional HIV-1 strains, the T-tropic HIVgl,_ s

icantly inhibited the replication of HIV-3, ,_3 by =75%, com- §
30 - pared with unstimulated control supernatants (Fign §,0.0013). ¢
However, identical monokine-stimulated NK cell supernatangs
25 % — Bii ?OP;-_L were not able to significantly inhibit the replication of HI\{gl, ‘g
’g compared with controls. 2
B 201 g
£ Discussion 5
<+ 15 N
P Monokine-stimulated human NK cells have been previously
T 10 shown to produce several cytokines and the C-C chemokine
% MIP-1« in vitro (7, 9). In this report, we demonstrate that mono-
5| kine-stimulated NK cells, isolated from HIV¥1donors, also pro-
duce the C-C chemokines MIRxland MIP-18 in amounts equiv-
0l % alent to normal donors. We therefore tested whether such
Medium Nil__Anti-Chemokine Goat ig monokine-stimulated NK cell supernatants were able to inhibit M-
115+ L2 tropic HIV-1en.sx Feplication in vitro. The culture supernatants
NK Cell Supernatant / Treatment from normal donor NK cells stimulated with IL-12 alone inhibited

HIV-1en.sx replication by approximately 50%, and NK cells
stimulated with the combination of IL-15 plus IL-12 significantly

peflrtiil_lly block NK cellsupe;rnatagt ir?thhib:ilon ofHIV-l_ relglicaztion:tlhntvt:tro inhibited HIV-1 production by=95%, compared with medium
intection assays were pertormed Wi Ndisx as in Fig. 2, with the 15 addition, IL-15 plus IL-12-stimulated NK cells iso-

exception of preclearing the NK cell supernatants with the indicated neus . . L
tralizing Abs as described iMaterials and MethodsInfection culture lated from HIV-1* patlentsz or. A_lDS patients recelv!ng _uItra-Iow
supernatants were harvested at days 6 and 10 postinfection (p.i.) and 840S€ IL-2 therapy, also inhibited HIVgky.sx replication by
sayed for p24 production by ELISA. Results are representative of two=90%, compared with medium controls. Therefore, human NK
separate experiments and presented as the mea®D of duplicate  cells from normal donors and HIV-1patients inhibit HIV-1 in-
measures. fection in vitro.

FIGURE 4. Neutralizing Abs to MIP-&, MIP-13, and RANTES only
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We next investigated whether the measured C-C chemokineReferences

present in the NK cell supernatants were responsible for the ob-
served suppression of HIVgky.sx replication in PBL targets. In-
terestingly, these known inhibitors of M-tropic HIV-1 replication
were only partially responsible for the HIV-1 suppression from the
stimulated NK cell supernatants. These data suggest that other fac-
tor(s) produced by monokine-stimulated NK cells inhibit M-tropic

HIV-1 infection in our assay system. Possible candidates would 4.

include unidentified C-C chemokines, which may be able to block
HIV-1en.sx Infection via binding to CCR5, as well as other fac-
tors yet to be fully characterized (31). Since IL-15 plus IL-12-
stimulated human NK cells are potent producers of H-ldnd
TNF-« (7), experiments are currently underway to evaluate their
role in the HIV-1-suppressive effect of these supernatants. In ad-
dition, supernatants from stimulated NK cells significantly inhib-
ited the replication of T-tropic HIV-4, ,_s. This observation sug-

gests that factor(s) produced by NK cells may inhibit the usage of g

CXCR4 as a coreceptor for viral entry by T-tropic HIV-1, or that
NK cell supernatants also exert suppressive action at another poipg
in the viral life cycle. To our knowledge, human NK cells have not
yet been shown to produce a C-X-C chemokine that binds to
CXCR4, and experiments are ongoing to identify such CXCR4
chemokine ligands within monokine-stimulated NK cell superna-
tants. One explanation why supernatants from stimulated NK cells
were unable to inhibit dual-tropic HIVg}, s may involve its use of

many coreceptors for entry, including CXCR4, CCR5, CCR3, and**

CCR2b (30). In this scenario, factors within NK cell supernatants
may not be able to block all possible coreceptors for H-4
fusion. Monocyte-derived macrophages can also be induced to

produce C-C chemokines following LPS-stimulation, and these sul4-

pernatants have been shown to inhibit replication of M-tropic
HIV-1 strains in both monocyte-derived macrophages and TD4
lymphocytes, but not T-tropic HIV-1 strains (32).

Since the identification of chemokine receptors as coreceptors
for HIV-1 entry (14, 15, 17), and ability of chemokine ligands to
block entry (13, 18, 19), several studies have examined their im-
portance in the pathogenesis of HIV-1 infection. Studies have
demonstrated that individuals homozygous for a 32-bp deletion in
the CCR5 gene are resistant to HIV-1 infection, while heterozy-

gous individuals have slower progression to AIDS (33-36). Ad-1&

ditionally, high-risk individuals who are multiply exposed, yet re-

main uninfected, have been shown to produce high levels of C-G*

chemokines (37). These studies highlight the importance of CCR5
interaction with its natural ligands and M-tropic HIV-1 in the nat-
ural history of HIV-1 infection. 20.
ultra-low dose IL-2 therapy has been shown in phase | and phase
Il trials to selectively expand CD56NK cells in vivo in patients
with AIDS and AIDS malignancy (21, 23). Here, we show that NK
cells obtained from these patients can be stimulated to suppress
HIV-1 replication in vitro. Thus, the IL-2-expanded NK cell may
be an endogenous source of C-C chemokines and, through tt#&
elaboration of these and possibly other factors, may contribute to
defense against HIV-1 infection in patients receiving ultra-low
dose IL-2 therapy.
Note Added in ProofA recent report by Oliva et al. (38) described
a similar role for NK cell suppression of HIV-1 infection in vitro.
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