
-.
and poison subunits of any functional ho- 15. S. P. Burg and E. A. Burg, ibid. 42,144 (1967); J. P. visualized by protein immunoblotting as described (7).

mologsAlternatively,the ETRA pr Collman, L. S. Hegedus, J. R. Norton, R. G. Finke, The antibody Ab-UNK was used, which recognizesmologs. Alternatively, tne C1 A1 protein Principles andApplications of Organotransition Met- the portion of ETR1 corresponding to amino acids
may normally be active in the absence of al Chemistry (University Science Books, Mill Valley, 165 to 400.
ethylene and negatively regulate the re- CA, 1987). 20. We thank G. Polzin and J. Burstyn for synthesis of
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18. J. Q. Wilkinson, M. B. Lanahan, H.-C. Yen, J. J. Collaborative Research in Plant Biology Programene would be locked In the active state, Giovannoni, H. J. Klee, ibid., 270,1807 (1995). (grant BIR92-20331).

suppressing the response pathways even 19. Total yeast protein was extracted, separated by
when wild-type receptors were saturated SDS-polyacrylamide gel electrophoresis, and ETR1 31 July 1995; accepted 30 October 1995
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tain an optimized source of HIV-SF, the with three different portions of human HIV-SF activity. Nonimmune goat IgG,
two best-producer CD8+ T cell lines (67-I RANTES, an 8-kD polypeptide belonging used as a control, had no effect. When the
and CD8-UI) were cloned by the limiting to the C-C or ,B-chemokine subfamily (15). NAb were used alone, only anti-RANTES
dilution technique, at 0.5 cells per well. The sequences of tryptic peptides from pro- demonstrated a partial blocking activity.
Heterogeneity was observed among the tein 2 (14) matched those of two different However, the combination of NAb against
clones (Table 1); one of the two clones with portions of human MIP-loa, another 8-kD all three chemokines totally abrogated the
the highest HIV-SF activity (FC36.22) was C-C chemokine that is highly related to HIV-suppressive effect of the FC36.22 cul-
selected for subsequent studies. RANTES (15). ture supematant (Fig. 2A). Thus, the HIV-

Cell-free culture supernatant from High concentrations of RANTES (139 SF activity of clone FC36.22 cannot be as-
FC36.22 was filtered through a 0.22-iim to 1624 ng/ml) and MIP-la (112 to 616 cribed to the effect of a single chemokine,
membrane and fractionated through a tan- ng/ml) were detected by specific enzyme but rather to their combined action.
gential flow filter and centrifugal concen- immunoassay (EIA) in the culture supema- Moderate to high levels of RANTES (6
trators (12). The concentrate displaying tants of all CD8+ clones tested and their to 95 ng/ml), MIP-la (28 to 255 ng/ml),
HIV-suppressive activity in the PM1/HIV- parental cell line (Table 1). In contrast, the and MIP-1l1 (37 to 191 ng/ml) were detect-
1BaL test was further fractionated by weak only cytokine produced at high levels by ed in culture supematants from activated
anion-exchange high-performance liquid the MT-2 cell line was MIP-la (340 ng/ CD8+T cells of HIV-infected patients (Ta-
chromatography (HPLC). Fractions con- ml), as recently reported also for MT-4 ble 1) (18). Lower amounts of all three
taining high levels of HIV-SF were pooled (16), another HTLV-I-immortalized CD4+ chemokines were produced by unfraction-
and further purified by reversed-phase T cell line. These results confirmed a pre- ated peripheral blood mononuclear cells
HPLC (12). Potent HIV-SF activity, in the vious report demonstrating CD8+45RO+T (PBMC), stimulated in the same fashion,
absence of significant cytotoxic effects, was cells to be the most potent producers of from a normal donor. No significant levels
recovered in two separate fractions, each RANTES among blood leukocytes (17). of chemokines were produced by unstimu-
containing a single major protein peak (Fig. Because of the close similarity to MIP-loa,
1). The persistence of the HIV-suppressive we also tested the production of MIP-113, a
activity after reversed-phase HPLC at pH third member of the C-C chemokine sub- A 0.5
2.0 was consistent with previous reports family (15). Moderate to high levels of
that HIV-SF is acid-stable (5). Proteins 1 MIP-lp were detected in all the culture 100l
and 2 were each subjected to proteolytic supernatants tested (9 to 112 ng/ml), except 90 - 0.4
digestion, followed by sequencing of dis- in MT-2 (Table 1). 80
tinct peptide fragments (three from protein We next investigated the effects of spe- _
1 and two from protein 2) (13). The amino cific polyclonal goat immunoglobulin G 70 0.3
acid sequences obtained from tryptic pep- (IgG) neutralizing antibodies (NAb) against 60
tides of protein 1 (14) revealed identity these chemokines on the FC36.22-derived 50 0.2

40

Table 1. Production of HIV-SF and C-C chemokines by CD4+ CD8+ cells; not tested. 30

Extracellular releaset of: 10 E
Cell type* ramet0(phenotype) Treatment HIV-SF RANTES MIP-loa MIP-1 1 e o0

(ED95) (ng/ml) (ng/ml) (ng/ml) 8
B 0.5j

Cell lines |5
PF-382 (CD8+) None - nt nt nt CD

C100 _CD8-UI (CD8+) IL-2 + (10%) nt nt nt 0.4
CD8-PI (CD8+) IL-2 + (20%) nt nt nt 90 0.
67-I (CD8+) IL-2 + (5%) 138.6 111.9 42.4 80
FC36.4 (CD8+) IL-2 + (5%) 189.9 441.4 111.7
FC36.5 (CD8+) IL-2 + (1 %) 598.0 121.7 15.2 70 0.3
FC36.7 (CD8+) IL-2 + (5%) 296.0 148.3 17.9 60
FC36.12 (CD8+) IL-2 + (0.2%) 1623.6 173.8 9.2
FC36.22 (CD8+) IL-2 + (0.2%) 810.2 615.8 107.1 50 0.2
Vev-ll (CD4+) IL-2 - nt nt nt 40
MT-2 (CD4+) None + (50%) 5.3 339.6 2.7

Primary cells 30
Normal PBMC OKT3 + IL-2 nt 2.6 12.3 16.8 20 0.1
CD8.Pt1 None nt <1 <1 <1

OKT3 + IL-2 + 95.1 255.0 187.4 10
CD8.Pt2 None nt <1 <1 <1 0 0

OKT3 + IL-2 + 10.7 28.4 42.2 Fractionstested
CD8.Pt3 OKT3 + IL-2 + 29.6 150.0 190.6 Fig. 1. Reversed-phase HPLC profile and HIV-
CD8.Pt4 OKT3 + IL2 + 6.5 37.5 134.4 suppressive activity of two HIV-SF-containing
CD8.Pt5 OKT3 + IL-2 + 5.7 28.1 37.5 fractions purified from serum-free culture super-

*The FC36 series includes representative clones obtained by limiting dilution cloning of the 67-I cell line, performed at 0.5 natant of clone FC36.22. (A) Protein 1 . (B) Protein
cells per well in 96-well round-bottom microtiter plates, in the presence of exogenous IL-2. Purified patient CD8+ T cells 2. The PM1 /HIV-1 BaL system was used for
(0D8.Pt) from asymptomatic HlV-infected people were cultured for 3 days at O06 cells per milliliter in the presence or screening the activit of the fractions tested at the
absence of OKT3 and rhlL-2. Normal, unfractionated PBMC, obtained from a healthy blood donor, were stimulated in gocnrto f1 vv tti ocnrto
a similar fashion, tED95 = 95% effective dose [percent of culture supematant (vlv) inducing suppression of HIV-1 cocnrto of 1 vv.A hscnetain
p24 antigen release equal to or greater than 95%, compared to untreated controls]. Chemokine production was tested no cytotoxic effects were detected. Controls (at
by specific EIA (R&D Systems) in cell-free culture supemnatants collected at the stage of maximal cell confluence for cell least four for each test) were cultured in complete
lines and at day 3 after in vitro stimulation for primary cells. nt, not tested. culture medium without supplements.
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lated cells from two of the patients. duced in Escherichia coli. A dose-depen- in primary PBMC that had been activated
HIV-SF derived from CD8+ T cells of dent inhibition of the extracellular release in vitro with phytohemagglutinin (PHA)

four patients tested (CD8.Ptl, 2, 3, and 5) of HIV-1 p24 antigen was observed in the (21). Two primary isolates (HIV-1573 and
induced a dramatic inhibition of HIV in- PMI/HIV-lB.,L system with rhRANTES, HIV-1BaL), never previously passaged in
fection (Fig. 2B). Pretreatment with the rhMIP-loc, or rhMIP-11, but not with continuous cell lines, and two laboratory
anti-RANTES NAb alone had only a lim- rhMCP-1, a related C-C chemokine (Fig. isolates (HIV-111IBand HIV-lMN), grown in
ited blocking effect (less than 20%) on 3). RANTES was the most effective inhib- the CD4+ T cell line H9, were tested.
CD8.Ptl and virtually no effect on itor, with the dose inducing -95% sup- Treatment with rhRANTES, rhMIP-lx, or
CD8.Pt3. Similarly, anti-MIP-1co or anti- pression of HIV p24 release (ED95) be- rhMIP-13 induced a dose-dependent inhi-
MIP-13 NAb alone had no effects. How- tween 3.12 and 6.25 ng/ml; MIP-lo and bition of infection by HIV-1573, HIV-lBaLl
ever, in three of the four patients tested, MIP-13 showed ED95 values of 12.5 to and HIV-IMN, albeit with different ED95
the combination of NAb to all three che- 25.0 and 6.25 to 12.5 ng/ml, respectively. values, whereas HIV-lIIIB was virtually in-
mokines completely blocked the HIV-SF The cellular viability was markedly higher sensitive (Fig. 4A). Similar results were ob-
activity; in the fourth case (CD8.Pt2), the in cultures treated with effective doses of tained with culture supernatant of clone
activity was blocked by more than 80%. the chemokines, compared to untreated FC36.22 (19). The ED95 of the three che-
Thus, the HIV-SF activity produced by in controls (19). Consistent with previous mokines in primary PBMC was higher than
vitro-activated CD8+ T cells of HIV-in- observations with crude HIV-SF (5), the in the PM1/HIV-lBaL system. This phe-
fected patients is mostly, if not exclusive- expression of HIV-1 RNA was totally sup- nomenon was not dependent on the viral
ly, a result of the combined effects of pressed by treatment of infected PM1 cells strain used.
RANTES, MIP-lo, and MIP-11. with either RANTES (20 ng/ml), MIP-lo The rhRANTES, rhMIP-Io, and rhMIP-

The HIV-suppressive effect of C-C (100 ng/ml), or MIP-13 (50 ng/ml) (20). 13 induced a dose-dependent inhibition of
chemokines was further investigated with We then analyzed the effects of the che- infection by two HIV-2 and two SIV isolates
recombinant human (rh) proteins, pro- mokines on different HIV-1 strains grown in primary human PBMC (Fig. 4B) (22).

Similar results were obtained with the
FC36.22 culture supernatant (19). Neither

Fig. 2. Neutralization of the A the C-C chemokines nor the FC36.22 super-
HIV-SF activity produced natant were able, at the doses tested, to
by clone FC36.22 (A) or by FC36.22 inhibit infection by herpesviruses, either hu-
activated CD8+ Tcells from man herpesvirus (HHV)-6 subgroup A
HIV-infected patients (B) af- (strain GS), HHV-6 subgroup B (strain
ter pretreatment with poly- Anti-RANTES 29), or HHV-7 (strain AL), in human cord
clonal goat gG NAb Ant-RANT blood mononuclear cells (23). Similarly, the
against RANTES, MIP-lac,
and MIP-1 P. The PM1/HIV- level of replication of HTLV-I was not af-
1 BaLtest system was used. +Anti-MIP-la fected by treatment with either rhRANTES
The neutralization test was or the FC36.22 culture supematant (24).
performed by incubating Although these results would suggest a spec-
the HIV-SF-containing cul- +Anti-MIP-1 ificity for lentiviruses, a wider panel of virus-
ture supernatants with the es and primary patient isolates should be
NAb, alone or in combina- +Anti-RANTES tested.
tion, for 30 min at room tem- +Anti-MIP-la To rule out that the antiviral activity of
perature. Control, untreated At-I- =- ; . ...;i . :.<D -:..: ':perature. Contro,untre RANTES, MIP-lo, and MIP-113 could be
culture supernatants weredutoangtvefctncluaroie-
handled in parallel and kept +Normal GS due to a negative effect on cellular prolifer-
for 30 min at room tempera- ation, we tested the proliferative response of
ture. Further controls includ- primary human PBMC to stimulation with
ed cells treated only with the Control either PHA or monoclonal antibody OKT3
NAb at the same doses and in the presence or absence of these chemo-
combinations as those used I kines (25). Only MIP-lot exerted a dose-
in the neutralization tests. 0 20 40 60 80 100 dependent inhibitory effect, albeit very lim-
Anti-RANTES, anti-MIP-1 a, HIV-1 p24 release (% of control) ited, on [3H]thymidine incorporation in-
and anti-MIP-1 P NAb (R&D duced by OKT3 (244, 14.1, and 2.0% in-
Systems) were used at * Patient HIV-SF M+Anti-MlP-1a +Anti-RANTES hibition at 500, 14,and 20 ng/ml
200, 50, and 100 p.g/ml, re- D +Anti-RANTES 1 +Anti-MlP-13 9 +Anti-MlP-1c , , ,
spectively, both when used +Anti-MIP-1P respectively), while having no effect on
alone and in combination. B PHA-stimulated cells. All the other chemo-
The IgG fraction purified 100 kine-treated cultures displayed values of
from a nonimmune goat se- 11 [3H]thymidine incorporation between 87
rum (normal GS) was used = and 105% of the control. None of the che-
as a control at 200 p.g/ml. ° 80 ! mokines, at the doses used, had stimulatory
Subsequently, both treated a effects on resting cells.
and untreated superna- = 60 This study demonstrates that chemo-
tants were added to infect- *" kie ca meit aniia fet n
ed PM1 cells in 48-well = 40 identifiesnS RANdTES, MIP-1oc, anld MIP-1
plates. The proportion of th mao HI-S prdcdbyC8
patient CD8+ T cell culture > as e jrHVS rdcdb D
supernatant used was 20% I 20 198 i cells. We found that higher concentrations
(v/v) for patient 1, 40% for < 1g S S of all three chemokines were required to
patient 3, and 75% for pa- 0 /-_Si g1inhibit HLV in PBMC than in the PM1 cell
tients 2 and 5. CD8.pt1 CD8.Pt3 C08.Pt2 CD8.Pt5 system. For example, the ED95 for RANTES
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against HIV-lBaL was between 3.12 and the evaluation of inhibitory factors and are infection. Clinical studies on the produc-
6.25 ng/ml in PM1 and between 50 and 200 of unlikely physiological relevance. More- tion of RANTES, MIP-lot, and MIP-lf3 in
ng/ml in PBMC. However, many of the over, the documented propensity of C-C vivo will be critical to define their role in
biological activities of RANTES (in terms chemokines to form large aggregates at the natural history of HIV infection. In
of Ca21 influx, chemotactic responses, ba- physiological pH may significantly reduce particular, it will be important to deter-
sophil and eosinophil activation, and T cell the bio-available levels of these peptides, mine whether high levels of these chemo-
signaling) have been found between 40 and complicating the interpretation of efficacy kines are associated with a delayed pro-
8000 ng/ml (26). Similarly, several physio- studies (15). gression of HIV disease. Chemokine levels
logical effects of MIP-loa and MIP-l 1, in- Chemokines are actively produced at may also provide a reliable correlate of
cluding Ca2+ influx, chemotaxis, enhanc- sites of inflammatory processes and exert protection in monkeys treated with exper-
ing and suppressive effects on bone marrow proinflammatory effects (15). Chemo- imental vaccines (28). In addition, it is
progenitor cells, and eosinophil activation, kine-mediated control of HIV may occur possible that some of the known difficul-
occur in the dose-range between 10 and either directly, through their inherent an- ties with neutralizing antibody assays for
1000 ng/ml (26, 27). The experimental ti-lentiretroviral activity, or indirectly, HIV are due to the variable amounts of
conditions used in our PBMC tests (syn- through their ability to chemoattract T these chemokines in different human sera.
chronous polyclonal activation with a cells and monocytes in proximity of the Finally, the identification of the HIV-
strong plant-derived mitogen and acute in- infection foci. However, this latter mech- suppressive chemokines may open new
fection with exogenous HIV at relatively anism may also have the opposite effect of perspectives for the development of effec-
high multiplicity) are the most difficult for providing new, uninfected targets for HIV tive therapeutic approaches to AIDS.

Note added in proof:- We recently ob-
tained the amino acid sequence analysis of

Fig.io3. Dose-depedeninfe- 100 a third protein peak that we have purified
hbtion of HIV

cell infrec- from the culture supernatant of clone

tionaint PumanCell byhecoin -
FC36.22 and found it to exactly match the

kines. The cells were infec,t- pulse rti euneo ua

MLP-113.ed with HIV-1 and then 0ORANTES
cultured in the presence of CD A MIP-l a
serial dilutions of each che- m. 6 MIP-1p3RFRNE N OE
mokine(ll fromR&D Sys-~ * MCP 1. J. L. Whifton and M. B. A. Oldstone, in Virology, B. N.
tems) in 250 jil of complete N- 40 -Fields and D. M. Kn'ipe, Eds. (Raven Press, New

culture medium. After 3 cm York, 1990), pp. 369-381.
days, 250 jil of fresh culture 7- 2. W. E. Paul, Cell 82, 177 (1995); D. P. Bolognesi,
medium,cotaining te ap- = 2 Semin. Immunol. 5, 203 (1993).

propiate amountaiofn the re- 2-3.C. M. Walker, D. Moody, D. P. Stites, J. A. Levy,propriate amount of the re- ~~~~~~~~~~~~~~~~~~Science234, 1563 (1986); J. E. Brinchman et al., J.
spective chemokine, were Imrmunol. 144, 2961 (1990).

added to each culture. The 04. B. A. Castro et aL., Cell. Immunol. 132, 246 (1991);
level of HIV-1 replication 0.5 55 500 M. Kanagi, L. V. Chalifoux, C. 1. Lord, N. L. Letvin, J.
was tested at days 5 to 7 Chemokine concentration (ng/mi) Immunol. 119, 470 (1988).
after infection by p24 anti- 5. C. E. Mackewicz and J. A. Levy, AIDS Res. Hum.

gen capture on cell-freeculture supernatants. ~~~~~~~~~Retroviruses 8, 1039 (1992).gen capture on cell-freeculture supernatants. ~~~~~~~~~6.C. E. Mackewicz, H. W. Ortega, J. A. Levy, J. Clin.
Invest. 87, 1462 (1991).

7. The HIV-SF test was pertormed as follows: PM1 cells
Fig. 4. Effect of rhRANTES, 0 RANTES A MIP-la L] MIP-1Il (2 x 1 05 per test) were infected with HIV-1 BaL (4 ng
rhMIP-lco, and rhMIP-lJ3 Q A of p24 antigen per 106' cells) for 2 hours at 37aC, then
on infection by HIV- 1 iso- 0. HIV-157 HIV-1BLHIV-1 lB HIV-1M washed three times with pre-warmed phosphate

lates(A)orHIV-2 and SIV53 BaLB MNbuffered saline (PBS) and resuspended, in complete
C ~~~~~~~~~~~~~~~~~~~~~~~culturemedium (250 p.I per test) containing different

isolates (B) in activated hu- 80 dilutions of cell-free culture supematant. The culture
man PBMG. HIV-1573 is a 60 supernatants were collected by centrifugation and
primary isolate grown ox- W 40 filtration through a 0.2-p.m membrane from cell lines
clusively in primary PBMGC 20 grown at full confluence (2.0 to 2.5 x 16cells per

(for less than five passagesmilliliter); they were often stored frozen at -700C
vitro)lesta_ie asgs 0 before use and discarded after one freeze + thawin HIV1 BaL was pas- ~~~~~~~~~~~~~~~~~~~~~~~.~~cycle.At least four untreated PM1 /HIV-1 BLcontrols,

saged several times exclu- resuspended in complete medium with or without
sively in primary adherent .B exogenous interleukin-2 (IL-2), were always handled
macrophage cultures de- 0- HIV-2 HIV-2 17 sivMl inparallel to treated cultures. No differences in the

rived fromadut peripheral ST HI-RoD SIM31 n3levels of HIV-1 replication were observed among
blood; HIV-lMN and HIV- .U' c 100o controls grown in the presence or absence of IL-2. At
11118 arelong-term labora- 80 ---8 day 3 after infection, 250 p.I of fresh culture medium1 III areong-trm laora-60 containing the original concentration of the respec-tory-passaged isolates, 2 tive cell-line supematant were added to each culture.

grown in H9 cells.HIV-a)40'.40 -Five to nine days after infection, the cultures were

2ROD andHIV-2sT were r~.20 r-20 harvested and centrifuged to remove cells; the su-
growninthe continuous ~C~ 00100 200 300 460 560 0 100 200 300 460 560 ~ 0 100''23040300460500 0I10'020'0 360'460 5600 praat eetse orHV1p4atgnb

nib - ~~~~~~~~~~~~~~~~~~~~commercialELISA test (Coulter).
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(1986)1 or cocultivated with the HTLV-I-producer versed-phase separation, and Edman microse- 596 (1986)] and subgroup B (Z29) [J. Lopez etal., J.
cell line MT-2 [I. Miyoshi et al., Nature 294, 770 quencing have been described [W. S. Lane, A. Infect. Dis. 157, 1271 (1988)]. For HHV-7, isolate AL
(1981)1, previously irradiated with 10,000 rad (for Galat, M. W.. Harding, S. L. Schreiber, J. Protein [P. Lusso et al., Proc. Natl. Acad. Sci. U.S.A. 91,
cell lines CD8-PI and CD8-UI; P. Lusso et al., un- Chem. 10, 15.1(1991)]. Tryptic peptides of protein 3872 (1994)] was used. All herpesvirus stocks were
published data). For CD8-PI, the CD8+ T cells were 1 were subjected to automated Edman degrada- grown in purified, umbilical cord blood, CD4+ T cells
activated in vitro with purified PHA (Wellcome) at 1 tion on a PE/ABD model 477A protein sequencer activated in vitro with PHA. For infection, activated
p,g/mi, prior to cocultivation with MT-2. All the (Foster City, CA). Tryptic peptide sequences of cord blood mononuclear cells (CBMC) were pelleted
HTLV-1i+CD8+ T cell lines depended on exogenous protein 2 were determined by microcapillary HPLC/ and exposed to the viral stocks at the approximate
IL-2 for their growth. Either semipurified IL-2 electrospray ionization/tandem mass spectrometry multiplicity of infection of 0.01. After 1 hour at 370C,
(Boehringer Mannheim) or recombinant IL-2 (R&D on a Finnigan TSQ7000 triple quadrupole, mass the cells were washed three times with pre-warmed
Systems) was used. The HTLV-11-infected CD4+ T spectrometer (San Jose, CA), as described [D. F. PBS and cultured in 500 RI of complete medium
cell line Vev-ll, derived spontaneously from in vitro- Hunt et al., Science 255, 1261 (1992)]. supplemented with IL-2 (1 ng/ml), in the presence or
activated peripheral blood leukocytes of an HIV-1/ 14. The amino acid sequences derived from protein 1 absence of each chemokine, used at 200 ng/ml, or
HTLV-11 coinfected patient [P. Lusso, F. Lori, R. C. were EYFYTSGK, QVCANPEKK, and EYINSLEMS. of culture supernatant from clone FC36.22, used at
Gallo, J. Virol. 64, 6134 (1990)], was also IL-2- The sequences obtained from protein 2 were ADTP- 60% (v/v). After 2 days, 500 p,l of fresh culture me-
dependent. In contrast, MT-2 grew without the ad- TACCFSYTSR and QVCADPSEEVVVQK. Abbrevia- dium containing IL-2 and the respective chemokine
dition of exogenous IL-2. tions for the amino acid residues are: A, Ala; C, Cys; or FC36.22 supematant were added to each culture.

11. L. Pegoraro et al., J. Nat!. Cancer Inst. 75, 285 D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ilie; K, Lys; L, A test with IL-2 alone (at 3 ng/ml) was also included
(1985); G. Bellone et al., Leukemia 1, 603 (1987). Leu; M, Met; N, Asn; P, Pro; 0, Gin; R, Arg; 5, Ser; T, in order to control for the amount of IL-2 present in

12. Four liters of cell-free culture supernatant of clone Thr; V, Val; W, Trp; and Y, Tyr. The NH2-terminal the FC36.22 supematant. The level of HHV-6 and
FC36.22 ,grown to full confluence in serum-tree sequence of the first peptide from protein 2 does not HHV-7 infection was assessed by indirect immuno-
medium (HB-1 01, Irvin Scientific) supplemented coincide with a tryptic site, strongly suggesting that, fluorescence analysis on acetone-fixed cells, har-
with rhlL-2 (10 ng/ml), were concentrated to 250 ml in contrast with previously published sequences [S. vested at day 5 after infection, with monoclonal an-
with a Millipore prep/scale tangential flow filtration D. Wolpe et al., J. Exp. Med. 167, 570 (1988); T. J. tibody 9A5D1 2 [N. Balachandran, R. E. Ameise, W.
cartridge (0.09 M2) with a 30-kD nominal molecular Schali, Cytokine 3, 165 (1991)], it corresponds to the W. Zhou, C. K. Chang, J. Virol. 63, 2835 (1989)]
weight exclusion limit. The concentrate was then aculN2-terminus of MIP-l a produced by our wihrcgie ohHV6( n )adHV7

applid to entrprep-O cenrifual cocentrtors CD8+ T cell clone, as described [P. Lusso eta!., J. Exp. Med. 166, 1659
wppithao CekDnominal-5moeculrwifghtcnexclusion 15. T. J. Schall, Cytokine 3, 165 (1991). (1988)].
liit. heCe0Dntripre-l onecentrat 3 lwaihxlsio 16. R. Bertini et a!., AIDS Pes. Hum. Retroviruses 11, 24. Human CBMC were activated in vitro with PHA and
diit.TedtwofldrithpBS aocndtreappidtote Cen-l)wa 155 (1995). then cocultured at a 10: 1 ratio with MT-2 cells that
triprep-50 concentrator. The concentrate was then 17. K. Conlon et al., Eur. J. Immunol. 25, 751 (1995). hadcbeen iradiatednm)wihRA10,000 rad ingthe pres
applied to a Centriprep-100 concentrator with a 18. Purified populations of CD8+ T cells were derived enCe3o6rL2 (10ursueng/ma).rhRNTE (100 ng/me orde
1 00-kD nominal molecular weight exclusion limit, from the peripheral blood of asymptomatic HIV-in- FC36dat22culture soupernataont(50% ev/vere addedur
The concentrate obtained was diluted twofold with fected donors by negative immunomagnetic selec- immediaelyafter.HV1cocultivation wand tevtery4 hour
PBS and reapplied to the Centriprep-1 00 concen- tion with magnetic beads (Dynal) and a cocktail of athgerecafter.eHTLVISreliAtIonwasl-tesed byup24na
trator to yield a final concentrate of 15 ml. Portions monoclonal antibodies to CD4, CD19, CD20, and aniecptrELS(A)onel-eesen-
of all the concentrates and filtrates were tested, at CD56 (Bectoni Dickinson). The cells were cultured at tants collected at days 2, 4, 6, 8, and 10 after
various dilutions, for HIV-SF activity. A significant a density of 1 X 1 0e per milliliter in complete culture starting the culture. The lack of susceptibility of
activity was detected in the final concentrate from medium and stimulated with a mitogenic anti-CD3 HTLV-1 to chemokine inhibition was also suggested
Centriprep-1 00. The concentrate (15 ml) was clar- monoclonal antibody (OKT3; ascites, used at 1:500 by the fact that, despite high levels of RANTES,
ified by centrifugation at lOO0QOOg for 60 min at v/v) and rhIL-2 (Genzyme) used at SOng/mi. Cell-free MIP1 a, or MIP-1 0 production (Table 1), all the
40C, diluted threefold in 10 mM tris-HCI, pH 8.0, supernatants were collected at day 3, filtered (0.22 HTLV-1-immortalized CD4+ and CD8+ T cell lines
and applied to a 250 x 10 mm inside diameter pm), and stored frozen at -700C until use. we tested were found to release high levels of ex-
weak anion exchange HPLC column (Synchropak, 19. P. Lusso et a!., unpublished data. traceliuhar HatLVap4atie)F.och ta.
Phenomenex), equilibrated in 10 mM tris-HCI, pH 20. A. Garzino-Demo, F. Cocchi, P. Lusso, unpublished unPuBliweeshedadata). iol rdetcetiua
8.0. Proteins bound to the column were eluted with data. 25.

n
PBMC weesplaraedinrudbyiotto gradienlpltcentrifuga-

a linear gradient of 0 to 1 M NaCI in 10mM tris-HCI, 21. Human PBMC (5 x 1 05 per test), previously activat- tionlanperwlacedintropiatundbttom,i96-el plaesec or0
pH 8.0, at a flow rate of 1 mi/mmn. The fractions ed with purified PHA at 1 pg/mi for i to 5 days, were celspernwel) intRipicTES cuPltue, inthMPresnc or00
obtained, the original material loaded onto the col- pelleted and exposed to the viral stocks (0.25 to 1 ng absencof RAnTES,MepciP-ly,MornMcl-nal anti500,
umn, and the column flow-through fraction, were per 1 0e cells) at 370C. After 1 hour, the cells were 10orT 20ciesng/msrespec tiey MonoconPA antibodym
tested at various dilutions for HIV-SF activity. The washed three times with PBS and cultured in com- OKT3h(asities was usded at 1:50PHAiatr1e48g/mi.
HIV-SF-containing fractions, recovered between plete medium (500 pRI) containing rhIL-2 (10 ng/ml) in afHthymsabidimnewas addtuedath1ciltper welle4hours0.3 and 0.4 M NaCI, were pooled, brought to pH the presence or absence of different concentrations afster esablishmente in culure; lthecutreswrehr
2.0 by addition of trifluoroacetic acid (TFA) and of rhRANTES, rhMlP-1 a, rhMIP-1 P3, or rhMCP-1 (all vestedKandeounted 18Dbshours latler. E hrso
subjected to reversed-phase HPLC on a 3.9 x 300 from R&D Systems). Two days after infection, 500 RI 26phaeyoshi.- A.Dchrscher, A.Ex. Malet,d. Christo-
mm p.Bondapak C-18 column (Waters Instru- of fresh culture medium containing the same original phrs

992
-M

. Schraderl, J. Expmu Med.1 76,587(99)
ments), equilibrated in H20 containing 0.1 % TFA. concentration of the respective chemokine and IL-2 (192)P.o unet a !.,J.Ex IMmuno!.6 1489,3(1992);J.LProteins bound to the column were eluted with a were added to each well. Four days after infection, Ga.otet a!.,Jibi pMd.176,14 89(1992);J.Noe.-Li.
5-mmn linear gradient of aqueous acetonitrile (0 to half of the culture supematant (500 [LI) was removed Gaeoet a!. ibi. 177, 142 (1993);K.J.Neotel, Del Di-
25%) containing 0.1% TFA. After 10 min at 25% and replaced with fresh culture medium containing Gregorio,) J. . M.akg,R.Houk Tciar. J.Ocap,penl72
acetonitrile in TFA, the column was further devel- the same original concentration of the respective 415(1993)J. MelWang,D.Ex. We.McVca,699J1993ppen-
oped with a 60-mmn linear gradient of 25 to 65% chemokine and IL-2. Cell-free supematants were helmco,D B.KevnA.Pemack Me. 177ne,699(1993);lK.
aqueous acetonitrile in TFA. The flow rate was tested at days 4 to9 after infection for their content of B ao,B .Peak .Grnr .J cal
maintained at 1 mI/mmn. Two major peaks of activity HIV-1 p24 by enzyme-linked immunosorbent assay Scienceo269otshr,12(1995); ldM.BUgucioni,M
were recovered and further analyzed. Fractions (ELISA). DAuzzJ.Imuol.Lotshe,B4(95.Dwi,M agoii
corresponding to each of the peaks were com- 22. The test used for HIV-2 and SIV in PBMC was 27. Eu. J.WmuolfanA.25,ai64

SE
(195

.3,26 18
bined into two separate pools, diluted twofold in similar to that described for HIV-1 (21). A single, S. D. Wrolfeyreand /.Crm, FASEBJ36,2565(19890);D..H0with 0.1% TFA and reapplied individually to cross-reactive commercial ELISA test (Coulter) HabE Broxmeyer eA!.,B.lood, 76,1110(1990);m D. D.
the analytical C-i 8 column. The column was devel- was used for both HIV-2 and SIV p27 antigen cap- Kelvin, Science 260, 355 (1993); J. M. Wang, B.
oped with a 30-mmn linear aqueous acetonitrile gra- ture. The two HIV-2 isolates, grown in the continu- Sherry, M. J. Fivash, D. J. Kelvin, J. J. Oppenheim, J.
dient (0 to 65%) containing 0.1% TFA at a flow rate ous CD4+ T cell line Sup-Ti, exhibited marked Immuno!. 150, 3022 (1993).
of 1 mI/mmn. In both cases, the HIV-SF activity co- differences in their cytopathic effect induction and 28. A. G. Abimiku et a!., Nature Med. 1, 321 (1995); M.
incided with a single peak eluted from the column. growth kinetics (HIV-2ST was slow/low, HIV-2ROD Girard eta!., J. Viro!. 69, 6239 (1995); P. Putkonen et

13. The two fractions containing the active proteins was rapid/high). The SIV isolates were derived from a!. J. Med. Primatol. 23, 89 (1994); J. L. Heeney et
were each reduced, S-carboxyamidomethylated, two pig-tailed macaques (Macaca nemestrina) a!., J. Exp. Med. 180,769(1994); J. R. Carlson eta!.,and subjected to digestion with trypsin. The result- experimentally inoculated with SIVsmE66O [V. M. AIDS Res. Hum. Retroviruses 6,1239 (1990).
ing npeptidep mixtures- were fractionated by narrow- Hirsch, R. A. Olmstedt, M. Murphey-Corb, R. H. 29WthnR.eded(airRedAmHopal
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