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Limited expression of R5-tropic HIV-1 in CCR5-positive type 1—polarized T cells
explained by their ability to produce RANTES, Mlfe;land MIP-13

Francesco Annunziato, Grazia Galli, Filomena Nappi, Lorenzo Cosmi, Roberto Manetti, Enrico Maggi,

Barbara Ensoli, and Sergio Romagnani

Human T helper (Th) cells (Thl- or
Th2-oriented memory T cells as well as
Th1- or Th2-polarized naive T cells) were
infected in vitro with an R5-tropic HIV-1
strain (BaL) and assessed for their profile
of cytokine production, CCR5 receptor
expression, and HIV-1 p24 antigen (p24
Ag) production. Higher p24 Ag produc-
tion was found in CCR5-negative Th2-like
memory T cells than in CCR5-positive
Th1-like memory T cells. By contrast, p24
Ag production was higher in Thl-polar-
ized activated naive T cells in the first 4
days after infection. However, p24 Ag
production in Thl-polarized T cells be-
came comparable or even lower than the
production in Th2-polarized populations
later in infection or when the cells were
infected with HIV-1BalL after secondary

Introduction

stimulation. The higher levels of p24 Ag
production by Thl-polarized naive T cells
soon after infection reflected a higher
virus entry, as assessed by the single
round infection assay using the HIV—
chloramphenicol acetyl transferase (HIV-
CAT) R5-tropic virus that contains the
envelope protein of HIV-1 YU2 strain. The
limitation of viral spread in the Thl-
polarized populations, despite the initial
higher level of T-cell entry of R5-tropic
strains, was due to the ability of Th1 cells
to produce greater amounts of  -chemo-
kines than Th2 cells. In fact, an inverse
correlation was observed between Thl-
polarized naive T cells and Thi-like
memory-activated T cells in regards to
p24 Ag production and the release of the
following CCR5-binding chemokines:

regulated on activation normal T ex-
pressed and secreted (RANTES), macro-
phage inflammatory protein-1 « (MIP-1a),
and MIP-1B. Moreover, infection with the
HIV-1BaL strain of Th1-polarized T cells in
the presence of a mixture of anti-
RANTES, anti-MIP-1«, and anti-MIP-1
neutralizing antibodies resulted in a sig-
nificant increase of HIV-1 expression.
These findings suggest that Thl-type
responses may favor CD4 + T-cell infec-
tion by R5-tropic HIV-1 strains, but HIV-1
spread in Thl cells is limited by their
ability to produce CCR5-binding chemo-
kines. (Blood. 2000;95:1167-1174)
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HIV-1 isolates exhibit marked differences in their ability to infecfTh1 cells produce interferon{IFN-v) but not interleukin-4 (IL-4),
CD4* T cells. While all strains infect primary CD4T cells, most whereas Th2 cells produce IL-4 as well as IL-5, IL-10, and IL-13
primary isolates also infect macrophages (M tropic) but fail tbut not IFN<.° Interestingly, CCR5 has been shown to be
infect transformed CD4 T cell lines!2 Other isolates replicate preferentially expressed in Thl celfs!! whereas CXCR4, al-
well in CD4" T cell lines (T tropic) but fail to infect macro- though constitutively present on the majority of naive T cells, is
phages:® The underlying source of permissiveness for M and Tp-regulated by IL-#13and down-regulated by IFN:*2 Recently

tropic viruses has recently been recognized. In order for HIV-1 t@e and others have shown that at least in vitro, IL-4 also favors the

infect lymphocytes or macrophages, one or more cofactors ametry of X4-tropic HIV-1 strains in CD#4 T cells1315 Thus, the

required in conjunction with the CD4 molecule for virus/cell fusioroccurrence of Th2 responses may provide a selective pressure for

to occur. CCR5 is a 7-transmembrane receptor for the followirtbe emergence of X4-tropic highly aggressive HIV-1 strains

B-chemokines: regulated on activation normal T expressed aadd consequently for a more rapid progression toward full-
secreted (RANTES), macrophage inflammatory protein(MIP-
1la), and MIP-B. CCR5 confers susceptibility to infection by

blown diseasé318

In this study, the effect of in vitro infection of Thl-like or

certain M-tropic (R5-tropic) strains of HIV-1, whereas CXCR4, th&h2-like CD4" T cells with an R5-tropic HIV-1 strain (BalL) was

7-transmembrane receptor for thechemokine stromal cell- investigated. Surprisingly, comparable or even higher HIV-1 24

derived factor—1 (SDF-1), has been shown to serve as a cofactordatigen (p24 Ag) production was found in Th2-p than in Thl-
polarized populations infected with the same R5-tropic HIV-1

T tropic (X4-tropic) HIV-1 straing:8

Human CD4 T helper (Th) cells are heterogeneous in theistrain, despite the higher or even selective CCR5 expression in Thl
cytokine production profile, but under certain conditions CD4cells. This apparent paradox was explained by the observation that
Th-cell-mediated immune responses can polarize into oppoditdowing activation, both Thl-like memory T cells and Thi-
pathways, which have been defined as type 1 (Th1) or type 2 (Th@dlarized activated naive T cells showed significantly higher
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production of3-chemokines RANTES, MIP«l, and MIP-B than  Generation of Th1- and Th2-oriented lines
the corresponding Th2-like memory or naive T cells from the sanfiem UCB lymphocytes

donors.. More Importa_mtly, infection of Thl-polarlzgd T cells Wlth:’olyclonal CD4 T cell lines were generated from UCB MNC suspensions
R5-tropic HIV-1 strain in the presence of a mixture of antinf 12 newborns, as previously describéd? Briefly, CD4* CD45RA* T
RANTES, anti-MIP-1, and anti-MIP-B antibodies resulted in a cells were purified by negative magnetic selection using magnet-activated
significant increase of p24 Ag production in Thl-polarized T cellgell sorting (MACS) following a 2-step incubation with a mixture of
These findings suggest that Th1 responses may favor higher CO#ti-CD8, anti-CD14, anti-CD20, anti-CD56, anti-CD45R0, and anti-
T-cell entry of R5-tropic strains, but HIV-1 spread among Th1 celiglycophorin Aand B mAbs. This process was followed by incubation with

is limited by their ability to produce CCR5-binding chemokines. conjugated goat antimouse IgG with magnetic beads. Recovered cells
(more than 99% CDBCD4+ CD45RA") were then stimulated with 0.1%

vol:vol PHA and 20 units/mL IL-2 in the absence or presence of 100
units/mL IL-4 or IL-12 in RPMI medium containing 10% heat-inactivated

Materials and methods fetal calf serum (FCS) (primary stimulation). In some experiments, IL-12—
) or IL-4—conditioned naive CD#T cells were subjected to a second round
Subjects of stimulation by PHA/IL-2 in the presence of the same cytokine by which

Peripheral blood (PB) samples used in this study were obtained frdffy had been previously conditioned (secondary stimulation).
informed atopic adult volunteers sensitivetermatophagoides pteronyssi- ntracytofluorimetric analysis of cytokine production
nusgroup 1 (Der p 1) and from umbilical cord blood (UCB) of newborns in
accordance with the ethical standards of the responsible regional commitigteacytofluorimetric analysis of IFNs IL-4, and MIP-Xx synthesis at
on human experimentation. single-cell level was performed as describét?Briefly, T-cell blasts were
stimulated with 10 ng/mL PMA plus 1 umol/L ionomycin for 4 hours; in the
last 2 hours, the cells were stimulated in the presence of 5 pg/mL brefeldin
A. After incubation, cells were washed twice with PBS (pH 7.2), fixed 15
The medium used throughout was RPMI 1640 (Seromed, Berlin, Germarfjiutes with formaldehyde (2% in PBS; pH 7.2), washed twice with 0.5%
supplemented with 2 mmol/L L-glutamine, 1% nonessential amino acidg>A N PBS (pH 7.2), permeabilized with PBS (pH 7.2) containing 0.5%
1% pyruvate, 2< 105 moliL 2-mercaptoethanol (all from Gibco Life BSA and 0.5% saponin, and then incubated with the specific mAb.
Technologies, Grand Island, NY), and 100 pg/mL kanamycin and 10 “g/n_lﬁ_cubat_lon Wl_th the blotln-labe_le_d anti-IL-4 mAb was followed by a second
gentamycin (Sigma, St Louis, MO). Other materials used included streprQUbat'on_ with APC-streptavidin. Cells_ were then analyzed on a fluores-
kinase (SK) Ag (Behring, UAquila, Italy); Dep 1 allergen (gift of Lofarma cgnge-actlvated cell sorter (EA(_:SCahbur, CeIIQuest s.oftware;' Becton
SpA, Milano, Italy): phytohemagglutinin (PHA) (Gibco, Milan, Italy): Dickinson). The area of po_squy was determined using an isotype-
) ) . ) ) ) > " matched mAb. In all cytofluorimetric analyses, a total of @@ents for each
PMA, ionomycin, brefeldin A, and saponin (Sigma); human recomblnagtample was acquired
IL-2 (gift of Eurocetus, Milan, Italy); human recombinant IL-4 and IL-12 '
(R ‘& D Systgms, Minneapoli_s, MN); purified anti-CD$, apti-CDl4,Fl0W cytometric analysis of surface molecules
anti-CD20, anti-CD56, and anti-CD45R0 monoclonal antibodies (mAbs)
(Becton Dickinson, San Jose, CA); antiglycophorin Aand B mAbs (Sigmapetection of CXCR4 and CCR5 on the surface of T cells was performed by
and goat antimouse immunoglobulin G (IgG) conjugated with magnetftow cytometry, as described:1® Briefly, after saturation of nonspecific
beads (Miltenyi Biotec, Bisley, Germany). binding sites with total rabbit 1gG, cells were incubated for 20 minutes at
Clone names and isotypes neutralizing are noted in parentheses for4fe With specific or isotype control mAbs. Finally, cells were washed and
following materials that were used: neutralizing anti—Mi®-anti—MIP- analyzed (FACSCalibur, CellQuest; Becton Dickinson). In all cytofluorimet-
18 (24 006.111, 1gG2b), and anti-RANTES mAb (21445.1 1gG1) mAgpsic analyses, a total of ¥@vents for each sample was acquired.
(R & D Systems); phycoerythrin-conjugated (PE-conjugated) anti—IL-4 . .
(3010.211, IgG1); fluorescein isothiocyanate—conjugated anti—interffarorf‘-"enerat'on of HIV-1 viral stocks
(FITC-conjugated anti-INF) (25 723.11, 1gG2b); peridinin chlorophyll H)v.1Bal stocks were generated from supernatants of human monocyte-
protein (Per CP)—conjugated anti-CD8 (SK1, IgG1) mAb, allophycocyaninterived macrophages (MDM) and infected with a low-passage seed stock of
conjugated (APC-conjugated) anti-CD3 (SK7, IgG1l) mAb, and APGhe Bal virus. Briefly, MDM were obtained by plating human PBL in
streptavidin (Becton Dickinson, San Jose, CA); biotin-conjugated anti~IL¢bmplete medium. After 7 days in culture, nonadherent cells were removed,
(4D9, 1gG1) mAb (gift from C. Heusser, Novartis, Basel, Switzerland)while adherent cells were incubated overnight with HIV-1BaL at 37°C.
purified and fluorochrome-conjugated isotype control mAbs (Southepfter removing unbound virus, fresh medium was added, replaced every
Biotechnology Associates, Birmingham, AL); PE-anti-CXCR4 (12G5-3 days, and assayed for p24 Ag content. P24 Ag-positive supernatants
IgG2a), FITC-anti-CCR5 (2D7, IgG2a), and PE-anti-MiP-11A3, were titrated by limiting dilution on PHA/IL-2—activated human PBNIC.
IgG2a) mAbs (PharMingen, San Diego, CA); RANTES, MIRdnd HIV-111IB stocks were generated from supernatant of the H9 11IB infected T
MIP-18 enzyme-linked immunosorbent assay (ELISA) kits (R & Dcell line, and titrated by limiting dilution in the syncytia formation assay
Systems); and p24 Ag ELISA kit (HIVAG-1 monoclonal) (Abbott, Wies-using the C8166 T-cell line, as previously described.
baden-Delkenheim, Germany).

Reagents

In vitro infection with HIV-111I1B and HIV-1BalL

Generation of short-term Ag-specific T cell lines Infection of Ag-specific short-term T cell lines or PHA-activated naive T
from adult PB lymphocytes cells with HIV-1llIB or BalL strain was performed as previously de-
scribed!? Briefly, on day 15, SK-specific or Der p 1-specific short-term T
Ag-specific CD4 T cell lines were generated as previously descritféfl. cell lines (more than 99% CD3CDA4*) were incubated with either the
Briefly, mononuclear cell (MNC) suspensions were obtained from PB ofi8IV-1111B or HIV-1BalL strain for 2 hours at 37°C, then extensively washed
atopic Der p l-sensitive donors by centrifugation on Ficoll-Hypaqu® remove unbound virus, and plated at the final density &t&0s per well
gradient and stimulated in RPMI medium containing 5% autologous serim complete medium in which 20 units/mL IL-2 were added. The
in the presence of SK (100 units/mL) or D@1 (5pg/mL) for 5 days. On multiplicity of infection (MOI) used for the HIV-1111B strain was 1 virion to
day 5, activated T cells were expanded in the presence of recombinant 11-2ell (as determined on the C8166 T cell lidéjyhile the MOI used for the
(20 units/mL). HIV-1BaL strain was 1 virion to 1Dcells, as determined on PHA/IL-2
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A Derp 1 SK B c 5600 Figure 1. Higher expression of both X4-tropic and
E R5-tropic HIV-1 strains in Der p 1- and SK-specific
short-term CD4 * T celllines. Intracytofluorimetric analy-
sis of IL-4 and IFN-y production (A and D) and cytofluori-
2500 metric detection of CXCR4 and CCRS5 surface expression
(B and E) by Der p 1- and SK-specific CD4" T cells from
2 different atopic donors, examined on day 15 of culture,
as described in “Materials and Methods.” Spontaneous
release of p24 Ag on day 21 (day 6 after infection with the
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activated human PBM& After 6 days in culture, cell-free supernatants
were assayed for p24 Ag as well as for MIR;MIP-1B3, and RANTES Results

content. Three days after primary or secondary stimulation, IL-12— or

IL-4—conditioned naive CD4 T cells were incubated with either the Higher levels of HIV-1 p24 Ag production in CCR5-negative

HIV-111I1B or HIV-1BaL strain, as described above, and plated at the ﬁnal*hz-like than in CCRS5-positive Th1-like memory T cells

density of 16 cells per well in complete medium in which 20 units/mL IL-2 infected with an R50-tropic strain

were added. After 2, 4, and 6 days, cell-free culture supernatants were

assayed for p24 Ag, RANTES, MIPaland MIP-3 content. To investigate the effects of the infection of Thil-like and Th2-like
CD4* T cells with an R5-tropic HIV-1 strain, short-term T cell lines
specific for SK or De p 1 were generated from atopic Der p
1-sensitive individuals. The results of 2 representative experiments
are shown in Figure 1. Following stimulation, most T-cell blasts
Recombinant HIV-1 containing different envelope (env) proteins linked t0m 1 of the 2 Der p 1-specific lines produced IL-4, but not HzN-
the chloramphenicol acetyl transferag@A([) reporter gene were generated(Th2-like) or both IL-4 and IFNy (designed as type 0 Th-like

by cotransfection of 10293 celf® by the calcium phosphate method with 7[Th0-like]), and a few of them produced only IFN{Th1-like)

Hg HIV-CAT reporter plasmid and 1 ug plasmid encoding the env proteiitgigure 1A). In the other Der p 1-specific T cell line, only T-cell
from a laboratory-adapted X4-tropic isolate (HXBc2) or an R5-tropig)|gsts producing IL-4 but not IFN- (Th2-like) were detected
primary HIV-1 isolate (YU2). The HIV-CAT reporter plasmid contains arKFigure 1D). By contrast, virtually all T-cell blasts from SK-

HIV-1 provirus deleted in thenv gene in which thenef gene has been " )
replaced with theCAT gene?! The transfected 293 cell supernatantsSpecmc lines of both donors produced IRNbut not IL-4

containing the recombinant viruses were collected, filtered through 0.45 p(;lr—whl'“ke) (Figure EI'A and_ D). S_K'SpeC'f'(_: and Der p 1-specific T
pore-size millipore filters, and assayed for reverse transcriptase (F3§/IS @lso clearly differed in their expression of CCRS and CXCR4

activity. These viruses were then used at equal numbers of RT activityfsolecules; in both cases the great majority of SK-specific T-cell
infect UCB T cells or T cells from SK-specific or Der p l-specificblasts showed CCRS5 expression but little or no CXCR4 expression.
short-term T cell lines. At day 4 after infection, the cells were lysed, and cdy contrast, Der p 1—specific T-cell blasts showed high CXCR4
extracts were normalized to total protein content and used for thxpression, whereas CCR5 expression was lower (Figure 1B and
measurement of CAT activity by thin layer chromatography. CAT activitf). As expected, after infection with the X4-tropic HIV-111IB
was then evaluated by the conversion of chloramphenicol in its acetylarggainy Der p 1-specific lines (ThO/Th2-like, high CXCR4 expres-
forms and expressed as the percentage of convefion. sion) showed significantly higher p24 Ag production than SK-
specific lines (Th1-like, low CXCR4 expression). Surprisingly, p24
Ag production was also higher in Der p 1-specific T cell lines than
Cell viability was determined in both naive and memory HIV-1-infected Ty, SK-specific T cell lines infected with HIV-1BaL (Figure 1C and
cells by counting the number of trypan blue negative cells. The proliferaticﬁ)_ Table 1 summarizes the results obtained by measuring p24 Ag

rate was determined by measurifig-thymidine uptake. Briefly, at the - . _
indicated times, 19viable cells were pulsed with 0.185 MBq (5 pCi/mL) of '?g’flj\lgf :i(; %ﬁ:?;t‘f;pﬁg?e‘initﬁ' g";ag ‘iailgszc?]ficpzf fﬁl riirrc])s;lc

3H-thymidine for 16 hours. Cells were then harvested on glass fiber filteg, . o - .
and®H-thymidine uptake was determined by scintillation counting. infected with HIV-1l1IB than in infected SK-specific T cell lines.

Likewise, significantly higher p24 Ag production was found in
Evaluation of RANTES, MIP-1 «, MIP-1B and p24 Ag production supernatants of Der pl-specific T-cell cultures (ThO/Th2-like, low
CCR5 expression) than in those of SK-specific (Thl-like, high
(CRS expression) T-cell cultures infected with HIV-1BalL.

Single-round infection with R5-tropic and X4-tropic
recombinant HIV chloramphenicol acetyl transferase
viruses and assays

Cell viability and thymidine incorporation

Measurement of RANTES, MIPed. MIP-18, and p24 Ag concentrations in
cell-free culture supernatants was performed by appropriate ELISA ki
according to manufacturers’ instructions.

p24 Ag production in Th1- and Th2-polarized naive T cells

Statistical analysis The effects of infection with X4-tropic or R5-tropic HIV-1 strains

Statistical analysis of the results was performed by the Studest or by 0f naive T cells were then investigated. To this end, UCB
linear regression analysis. CD45RAYR0O-CDA4" T cells were stimulated with PHA and IL-2 in
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Table 1. Production of p24 Ag by SK-specific and Der p 1-specific short-term whereas IL-4—conditioned T cell lines exhibited high IL-4 and little
T celllines infected in vitro with the HIV-1Bal strain IFN-y synthesis (data not shown). At day 4 after infection with
P24 Ag (pg/mL) HIV-111IB, p24 Ag production was higher in Th2-polarized than in
Ag Specificity No. of T Cell Lines HIV-1111B* HIv-1BaL  Th1-polarized T-cell cultures. However, in contrast with the results
SK 8 100 * 17 1,460 + 210  Observed in memory T cell lines, p24 Ag production was higher in
Derp 1 8 783 + 120 4234 +635 Thl-polarized than in Th2-polarized BaL-infected T cell cultures
Pvalues <.005 <.005 (Figure 2A). Accordingly, CAT activity in cell lysates was higher in

SK-specific and Der p 1-specific short-term T cell lines were generated from Th2_—polar|zed nalve_ T cells |nfgcted Wl_th X4-tr0p|c recombinant
PBMC of 8 Der p 1-sensitive atopic donors, as described in Materials and Methods. ~ Strain HXBc2 than in Thl-polarized naive T cells; whereas CAT
On day 15, T cell lines were infected with the HIV-1IlIB or HIV-1BaL strains, and activity was higher in Thl-polarized naive T cells infected with the

on day 6 after infection, they were assessed for p24 Ag production, as previ- ~ : : . . . _
ously described. R5-tropic recombinant strain YU2 than in the infected Th2

“Values represent the mean + SEM (standard error of the mean) of p24 Ag  polarized naive T cells (Figure 2B).
concentrations in cell-free supernatants. As a control, SK-specific (Thl) and Der p 1-specific (Th2)
short-term T cell lines were infected with HIV-1BaL or HIV-111IB

) ) and the recombinant YU2 and HXBc2 HIV-1 strains. The cell lines
the absence or in the presence of IL-12 or IL-4, which have be%re then assessed for p24 Ag production and CAT activity,
shown to polarize naive T cells toward the Thl or the Th2 pmf"‘?espectively. As expected, p24 Ag production was higher in Der p
respectively:-1>19Both IL-12—and IL-4—conditioned naive T cells ;_gpecific than in SK-specific T cells infected with either HIV-
were infected with HIV-111I1B or HIV-1BaL 3 days after infection, 1541 or HIV-111IB strain (Figure 1, Figure 2D). Accordingly, CAT
and p24 Ag production was evaluated in T-cell culture supergetivity was higher in Der p 1-specific than SK-specific T cells
tants. Moreover, to establish whether possible differences in pgfected with either YU2 or HXBc2 HIV-1 strains(Figure 2E). Of
Ag production reflected different levels of viral entry or Weréhote, we did not observe differences in CD4, CD25, and CD69
related to a different state of cell activation and/or proliferatiorsxpression (data not shown) nor differences in the numbers of
parallel cultures were infected with HIV-1-CAT viruses containingiable cells or 3H-thymidine incorporation between Thil- and
HXBc2 (X4-tropic) or YU2 (R5-tropic) env proteins, which areTh2-polarized naive or memory T cell lines (Figure 2C and F).
capable of only 1 cycle of infection, and CAT activity was assessethese findings strongly suggest that differences in the expression
after infection. Finally, CD4, CD69, and CD25 expression; thef X4-tropic or R5-tropic HIV-1 strains between Thl- and Th2-
numbers of viable cells; and the cell proliferation state in the sampelarized T-cell cultures are mainly related to differences in viral
cultures were also evaluated. As expected, all IL-12—conditionedehtry rather than in levels of CD4 expression or cell activation,
cell lines showed high IFN+and little IL-4 intracellular synthesis, viability, or proliferation.
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Figure 2. Differences in p24 Ag production by Th1l-polarized versus Th2-polarized naive T cells are due to differences in viral entry and not in cell pro liferation.

Naive CD4* T cells were activated with PHA and IL-2 in the presence of IL-12 (Th1-polarized) or IL-4 (Th2-polarized) and infected 3 days later with HIV-1111B (X4-tropic) or
HIV-1BaL (R5-tropic). Parallel cultures were infected with recombinant HIV-1-CAT viruses containing HXBc2 or YU2 env proteins (X4-tropic and R5-tropic, respectively).
SK-specific (Th1) and Der p 1-specific (Th2) T cell lines (Figure 1) were also infected with either HIV-1BaL, HIV-111IB, or HIV-1 strains YU2 or 1HXBc2. (A) Spontaneous p24 Ag
release measured in supernatants of Thl-polarized (black columns) or Th2-polarized (white columns) cell cultures 4 days after infection with HIV-1111B or HIV-1BaL. (B) CAT
activity in cell lysates from parallel cultures infected with X4-tropic or R5-tropic HIV-CAT viruses measured 4 days after infection, as described in “Materials and Methods.” (C)
Numbers of viable (trypan blue negative) cells in Th1-polarized (black symbols) or Th2-polarized (white symbols) T-cell cultures from day 1 to day 4 after infection with HXBc2
(circles) or YU2 (squares) HIV-CAT viruses (left panel) and levels of 3H-thymidine uptake in the same culture (right panel). (D) Spontaneous p24 Ag release in supernatants of
SK-specific (Th1; black bars) or Der p 1-specific (Th2; open bars) T cells 6 days after infection with HIV-1111B or HIV-1BaL. (E) CAT activity in cell lysates from a parallel culture
infected with YU2 or HXBc2 HIV-1 strains. (F) Numbers of viable (trypan blue negative) cells in SK-polarized (black symbols) or Der p 1-polarized (white symbols) T-cell
cultures from day 1 to day 4 after infection with HXBc2 (circles) or YU2 (squares) HIV-CAT viruses (left panel) and levels of 3H-thymidine uptake in the same culture (right
panel). Arepresentative experiment is shown.
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HIV-1 expression in Thl-like T cells is limited by the production
of RANTES, MIP-1 «, and MIP-18

The kinetics of HIV-1 spread during the initial phases of Thl or =
Th2 polarization of naive T cells was then analyzed in greaterg
detail. To this end, naive T cells isolated from the UCB of 12 §
different donors were activated with PHA plus IL-2 in the presence
of IL-12 or IL-4. Three days after activation, both IL-12— and
IL-4—conditioned naive CD#4 T cells were infected with the ¢
HIV-1BaL strain, and p24 Ag production was measured on days 2§
4, and 6 after infection. The results of these experiments arG
summarized in Figure 3A. As expected, there was a significantly

3500

PRODUCTION OF B-CHEMOKINES BY HIV-1-INFECTED CELLS 1171

A o MIP-1a. R=-0.36 p<0.01
3000 4 * MIP-1B R=-0.38 p<0.01
A ARANTES | R=-0.35 p<0.01
2500 - a
£ 2000 |
<
=2
3
9
5 1500 a
g o
£
®
1000 | © * A
.A hd
0 4250 o .
o &° Qe 2
0% e °
0’0@.026)96682 e« 5 e 0P ¢
0 2000 4000 6000 8000 10000 12000

higher production of p24 Ag by IL-12—conditioned (Th1-polarized)
T cells than by IL-4—conditioned (Th2-polarized) T cells between
days 0 and 2 and between days 2 and 4 after infection. However,

p24 antigen production (pg/ml)

between days 4 and 6, p24 Ag production was more increase(f

;ﬁjre 4. Inverse correlation between p24 Ag production and spontaneous
lease of RANTES, MIP-1 «, or MIP-18, by CD4* naive T cells infected with

IL-4—conditioned cultures than in IL-12—conditioned culturesdiv-1BaL strain. R values were determined by linear regression analysis between

Furthermore, when Thl-polarized and Th2-polarized CD4ell

p24 Ag and each chemokine concentration.

lines were infected with the HIV-1BalL strain 3 days after a

secondary stimulation, p24 Ag production appeared to be signifi-
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cantly higher in Th2-polarized than in Thl-polarized populations
(Figure 3B).

We then hypothesized that the ability of HIV-1 to spread in
Thl-like T cells was limited by the production @fchemokines
RANTES, MIP-k, and MIP-B, which reduced the entry of
R5-tropic HIV-1 strains by competing for the CCR5 coreceptor. To
this end, RANTES, MIP-&, and MIP-1 concentrations were
measured in the supernatants of the same IL-12—conditioned and
IL-4—conditioned activated naive CDJ cells between days 0 and
2, days 2 and 4, and days 4 and 6 following infection with
HIV-1BaL. As shown in Figure 3C, there were no differences in the
production of the $-chemokines between IL-12—conditioned and
IL-4—conditioned T-cell cultures from days 0 to 2. However, the
production of MIP-kx and MIP-1B was significantly higher in
IL-12—conditioned cultures than in IL-4—conditioned cultures be-
tween days 2 and 4. Significantly higher concentrations of all the 3
B-chemokines were found in IL-12—conditioned T-cell cultures
compared with IL-4—conditioned T-cell cultures between days 4
and 6 following infection (Figure 3C). After secondary stimulation,
the B-chemokine content was also significantly higher in Thl-
polarized than in Th2-polarized T-cell cultures (Figure 3D). On day
6, a significant inverse correlation between the amount of RANTES,
MIP-1a, and MIP-B and the concentration of p24 Ag present in
the culture supernatants of the same HIV-1BalL-infected T cells
could be observed (Figure 4).

To provide more direct evidence that limiting the spread of
HIV-1BaL in IL-12—conditioned T cells was related to the ability of
these cells to produce high amounts pfchemokines, both
IL-12—conditioned and IL-4—conditioned activated naive T cells
were infected with HIV-1BaL in the absence or presence of a
mixture of anti-RANTES, anti-MIP-d, and anti—MIP-B neutral-
izing mAbs. Production of p24 Ag was then measured in culture
supernatants on days 4 and 6 after infection. As shown in Figure 5,

Figure 3. Kinetics of p24 Ag and  B-chemokine production by Thil-polarized or
Th2-polarized naive T cells infected with HIV-1BaL.  Spontaneous release of p24
Ag and B-chemokines was assessed in the same supernatants of naive activated
CD4" T cells infected with HIV-1BaL 3 days after primary (A and C) or secondary (B
and D) stimulation. Open and closed columns represent p24 Ag concentrations found
in supernatants from Th2-polarized or Th1l-polarized T cells, respectively. White and
gray columns represent concentrations of MIP-1a (hatched areas), MIP-13 (dotted
areas), and RANTES (empty areas). Results are expressed as net production of p24
Ag or B-chemokines at the indicated days according to the following formula:
concentration at time, — concentration at timey—;. Mean values + SE of 12 separate
experiments (A and C) and 8 separate experiments (B and D) are reported.

HIV-1 infection.

ability of the former to produc@-chemokines, RANTES, MIP«el

the increase of HIV-1BaL expression in the presence of anti—
B-chemokine antibodies was significantly higher in Thl-polar-
ized cultures than in Th2-polarized cultures on days 4 and 6 after

To support the concept that the lower p24 Ag production
observed in Thl-oriented memory T cell lines compared with
Th2-oriented memory T cell lines was also related to the higher

20z dunf g0 uo 3sanb Aq Jpd' 291 L /¥¥G1L991L/29L |/¥/S6/4pd-Bl0E/POO|qABU"SUOHEDIIgNdYSE//:d}Y WOl papeojumog



1172 ANNUNZIATO et al

300 A
p<0.01

) 200
| -
b
= p<0.01
S
o
[
L=]
28

100 ¥

4 6

days after infection

Figure 5. Increase of p24 Ag release by Thl-polarized naive CD4 + T cells
infected with HIV-1BaL in the presence of anti-RANTES, anti-MIP-1  «, and
anti-MIP-1 B neutralizing mAbs. Thl-polarized (black columns) and Th2-polarized
(open columns) CD4*-activated naive T cells were infected with HIV-1BaL in the
presence of a mixture of anti-RANTES, anti-MIP-1«, and anti-MIP-1f or of isotype-
matched control mAbs. Values are expressed as the percent of p24 Ag released in
the presence of antichemokine mAbs versus the percent of p24 Ag released in the
presence of control mAbs. Columns represent mean values = SE of 9 separate
experiments.

BLOOD, 15 FEBRUARY 2000 « VOLUME 95, NUMBER 4

Derp1

o
&
o
=

counts

40 60 80

20

0

R1 R2

16
4

34% 5%

1%

r
1w 1o

102 10
IFN-y IFN-y

Figure 6. Intracellular detection of MIP-1 « production by IFN- y— producing

and MIP-B contents were measured in culture supernatants frofg-specific CD4 + T cells but not by IL-4—producing antigen-specific CD4 ~ + T
both SK-specific (Th1-like) and Der p 1-specific (ThO/Th2-like¥ells. (A) T-cell blasts from SK-specific or Der p 1-specific short-term T cell lines

cell lines. As shown in Table 2, mean concentrations of the

re stimulated with PMA plus ionomycin on day 6 after infection with HIV-1BaL
strain and simultaneously analyzed for MIP-lab IFN-y, and IL-4 content, as

B-chemokines, assessed on day 6 after infection, were significanid¥cribed in “Materials and Methods.” (B) IL-4 and IFN-y production in MIP-La—
higher in cell-free supernatants from SK-specific T cell lines than mgative (R1) and MIP-la—positive (R2) Der p 1-specific CD4* T cells shown in (A).
those from Der p 1—specific T cell lines. Furthermore Whe‘H1e area of MIP-1a positivity was determined against an isotype-matched antibody.
MIP-1a synthesis was evaluated at single-cell level, a higher

percentage of MIP-d producing cells in SK-specific than in Der p

1-specific T cell lines was observed (Figure 6A). More interespiscussion

ingly, the great majority of MIP-d—producing cells appeared to be

contained within the population of IFN—producing cells, whereas It has been suggested that during HIV-1 infection there is a bias
there were virtually no cells producing both IL-4 and MIR-1 toward Th2-like responses and hence Th1l inhibition, which may

(Figure 6B).

Table 2. Production of RANTES, MIP-1 «, and MIP-18 by SK-specific and Der p
1-specific short-term T cell lines infected in vitro with the HIV-1 BaL strain

Chemokine Concentration (pg/mL)

Ag No. of T Cell
Specificity Lines RANTES MIP-1a MIP-1B8
SK 8 285 *+ 84* 414 += 109 2402 = 1043
Derpl 8 41+9 102 =8 98 = 30
P values <.01 <.01 <.03

SK-specific and Der p 1-specific short-term T cell lines were generated from
PBMC of 8 Der p 1-sensitive atopic donors, as described in Materials and Methods.
On day 15, T cell lines were infected with the HIV-1BaL strain, and on day 6 after
infection they were assessed for the production of RANTES, MIP-1a, and MIP-1f3, as
described in “Materials and Methods.”

*Values represent the mean = SE of chemokine concentrations in cell-free
supernatants.

contribute to the loss of control of the immune system over HIV-1
infection and result in progression to AlBFS.In subsequent
studies, wé® and other¥27were unable to support the concept of a
general massive shift to a Th2 pattern in HIV-1—infected individu-
als. However, it was found that HIV-1 replicates more easily in Th2
and ThO clones rather than in Thl clones in vi&dlhe latter
finding was confirmed by some auth®¥% but challenged by
others3?31 The reasons for these discrepancies have become
partially clearer after the demonstration that CCRS5, the 7-transmem-
brane receptor fop-chemokines RANTES, MIP«l, and MIP-B

that confers susceptibility to infection by M-tropic strains of
HIV-1,87 is predominantly or selectively expressed by activated
Thl cells®l On the other side, CXCR4, the 7-transmembrane
receptor for thee-chemokine SDF-1, which serves as a cofactor for
T-tropic HIV-1 strains® is up-regulated by IL-%#13 and down-
regulated by IFNy.13 Accordingly, it has been shown that at least
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in vitro, IL-4 also up-regulates the entry of X4-tropic HIV-1 strain®of RANTES, MIP-k, and MIP-B is associated with type 1
in CD4" T cells’®15Thus, at least one of the reasons for highedmmune response both in vifband in vivo3® Moreover, an
expression in Th2 cells of T-tropic ( X4-tropic) HIV-1 strains isinverse relationship between the spontaneous production of the 3
presently understood. More importantly, these findings proviggchemokines and p24 Ag by activated naive T cells infected with a
evidence of why the occurrence of Th2 responses may result ifR&-tropic HIV-1 strain was observed. Finally, and most impor-
selective pressure for the emergence of X4-tropic, highly aggreantly, infection with R5-tropic HIV-1BaL strain in the presence of
sive HIV-1 strains and consequently for a more rapid progressianti-3-chemokine neutralizing Abs resulted in higher HIV-1 expres-
toward full-blown diseas&*18 sion by Thl-polarized naive T cells, even in the more advanced
The results reported here provide the explanation for the limitgghases of infection, thus paralleling or even overcoming the entity
HIV-1 expression observed in Thl-polarized T cells infected withbf HIV-1 expression seen at the same time in Th2-polarized T cells.
R5-tropic HIV-1 despite the higher expression of CCR5 by these Taken together, the results of this study support the concept that
cells’® In fact, soon after infection, HIV-1 entry is probablythe entry of R5-tropic HIV-1 strains into CD4T cells is indeed
easier in Thl-polarized than in Th2-polarized CDhive T cells, favored by the occurrence of Thi-type effector responses via the
which is suggested by the higher concentration of p24 Ag ireferential expression by Thi cells of the CCR5 coreceptor. These
supernatants of Thl-polarized T cells between days 0 and 4 affi@dings parallel previous results demonstrating the preferential
infection. This higher p24 Ag production by Th1-polarized T cellgntry of X4-tropic strains in CXCR4-expressing Th0O/Th2-like T
reflected a higher viral entry into T cells, as assessed by T-cebB|ls13-16 However, they also indicate that the entry of R5-tropic
infection with defective viruses that do not go through repeateqiv-1 strains in Thil cells is rapidly counterbalanced by the
rounds of replication. By contrast, we did not observe significapfoduction of chemokines that compete with the virus for its
differences in expression in CD4, T-cell activation markers CD6fteraction with CCR5 coreceptor. This phenomenon may provide
and CD25, or in T-cell proliferation. This suggests that higher p2¢n important protective mechanism against viral spread to other
Ag production in Thl-polarized T cells infected with R5-tropiccells present in the microenvironment during Thi-type effector
HIV-1 strains in the initial phases after infection did not depengbsponses. On the other hand, the possibility that other factors
upon higher levels of replication subsequent to viral entry into 3cting at post-entry level also influence the replication kinetics of
cells. However, further spread of R5-tropic strain among Th1 cellfifferent HIV-1 strains in Th1 and/or Th2 cells cannot be excluded.
was limited. On day 6 after infection, there were no differences ifor example, triggering of the CD30 molecule, which is preferen-
p24 Ag production in T cells with prevalent Th1 or Th2 cytokingja|ly expressed by Th2 celfd, has been found to favor HIV-1
profile. More importantly, when naive CDAT cells were infected gpjicatior$36 through its ability to activate NEB binding to
with HIV-1Bal after secondary stimulation, p24 Ag productiony\/.1 | TRs.36-38
was even higher in Th2-polarized populations than in Thl- Thys our findings conclude that the interaction between the
polarized populations, thus paralleling the results obtained ifhe of HIV-1 infection and the pathway of the ongoing T-cell
Thl-like and Th2-like memory T cells infected in vitro with theeffector response, despite its complexity, may represent a crucial
same viral strain. o mechanism in determining the outcome of HIV-1 infection. These
The limitation of HIV-1 expression in Th1 cells appeared 10 bgta stress the concept that the immune stimuli that preferentially
related, at least in part, to the ongoing production of RANTESyoke Thl responses provide a minor risk of progression in
MIP-1c, and MIP-B by the same cells. First, concentrations ofjjy.infected individuals. By contrast, infections or vaccinations
these chemokines were much higher in the supernatants of bg{ht preferentially stimulate Th2 responses and perhaps even the
Th1-like memory T cells and Thl-polarized activated naive T cellgeavy exposure to innocuous allergens in atopic subjects can
than in those of memory ThO/Th2-like T cells and Th2-polarizeq9presem a major risk, and therefore they should possibly be
activated naive T cells, respectively. Chemokine concentratiog§oided or reduced. The same concept must also be taken into

also appeared to be inversely related to the levels of p24 Agcount in the choice of vaccination protocols against HIV-1.
released in the supernatants of the same T-cell cultures. In addition,

the simultaneous detection at single-cell level of MilPdhd IL-4
or IFN-y revealed that the great majority of MIR«producing
cells was contained within the population of IRNproducing
cells, whereas there were virtually no cells that were able We thank Dr J Sodroski (Dana-Farber Cancer Institute) and Dr A
produce IL-4, but not IFNy, that also produced MIPel These Borsetti for kindly providing the HIV-CAT provirus and HXBc2
findings are consistent with previous reports showing that syntheaisd YU2 env expressor plasmids and for helpful suggestions.
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