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CD8™ T lymphocytes from individuals infected with human immunodeficiency virus-type
1 (HIV-1) secrete a soluble activity that suppresses infection by HIV-1. A protein asso-
ciated with this activity was purified from the culture supernatant of an immortalized
CD8™ T cell clone and identified as the B-chemokine macrophage-derived chemokine
(MDC). MDC suppressed infection of CD8* cell-depleted peripheral blood mononuclear
cells by primary non-syncytium-inducing and syncytium-inducing isolates of HIV-1 and
the T cell line-adapted isolate HIV-1,,. MDC was expressed in activated, but not resting,
peripheral blood mononuclear cells and binds a receptor on activated primary T cells.
These observations indicate that B-chemokines are responsible for a major proportion
of HIV-1-specific suppressor activity produced by primary T cells.

Activated CD8* T lymphocytes from
HIV-1-infected individuals produce a solu-
ble noncytolytic activity that suppresses in-
fection by HIV-1 (1), an effect thought to
be specific for this virus. The production of
suppressive activity correlates with immune
status and decreases gradually in parallel
with disease progression (2). Major compo-
nents of this activity responsible for the
suppression of macrophage-tropic, non—syn-
cytium-inducing (NSI) isolates of HIV-1
include the B-chemokines RANTES (regu-
lated on activation, normal T expressed and
secreted), MIP-1a (macrophage inflamma-
tory protein—la), and MIP-1pB (3). Howev-
er, acute and endogenous infectivity assays
performed with either primary T cells (3, 4)
or macrophages (5) as target cells have
indicated that the full complement of sup-
pressive activity produced by primary CD8*
T cells is not entirely accounted for by these
chemokines. The secretion of RANTES,
MIP-1a, and MIP-1B does not correlate
with the suppression of certain T-tropic,
syncytium-inducing (SI), and T cell line—
adapted (TCLA) isolates, and the addition
of neutralizing antibodies to these chemo-
kines does not reverse this suppressive effect
(4). These observations suggest that addi-
tional, unidentified chemokines produced
by activated T cells are capable of suppress-
ing HIV-1.
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We previously showed that normal
CD8* human T cells immortalized in vitro
by human T cell leukemia virus—type I
(HTLV-I) are a reproducible source of
HIV-1-suppressive activities (3). To pro-
duce additional such cell lines, but from
HIV-1-infected individuals, we trans-
formed CD8" T cells from seropositive in-
dividuals by infection with HTLV-I and
cloned the transformed cells by limiting
dilution (6). The cell clones were then
tested for suppressive activity in an acute
infectivity assay (7) with peripheral blood
mononuclear cells (PBMCs) depleted of
CD8* T cells. The assays were performed
with primary NSI or SI viruses, or with the
TCLA isolate HIV-15; NSI viruses are
sensitive to suppression by RANTES, MIP-
la, and MIP-1B, whereas SI and TCLA
viruses are not (3, 8—10). The cell clones
showed different patterns of suppression
when tested with primary NSI or Sl isolates
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or with HIV-1,5; (Table 1). Two cell
clones derived from the same HIV-1-in-
fected individual (F3b clone 3 and F3b
clone 19) suppressed the primary NSI iso-
late (NSI 15) and produced large amounts
of B-chemokines. However, only F3b clone
19 suppressed HIV-1;; and the primary SI
isolate (SI 06). This latter clone was adapt-
ed to grow in serum-free medium (11) and
used for further studies.

The cell-free culture supernatant from F3b
clone 19 was subjected to high-speed centrif-
ugation and fractionated by heparin affinity
chromatography (12), taking advantage of the
heparin-binding characteristics of chemokines
(13). Virtually all of the suppressive activity
effective against HIV-1;;, was recovered in
the column eluate (14). The eluate was fur-
ther fractionated by reversed-phase high-per-
formance liquid chromatography (HPLC)
(12) and the recovered proteins tested in the
acute infectivity assay with HIV-1;;,. Frac-
tions containing suppressive activity were sub-
jected to additional rounds of reversed-phase
HPLC. Suppressive activity against HIV-1;5
in the absence of cytotoxic effects consistently
copurified with a single protein peak that
appeared as a homogeneous 8-kD band when
analyzed by SDS-polyacrylamide gel electro-
phoresis (PAGE) (Fig. 1). This protein was
not reactive in enzyme-linked immunosorbent
assays (ELISAs) for RANTES, MIP-1a, or
MIP-1B (R&D Systems, Minneapolis, Minne-
sota). Amino-terminal sequence analysis of
the purified protein yielded the sequence
YGANMEDSV**RDYVRYRL; a minor se-
quence, PYGANME, was also obtained
(15). After assigning the ambiguous cycles
(*) to cysteine residues, a comparison of these
sequences with known chemokines revealed
identity with the recently described B-che-
mokine macrophage-derived chemokine
(MDC) (16). We did not detect a peptide

sequence beginning with glycine, in con-

Table 1. Production of HIV-1-suppressor activity and B-chemokines by HTLV-1-transformed CD8* T
Cells from HIV-1-infected individuals. Cell-free supernatants from immortalized CD8* T cell lines were
tested with primary NSI and Sl isolates and the TCLA isolate HIV-1,5 (7). Chemokines released into the
supernatants were assayed by ELISA (R&D Systems). The concentrations of HIV-1 p24 in control assays
without test supernatants were 211.566, 290, and 300.26 ng/ml for HIV-1,,g, NSI, and Sl viruses,

respectively. Data are means of duplicate assays.

Inhibition of HIV-1 infection (%)

Chemokine (ng/ml)

Clone

Sl 06 NSI 15 1B RANTES MIP-1a MIP-18

F3b clone 3 0 99.9 137.1 78 >100
F3b clone 19 88.8 99.9 53.7 68.3 35 214
A2a clone 2 12.75 74.24 56.7 115 35 9.6
B3b clone 2 42.8 87.3 83 23.8 5.4

B2 clone 12 0 94.29 56 65 8
A2 clone 5 50.07 99.8 109.8 53 25.2
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trast to the NH,-terminal sequence obtained
for MDC produced in CHO cells (16). This
difference is probably due to variability in
NH,-terminal processing between cell types;
such variable processing occurs with other
chemokines (17) and is associated with in-
creased potency (18).

A reversed-phase HPLC fraction (frac-
tion 27) containing native MDC (nMDC)
purified from F3b clone 19 cell cultures
suppressed the acute infection of CD8*
cell-depleted PBMCs by HIV-1,; in a
concentration-dependent manner (Fig. 2).
In contrast, flanking fractions (fractions
26 and 28) not containing nMDC had no
effect. Two preparations of purified
nMDC (MDC 1 and MDC 2) were further
tested with a variety of primary NSI iso-
lates in the acute infectivity assay with
CD8* cell-depleted PBMC:s as well as in
infectivity assays with PM1 target cells
and the primary macrophage-tropic isolate
HIV-1g,, . Purified nMDC markedly sup-
pressed all of the NSI isolates tested (Ta-
ble 2). However, MDC 2 did not suppress
the infection of PM1 cells by HIV-1g,,,
even though an HPLC fraction containing
RANTES produced the expected suppres-
sive effect. In contrast, suppression of
HIV-1;,, by nMDC (preparation MDC 3)
was observed with PBMCs as target cells,
indicating that target cell type is an im-
portant determinant of activity. Further
experiments revealed that nMDC was also
able to suppress primary simian immuno-
deficiency virus (SIV) strain mac,s,,
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Fig. 1. Reversed-phase HPLC profile of MDC pu-
rified from serum-free culture supernatant of F3b
clone 19 cells. (Inset) A portion of the peak frac-
tion was analyzed by SDS-PAGE and stained with
Coomassie blue. The positions of molecular size
standards are shown in kilodaltons (arrows).

HIV-1 isolate SI 06, and another primary
SI isolate, 22069-04 (7). Therefore, sup-
pression by MDC is not restricted to
HIV-1 or to a specific viral phenotype.
The ability of nMDC to suppress HIV-1
in the acute infectivity assay suggested that
activated CD8* cell-depleted T cells ex-
press the MDC receptor. MDC induces the
migration of monocytes, activated natural
killer cells, and monocyte-derived dendritic
cells (16), but its effects on T cells are less
well characterized. Chemokines stimulate a
rapid and transient increase in cytosolic
Ca?* concentration (19) coincident with
the induction of a chemotactic effect. To

of purified nMDC on the cytosolic free
Ca?* concentration in activated CD8*
cell-depleted and unfractionated PBMCs
by flow cytometry (20). In both instances,
treatment with 3 nM nMDC induced a
transient increase in intracellular Ca?*
concentration (Fig. 3). Control experi-
ments with 3 nM stromal cell-derived fac-
tor-1B (SDF-1B) or RANTES (R&D Sys-
tems) produced the expected marked in-
crease in intracellular Ca?* concentration
in the CD8" cell-depleted and unfraction-
ated PBMC:s, respectively. Together with
the suppressive effect on T cell-tropic iso-
lates, these results indicate that an MDC

verify that HIV-1 target cells express an
MDC receptor, we investigated the effects

receptor is expressed on the target cells used
in the infectivity assay.

Fig. 2. HIV-1-suppressive activity of purified
nMDC. PBMCs (2 X 105) from normal donors
were activated with PHA and depleted of CD8*
cells (7) and then exposed to 50 TCID,, of HIV- 8of
1,e for 3 hours at 37°C. The cells were then
washed and treated with various dilutions of re-
versed-phase HPLC fraction 27 containing puri-
fied MDC (A) or of flanking fractions 26 (@) or 28
(W). After 2 days, cultures were replenished with
fresh medium containing the corresponding dilu-
tion of the respective fraction. Virus replication 20t m
was determined by HIV-1 p24 ELISA of the culture .
medium on day 5. Percentage of inhibition of in- )
fection was calculated relative to the extent of
infection in control assays performed in the ab-
sence of test sample. The concentration of MDC
present in fraction 27 was 10 pug/ml as deter-
mined by amino acid analysis. Data are from a typical experiment repeated four times with similar results.

100

inhibition (%)

Reciprocal dilution

Table 2. Effects of purified nMDC on infection by HIV-1 isolates. Two preparations of purified nMDC
(MDC 1 and MDC 2) were tested for suppressor activity with a panel of primary NSl isolates (7) and the
TCLA isolate HIV-1,,5. NSI 03 and NSI 15 were obtained sequentially from the same individual (7). MDC
1 (fraction 27) was tested at 200 ng/ml. MDC 2 was tested at a dilution (1:30) that produced an
equivalent concentration of chemokine, .as determined by peak area on the reversed-phase HPLC
chromatogram, compared with that obtained for fraction 27. The assays with MDC 1 were performed in
96-well microtiter plates in a total volume of 200 ul to conserve material. The medium was replenished
on day 3 by removing 100 pl of the old medium and replacing it with fresh medium containing MDC 1.
The assays were otherwise performed as described (7). MDC 2 was also tested in an acute infectivity
assay with PM1 cells and primary HIV-1g,, . PM1 cells (1 X 105) were infected with 100 TCID, of virus
(propagated in primary macrophages) for 6 hours at 37°C. Cells were washed and treated with purified
nMDC, and, after 2 days, the medium was replenished with fresh medium containing chemokine.
RANTES (25 ng/ml) purified from the F3b clone 19 culture supematant was assayed in parallel as a
control. In a separate series of experiments, another preparation of (MDC (MDC 3) was tested ata 1:30
dilution for suppression of primary SlVimac,s,, HIV-1g,,, and primary Sl isolates with PBMCs as target
cells (7). HIV-1,,5 was also tested for comparison. Assays with SIV,,,,. . (propagated and titered in
rhesus monkey PBMCs) were modified to use 500 TCID,, of virus per 1 % 508 cells. Virus replication was
determined by p24 ELISA of the culture supernatant on days 4 to 6. Percentage of inhibition of infection
was calculated relative to the extent of infection in control assays performed in the absence of chemo-
kine. Data are means of triplicate assays. NT, not tested.

Inhibition of infection (%)

Protein NS
22069-03 NSI 03 NSI 15 nB PM1/Bal.
MDC 1 98.7 NT NT 774 NT
MDC 2 80.51 91.46 88.15 82.7 0
RANTES NT NT NT 8.5 99.50
SI22069-04 S| 06 SV macss: B PBMC/Bal
"MDC 3 81 83 66.3 68.7 54.7
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The expression of MDC in primary
PBMCs and in PM1 and HUT 78 T cell
lines was evaluated by Northern (RNA)
blot analysis (21). An intense signal of the
expected size (~3 kb) was detected with
RNA from F3b clone 19 cells, whereas no
signal was detected with RNA from PM1 or
HUT 78 cells in the presence or absence of
interleukin-2 (IL-2) (Fig. 4). Similarly, no
signal was detected with primary resting
PBMC:s from a healthy donor. However, a
marked hybridization signal was detected
with RNA from the PBMCs 48 hours after
activation with PHA and recombinant hu-
man IL-2. These results differ from those of
a previous study that failed to detect MDC
expression in PBMCs (16). However, it is
likely that MDC expression is variable and
becomes marked under the activation and
culture conditions used here.

Northern blot analysis of F3b clone 3,
B3b clone 2, and A2 clone 5 cells revealed
MDC signals equivalent to that detected
with F3b clone 19 (22). Thus, the ability of
F3b clone 19 culture supernatant to sup-
press HIV-1;» is not due to differential
MDC gene expression and may instead be
related to posttranslational processes that
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Fig. 3. Effects of MDC on intracellular Ca2* con-
centration in CD8* cell-depleted and unfraction-
ated PBMCs. (A) PBMCs were depleted of CD8*
cells and cultured as described for the infectivity
assay (7). The cells were stimulated with 3 nM
SDF-1 (thick line) or nMDC purified by reversed-
phase HPLC (OJ). (B) PBMCs were activated with
PHA (5 pg/ml) and IL-2 (10 ng/ml) for 72 hours
and then cultured in the presence of the same
concentration of IL-2 for 14 days. The cells were
then assayed as described (20) for changes in
cytosolic Ca?* concentration in response to 3 nM
RANTES (thick line) or nMDC (O). In all experi-
ments, control assays were performed with phos-
phate-buffered saline (thin lines). Chemokine or
control additions were made at the time marked
by the arrow. Data were acquired for at least 3
min. One time unit is equivalent t0 0.2 s.
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result in enhanced secretion or activity of
the protein. It is also possible that the over-
all suppressive activity produced by the
clones is determined by a combination of
MDC and other molecules that either en-
hance or inhibit suppressive effects.

To date, the known suppressive chemo-
kines are ligands for receptors used by
HIV-1 as coreceptors for virus entry (9, 23).
The viral phenotype determines which co-
receptor is used for entry and, consequently,
the chemokine that blocks infection. Thus,
NSI viruses that require the CCR5 receptor
are suppressed by RANTES, MIP-1q, and
MIP-1B; SI viruses that use CXCR4 are
suppressed by SDF-1 (24); and certain iso-
lates that bind CCR3 are suppressed by
eotaxin (25). Accordingly, the ability of
MDC to suppress infection suggests the
possibility that a putative MDC receptor
serves as an additional coreceptor for cer-
tain NSI and SI strains of HIV-1. The
capacity to use multiple coreceptors has
already been demonstrated for several pri-
mary isolates (8, 26). However, nMDC
suppressed the isolates we tested even un-
der conditions in which other functional
coreceptors were likely to be present on
the target cells. The reason for this effect
is unclear, although it is possible that cer-
tain coreceptors, including an MDC re-
ceptor, act cooperatively in facilitating
HIV-1 entry. Results similar to ours were
obtained with microglia and reporter vi-
ruses containing NSI envelope sequences.
In this instance, microglia expressing both
CCR5 and CCR3 were protected from
infection by either eotaxin or MIP-18
alone (25). Further experiments will be
necessary to rule out the possibility that
MDC might suppress infection by mecha-
nisms that do not involve virus entry.

The assignment of suppressive activity
to MDC should add new perspectives to the

Fig. 4. Northern blot analysis of MDC mRNA in
immortalized T cell lines and primary PBMCs.
Northern blot analysis was performed as de-
scribed (27). Lane 1, activated PBMCs; lane 2,
resting PBMCs; lane 3, F3b clone 19; lane 4, HUT
78 plus IL-2; lane 5, HUT 78; and lane 6, PM1.

role of B-chemokines in the natural pro-
gression and prevention of HIV-1 infection.
The presence of MDC receptors on both
macrophages and dendritic cells has impor-
tant implications for HIV pathogenesis, giv-
en that these cells are thought to be major
vehicles for primary infection (27, 28).
MDC might inhibit the infection of den-
dritic cells, as has been shown for RANTES
and SDF-1 (28). However, it is likely that
the MDC receptor is not expressed on cer-
tain T cell lines, because MDC did not
suppress HIV-1; infection of PM1 cells.
Clarification of these possibilities awaits a
definition of the receptor (or receptors) for
MDC.
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Fyn-Kinase as a Determinant of Ethanol
Sensitivity: Relation to NMDA-Receptor Function

Tsuyoshi Miyakawa,* Takeshi Yagi,* Hiromasa Kitazawa,
Masahiro Yasuda, Nobufumi Kawai, Kenta Tsuboi, Hiroaki Nikif

Animals vary in their sensitivity to ethanol,

a trait at least partly determined by genetic

factors. In order to identify possible responsible genes, mice lacking Fyn, a non-receptor
type tyrosine kinase, were investigated. These mice were hypersensitive to the hypnotic
effect of ethanol. The administration of ethanol enhanced tyrosine phosphorylation of the
N-methyl-D-aspartate receptor (NMDAR) in the hippocampus of control mice but not in
Fyn-deficient mice. An acute tolerance to ethanol inhibition of NMDAR-mediated exci-
tatory postsynaptic potentials in hippocampal slices developed in control mice but not
in Fyn-deficient mice. These results indicate that Fyn affects behavioral, biochemical, and

physiological responses to ethanol.

Ethanol (EtOH) is among the most widely
abused drugs in the world, yet the neural
mechanisms responsible for EtOH intoxica-
tion and dependence are largely unknown.
Genetic factors affect the determination of
the behavioral responses to EtOH in ro-
dents and humans (1), but few specific
genes that increase or decrease the drug

actions have been reported (2, 3).
Tyrosine kinases phosphorylate N-meth-
yl-D-aspartate (NMDA) and +y-aminobu-
tyric acid A (GABA ) receptors and mod-
ulate the electrophysiological function of
these receptors (4—6). The function of
these receptors is also modulated by EtOH,
and they are hypothesized to be targets
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