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The CC or b-chemokines MIP-1a, MIP-1b, and RANTES are the primary components of human immuno-
deficiency virus type 1 (HIV-1)-suppressive soluble factors in vitro. We studied the relationship between the
concentrations of MIP-1a, MIP-1b, and RANTES in plasma and HIV viral load in HIV-infected subjects. The
HIV-positive patient group (n 5 140) had significantly lower concentrations of all three b-chemokines
(MIP-1a, P < 0.0005; MIP-1b, P < 0.005; RANTES, P < 0.0005) than the control group (n 5 58 for MIP-1a,
n 5 27 for MIP-1b, and n 5 59 for RANTES). In addition, we divided the patient group into three subgroups
(high, moderate, and low) based on the number of HIV-1 RNA copies in the plasma (as measured by
quantitative HIV RNA PCR). Again, all three subgroups had significantly lower concentrations of the b-che-
mokines than the HIV-negative control group. However, there was no significant difference in plasma b-che-
mokine concentrations among the three subgroups within the patient group (P < 0.3). Although our results
demonstrate that HIV-infected individuals had significantly lower concentrations of circulating b-chemokines
than healthy uninfected control subjects, we found no correlation between the concentrations of b-chemokines
in plasma and HIV-1 viral load in HIV-infected individuals.

The chemokines, a superfamily of factors which possess the
properties of both chemoattractants and cytokines, are divided
into two subfamilies based on the position of four cysteine
residues that form disulfide bonds: CXC, or a-chemokines,
and CC, or b-chemokines (3, 18). The a-chemokines primarily
activate neutrophils; whereas, the b-chemokines generally ac-
tivate monocytes, basophils, and eosinophils. Some members
of both subfamilies also activate lymphocytes (11, 18).

Chemokines function as modulators of the replication cycle
of human immunodeficiency virus type 1 (HIV-1). In particu-
lar, the chemokine receptors act as coreceptors with the CD4
molecule for HIV-1 infection (5, 10). Certain members of the
b-chemokine subfamily, macrophage inflammatory proteins 1a
and 1b (MIP-1a and MIP-1b) and RANTES (for “regulated
upon activation, normal T-cell expressed and secreted”), pro-
duced by CD81 T lymphocytes, suppress the replication of
macrophage-tropic (M-tropic) HIV-1 isolates in vitro but not
T-cell line-adapted viral strains (5). The M-tropic HIV-1 iso-
lates utilize the b-chemokine receptor (CCR-5) as an entry
cofactor (1, 8, 9, 21). A 32-bp deletion in the CCR-5 receptor
gene apparently alters the structure of the translated protein so
as to prevent HIV-1 entry; thus, CCR-5 polymorphisms are
thought to play an important role in HIV-1 transmission and
pathogenesis (7, 21). Similarly, SDF-1 (stromal cell-derived
cofactor 1), an a-chemokine which acts as an extremely effi-
cacious chemoattractant for T lymphocytes, was identified as
the natural ligand for CXC-chemokine receptor 4 (CXCR-4)
and acts as the second receptor for T-cell line-tropic, but not
M-tropic, HIV isolates (4, 19).

Because the b-chemokines (MIP-1a, MIP-1b, and RANTES)
are major components of the HIV-suppressive soluble factors
in vitro (5, 10), the present study was undertaken to study the

relationship between concentrations of b-chemokines in circu-
lation and viral load in HIV-infected subjects.

MATERIALS AND METHODS

Plasma. Fifty-nine plasma samples for the control group were obtained from
normal healthy volunteers, mostly Specialty Laboratories employees. All plasma
donors were remunerated. The plasma samples were frozen at 220°C until
tested. One hundred and forty plasma samples for the HIV-positive (HIV1)
group were remnants of samples sent to Specialty Laboratories for routine
clinical testing for HIV-1 viral load by quantitative PCR. The plasma samples
were collected according to the collection procedure recommended by our clin-
ical laboratory to ensure accurate quantitation of viral RNA. Plasma was sepa-
rated by centrifugation of EDTA-blood immediately after draw to minimize the
contamination of platelets. The plasma samples were frozen at #20°C and
shipped on dry ice by overnight courier. The samples were stored in our serum
bank at 220°C. The samples with fewer than 400 copies of HIV-1 RNA per ml
were considered negative for HIV-1 RNA. However, we tested all of the plasma
samples with fewer than 400 copies of HIV-1 RNA per ml by enzyme-linked
immunosorbent assay (ELISA) for anti-HIV antibodies. Among 41 samples
tested for anti-HIV-1 antibodies, 39 were positive, and the 2 negative samples
were excluded from our data analysis.

HIV-1 RNA quantitation. HIV-1 RNA in plasma was quantitated with the use
of the Amplicor HIV-1 Monitor test kits (Roche Diagnostic Systems, Inc.,
Branchburg, N.J.). Briefly, HIV-1 RNA was extracted from 200 ml of plasma
from random HIV-11 specimens. Subsequently, the RNA was amplified and
quantitated with a microtiter detection system. An internal quality standard was
used to normalize for amplification and extraction.

HIV-1 immunoglobulin G antibodies. Qualitative analysis for antibodies to
HIV-1 was conducted with the HIVAB HIV-1 enzyme immunoassay (EIA) kit
(Abbott Laboratories, Abbott Park, Ill.).

Chemokines. Quantitation of MIP-1a, MIP-1b, and RANTES was performed
with Quantikine EIA kits (R&D Systems, Inc., Minneapolis, Minn.) according to
the manufacturer’s suggestions. Briefly, for MIP-1a, 200 ml of standard or sample
was added to wells of microtiter plates coated with antibody to MIP-1a. For
MIP-1b and RANTES, 100 ml of standard or sample was added to respective
microtiter plates coated with antibody to MIP-1b and RANTES. Following
incubation and washing, 200 ml of enzyme (conjugated with the respective anti-
bodies) was added. After incubation and washing, 200 ml of substrate was added
per well, and color development was stopped by the addition of 2 N sulfuric acid.
The plates were read by an ELISA reader at 450 nM, and data were obtained by
four-parameter analysis with standard samples (Softmax; Molecular Devices
Corporation, Sunnyvale, Calif.).

Statistical analysis. Student’s t test was employed to analyze differences be-
tween control and patient groups.
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RESULTS

MIP-1a concentrations in HIV1 patients. The 140 HIV1

patients had significantly lower concentrations of MIP-1a
(19.2 6 2.5 pg/ml; P , 0.0005) than the 58 control samples
(32.4 6 2.6 pg/ml) (Fig. 1). In addition, among 140 patient
samples, 76 lacked detectable levels of MIP-1a (54%) com-
pared to the control group (0%).

The patient group was divided into three subgroups based
on their HIV-1 viral load in plasma: group I patients (n 5 39)
were positive for anti-HIV immunoglobulin G by ELISA but
had fewer than 400 copies of HIV RNA per ml, group II
patients (n 5 41) had 401 to 10,000 copies of HIV RNA per
ml, and group III patients (n 5 60) had more than 10,000
copies of HIV RNA per ml. All three groups had significantly
lower concentrations of MIP-1a than the control group (con-
trol group, 32.4 6 2.6 pg/ml; group I, 18.1 6 3.2 pg/ml [P ,
0.0005]; group II, 22 6 5.0 pg/ml [P , 0.05]; group III, 17.9 6
4.1 pg/ml [P , 0.005]) (Fig. 1). There was no significant dif-
ference in plasma MIP-1a concentrations among the three
patient subgroups.

MIP-1b concentrations in HIV1 patients. Similar to
MIP-1a concentrations in plasma samples, MIP-1b concentra-
tions in 140 patients were significantly lower (45.1 6 3.9 pg/ml;
P , 0.005) than those in the control plasma samples (77.9 6 10
pg/ml) (Fig. 2). Of the 140 patients’ plasma samples, 29 (21%)
had no detectable level of MIP-1b, compared to only 2 control
samples (7%). Furthermore, when patients’ samples were an-
alyzed on the basis of HIV RNA copies, all three subgroups
had significantly lower concentrations of MIP-1b than the con-
trol group (group I, 48.2 6 7.6 pg/ml [P , 0.025]; group II,
39.4 6 4.7 pg/ml [P , 0.0005]; group III, 46.9 6 6.9 pg/ml [P ,

0.001]) (Fig. 2). There was no significant difference in plasma
MIP-1b concentrations among the three patient subgroups.

RANTES concentrations in HIV1 patients. RANTES con-
centrations in plasma samples from both control and HIV1

patient groups were relatively higher than the concentrations
of the other b-chemokines tested (MIP-1a and MIP-1b). How-
ever, the patient group had significantly lower concentrations
of RANTES (52.2 6 5.9 ng/ml; P , 0.0005) than the control
samples (153.8 6 10.6 ng/ml) (Fig. 3). Subsequently, when the
patient samples were subdivided into three groups based on
the viral RNA load, all three subgroups had significantly re-
duced concentrations of RANTES compared to the control
group (group I, 42.7 6 6 ng/ml [P , 0.0005]; group II, 47.9 6
5.9 ng/ml [P , 0.0005]; group III, 61.2 6 12.5 ng/ml [P ,
0.0005]) (Fig. 3); again, there was no significant difference in
plasma RANTES concentrations among the three patient sub-
groups.

Lack of correlation between viral load and the concentra-
tions of b-chemokines in HIV1 patients. There was no signif-
icant positive or negative correlation between the concentra-
tions of b-chemokines and viral load (r2, 0.26 for MIP-1a, 0.07
for MIP-1b, and 20.11 for RANTES).

DISCUSSION

The b-chemokines MIP-1a, MIP-1b, and RANTES are the
major HIV-suppressive factors produced by CD81 T cells (5).
In addition to CD81 T cells, CD41 T cells from HIV-infected
individuals also produce comparable concentrations of b-che-
mokines in vitro (13). The present study explored the possible
relationship between the concentrations of the b-chemokines
and HIV viral load in circulation. Our results demonstrate that
HIV-infected patients have significantly reduced concentra-

FIG. 1. MIP-1a concentrations in HIV1 patients. Plasma samples from
healthy controls and HIV1 patients were analyzed for MIP-1a concentrations by
EIA. Means are indicated (diamonds).

FIG. 2. MIP-1b concentrations in HIV1 patients. The plasma samples from
healthy controls and HIV1 patients were analyzed for MIP-1b concentrations by
EIA. Means are indicated (diamonds).
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tions of MIP-1a, MIP-1b, and RANTES in plasma compared
to uninfected individuals. Moreover, there was no correlation
between the concentration of each of the chemokines and the
number of HIV RNA copies in plasma.

Our findings support the conclusion that b-chemokines can-
not alone be responsible for the CD81 T-cell-mediated sup-
pression of HIV replication in peripheral blood mononuclear
cells from HIV-infected individuals (13, 23). The significant
reductions in the concentrations of the b-chemokines in
plasma in HIV-infected individuals observed in our study were
not due to degradation of the chemokines by freezing and
thawing. Two cycles of freeze-thawing of normal and patient
plasma samples (eight in each group) resulted in minimal vari-
ation (percent coefficient of variation of mean values, 5% for
MIP-1a, 6% MIP-1b, and 6% for RANTES).

The observed low concentrations of b-chemokines might
reflect either reduction in the number of CD81 T cells, which
secrete the b-chemokines, or decreased production of the
b-chemokines by CD81 T cells. However, it is well known that
the total number of CD81 T cells is increased in most HIV-
infected individuals (22), and CD81 T cells from HIV-infected
subjects produced concentrations of the b-chemokines compa-
rable to those in CD81 T cells from uninfected individuals in
vitro (23). Additionally, declining numbers of CD41 T cells
may also have directly contributed to the reduction in the
chemokine levels to some extent because of their ability to
secrete chemokines (13). However, this contribution may be
minimal, because of the observed absence of correlation be-
tween chemokines and viral load, which in turn has been shown
to be indirectly related to CD41 T-cell count (12). Alterna-
tively, it may be possible that the b-chemokines produced are
simply binding to CD41 T cells and are subsequently elimi-
nated from the circulation due to increased turnover of CD41

T cells. Although our results do not support this hypothesis,
recent findings that b-chemokine receptor (CCR5) expression
in activated CD41 T cells is 20-fold higher in normal individ-
uals than in individuals homozygous for defective CCR5 alleles
indirectly support our speculation (17).

The mechanism originally proposed for b-chemokine-medi-
ated inhibition of M-tropic HIV-1 replication was that the
b-chemokines bind to chemokine receptors that serve as a
fusion cofactor for M-tropic HIV-1 and prevent virus-cell fu-
sion, subsequent to CD4 binding (5, 20). This phenomenon
was confirmed by various laboratories by identifying the b-che-
mokine receptor of CCR-5 as the second receptor for entry of
M-tropic HIV isolates (1, 2, 8, 9). Biochemical studies on the
interaction of CD4, gp120, and b-chemokine receptor showed
that both the direct interaction of gp120 with the CCR-5 re-
ceptor and its affinity are greatly enhanced in the presence of
CD4 (24, 25). The V3 domain of gp120 is the critical compo-
nent of chemokine-mediated suppression of HIV-1 infection
(6). Indeed, the region of the 32-bp deletion in the defective
CCR-5 alleles corresponds to the second extracellular loop of
CCR-5, the mutated form of which offers protection against
HIV-1 infection (7, 21). The recent demonstration that MIP-
1a, MIP-1b, and RANTES levels do not distinguish patients
with AIDS from patients with nonprogressing HIV infection
(16) indirectly supports our current findings. In contrast,
Krowka et al. (14) showed increased RANTES concentrations
in seroconverted patients compared to healthy controls. The
concentrations of RANTES in those patients are quite com-
parable to our results. However, RANTES concentrations in
their healthy control group were significantly lower than those
in our control samples. The reason for this difference is un-
clear, although it may be due to variations among the individ-
uals studied. Another difference in their study was the fewer
number of individuals in each group. However, their conclu-
sion is in agreement with our results showing that there is no
significant association between b-chemokines and viral load
(14). Additionally, in vitro studies on the production of b-che-
mokines by CD41 and CD81 T cells from HIV-infected and
uninfected individuals did not provide evidence of a substantial
protective role of b-chemokines, in spite of their control over
the replication of primary non-syncytium-inducing, but not
syncytium-inducing, HIV isolates (15). The absence of corre-
lation between the concentrations of b-chemokines and HIV-1
viral load in plasma in HIV-infected subjects does not rule out
the role of a factor(s) other than the b-chemokines in the
suppression of HIV-1 replication in vitro.
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