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Abstract. The β-chemokines have been shown to inhibit HIV replication in vitro. To evaluate the
role of serum β-chemokines in disease progression and their anti-viral role in vivo, we deter-
mined serum levels of macrophage inflammatory protein-1β (MIP-1β) and regulated upon ac-
tivation normal T-cell expressed and secreted (RANTES) of twenty HIV-1 subtype CRF01_AE
infected patients: nine progressors (PRs, follow-up CD4+ cell count < 200/mm3 and progres-
sion to AIDS or death) and eleven slower progressors (SPs, asymptomatic and/or follow-up
CD4+ cell counts >350/mm3 at the end of follow-up) and determined their plasma viral loads.
The subjects were followed for at least 36 months. All had initial CD4 values >350 cells/mm3.
In this longitudinal study, serum levels of MIP-1β and RANTES in specimens obtained either
early or later in the course of HIV infection did not differ significantly between progressors and
slower progressors (p > 0.05). There were no significant changes in serum MIP-1β and RANTES
levels over time in either patient group (p>0.05). No significant associations were observed
between plasma viral loads and the measured β-chemokines (r = -0.205, p = 0.21 for MIP-1β
and r = -0.12, p = 0.492 for RANTES). The results suggest these chemokines do not play a
major systemic role in control of viremia or protection against the progression of HIV disease.

INTRODUCTION

Macrophage inflammatory protein (MIP)-
1β and regulated upon activation normal T-
cell expressed and secreted (RANTES) are in-

ducible, secreted pro-inflammatory cytokines
in the β-chemokine subfamily (Levy, 1998). In
1986, Walker et al demonstrated that CD8+
lymphocytes in HIV-infected individuals were
capable of suppressing HIV replication in vitro
and these factors were proposed to be a pos-
sible mechanism for control of HIV replication
in vivo (Walker et al, 1988). In addition, MIP-
1α, MIP-1β and RANTES are the natural
ligands for CCR5 and are major suppressors
of macrophage-tropic HIV-1 (R5) strains
(Cocchi et al, 1995; Alkhatib et al, 1996)
and presumably inhibit HIV-1 replication by
binding to their receptors, thereby preventing
viral fusion and entry. However, RANTES was
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reported to be the most effective inhibitor of
HIV-1 replication (Cocchi et al, 1995).

Despite the regulatory effect of β-
chemokines on HIV-1 replication in vitro (Walker
et al, 1988; Picker, 2006), in vivo studies of the
relationship between β-chemokines and dis-
ease progression or viral load have been vari-
able. Some studies have shown no difference
in serum MIP-1α, MIP-1β and RANTES be-
tween progressors and nonprogressors
(McKenzie et al, 1996) and no correlation be-
tween β-chemokines and disease stage (Ping
et al, 2004). Some researchers have reported
increased serum β-chemokines levels associ-
ated with HIV disease progression (Zanussi et
al, 1996; Polo et al, 1999; Kreuzer et al, 2000),
while others have failed to correlate with HIV-1
viral load (Zanussi et al, 1996; Weiss et al, 1997;
Polo et al, 1999; Kreuzer et al, 2000). Aukrust
et al (1998) found decline in serum RANTES
levels correlated with disease progression in
HIV-1-infected persons, and found an inverse
correlation between serum RANTES levels and
virus load in HIV-1 infected patients. Jennes et
al (2002) suggested that an increased percent-
age of β-chemokine-producing T cells corre-
lated with disease progression and HIV-1 viral
load, however, in other studies β-chemokine
production levels were found to correlated in-
versely with HIV-1 viral load (Ferbas et al, 2000;
Paxton et al, 2000).

In this longitudinal study, we compared
serum levels of MIP-1β and RANTES in HIV-1
subtype CRF01_AE infected patients with pro-
gression and slower progression and deter-
mined the relationship between serum levels
of these β-chemokines and viral loads in HIV-
1 infected individuals to evaluate the potential
role of these β-chemokines on disease pro-
gression and as anti-HIV agents in vivo.

MATERIALS AND METHODS

Study subjects

Thai HIV-1 subtype E infected patients

were selected from subjects enrolled between
1993 and 2000 in a natural history study of
HIV-1 infected patients conducted in Bangkok,
Thailand. All subjects gave informed consent
prior to being included in the study which was
approved by the Institutional Review Board of
Royal Thai Army. The patients were separated
into progressors (PRs) and slower progressors
(SPs) according to differences in the extent of
CD4+ T cell decline. Nine PR (CD4+ cells <
200/mm3 who had progression to AIDS or
death by the end of follow-up) and eleven SPs
(patients who were asymptomatic or had
CD4+ cells > 350/mm3 at the end of follow-
up) were followed for at least 36 months.

Chemokine assay

The serum levels of MIP-1β and RANTES
were determined by commercial quantitative
enzyme-linked immunosorbent assay (ELISA)
(Quantikine, R&D Systems, Minneapolis, MN)
according to the manufacturer’s suggestions.
Briefly, 100 µl of standard or sample was
added to wells of microtiter plates coated with
antibody to MIP-1β and RANTES. Following
incubation and washing, 200 µl of enzyme
(conjugated with the respective antibodies)
was added. After incubation and washing,
200 µl of substrate was added per well, and
color development was stopped by the addi-
tion of 2 N sulfuric acid. The plates were read
by a Bio-Tek (Winooski, Vermont) EL311
reader at 450 nm, and chemokine concentra-
tions were calculated from a standard curve
of corresponding recombinant human cytokine
according to the instructions of manufacturer.

Quantification of HIV RNA copy numbers in

plasma

Plasma viral load was measured by com-
mercial branched-DNA assay (Quantiplex, HIV-
RNA assay 3.0, Chiron, Emeryville, CA) using
cryopreserved plasma. The limit of detection
was 50 copies/ml plasma.

Statistical analysis

For comparison of the PR and SP groups,
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the Mann-Whitney U test (two-tailed) was
used. The Wilcoxon signed rank test for paired
data (two-tailed) was used when parameters
within an individual were compared. Coeffi-
cients of correlation (r) were calculated by the
Spearman rank test and distribution of a par-
ticular characteristic among groups was evalu-
ated using the chi-square test. Data were
given as medians and ranges. P-values were
two-sided and considered significant when
p < 0.05.

RESULTS

Characteristics of the study population

The characteristics of PRs and SPs are
shown in Table 1. In this study, 9 PRs with
decreasing CD4+ cell counts (median = 96 x
106cells/mm3 at the end of follow-up) were
compared with 11 SPs with stable CD4+ cell
counts (median = 570 x106cells/mm3 at the
end of follow-up). All subjects were followed
for at least 36 months (PRs: mean = 57
months, SPs: mean = 55 months). One sub-
ject in the PR group died of AIDS during the
study. In the overall cohort, there was a sig-
nificant difference in CD4+ cell counts be-
tween the SPs and PRs (p < 0.001).  While
CD4+ cell counts in the two groups were not
significantly different at study entry, the CD4+

cell counts were significantly lower in the PRs
than the SPs at the end of follow-up (p <
0.001). PRs had significantly higher plasma
viral loads at the onset of the study (p < 0.005)
(Table 1).

Comparison of serum MIP-1β levels in progres-

sors and slower progressors

We compared the serum MIP-1β levels
in the 9 PRs and 11 SPs at the beginning and
the end of the study. At the beginning of the
study serum MIP-1β levels in the SPs were
higher than in the PRs but the differences were
not significant (median = 68.9 pg/ml for PRs
and 82.9 pg/ml for SPs, p = 0.239, Mann-
Whitney U test) (Table 2). At the end of the
study there were no significant differences in
serum MIP-1β levels between PRs and SPs
(median = 58.6 pg/ml for PRs and 82.9 pg/ml
for SPs, p = 0.543, Mann-Whitney U test). We
found no significant changes in serum MIP-1β
levels over time in the PR and SP groups (p =
0.515 for PRs and 0.722 for SPs, Wilcoxon
signed rank test). However, considerable varia-
tion in serum MIP-1β levels was observed in
both the PR and SP groups (Table 2).

We found that 5/9 PRs and 4/11 SPs had
increases in serum MIP-1β levels but differ-
ences were not significant (p = 0.65, chi-
square test) (Table 2).

Progressors Slower progressors p-value

Total (N = 20) 9 11
Median (range) follow-up, in months 55 (39-75) 51 (36-77) <0.001
Median CD4 count (range) in cells/mm3

Early 613 (485-880)    558 (359-824) <0.001
Late 96 (11-303) 576 (316-644) <0.001

Median viral load (range) in cells/mm3

Early 34,728 (1,258-92,428)     3,799 (114-637) 0.038
Late 30,302 (511 - >500,000) 3,975 (340-100,260) 0.067

Table 1
Characteristics of progressors and slower progressors.
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Comparison of serum RANTES levels in
progressors and slower progressors

Serum RANTES levels in the PR and SP
groups were lower than the serum MIP-1β lev-
els. Similar to serum MIP-1β levels, at the be-
ginning of the study serum RANTES levels
were not significantly different between the
PRs and SPs (median = 42.6 ng/ml for PRs
and 38.9 ng/ml for SPs, p = 0.424, Mann-
Whitney U test) (Table 2). At the end of the
study there were no significant differences in
serum RANTES levels between PRs and SPs
(median = 40.1 ng/ml for PRs and 40.6 ng/ml
for SPs, p = 0.79, Mann-Whitney U test). There
were no significant changes in serum MIP-1β
levels over time in both the PR and SP groups
(p=1.0 for PRs and 0.36 for SPs, Wilcoxon
signed rank test). However, there was con-
siderable variation in serum RANTES levels in
both the PR and SP groups (Table 2).

We found that 4/9 PRs and 5/10 SPs had
increases in serum RANTES levels, but no sig-
nificant differences were seen in either group
(p = 1.0, chi-square test).

Relationship between viral load and serum
levels of β-chemokines in progressors and slower

progressors

There were no significant correlations
between the concentrations of β-chemokines
and viral loads (r = -0.205, p = 0.21 for MIP-
1β and r = -0.12, p = 0.492 for RANTES,
Spearman rank test).

DISCUSSION

 β-chemokines are major HIV suppressive
soluble factors produced by CD8+ T-cells
(Cocchi et al, 1995). In addition to CD8+ T-
cells, CD4+ T -cells from HIV-1-infected indi-
viduals also produce comparable concentra-
tions of β-chemokines in vitro (Kinter et al,
1996). We found that serum MIP-1β and
RANTES levels were not different between PRs
and SPs. This finding is consistent with stud-
ies which demonstrated that serum β-
chemokine levels do not show an inverse cor-
relation with disease progression (McKenzie
et al, 1996; Krowka et al, 1997; Vitale et al,

Progressors Slower progressors p-value

MIP-1β
Median (range) serum concentration, pg/ml

Early 68.9  (4.7-94.3) 82.9  (32.4-139.1) 0.239
Late 58.6  (18.9-99.3) 82.9  (10.5-128.0) 0.543

Early versus Late (p) 0.515 0.722
Patients with increasing serum
concentration, as n/total 5/9 4/11 0.650
RANTES
Median (range) serum concentration, ng/ml

Early 42.6  (10.1-91.1) 38.9  (12.6-54.8) 0.424
Late 40.1  (11.0-69.4) 40.6  (26.0-63.9) 0.790

Early versus Late (p) 1.0 0.386
Patients with increasing serum
concentration, as n/total 4/9 5/10 1.0

Table 2
Serum β-chemokine levels in HIV-1 subtype E infected patients.
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1997; Greco et al, 1998). Inverse correlations
were found in some studies (Zanussi et al,
1996; Greco et al, 1998; Garcino et al, 1999;
Paxton et al, 2001). We found no negative
correlation  between β-chemokines and HIV-
1 viral load, consistent with the findings of
several studies (Weiss et al, 1997; Kreuzer
et al, 2000; Ping et al, 2004). However, some
studies reported a correlation between viral
load or disease progression and levels of MIP-
1α (Hittinger et al, 1998), MIP-1β (Hittinger
et al, 1998; Ullum et al, 1998) and RANTES
(Aukrust et al, 1998).

The reasons for these differences are
unclear. It is possible these differences are due
to the methods used and selective criteria of
the patients. It is unclear if the concentration
of β-chemokines necessary to inhibit HIV rep-
lication in vitro is different from that needed in
vivo. We found the concentrations of MIP-1β
and RANTES in the serum of both PRs and
SPs were many times less than the concen-
trations of β-chemokines used to inhibit HIV
replication in vitro (Cocchi et al, 1995). How-
ever, β-chemokine release after in vitro stimu-
lation with mitogens may not reflect the physi-
ologic expression of β-chemokines in vivo.

Several studies indicate that a 32 base-
pair deletion in the CCR5 receptor for these β-
chemokines is associated with nonprogressive
HIV disease (Dean et al, 1996; de Roda
Husman et al, 1997; Michael et al, 1997). It is
possible that protection from infection or dis-
ease progression may be mediated at the level
of β-chemokine receptors rather than by these
chemokines themselves.

The absence of correlation between the
concentrations of β-chemokines and HIV-1
viral load in the serum of HIV-1 infected sub-
jects does not rule out the role of factors other
than the β-chemokines in the suppression of
HIV-1 replication in vitro. Our research group
(Chuenchitra et al, 2003) found an increase of
neutralizing antibodies over time in SP sera

did not significantly correlate with serum β-
chemokine levels by using the same groups
of subjects as this study and we presume the
changes in neutralization over time were anti-
body mediated. However, it should be remem-
bered that β-chemokine production may re-
flect general immunocompetence and not
necessarily any specific anti-HIV effect.

In conclusion, our study found no corre-
lation between β-chemokines and the control
of viremia or protection against disease pro-
gression. I t  is  possible that serum β-
chemokine levels may not reflect local con-
centrations in sites of inflammation or in
areas of HIV replication, such as lymph nodes.
Levels of β-chemokine expression in lymph
nodes are much more relevant to control of
replication (Trumpfheller et al, 1998) and may
not necessarily correlate with levels of serum
β-chemokines. However, the lack of any dif-
ference in levels of serum β-chemokines be-
tween PRs and SPs and no correlation with
viral load in this study suggests that serum β-
chemokines cannot be used as a predictive
marker of disease progression and do not play
a major protective role in HIV-1 subtype
CRF01_AE infection.
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