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Levels of interleukin 8 (IL-8), gamma interferon-inducible protein 10 (IP-10), monocyte chemoattractant
protein 1 (MCP-1), and macrophage inflammatory protein 1b (MIP-1b) were elevated in patients with
tuberculosis. IP-10 and MCP-1 levels were higher in human immunodeficiency virus (HIV)-seropositive
patients than in HIV-seronegative patients with tuberculosis. Lipoarabinomannan induced IL-8, MCP-1, and
MIP-1b in vitro, which was partly inhibited by anti-tumor necrosis factor antibody.

The immune response in tuberculosis (TB) requires the for-
mation of granulomas, characterized by lymphocytes, macro-
phages, and neutrophils (8). Chemokines induce leukocyte mi-
gration: interleukin 8 (IL-8) acts on neutrophils, and gamma
interferon (IFN-g)-inducible protein 10 (IP-10) acts on mono-
cytes and lymphocytes. Monocyte chemoattractant protein 1
(MCP-1) and macrophage inflammatory protein 1b (MIP-1b) act
on monocytes and T cells. IL-8 is produced after the phagocytosis
of Mycobacterium tuberculosis (7). IP-10 is secreted in response
to IFN-g and is expressed in the delayed type hypersensitivity
response to purified protein derivative (10). MCP-1 is pro-
duced in the lungs of mice infected with M. tuberculosis (13).

We measured IL-8, IP-10, MCP-1, and MIP-1b levels in the
sera of human immunodeficiency virus (HIV)-seropositive and
HIV-seronegative patients with TB (described in reference 9):
87 patients had active TB, 15 patients were HIV seropositive,
63 patients were HIV seronegative, and in 9 patients no HIV
test was performed. Fever (rectal temperature above 38°C)
and anorexia were scored. Sera were obtained from 15 patients
with TB receiving therapy (one patient was HIV seropositive),
from 27 patients who had completed therapy, from 16 persons
who had been in close contact with patients with contagious
pulmonary TB, and from 10 controls (all were HIV seronega-
tive). Measurements were done by enzyme-linked immunosor-
bent assay, i.e., for IL-8, tumor necrosis factor (TNF) (CLB,
Amsterdam, The Netherlands), IP-10, MIP-1b (R & D Sys-
tems, Abingdon, United Kingdom), and MCP-1 (Pharmingen,
San Diego, Calif.). The detection limits were 2 (IL-8), 4 (TNF),
8 (MCP-1), 128 (IP-10), and 15.6 (MIP-1b) pg/ml.

Data are presented as medians (with ranges in parentheses)

and were compared by using the Wilcoxon test for unmatched
samples. Correlations were made by using Spearman’s test.

IL-8, IP-10, MCP-1, and MIP-1b levels did not differ be-
tween patients with pulmonary and extrapulmonary TB.
Therefore, these groups were combined. IL-8 levels did not
differ between HIV-seropositive patients and HIV-seronega-
tive patients (Fig. 1). IL-8 levels were higher in patients and in
contacts than in controls: HIV-seropositive patients with active
TB, 20.7 (,2.0 to 1,657.0) pg/ml (P , 0.001); HIV-seronega-
tive patients with active TB, 22.3 (,2 to 3,222.0) pg/ml (P ,
0.001); patients during therapy, 47.7 (,2.0 to 2,168.0) pg/ml
(P , 0.01); patients after therapy, 30.2 (,2.0 to 246.4) pg/ml
(P , 0.001); close contacts, 38.3 (3.7 to 413.4) pg/ml (P ,
0.001); controls, 2.8 (,2.0 to 8.2) pg/ml. Serum IL-8 levels re-
mained elevated in patients in all stages of TB. Accordingly, IL-8
in bronchoalveolar lavage fluid did not decrease during the con-
valescent phase of TB (12). Spontaneous secretion of IL-8 from
macrophages may account for high levels of IL-8 during all stages
of TB, as well as in contacts (18). M. tuberculosis directly stimu-
lates IL-8, but also IL-1 and TNF can induce IL-8 (17), which may
result in high IL-8 levels in active TB.

HIV-seropositive patients with active TB had higher IP-10 lev-
els than HIV-seronegative patients with active TB (1,387.0 [559.0
to 3,188.0] versus 462.3 [,128.0 to 6,881.0] pg/ml [P , 0.001]).
Concentrations of IP-10 in serum were higher in all patient
groups and in contacts than in controls: HIV-seropositive patients
with active TB (P , 0.001); HIV-seronegative patients with active
TB (P , 0.001); patients during therapy, 172.1 (,128.0 to
5,933.3) pg/ml (P , 0.05); patients after therapy, 130.9 (,128.0 to
712.4) pg/ml (P 5 0.058); contacts, 132.0 (,128.0 to 254.8) pg/ml
(P , 0.05); controls, ,128.0 (,128.0 to 208.3) pg/ml. IP-10 con-
centrations were elevated during active TB, with higher levels in
patients with fever and anorexia (1,126.0 [128.0 to 6,881.0] pg/ml)
than in nonsymptomatic patients (408.8 [128.0 to 1,908.0] pg/ml
[P 5 0.001]) and did not decline during treatment. T helper 1
(Th1) but not Th2 cell lines respond to IP-10 (15). Consistently,
IP-10 is found at sites of Th1 type immune responses (10). There-

* Corresponding author. Mailing address: Laboratory of Experi-
mental Medicine, Room G2-105, Academic Medical Center, Meiberg-
dreef 9, 1105 AZ Amsterdam, The Netherlands. Phone: 31-20-
5666034. Fax: 31-20-6977192. E-mail: N.Juffermans@amc.uva.nl.

4295



fore, elevated levels of IP-10 in serum suggest a systemic Th1 type
reaction during TB. IP-10 production is under control of IFN-g,
which is an essential factor in host defense against TB (4, 6). IP-10
is chemotactic for stimulated T cells (16) and may account for the
higher levels of IP-10 in HIV-seropositive patients than in HIV-
seronegative patients. Whether HIV stimulates IP-10 directly
remains to be determined. Furthermore, we report for the first
time an association of IP-10 with fever and anorexia in TB
patients. No association between IL-8, MIP-1b, or MCP-1 and
fever and anorexia was found (data not shown).

HIV-seropositive patients with active TB had higher MCP-1
levels than HIV-seronegative patients with active TB (Fig. 2)
(601.8 [223.7 to 1,873.0] versus 319.0 [98.1 to 2,034.0] pg/ml [P ,
0.05]). MCP-1 levels were higher in all patient groups than in
controls: HIV-seropositive patients with active TB (P , 0.01);
HIV-seronegative patients with active TB (P , 0.05); patients
during therapy, 319.1 (159 to 743.3) pg/ml (P , 0.05); patients
after therapy, 355.9 (187.4 to 799.3) pg/ml (P , 0.001); contacts,
289.4 (168.7 to 500.4), pg/ml (P 5 0.097); controls, 211.3 (31.2 to
161.3) pg/ml. HIV-seropositive patients with active TB had higher
levels of MCP-1 than patients during therapy (P , 0.05) and after

therapy (P 5 0.086) and contacts (P , 0.05). Levels in HIV-
seronegative patients with active TB did not differ from those in
other patient groups and contacts. MCP-1 levels are elevated at
the site of infection during TB (1, 12, 13) and in serum (this

FIG. 1. Concentrations of IL-8 and IP-10 in sera from patients with active
TB (n 5 87) from patients during (n 5 15) and after (n 5 26) treatment (Rx),
from persons who had been in close contact with contagious TB (n 5 16), and
from healthy controls (n 5 10). Horizontal lines indicate medians.

FIG. 2. Concentrations of MCP-1 and MIP-1b in sera from patients with
active TB (n 5 87), from patients during (n 5 15) and after (n 5 26) treatment
(Rx), from persons who had been in close contact with contagious TB (n 5 16),
and from healthy controls (n 5 10). Horizontal lines indicate medians.

TABLE 1. Effect of an anti-TNF monoclonal antibody on LAM-
induced chemokine productiona

Chemokine
Mean level 6 SE (ng/ml) of: %

InhibitionLAM 1 IgG LAM 1 anti-TNF

IL-8 12.93 6 4.21 0.12 6 0.91* 92 6 3
MCP-1 11.26 6 12.54 2.28 6 0.64* 81 6 4
MIP-1b 18.47 6 29.73 3.91 6 0.80* 76 6 6

a Data from six different HIV-seronegative donors. Whole blood diluted 1:1 in
RPMI medium was incubated for 16 h at 37°C with LAM (1 mg/ml) and anti-
human TNF or control IgG (both 10 mg/ml). *, P , 0.05 (versus LAM 1 IgG).
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study). Since HIV-seropositive patients had higher levels of
MCP-1 than HIV-negative patients, HIV and M. tuberculosis may
have an additive effect on MCP-1 production.

Serum MIP-1b levels did not differ between HIV-seroposi-
tive patients and HIV-seronegative patients. During active TB,
MIP-1b levels were elevated only in HIV-seronegative patients
compared to controls (154.6 [31.2 to 2,197.5] versus 126.0 [31.2
to 161.2] pg/ml [P , 0.05]). HIV-seropositive patients with
active TB had elevated MIP-1b levels (123.9 [38.2 to 497.7]
pg/ml), but the difference with controls was not significant.
MIP-1b levels did not differ between patients with active TB
and patients during therapy (150.5 [61.3 to 770.1] pg/ml) and
after therapy (177.3 [59.3 to 550.4] pg/ml) and close contacts
(116.7 [67.9 to 316.2] pg/ml). During experimental pulmonary
infection with Mycobacterium avium, MIP-1b was associated
with a protective function (5). In our patient population,
MIP-1b was modestly elevated in the sera of patients with TB,
thereby providing the first evidence that the production of
MIP-1b is enhanced during TB. Moreover, MIP-1b and IL-8
levels correlated weakly (r 5 0.47; P , 0.001). No other cor-
relations were found between chemokine concentrations. Since
asymptomatic HIV-positive controls were not included in this
investigation, the relative contribution of infection with HIV and
TB to chemokine concentrations cannot be obtained with cer-
tainty from our measurements in HIV-seropositive TB patients.

Lipoarabinomannan (LAM) is a cell wall lipoglycan of M. tu-
berculosis that can induce the release of cytokines and IL-8 (17,
18). Whole blood from six healthy donors was stimulated for 24 h
with mannose-capped LAM (containing 21.6 ng of lipopolysac-
charide [LPS] per mg, prepared from M. tuberculosis H37Rv (3);
1 mg of LAM corresponds to 104 CFU), with or without anti-
TNF-a antibody (monoclonal antibody MAK 195F; provided by
Knoll, Ludwigshafen, Germany) or an isotype-matched mouse
immunoglobulin G (IgG). Data are presented as means 6 stan-
dard deviations and were compared by using the Student t test.

LAM induced the release of IL-8, MCP-1, and MIP-1b
dose-dependently (Fig. 3). IP-10 was not produced after stim-
ulation with LAM. Incubation with 21.6 pg of LPS/ml (i.e., the
LPS content of the LAM preparation) did not induce detect-
able chemokine production (data not shown). This confirms

earlier reports in which LAM stimulated the production of
IL-8 (14, 17) and of TNF and IL-1b (18).

TNF plays a pivotal role in mycobacterial host defense (2, 11).
Anti-TNF attenuated the release of IL-8, MCP-1, and MIP-1b in
whole blood stimulated with LAM, confirmative with earlier find-
ings that the elimination of TNF inhibits LAM-induced IL-8
production (17) (Table 1). During TB, TNF may act as an inter-
mediate factor in the release of IL-8, MCP-1, and MIP-1b.
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FIG. 3. Effects of LAM on IL-8, MCP-1, and MIP-1b levels after stimulation
of whole blood with different concentrations for 16 h. Data are means 6
standard deviations (error bars) for six subjects.
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