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Abstract t 

Interleukinn (IL)-8, interferon-y-inducable-protein-10 (IP-10), monocyte-
chemoattractant-protein-11 (MCP-1) and macrophage-inflammatory-protein-lp1 (MIP-
1(3)) were elevated in patients with tuberculosis. IP-10 and MCP-1 were higher in 
fflV-seropositivefflV-seropositive than in fflV-seronegative patients with tuberculosis. 
Lipoarabinnomannann induced IL-8, MCP-1 and MlP-lf i in vitro, which was partly 
inhibitedd by anti-tumor necrosis factor antibody. 
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SerumSerum Chemokines in Patients with Tuberculosis 

Thee immune response in tuberculosis (TB) requires formation of granulomas, 

characterizedd by lymphocytes, macrophages and neutrophils [1]. Chemokines induce 

leukocytee migration: interleukin (IL)-8 acts on neutrophils, interferon-y inducable 

protein-100 (IP-10) on monocytes and lymphocytes. Monocyte chemoattractant 

proteinn 1 (MCP-1) and macrophage inflammatory protein lf3 (MEP-iP) act on 

monocytess and T-cells. IL-8 is produced after phagocytosis of Mycobacterium (M.) 

tuberculosistuberculosis [2]. EP-10 is secreted in response to interferon-y (IFN-y), and is 

expressedd in the delayed type hypersensitivity response to PPD [3]. MCP-1 is 

producedd in lungs of mice infected with M. tuberculosis [4]. 

Wee measured IL-8, IP-10, MCP-1 and MIP-ip in serum of HIV-seropositive and 

HIV-seronegativee patients with TB (described elsewhere [5]): 87 patients had active 

TB;; 15 patients were HIV-seropositive, 63 patients were HIV-seronegative and in 9 

patientss no HIV-test was performed. Fever (rectal temperature above 38 °C) and 

anorexiaa were scored. Sera were obtained from 15 patients with TB receiving therapy 

(onee patient was HIV-seropositive), from 27 patients who had completed therapy, 

fromm 16 persons who had been in close contact with patients with contagious 

pulmonaryy TB and from 10 controls (all were HIV-seronegative). 

Figuree 1: 

Serumm concentrations of 

interleukinn (IL)-8 and 

interferonyy inducable 

proteinn (IP-10) in patients 

withh active TB (n=87), in 

patientss during (n=15) and 

afterr (n=26) treatment, in 

personss who had been in 

closee contact with 

contagiouss TB (n=16) and 

inn healthy controls (n=10). 
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Figuree 2: 

Serumm concentrations of 

monocytee chemotactic protein 1 

(MCP-1)) and macrophage 

inflammatoryy protein 1(3 (M1P-

1(3)) in patients with active TB 

(n=87),, in patients during 

(n=15)) and after (n=26) 

treatment,, in persons who had 

beenn in close contact with 

contagiouss TB (n=16) and in 

healthyy controls (n=10). 

Horizontall  lines represent 

medians. . 

Measurementss were done by ELISA, i.e. IL-8, TNF (CLB, Amsterdam, the 
Netherlands),, IP-10, MIP-ip (R&D Systems, Abingdon, United Kingdom) and 
MCP-11 (Pharmingen, San Diego, CA). The detection limits were 2 (IL-8), 4 (TNF), 8 
(MCP-1),, 128 (IP-10) and 15.6 pg/ml (MIP-IP). 
Dataa are presented as median (range) and compared using the Wilcoxon test for 
unmatchedd samples. Correlations by Spearmans test. 
IL-8,, IP-10, MCP-1 and MTP-ip did not differ between patients with pulmonary and 
extrapulmonaryy TB. Therefore, these groups were combined. IL-8 did not differ 
betweenn HIV-seropositive patients and HTV-seronegative patients (Figure 1). IL-8 
wass higher in patients and in contacts than in controls (HIV-seropositive active TB: 
20.77 (<2.0-1657.0) pg/ml, P<0.001; HTV-seronegative active TB: 22.3 (<2-3222.0) 
pg/ml,, P<0.001; during therapy: 47.7 (<2.0-2168.0) pg/ml, P<0.01: after therapy: 
30.22 (<2.0-246.4), P<0.001; close contacts: 38.3(3.7-413.4), P<0.001; controls: 2.8 
(<2.0-8.2)) pg/ml). Serum IL-8 remained elevated in patients in all stages of TB. 
Accordingly,, IL-8 in BALF did not decrease during the convalescent phase of TB 
[6].. Spontaneous secretion of EL-8 from macrophages may account for high levels of 
IL-88 during all stages of TB, as well as in contacts [7]. M. tuberculosis directly 
stimulatess IL-8, but also fL-1 and TNF can induce IL-8 [8], which may result in high 
IL-88 levels in active TB. 

70 0 



SerumSerum Chemokines in Patients with Tuberculosis 

HTV-seropositivee patients with active TB had higher IP-10 levels than HIV-
seronegativee patients with active TB (1387.0 (559.0-3188.0) versus 462.3 (<128.0-
6881.0)) pg/ml, P<0.001). Serum concentrations of IP-10 were higher in all patient 
groupss and in contacts than in controls (HIV-seropositive active TB: P<0.001; HIV-
seronegativee active TB: P<0.001; during therapy: 172.1(<128.0-5933.3) pg/ml, 
P<0.05;; after therapy: 130.9(<128.0-712.4) pg/ml, P=0.058; contacts: 132.0(<128.0-
254.8)) pg/ml, P<0.05; controls: <128.0(<128.0-208.3) pg/ml). IP-10 concentrations 
weree elevated during active TB, with higher levels in patients with fever and 
anorexiaa (1126.0(128.0-6881.0) compared to non-symptomatic patients 
(408.8(128.0-1908.0),, P=0.001) and did not decline during treatment. Thl but not 
Th22 cell lines respond to IP-10 [9]. Consistently, IP-10 is found at sites of a Thl type 
immunee response [3].Therefore, elevated levels of EP-10 in serum suggest a systemic 
Thll  type reaction during TB. IP-10 production is under control of interferon-y, which 
iss an essential factor in host defense against TB [10, 11]. IP-10 reflects the number of 
activatedd T cells [12] and may account for the higher levels of IP-10 in HIV-
seropositivee than in HIV-seronegative patients. Whether HIV stimulates IP-10 
directlyy remains to be determined. Furthermore, we report for the first time an 
associationn of IP-10 with fever and anorexia in TB patients. 

HTV-seropositivee patients with active TB had higher MCP-1 levels than HIV-
seronegativee patients with active TB (Figure 2; 601.8 (223.7-1873.0) vs. 319.0 (98.1-
2034.0)) pg/ml, P<0.05). MCP-1 was higher in all patient groups when compared to 
controlss (HTV-seropositive active TB: P<0.01; HIV-seronegative active TB: P<0.05, 
duringg therapy: 319.1 (159-743.3), P<0.05; after therapy: 355.9 (187.4-799.3), 
P<0.001;; contacts: 289.4 (168.7-500.4), P=0.097; controls: 211.3 (31.2-161.3)). 
HTV-seropositivee patients with active TB had higher levels of MCP-1 than patients 
duringg therapy (P<0.05), after therapy (P=0.086) and contacts (P<0.05). HIV-
seronegativee patients with active TB did not differ from other patient groups and 
contacts.. MCP-1 is elevated at the site of infection during TB [4, 6, 13] and in serum 
(thiss study). Since HIV-seropositive patients had higher levels of MCP-1 than HTV-
negativee patients, HIV and M. tuberculosis may have an additive effect on MCP-1 
production. . 

Serumm MTP-lfi did not differ between HIV-seropositive patients and HIV-
seronegativee patients. During active TB, MTP-lp levels were elevated only in HIV-
seronegativee patients when compared to controls (154.6 (31.2-2197.5) vs. 126.0 
(31.2-161.2)) pg/ml; P<0.05). HIV-seropositive patients with active TB had elevated 
MTP-ipp levels (123.9 (38.2-497.7 pg/ml), but the difference with controls was not 
significant.. MTP-lp did not differ between patients with active TB and patients 

77 7 



ChapterChapter 7 

duringg therapy (150.5 (61.3-770.1) pg/ml), after therapy (177.3 (59.3-550.4) pg/ml) 

andd close contacts (116.7 (67.9-316.2) pg/ml). During experimental pulmonary 

infectionn with M. avium, MIP-ip was associated with a protective function [14]. In 

ourr patient population, MIP-ip was modestly elevated in serum of patients with TB, 

therebyy providing the first evidence that the production of MIP-ip is enhanced 

duringg TB. Moreover, MIP-ip and IL-8 correlated weakly (r=0.47, P<0.001). No 

otherr correlations were found between chemokine concentrations. Since 

asymptomaticc HIV-positive controls were not included in this investigation, the 

relativee contribution of infection with HIV and TB to chemokine concentrations can 

nott be obtained with certainty from our measurements in HIV-seropositive TB 

patients. . 
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Figuree 3. 

Effectss of lipoarabinnomannan 

(LAM )) on interleukin (IL)-8, 

monocytee chemotactic protein 1 

(MCP-1)) and macrophage 

inflammatoryy protein 1(3 (MIP-

1(3)) after whole blood 

stimulationn with different 

concentrationss for 16 hours. 

Dataa are represented as mean

SDD of 6 subjects. 

Lipoarabinomannamm (LAM ) is a cell wall lipoglycan of M. tuberculosis that can 

inducee release of cytokines and IL-8 [7, 8]. Whole blood from six healthy donors 

wass stimulated for 24 h with mannose-capped LAM (containing 21.6 ng LPS per mg, 

preparedd from M. tuberculosis strain H37Rv [15], 1 Ltg of LAM corresponds with 

100 cfu), with or without anti-tumor necrosis factor a (TNF) antibody (mAb, MAK 

195F,, provided by Knoll, Ludwigshafen, Germany) or an isotype-matched mouse 

IgG.. Data were presented as mean  SD and compared using Student t-test. 

LA MM induced release of IL-8, MCP-1 and MIP-ip dose-dependently (Figure 3). IP-

100 was not produced after stimulation with LAM . Incubation with LPS 21.6 pg/ml 

(i.e.. the LPS content of the LAM preparation) did not induce detectable chemokine 

productionn (data not shown). This confirms earlier reports where LAM stimulated 

productionn of IL-8 [8, 16] and of TNF and EL-ip [7], 

78 8 



SerumSerum Chemokines in Patients with Tuberculosis 

Table. . 
Effectt of an anti-TNF monoclonal antibody on LAM-induced chemokine production 
Chemokine e 

IL-8 8 

MCP-1 1 
MTP-lp p 

LAMM + IgG 

12.933 1 

11.266  12.54 

18.477 3 

LAMM + antiTNF 

0.122 * 

2.288  0.64* 

3.911 * 

%% inhibition 

922 3 

811 4 

766 6 
Dataa are mean  SE ng/ml chemokine levels of 6 different HIV-seronegative donors. Whole blood 

dilutedd 1:1 in RPMI was incubated for 16 h at 37°C with LAM (1 ng/ml) and anti-human TNF or 

controll  IgG (both 10 ng/ml). * indicates P<0.05 vs LAM + IgG. 

TNFF plays a pivotal role in mycobacterial host defense [17, 18]. Anti-TNF attenuated 
thee release of IL-8, MCP-1 and MUMP in whole blood stimulated with LAM 
(Table),, confirmative with earlier findings that elimination of TNF inhibits LAM-
inducedd IL-8 production [8]. During TB, TNF may act as an intermediate factor in 
thee release of IL-8, MCP-1 and MIP-lf i 
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Abstract t 

Lipoarabinnomannann (LAM), a cell wall component of Mycobacterium tuberculosis, 
inducess the production of cytokines and chemokines in vitro. Interleukin (IL)-l 
contributess to granuloma formation in tuberculosis (TB), and exerts effects via the 
IL-11 receptor type I (IL-1R). To determine the effects of LAM in the pulmonary 
compartmentt in vivo, and to establish the role of endogenous IL-1 herein, normal and 
IL-1RR deficient (7) mice were intranasally inoculated with LAM (50 ug). In normal 
mice,, LAM resulted in a neutrophilic cell influx into the bronchoalveolar lavage fluid 
(BALF).. LAM also induced increases in the lung concentrations of macrophage 
inflammatoryy protein 2, KC, tumor necrosis factor-a (TNF), IL-l a and IL-1(3. 
IL-1RR 7' mice had less influx of granulocytes in their BALF, and less granulocyte 
activationn than wild type mice. Also, lung TNF levels were lower in IL-1R7 mice. 
LAMM may be an important stimulator of innate immunity in infection with M. 
tuberculosistuberculosis via mechanisms that involve endogenous IL-1 activity. 
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Introductio n n 

Lipoarabinnomannamm (LAM) is a cell wall component of Mycobacterium (M.) 
tuberculosis,tuberculosis, which shares many physicochemical properties with lipopolysaccharide 
(LPS)) from Gram-negative bacteria [1], LAM can induce the release of cytokines 
andd chemokines by whole blood and mononuclear cells in vitro [2-5], by 
mechanismss that strongly resemble LPS [1, 6, 7]. Considering that LPS is an 
importantt factor in lung inflammation during Gram-negative pneumonia [8-11], it is 
conceivablee that LAM contributes to the initiation of a pro-inflammatory response 
afterr infection with M. tuberculosis. However, knowledge of the in vivo effect of 
LAMM within the pulmonary compartment is highly limited. 
LPS-inducedd pulmonary inflammation is characterized by enhanced production of 
cytokiness and chemokines within the lung, and the emigration of granulocytes into 
thee broncho-alveolar airspace [9, 12]. Several lines of evidence indicate that the 
proinflammatoryy cytokine interleukin (IL)-l is an important mediator of LPS-
inducedd inflammation in the lung. EL-l is produced in the pulmonary compartment 
afterr intratracheal administration of LPS, and inhibition of EL-l activity attenuates 
lungg inflammation elicited by LPS [10, 13]. Moreover, recombinant EL-l causes 
neutrophilicc infiltration in the lung comparable to LPS [9, 13]. In TB, EL-l 
contributess to formation and maintenance of granulomas during mycobacterial 
infectionn [14]. Elevated levels of IL-1 are found in bronchoalveolar lavage fluid 
(BALF)) and lungs of patients with TB [15, 16], suggesting that EL-l plays a role in 
thee immune response to TB in the pulmonary compartment. EL-l binds to EL-l 
receptorr (IL-1R) type I, which is responsible for the biological effects of EL-l, 
whereass EL-1R type II is a decoy receptor [17]. 
Inn this study we evaluated the in vivo effect of LAM in the pulmonary compartment 
inn mice. Furthermore, the role of EL-l in LAM-induced lung inflammation was 
determinedd by comparison of LAM effects in EL-lR type I deficient (EL-1R /) and 
wildd type mice. 

Methods s 

Animals.Animals. EL-1R7" mice back-crossed 6 times to a C57B1/6 background were kindly 
providedd by Immunex Corporation (Seattle, WA) [18]. C57B1/6 (EL-1R+/+) mice 
(Harlann Sprague Dawley Inc., the Netherlands) were used as wild type controls. Each 
experimentall  group consisted of 6 mice (sex- and age-matched; 7-8 weeks old) per 
timee point. EL-1R7" mice were normal in size, weight and fertility, and displayed no 
abnormalitiess in leukocyte subsets [18]. 
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LAM-inducedLAM-induced pulmonary inflammation. Mannose-capped LAM was isolated and 
preparedd from the rapidly growing M. tuberculosis strain H37Rv, kindly provided by 
Coloradoo State University, Fort Collins, CO, under National Institutes of Health 
Contractt NOl-A 1-75320. A pilot study was performed to establish an immune 
activityy inducing dose. 1 u,g of LAM corresponds with 104 cfu. The LAM 
preparationn contained 21.6 ng/mg LPS as determined by the Limulus test. Mice were 
anaesthesizedd briefly by inhalation of isoflurane (Upjohn, Ede, the Netherlands), and 
500 |ig LAM in 50 u,l phosphate buffered saline (PBS) was inoculated intranasally. 
Eachh experimental group consisted of 6 mice per strain (IL-1R+/+ and IL-1R"'") per 
timee point. Control mice received 50 u.1 PBS or 1.38 ng LPS dissolved in 50 uj PBS, 
i.e.. the amount of LPS contamination of the LAM preparation. After 4, 8 or 24 hours 
micee were anesthesized with FFM (fentanyl citrate 0.079 mg/ml, fluanisone 2.5 
mg/ml,, midazolam 1.25 mg/ml in H2O; of this mixture 7.0 ml/kg intraperitoneally). 
Bloodd was collected from the vena cava inferior, and BALF was obtained by 
flushingg the lungs 2 times with 500 uJ of sterile saline using an endotracheal cannula 
(Abbocath-TT cathether, Abbott, Sligo, Ireland). The lungs were harvested and 
homogenizedd immediately in 9 volumes of lysis buffer (0.5% Triton X-100, 150 mM 
NaCl,, 15 mM Tns, 1 mM CaCl and 1 mM MgCl, pH 7.40) at 4° C using a tissue 
homogenizerr (Biospec Products, Bartlesville, OK). Homogenates were centrifuged at 
14,0000 rpm for 10 minutes to remove cell debris, after which the supematants were 
storedd at -20° C. 

CellCell counts. Total cells present in BALF were counted in a haematometer, and 
leukocytee differentiation was determined on cytospin preparations stained with 
modifiedd Giemsa stain (Diff-Quick products; Dade, Düdingen, Switzerland). 

Assays.Assays. All assays were performed in duplicate. IL-1 a, IL-1$, IL-1 receptor 
antagonistt (IL-1RA), macrophage inflammatory protein 2 (MIP-2), KC and 
interferon-YY (IFNy) were measured by ELISA according to the instructions of the 
manufacturerr (R&D Systems; Abingdon, United Kingdom). In addition, tumor 
necrosiss factor-a (TNF, Genzyme, Leuven, Belgium) was measured. Detection limits 
off  assays were 82 (IL-1 a), 156 (IL-1P), 281 (IL-1RA), 111 (MIP-2), 93.8 (KC), and 
31.22 (TNF) pg/ml. 

StatisticalStatistical analysis. Differences between IL-1R7, EL-1R+/+ and saline controls were 
assessedd using the Mann Whitney U test for unmatched samples. P<0.05 was 
consideredd significant. 
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Results s 

Tablee 1. Effect of 25 and 50 |ig LAM administered to mice on cellular composition 
off  bronchoalveolar lavage fluid. 

255 Hg 
4h h 
8h h 

500 fig 
4h h 
8h h 

Controll  (4h) 

Cells s 
(xl04/ml) ) 

1 1 
12.3+0.9 9 

11.6+6.2 2 
36.8+2.2 2 

1 1 

% % 
granulocytes s 

1 1 
2 2 

19.7+16.2 2 
0 0 

1 1 

% % 
macrophages s 

2 2 
4 4 

2 2 
4 4 

2 2 

% % 
lymphocytes s 

4 4 
3 3 

0 0 
7 7 
0 0 

LAMM or PBS (control) was administered intranasally at t=0. Data are mean  SE of 4 mice per group 
perr time point. 

DoseDose finding pilot study. To establish the dose of LAM that induced an immune 
response,, 4 mice were intranasally inoculated with 25 or 50 \xg of LAM, after which 
bronchoo alveolar lavage was performed after 4 and 8 hours. Control mice received 
PBS.. The low dose did not induce cell influx into the pulmonary compartment 
comparedd to the PBS controls (Table 1). 50 |ig of LAM resulted in elevated numbers 
off  leukocytes in the BALF compared to controls. Leukocyte differentiation suggests 
thatt the increase in cells in BALF of mice inoculated with LAM results from a 
granulocytee influx (Table 1). Additional experiments using IL-1R and EL-1R+ + 

micee were performed with 50 u.g of LAM. Since the immune response was not 
diminishedd after 8 hours, an additional time point of 24 hours was included in these 
experiments. . 

InductionInduction ofIL-1. Intranasal administration of LAM to normal C57B1/6 mice induced 
ann increase in the lung levels of both IL-l a and IL-lf ï compared to saline controls, 
peakingg at 8 hours (2.6 2 ng/mg tissue, and 4 ng/mg tissue respectively, 
bothh P < 0.05 vs. controls; figure 1). LPS controls (i.e. mice inoculated with the 
amountt of LPS that contaminated 50 fig LAM, as determined by LAL-assay) did not 
differr from saline controls with respect to lung cytokine concentrations (data not 
shown).. To determine whether the absence of the functional EL-1R influences IL-1 
productionn after LAM administration, EL-la and IL-lf J levels were also measured in 
lungg homogenates of IL-1R7 mice intranasally exposed to LAM. Both IL-l a and IL-
lPP tended to be lower in IL-1R7 mice than in IL-1R+/+ mice, although the 
differencess did not reach statistical significance (Figure 1). In plasma, IL-l a and IL-
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IPP remained undetectable in all mice at all time points. Although IL-1RA could be 

readilyy detected in lung homogenates of all mice evaluated, LAM administration did 

nott result in an increase in IL-1RA levels in lungs, and there were no differences 

betweenn groups at any time point (data not shown). 

I I  IL-1R7" 
IHIL-"IRV V 
ii i control 

hours s 

Figuree 1. 

Meann  SE levels of IL-l a and 

IL-1PP in lungs of IL-1RT and 

IL-1R7**  mice inoculated with 

500 u.g of mycobacterial 

lipoarabinnomannan.. Controls 

receivedd sterile phosphate 

bufferedd saline. N=6 mice per 

groupp per time point. 

RecruitmentRecruitment of leukocytes. Compared to PBS (control mice), LAM induced a 

significantt increase in cell influx in BALF in both mouse strains, peaking at 8 hours 

andd lasting for at least 24 hours (Table 2). Cells recruited to lungs after LAM 

administrationn mainly were granulocytes. Compared to IL-1R+/+ mice, IL-1R7" mice 

hadd less granulocytes in BALF at 4, 8 and 24 hours, the difference only being 

significantt at the later time point (Table 2). LAM effects on cell influx in BALF were 

notnot caused by LPS contamination, since mice challenged with the amount of LPS 

withh which the LAM preparation was contaminated did not show changes in the 

cellularr content of BALF (data not shown). 

InductionInduction of chemokines and cytokines. Having established that LAM induced an 

influxx of granulocytes into lungs, we were interested in the levels of CXC 

chemokiness in lung homogenates. LAM administration was associated with elevated 

lungg levels of MIP-2 and KC when compared to PBS controls (P<0.05, Figure 2). 

Thee levels of these chemokines did not differ between IL-1R7" and IL-1R+/+ mice. 

Too determine the ability of both mouse strains to mount a pro-inflammatory cytokine 
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response,, TNF and IFNy were measured. LAM induced production of lung TNF in 

Tablee 2. LAM-induced changes in the cellular composition of bronchoalveolar 

lavagee fluid in IL-1R7 and IL-lRV^mice. 
IL-1R7'micee IL-lRVmice 

4h h 

8h h 

244 h 

Contro o 

l(4h) ) 

Cells s 

(xl04/ml) ) 

17.2+2.0 0 

32.8+4.0 0 

1 1 

8 8 

%% gran 

32.5+9.4 4 

0 0 

* * 

1.5+0.7 7 

%% mO 

6 6 

7 7 

0 0 

97.0+1.1 1 

%% lympho 

1.8+0.7 7 

1.5+0.5 5 

7 7 
t.5+0.7 7 

Cells s 

(xl04/ml) ) 

12.0+1.6 6 

30.5+7.1 1 

4 4 

8.3+2.1 1 

%% gran 

34.8+9.4 4 

5 5 

2 2 

3 3 

%% m* 

644 9 4 

21.6+4.3 3 

0 0 
6 6 

%% lympho 

2 2 

4 4 

0.7+0.3 3 

1.3+0.3 3 

LAMM (50 u.g) or PBS (control) was administered intranasally at t=0. Data are mean + SE of 6 mice per 

groupp per time point, gran: granulocytes. mO:macrophages, lympho:lymphocytes. *P<0.05 vs. IL-

1R+A A 

bothh strains (P<0.05 vs. controls, Figure 3). Notably, the TNF response was 

sustainedd in IL-1R+/+ mice and transient in IL-1R / mice, resulting in lower level of 

TNFF in lungs of IL-1R7 mice at later time points (P=0.09). IFNy was not induced in 

thee lung by LAM (data not shown). In plasma, TNF and IFNy were not detectable. 

2000 -i 

MIL-1R T T 
EBE3IL-1RT T 
II  I control 

hours s 

Figuree 2. Mean  SE levels of 

chemokiness KC and MIP-2 in 

lungss of IL-1RT and IL-1RT 

micee inoculated with 50 ug of 

mycobacterial l 

lipoarabinnomannan.. Controls 

receivedd sterile phasphate 

bufferedd saline. N=6 mice per 

groupp per time point. 

Discussion n 

Thee capacity of LAM to induce cytokines and chemokines in cell cultures in vitro 

hass been documented in a number of studies [4, 5, 7]. This study is the first to report 
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onn the in vivo effects of LAM in the pulmonary compartment. Intranasal 

administrationn of LAM resulted in a neutrophilic cell influx in BALF, which was 

associatedd with activation of granulocytes and elevated lung levels of the CXC 

chemokiness MEP-2 and KC, and of the pro-inflammatory cytokines IL-1 and TNF. 

Thee local production of IL-1 contributed to LAM-induced inflammation in the lung, 

sincee mice lacking the EL-1R type I, in which EL-1 can not exert biological effects, 

demonstratedd a relatively diminished influx of granulocytes in their BALF, and a 

lowerr level of TNF. Together, these data suggest that LAM is an important 

stimulatorr of the host response to mycobacterial infection, and that EL-1 is necessary 

inn mounting a full inflammatory response to a pulmonary challenge with LAM . 

hours s 

Figuree 3. Mean  SE levels of 

TNFF in lungs of' IL-1RT and 

IL-1R+/++ mice inoculated with 

500 ng of mycobacterial 

lipoarabinnomannan.. Controls 

receivedd sterile phasphate 

bufferedd saline. N=6 mice per 

groupp per time point. 

Inn vitro, LAM activates cells by mechanisms that are also used by LPS [1, 6, 7]. The 

resultss of the present study suggest that the intrapulmonary effects of LAM in vivo, 

resemblee previously described effects of LPS in lungs. Intratracheal administration 

off  LPS caused a neutrophilic cell influx in BALF of mice, peaking at 6 hours [9]. 

Similarly,, in this study, LAM installed intranasally resulted in an increase in 

neutrophilss in BALF, with a peak at 8 hours. Whereas LPS induced influx of 

lymphocytess and monocytes, LAM did not. 

Severall  lines of evidence indicate that EL-1 is important for neutrophil accumulation 

duringg lung inflammation. First, both EL-la and IL-i p can induce neutrophil influx 

inn lungs after intratracheal administration to rodents [13, 19, 20]. Second, EL-1 is 

foundd in high concentrations in lungs after a pulmonary challenge with LPS, and 

inhibitionn of this endogenous EL-1 activity inhibits LPS-induced neutrophil influx in 

BALFF [9, 11, 21]. We found that IL-1R7" mice had less granulocyte influx into 

BALFF than IL-1R+/+ mice after administration of LAM , suggesting that also during 

LAM-inducedd inflammation, EL-1 produced in the lung is an important mediator, 

eitherr directly or indirectly, of neutrophil migration. Further studies are warranted to 
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supportt this hypothesis, e.g. using anti IL-1 antibodies. Also, since IL-1R7" and IL-

1R7++ mice came from a different source, it is possible that the differences observed 

mightt have resulted from genetic differences of the mice unrelated to IL-1 receptor 

expression. . 

Otherr mediators that could be involved in LAM-induced neutrophil recruitment 

includee MIP-2, KC and TNF. Intratracheal LPS administration induces MIP-2 and 

KCC production by alveolar macrophages, resulting in elevated levels in BALF [22]. 

MIP-22 and KC correlate with influx of neutrophils in LPS-induced inflammation 

[22],, and inhibition of either MIP-2 or KC results in a reduced migration of 

neutrophilss into BALF after intratracheal injection of LPS in rats [23, 24]. In this 

study,, mycobacterial LAM induced elevated levels of MIP-2 and KC in the 

pulmonaryy compartment. However, no clear correlation of MIP-2 or KC with the 

numberr of granulocytes was seen (data not shown), consistent with the fact that MIP-

22 and KC are not exclusively responsible for granulocyte influx [23, 25]. In addition, 

MIP-22 and KC levels were similar in IL-1R7" and IL-1RV" mice, making it unlikely 

thatt these CXC chemokines were responsible for the differences in LAM-induced 

granulocytee influx in BALF in the two mouse strains. 

Ass in LPS-induced pulmonary inflammation [9], TNF was produced in the lung after 

LA MM administration. Lung TNF concentrations in this study were lower in ÏL-1R7 

thann in EL-1R+/+ mice, suggesting that endogenous IL-1 induces TNF production in 

thee pulmonary compartment after stimulation with LAM . Furthermore, considering 

thatt inhibition of TNF activity reduces LPS-induced neutrophil recruitment to BALF 

[11,, 21], these data indicate that a reduction in TNF production in the lungs of IL-1 R" 

/""  mice may have contnbuted to the diminished neutrophil accumulation in BALF of 

thesee mice. Hence, lower TNF levels due to lack of an endogenous IL-1 response 

mayy result in a suboptimal induction of other mediators of the immune response. The 

precisee role of IL-1 herein needs further studies. 

Thee levels of IL- l a and IL-i p tended to be lower in DL.-1R7" mice, suggesting that 

EL-11 can induce its own production in vivo. In accordance, production of IL-1 can be 

inducedd by stimulation of the type I IL-1R in vitro [17]. In addition, after LPS 

administration,, granulocytes are an important source of IL-1 [11]. Hence, the lower 

numberr of granulocytes in lungs of IL-1R7" mice may also play a role in their 

relativelyy reduced ability to produce IL-1. 

LA MM is a cell wall component of M. tuberculosis with potent pro-inflammatory 

activitiess in vitro. We demonstrate here for the first time that LAM given intranasally 
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inducess an inflammatory response in the pulmonary compartment of mice in vivo, 
characterizedd by granulocyte recruitment and activation in BALF, and enhanced 
locall  production of cytokines and chemokines. Granulocytes may form a first line of 
defensee during TB. However, lung tissue destruction has been associated with high 
numberss of granulocytes. Therefore, whether LAM contributes to host defense or 
ratherr facilitates mycobacterial invasion remains to be determined. LAM-induced 
lungg inflammation may be in part mediated by endogenous IL-1 activity. LAM from 
M.M. tuberculosis may be a principal stimulator of innate immunity during TB. 
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