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Abstract t 

IL-11 signaling is required for the containment of infections with intracellular 

microorganismss such as Listeria monocytogenes and Leishmaniasis major. To 

determinee the role of EL-1 in the host reponse to TB, we infected IL-1 type I receptor 

deficientt (EUR7 ) mice, in which IL-1 does not exert effects, with Mycobacterium 

tuberculosis.tuberculosis. EL-1R7 were more susceptible to pulmonary tuberculosis, as reflected 

byy an increased mortality and an enhanced mycobacterial outgrowth in lungs and 

distantt organs, which was associated with defective granuloma formation, containing 

lesss macrophages and less lymphocytes, whereas granulocytes were abundant. 

Lymphocytess were predominantly confined to perivascular areas, suggesting a 

defectivee migration of cells into inflamed tissue in the absence of IL-1 signaling. 

Impairedd host defense in EL-1R7 mice was further characterized a decrease in the 

abilityy of splenocytes to produce interferony. These data suggest that IL-1 plays an 

importantt role in the immune response to M. tuberculosis. 
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Introduction n 

IL-11 is a potent pro-inflammatory cytokine that is implicated in numerous 

physiologicall  processes, as well as in the pathogenesis of a number of inflammatory 

diseasess [1]. IL-1 can bind two receptors. Whereas the IL-1R type II is a decoy 

receptor,, binding to IL-1R type I results in signal transduction. Also, IL-1R type I 

deficientt (IL-1R7) mice do not respond to IL-1 [2]. IL-1R type I therefore, seems 

responsiblee for the biological actions of IL-1. 

Thee acquired immune response to Mycobacterium tuberculosis infection is 

characterizedd by the formation of granulomas, consisting of macrophages, T cells 

andd granulocytes. The essential role of an intact Thl response in host defense against 

tuberculosiss (TB) is illustrated by reports of a markedly enhanced susceptibility to 

TBB of mice deficient for IFNy [3, 4] or IL-12 [5], A Thl response is also protective 

duringg other intracellular infections such as listeriosis and leishmaniasis [6]. IL-1 has 

beenn found to play a role in directing the T cell response during these infections. 

Indeed,, both IL-1RV mice and mice treated with a blocking antibody to the type I 

IL-1RR have a greatly decreased ability to control infection with Listeria 

monocytogenesmonocytogenes [2, 7]. In addition, EL-1R7" mice displayed higher parasite burdens 

thann normal wild type mice in a model of cutaneous leishmaniasis, which was 

associatedd with an enhanced Th2 response [8]. This suggests that IL-1 is involved in 

thee regulation of Thl/Th2 immune responses to infection with intracellular 

pathogens. . 

IL-11 is produced at the site of infection during TB as shown by elevated levels of IL-

11 in bronchoalveolar lavage fluid (BALF) [9] and IL-l p expression in granulomas in 

lungss of patients with tuberculosis (TB) [10]. Also, bronchoalveolar lavage cells 

obtainedd from the infected lung of TB patients spontaneous release IL-1(3 [11], This 

suggestss that IL-1 plays a role in host defense to TB in the pulmonary compartment. 

Indeed,, IL-1-coated beads are capable of inducing large granulomas in lung tissue, 

indicatingg that IL-1 is essential for the formation and maintenance of granulomas 

[12].. In this study, we determined the role of endogenous IL-1 in the pathogenesis of 

TB,, by comparing the course of this disease in IL-1R7" and IL-1R7+ mice 

intranasallyy infected with M. tuberculosis. 

Methods s 

MouseMouse strains. IL-1 receptor type I gene deficient (IL-1R7) mice back-crossed 6 

timess to a C57B1/6 background (kindly provided by Immunex Corporation, Seattle, 
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WA)) and their normal C57B1/6 wild type mice (IL-1R+/+, Harlan Sprague Dawley 

Inc.,, the Netherlands) were used. Sex- and age-matched (7-8 weeks old mice) were 

usedd in all experiments. Each experimental group consisted of 6-8 mice per time 

point.. IL-1R7" mice were normal in size, weight and fertility, and display no 

abnormalitiess in leukocyte subsets [13]. 

ExperimentalExperimental infection. A virulent laboratory strain of M. tuberculosis (H37Rv) was 

grownn in liquid Dubos medium containing 0.01 To Tween 80 for 4 days. A replicate 

culturee was incubated at 37 °C and stirred gently, harvested at mid-log phase and 

storedd in aliquots at -70 °C. Before each experiment, a vial was thawed and washed 

twicee with sterile saline to clear the mycobacteria of medium. Mice were 

anaesthesizedd by inhalation with isoflurane. During this brief anesthesia, intranasal 

inoculationn (i.n.) was conducted by placing 10 viable M. tuberculosis organisms in 

500 \i\ NaCI on the nares. The inoculum was plated immediately after inoculation to 

determinee viable counts. Control mice received 50 u.1 NaCI. After 2 and 5 weeks 

micee were anesthesized by FFM (fentanyl citrate 0.079 mg/ml, fluanisone 2.5 mg/ml, 

midazolamm 1.25 mg/ml in FLO; of this mixture 7.0 ml/kg intraperitoneally) and 

sacrificedd by bleeding out the vena cava inferior. 

ReverseReverse transcription PCR (RT-PCR) for cytokine message. Lung tissue samples 

weree homogenized in 1 ml of TRIzol Reagent (GibcoBRL, Lif e Technologies, Grand 

Island,, NY) and total RNA was isolated using chloroform extraction and isopropanol 

precipitation.. The RNA was dissolved in DEPC-treated water and quantified by 

spectrophotometry.. cDNA was synthesized by mixing 2 p.g RNA with 0.5 fig 

oligo(dT)) (GibcoBRL), and by incubating the solution (total volume 12 u.1) for 10 

minutess at 72°C. Subsequently, 8 JJ.1 of a solution containing 5x first strand buffer 

(Gibco/BRL),, 1.25 mM each of dNTPs (Amersham Pharmacia, Biotech, UK), 10 

mMM DTT (Gibco/BRL), and the Superscript Pre-amplification system (GibcoBRL) 

weree added and the final solution was incubated for 60 minutes at 37°C. For RT-

PCR,, equivalent amounts of cDNA (5 u.1) were amplified using a solution (20 u.1) 

containingg 4% DMSO (Merck, München, Germany), 12.5 u.g BSA (Biolabs inc., 

NewNew England), 1.25 mM of each dNTPs, lOx PCR buffer (0.67 M Tris-HCL (pH 

8.8),, 67 mM MgCl2, 0.1M [3-mercaptoethanol, 67 u.M EDTA, 0.166 M (NFLhSCu), 

0.55 U of AmphTaq DNA polymerase (Perkin Elmer Corp., Branchburg, NJ, USA), 

andd the forward (F) and the reverse (R) primers (lOOmM each). The PCR reactions 

weree carried out in the thermocycler Gene AMP® PCR System 9700 (Perkin Elmer, 

Norwalk,, CT) using a 5 minutes at 94°C sequence (1 cycle) and a final extension 
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phasee at 72°C for 10 minutes. The sequences and the cycle numbers were as follows: 

rL-la(F):5'CTCTAGAGCACCATGCTACAGAC3\ \ 

(R):: 5TGGAATCCAGGGGAAACACTG3,(30cycli), 

IL-P(F):: 5' TC ATGGG ATG ATG AT A ACCTGCT3', 

(R):: 5'CCCATACTTTAGGAAGACACGGAT3\ (30 cycli), p-actin (F): 

5'GTCAGAAGGACTCCTATGTG3',, (R): S^CTCGTTGCCAATAGTGATGS1 

(244 cycles). The PCR products were separated in 1.5% agarose gel containing 0.5x 

TBEE (50 mM Tns, 45 mM bone acid, 0.5 mM EDTA, pH8.3) with 0.5 ng/ml 

ethidiumm bromide. 

PreparationPreparation of lung tissue for ELISA. Homogenates of lungs were diluted 1:1 with 

lysiss buffer (0.5% Triton X-100, 150 mM NaCl, 15 mM Tris, 1 mM CaCl and 1 mM 

MgCl,, pH 7.40) at 4° C for 20 minutes. Homogenates were then centrifuged at 

14,0000 rpm for 10 min. to remove cell debris, after which the supernatants were 

storedd at -20° C. Cytokines were measured by ELISA's according to the instructions 

off  the manufacturer. Detection limits were 82 pg/ml (EL-la), 156 pg/ml (IL-lfJ, both 

fromm R&D Systems, Abingdon, United Kingdom). 

EnumerationEnumeration of mycobacteria. The lungs, liver and spleen were harvested and 

homogenisedd separately in sterile saline using a tissue homogenizer (Biospec 

Products,, Bartlesville, OK). 10-fold serial dilutions were plated on Middlebrook 

7H111 plates containing OADC enrichment (Difco, Braunschweig, Germany) and 

incubatedd at 37 °C in sealed bags. Colonies were counted after 3 weeks. 

HistologicalHistological Analysis. Lung and liver tissue samples were fixed in 10% neutral 

bufferedd formalin. After paraffin embedding, 4 urn sections were stained with 

hematoxylinn and eosin or Ziehl-Neelsen (ZN) stain for acid fast bacilli. Slides were 

thenn coded and analyzed by a pathologist for cellular infiltrate. Granulomas were 

definedd as collections of 10 or more macrophages and lymphocytes within the 

peripherall  lung parenchym [14] . For immunohistochemistry, lung tissue was snap 

frozenn in liquid nitrogen and 6(im thick cryosections were cut, collected on gelatine-

coatedd slides, air dried and fixed in ice-cold acetone for 15 minutes. Following PBS 

washes,, sections were incubated with 10% normal goat serum (Dako A/S, Glostrup, 

Denmark)) and then incubated overnight with FITC-labeled anti-CD4 and -CD8 

(Pharmingen).. Endogenous peroxidase activity was quenched by placing slides in a 

solutionn of sodium-azide/1% hydrogen peroxide (FLO:) for 10 minutes. Following a 

furtherr wash in PBS, sections were incubated with rabbit anti-FITC antibody and rat 
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anti-FITC-HRPP antibody (Dako, Denmark) diluted in PBS/1% normal mouse serum 

forr one hour each. Slides were developed using 1% H,0: and 3.3'-amino-9 ethyl 

carbazolee (Sigma, St.Louis, MO) and N,N-dimethylformamide for 10 minutes. 

Followingg counter staining with haematoxylin, sections were coated with glycerol 

andd a cover slip was applied. In control sections, the primary antibody was omitted. 

FlowFlow cytometry. Ceil suspension of lung tissue was obtained using an automated 

desegrationn device (Medi machine System; Dako, Glostrup, Denmark) and 

resuspendedd in RPMI (Biowhittaker, Verviers, Belgium). The cell suspension was 

clearedd from debris by filtering through a 40 (im filter (Becton-Dickinson, NJ). 

Leukocytess were recovered after centrifugation at 1450 rpm for 5 minutes and 

counted.. Two x I05 cells were resuspended in phosphate-buffered saline containing 

EDTAA lOOmM, sodium azide 0.1% and bovine serum albumin 5% (cPBS) and 

placedd on ice. Triple staining of lymphocytes was obtained by incubation for 1 hour 

withh directly labeled antibodies CD8-FITC, CD3-PE and CD4-Cy (Pharmingen, San 

Diego,, CA). Cells were then washed twice in ice cold cPBS and resuspended for 

floww cytofluorometric analysis (Calibrite; Becton Dickinson Immunocytometry 

Systems,, San Jose, CA). At least 5,000 lymphocytes were counted. Nonspecific 

stainingg was controlled for by incubation of cells with the appropriate control 

antibodies. . 

SpleenSpleen cell stimulation assays. Single cell suspensions were obtained by crushing 

spleenss through a 40 u,m filter (Pharmingen). Lymphocytes were obtained by Ficoll-

Hypaquee density gradient centrifugation (Ficoll-Paque; Pharmacia Biotech, Uppsala, 

Sweden)) and washed extensively. Cells were suspended in RPMI medium containing 

100 % fetal calf serum and 1% antibiotic-antimycotic (GibcoBRL). Round bottom 

platess were coated overnight with anti-CD3 (clone nr. 145.2c 11) and washed with 

sterilee PBS. 106 cells were added to each well, diluted with RPMI containing anti-

CD288 (1 ng/ml. Pharmingen) and incubated at 37 °C for 48 hours. IFNy and IL-4 

weree measured in the supernatant by ELISA according to the instructions of the 

manufacturerr (both from R&D Systems, Abingdon, United Kingdom). Detection 

limi tt for both was 31.2 pg/ml. 

StatisticalStatistical analysis. Differences in bacterial counts were compared using the Mann-

Whitney-UU test. P<.05 was considered statistically significant. 
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Results s 

IL-1a a 

IL-1P P 

P-actin n 

NaCI I 

22 wks 5 wks 2 wks 5 wks 

IL-1R+/++ IL-1R-/-

Figuree 1. IL-ip . IL-1 a and 0-

actinn mRNA expression in 

lungss of IL-1R7" and IL-1RT 

micee determined by RT-PCR 2 

andd 5 weeks after intranasal 

infectionn with Mycobacterium 

tuberculosistuberculosis or NaCI. *P<0.05. 

Controll  mice received NaCI 

intranasally,intranasally, and were sacrificed 

afterr 2 weeks. Results were 

obtainedd from pooled lung 

homogenatess from 3 mice per 

strainn for each time point. 

ProductionProduction of 1L-la and 1L-1/3 in lungs. To investigate whether EL-la and IL-1 (3 

weree produced within the pulmonary compartment during TB, RT-PCR was 

performedd on lung homogenates. Messenger RNA of both IL- l a and EL-1 (3 was 

detectablee in lungs of IL-1R7" and EL-1R+/+ mice after infection with M. tuberculosis 

(Figuree 1). In addition, I l - l a and EL-1(3 protein was elevated in lungs of both mouse 

strainss during TB (Figure 2). 

50 0 

E E 
g>30 0 

^ 2 C H H 

an n i i 

ad d 

II IL-1R-/-
!! IL-1R+/+ 
]]  contro l IL-1R-/-
]] control IL-1R+/+ 

Figuree 2. 

Meann  SE levels of IL-l a and 

IL-l pp in lungs of IL-1RT and 

IL-1RV""  mice infected with 

MycobacteriumMycobacterium tuberculosis. 

Controlss received saline (n=8 

perr group per time 

*P<.055 versus control. 

point). . 

22 weeks 5 weeks 

IL-1RVIL-1RV mice are more susceptible to M. tuberculosis infection. To determine the role 

off  endogenously produced EL-1 in host defense against TB, 20 IL-1R+/+ and 20 IL-

189 9 



ChapterChapter 17 

days s 

Figuree 3. 

Survivall  of IL-1RT and IL-

1R7++ mice infected with 

MycobacteriumMycobacterium tuberculosis 

(n=200 per group). 

1R77 mice were intranasally inoculated with M. tuberculosis and followed for 20 

weeks.. After the 20-week observation period of this survival experiment, all 20 BL-

1R+/++ mice were still alive. By contrast, 13 IL-1R7" mice (65%) had died, and the 

remainingg 7 IL-1R7 mice were terminally ill (Figure 3). 

CM M 

È j j 
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UVER R 

^~ ^~ 
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o o 

\ \ 
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IL-1R-/--

Figuree 4. 

Mycobacteriall  outgrowth in 

EL-1R7'' and IL-IR V mice in 

lungss (upper panels), liver 

(middlee panels) and spleen 

(lowerr panels)2 and 5 weeks 

afterr intranasal infection with 

M.M. tuberculosis. Horizontal 

liness represent median 

numberr of viable bacteria 

Mycobacteriall  outgrowth was 

significantlyy enhanced in LL-

1RTT mice in lungs at 2 and 5 

weeks,, and in liver and 

spleenss at 5 weeks. 

IL-1RVIL-1RV mice have enhanced mycobacterial outgrowth. The rate of mycobacterial 

outgrowthh in the lungs of IL-1R7" mice was increased compared to IL-1R+ + mice, as 

reflectedd by more M. tuberculosis cfu's after 2 weeks (P=0.005) and 5 weeks 
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(P<0.05.. Figure 4). M. tuberculosis is known to disseminate in mice [15, 16] . We 

investigatedd the role of IL-1 signaling in dissemination of TB by enumeration of 

mycobacteriaa in distant organs (Figure 4). After 2 weeks, there was no difference in 

thee number of mycobacteria in spleens and livers of IL-1R7 and IL-1R+/+ mice. 

However,, after 5 weeks IL-1R7 mice had a higher bacterial burden in spleen and 

liverr (P<0.05 vs. EL-1R7+ mice for both organs). After 20 weeks, when the survival 

experimentt was terminated, mycobacteria were counted in lungs of the remaining IL-

1R7""  (n=7) and IL-1R+/+ mice (n=20). Also at this late time point, lungs of IL-1R7" 

micee contained more mycobacteria than IL-1R+/+ mice (Figure 5). 

Figuree 5. Mycobacterial colony 
formingg units in the lungs of the 
remainingg IL-1R7" and IL-1R7+ 

micee of the survival experiment, 
200 weeks. Horizontal lines 
representt median number of 
viablee bacteria. These findings 
likelyy underestimate the 
differencee between IL-1R7 and 
IL-1R7++ mice since the majority 
off  IL-1R7 mice had already died 
att this time point. 

E E 
a a 

~~ LUNG 

•• • 
• • 
•• • 

 iL-1R r 
 IL-1R7* 

"lAft^^flAJ J 

200 weeks 

DifferentialDifferential cellular infiltrate and granulomatous formation response in the lungs of 

infectedinfected IL-IR'I' mice. Two weeks after M. tuberculosis infection, IL-1R+/+ mice 

showedd numerous well-defined granulomas. At the same time, perivascular and 

peribronchiall  inflammation predominantly composed of lymphocytes was present. In 

IL-1R77 mice, the perivascular and peribronchial lymphocytic infiltrates dominated 

thee picture with less formation of granulomas (Figure 6a and b). After 5 weeks, IL-

1R++ + mice displayed a massive and almost diffuse infiltration of macrophages of 50 

too 80% of the lung parenchyme with lesser perivascular and peribronchial 

lymphocyticc infiltration (Figure 6c). Necrosis was not present. At variance, LL-1R7" 

micee presented small areas of necrosis with fibrin deposition together with an influx 

off  granulocytes. Apoptotic bodies were easily found. The lymphocytic infiltrates still 

concentratedd around vessels (Figure 6d). Twenty weeks after infection, IL-1R+/+ 

micee had almost totally cleared the infection, while in EL-1R7" mice more than 80% 

off  the lung parenchym was still highly inflamed (Figure 6e,f)- The immunostaining 

confirmedd the histological findings i.e. a more diffuse CD4+ T cell infiltration 

colocalizingg with macrophages at week 2 in EL-1R+/+ mice compared to IL-1R7" mice 

(figuree 7a and b). At 5 weeks, IL-1R7' mice displayed an infiltration of CD8+ cells 

whichh was not seen in IL-1R+ + mice (figure 7c and d). 
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Figuree 6. Histopathology of lungs. Two weeks after inoculation IL-1R+/+ mice displayed well-
definedd granulomas (6.a, HE staining, original magnification x 250) while IL-1R-/- mice showed a 
mildd perivascular and peribronchiolar lymphocytic infiltrates (6.b, HE staining, original magnification 
xx 250). After 5 weeks, granulomas were almost confluent in IL-1R+/+ mice with diffuse lymphocytic 
infiltratess (6.c, HE staining, original magnification x 500) while lymphocytes were still predominantly 
foundd in perivascular and peribronchiolar areas in IL-1R-/- mice (6.d, HE staining, original 
magnificationn x 500). At 20 weeks, only mild infection was present in lungs of IL1R+/+ mice (6.e, 
HEE staining, original magnification x 250) while in IL1R-/- mice, lung parenchym is almost totally 
inflamedd (6.f, HE staining, original magnification x 250). 
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Figuree 7. 
Immunostainingg for CD4+ and CD8+ T cells in lung tissue 5 weeks after inoculation. In IL-1R+/+ 
mice,, CD4+ T cells were found predominantly in granulomas (7.a, anti-CD4 staining, original 
magnificationn x 500) while in IL-1R-/- mice, CD4+ T cells were concentrated in perivascular and 
peribronchiolarr areas (7.b, anti-CD4 staining, original magnification x 500). CD8+ T cells were totally 
absentt in inflamed lungs of IL-1R+/+ mice (7.c, anti-CD8 staining, original magnification x 500) but 
weree clearly present in IL-1R-/- mice (7.d, anti-CD8 staining, original magnification x 500). 

LymphocyteLymphocyte subsets in lung tissue. Lymphocyte subsets in lungs were also analyzed 

byy FACS of cell suspensions obtained from lung tissue. The number of CD4+ and 

CD8++ T cells were increased in both BALF and lungs of mice inoculated with M. 

tuberculosistuberculosis compared to saline controls (data not shown). At 2 weeks after 

infection,, the fraction of CD4+T cells in lungs did not differ between EL-1R /"and IL-

1R+++ mice; at 5 weeks, in IL-1R7" mice the fraction of lung CD4T T cells was 

significantlyy higher than in EL-1R++ mice (table). CD8+ T cells in lungs of IL-1R7 

micee were increased already at 2 weeks and remained elevated at 5 weeks when 

comparedd to IL-lR+ + mice (table). 
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Table.. Cellular subsets in lungs of mice intranasally infected with M. tuberculosis 

22 wks 

55 wks 

IL-IR T T 

IL-1R+/+ + 

IL-1RV V 

IL - IR T T 

%CD3+ + 

733  1 

688 3 

733 * 

611 3 

%CD4+CD3+ + 

266  1 

255  1 

411 * 

299 3 

%CD8+CD3+ + 

333 * 

199  2 

266  1* 

1 1 

Dataa are mean+SE of 8 mice per group per time point, analyzed by FACS, expressed as percentage 
positivee cells within the lymphocyte gate. *P<0.05 vs. IL-1R+/+ mice 

SplenocytesSplenocytes of IL-1RV mice show a reduced Thl response after stimulation. To 

obtainn insight in mechanisms contributing to the increased mycobacterial outgrowth 

inn EL-1R7" mice, the ability of splenocytes harvested from IL-IR T and IL-1R+/+ mice 

afterr M. tuberculosis infection to produce a Thl response was analyzed. Splenocytes 

off  infected EL-1R7" mice produced markedly less IFNy compared to IL-1R+/+ 

splenocytess after stimulation with the T cell stimulator anti-CD3/anti-CD28 (P<0.05, 

Figuree 8). Splenocytes of uninfected control mice did not produce IFNy. Levels of 

thee prototypic Th2 cytokine EL-4 were low and similar in splenocyte cultures of IL-

1R+++ and IL-IR T mice (data not shown). 

Discussion n 

Wee demonstrate here that IL-1RI deficient mice, in which EL-l signaling is absent, 

succumbb to M. tuberculosis infection, associated with enhanced growth of 

mycobacteriaa at the site of infection, as well as in distant organs. The difference in 

mycobacteriall  load in IL-IR T and IL-1R+/+ mice was especially large at 20 weeks 

postinfection,, when the survival studies were terminated. Indeed, at this time point 

alll  IL-1R+/+ mice were still alive and displayed a relatively low number of 

mycobacteriaa in their lungs, while the lungs of the remaining 7 of 20 IL-IR T mice 

containedd several logs more M. tuberculosis cfu's. Compared with IL-1R 7+ mice, 

granulomass of IL-IR T mice had less macrophages and lymphocytes. The impaired 

hostt response in IL-IR T mice was further characterized by a dominant inflammatory 

response,, with large numbers of granulocytes and the presence of necrosis, while the 

cellularr immune response was diminished as reflected by a reduced ability of 

splenocytess to produce IFNy. The inadequate protective immune response of mice 

lackingg the type I EL-1 receptor may be due to a defective granuloma formation and a 

reducedd Thl response. 

Clinicall  outcome in TB correlates with the ability to form granulomas [17], 

demonstratingg the importance of granulomas in the containment of an M. 
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Figuree 8. Mean  SE IFNy 
concentrationss in supernatant of 
1066 splenocytes of IL-1R7 and 
IL-IRT**  mice obtained 2 or 5 
weekss after infection with M. 
tuberculosis.tuberculosis. Splenocytes were 
stimulatedd with anti-CD3/anti-
CD28.. Control splenocytes (Co) 
obtainedd from uninfected mice. 
N=66 per group per time point. 
*P<.055 versus IL-lRTmice. 

tuberculosistuberculosis infection. We report that in the absence of IL-1 signaling in a murine 

modell  of TB, granuloma contain less lymphocytes and macrophages in IL-1R7 mice. 

IL-11 is involved in the formation of granulomas, since recombinant IL-1 can directly 

inducee granuloma formation in lungs [12]. In addition, IL-1 is expressed in 

macrophagess during TB [10], and activated macrophages demonstrate an increased 

expressionn of IL-1 (3 [18, 19]. Together, IL-1 may be needed to activate macrophages 

forr an effective granuloma formation. Lymphocytes were predominantly confined to 

perivascularr and peribronchial sites. Therefore, migration of lymphocytes and 

mononuclearr phagocytes from the perivascular region into the inflamed lung seems 

too be impaired in the absence of IL-1 [14]. Interestingly, a lack in lymphocyte 

migrationn was also seen in TNF7" mice with TB [14]. 

AA protective immune response during TB is initiated by the production of Thl 

cytokiness from CD4+ T cells in response to mycobacterial antigens [20]. Indeed, 

IFNyy '/' and EL-127" mice are highly susceptible to TB [3-5], suggesting a key role for 

thesee cytokines in host defense to TB. Whereas resistance to M. tuberculosis is 

characterizedd by a Thl response, disease is associated with a Th2 response [21]. IL-1 

hass been found to be required for the regulation of Thl/Th2 responses [1, 8]. The 

absencee of IL-1 bio-activity resulted in exacerbation of L. monocytogenes and L. 

majormajor infection, suggesting a protective role for IL-1 in the host response to 

intracellularr bacteria [7, 8]. Similarly, in this study, the absence of IL-1 signaling was 

associatedd with an impaired host reponse to TB. The ability of splenocytes from IL-

1R77 mice to produce IFNY w as decreased when compared to IL-1R7+ mice. 

Therefore,, IL-1 seems important for the EFNy production capacity [22]. These results 

aree in line with a previous study reporting reduced IFNy production by stimulated 

drainingg lymph nodes from IL-1RT mice immunized with key hole limpet 

hemocyaninn [8]. 

Uponn histologic examination, inflammatory aspects were dominant in IL-1R7" mice, 

C:: ioo 

•• IL-1R7' 
ÜDD i n RV 

195 5 



ChapterChapter 17 

withh large numbers of granulocytes and the presence of necrosis. Consistently, an 
antibodyy to the IL-1 receptor was associated with granulocyte accumulation in vitro 
andd in mice injected with rhIL-I [23]. Together, the absence of IL-1 signaling seems 
too result in the accumulation of granulocytes. In addition to granulocytes, both CD4+ 

andd CD8+ T cells were elevated in lung tissue of EL-1RT mice, measured both with 
FACSanalysiss and immunohistochemistry. Considering that CD4+ and CD8+ T cells 
aree involved in protection against M. tuberculosis infection [24], these data indicate 
thatt the enhanced recruitment of CD4+ and CD8+ T cells in IL-1R7 mice cannot 
compensatee for the reduced resistance of these mice against TB. The exact 
mechanismm by which granulocytes and T cells dominate the lung pathology of IL-1R" 
/""  mice remain to be determined. 

Inn summary, this report demonstrates that EL-1RT mice, in which IL-1 signaling is 
absent,, are highly susceptible to M. tuberculosis infection, with enhanced 
mycobacteriall  outgrowth in lungs and distant organs. Loss of resistance to TB was 
associatedd with impaired granuloma formation and a lack in Thl mediated immune 
response.. We conclude that IL-1 has an important role in the generation of an 
adequatee host defense against infection with M. tuberculosis. 
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