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Interleukin- ll  receptor  antagonist transiently impairs antibacterial 
defensee but not survival in murine pneumococcal pneumonia 





lNTERLEUKIN-11 RECEPTOR ANTAGONIST 

Recombinantt human interleukin-1 (IL-1) receptor antagonist (IL-lra) has been investigated in 
severall  controlled clinical trials to inhibit the biological activity of IL-1, and encouraging 
resultss have been reported in particular in patients with rheumatoid arthritis. In the present 
studyy we investigated the influence of treatment of wild type mice with IL-lra, resulting in an 
incompletee and transient inhibition of IL-1 activity. Treatment with recombinant human IL-
lraa resulted in an enhanced bacterial outgrowth in lungs of BALB/c and C57BL/6 mice early 
afterr induction of pneumococcal pneumonia, without influencing survival or the pulmonary 
inflammatoryy response. The effect of IL-lr a on the host response to Streptococcus (S.). 
pneumoniaepneumoniae pneumonia is modest and transient. 

Introductio n n 
IL-11 and tumor necrosis factor-a (TNF) are potent proinflammatory cytokines that are targets 
off  therapeutic intervention in a variety of inflammatory and autoimmune conditions.1 

Recombinantt human IL-1 receptor antagonist (IL-lra) has been evaluated in several 
controlledd clinical trials to inhibit the biological activity of IL-1, and promising results have in 
particularr been reported in patients with rheumatoid arthritis (RA),2^ this resulted in approval 
off  IL-lr a as a treatment of RA in the US and several European countries. Approaches to block 
endogenouss TNF activity, such as with monoclonal antibodies or soluble TNF receptor 
constructs,, have yielded beneficial effects in inflammatory disorders like RA, Crohn's 
disease,, psoriasis and ankylosing spondylitis. " However, concern has been raised about the 
possibilityy of enhanced susceptibility for infections in patients treated with anti-cytokine 
strategies. . 

Thiss concern originated from experimental data showing that blocking either TNF or IL-1 
inn animals reduced host defense against live bacterial, protozoal, mycobacterial and some 
virall  infections.10"16 Indeed, since the approval of antibodies against TNF, a higher incidence 
off  disseminated and extrapulmonary tuberculosis in patients treated with an anti-TNF 
antibodyy has been reported.17 An increased incidence of opportunistic infections has been 
observedd in patients receiving soluble TNF receptor p75.5'7'18'19 Although the number of 
patientss treated with anti-TNF antibody or soluble TNF receptors is large compared to those 
receivingg IL-lra, in controlled clinical trials, thus far no mycobacterial or opportunistic 
infectionss have been registered in patients treated with recombinant IL-lra.20 In addition, the 
numberr of bacterial pneumonias in IL-lr a treated RA patients is in the range of that expected 
forr RA patients receiving conventional therapy. However, experimental evidence exists that 
suchh treatment may hamper antibacterial defense mechanisms. Indeed, we recently found that 
IL-11 receptor type I gene deficient (IL-1R") mice, which completely lack the ability to 
transferr IL-1 signals into the cell, have a reduced ability to mount a pulmonary inflammatory 
responsee during pneumonia caused by S. pneumoniae, the most frequently isolated pathogen 
inn community-acquired pneumonia, which was associated with an increased outgrowth of 
pneumococcii  in lungs during the first two days after the infection.10 The present study was 
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initiatedd to investigate the influence of treatment of wild type mice with IL-lra, resulting in an 
incompletee and transient inhibition of IL-1 activity and therefore more appropriately 
mimickingg the clinical situation of patients with a pharmacologically reduced bioavailability 
off  IL-1, on host defense and mortality during pneumococcal pneumonia. 

Material ss and methods 
Pneumococcall  pneumonia was induced by intranasal inoculation of 10 CFU S. pneumoniae 
serotypee 3 (ATCC 6303; Rockville, MD), exactly as described previously.10'16 All 
experimentss were approved by the Institutional Animal Care and Use Committee of the 
Academicc Medical Center, Amsterdam, the Netherlands. Since the effect of IL-lr a may differ 
inn mice with different genetic backgrounds,21'22 the influence of recombinant IL-lr a on the 
coursee of pneumonia was evaluated in BALB/c and C57BL/6 mice (female BALB/c and 
C57BL/66 mice, 10 weeks of age; Harlan Sprague Dawley Inc., Horst, the Netherlands). 
Recombinantt human IL-lr a in hyaluronic acid vehicle, serving as a sustained delivery system, 
wass provided by Amgen (Thousand Oaks, CA) and was given intraperitoneally at 0, 24 and 
48hh after induction of pneumonia at a dose of 100 mg/kg of body weight. ' Control mice 
receivedd hyaluronic acid vehicle only. Lung and blood samples were processed as described 
earlier.10166 TNF (R&D systems, Abingdon, United Kingdom), IL-6 (Pharmingen, San Diego, 
CA)) and KC (R&D systems) were measured by ELISA. Lowest detection limits were 150 
pg/mll  for TNF, 37 pg/ml for IL-6 and 55 pg/ml for KC. Myeloperoxidase activity was 
measuredd as described.25 All values are expressed as mean  SEM. Comparisons were done 
withh Mann-Whitney U test. Survival curves were compared by log-rank test. P-value <0.05 
wass considered to represent a statistically significant difference. 

Results s 
II-Ir aa did not influence mortality in either BALB/c or C57BL/6 mice (Figure 1). To evaluate 
whetherr the early phase of antibacterial defense was influenced by IL-lra, we determined the 
numberr of pneumococci in the lungs 24 and 48h after inoculation (Figure 2). BALB/c mice 
treatedd with IL-lr a displayed an increased outgrowth of S. pneumoniae in lungs compared to 
vehiclee treated mice at both timepoints (PO.005). After 24h 50% of vehicle treated and 75% 
off  IL-lr a treated BALB/c mice were bacteremic, whereas 100% and 88% resp. were 
bacteremicc after 48h. C57BL/6 mice injected with IL-lr a had more bacteria in their lungs 
afterr 24h, but not after 48h. After 24h 75% of vehicle treated C57BL/6 mice had pneumococci 
inn their blood, and 88% of IL-lr a treated mice; after 48h, 88% of both groups had positive 
bloodd cultures. To determine whether IL-lr a treatment affected the pulmonary inflammatory 
responsee to pneumococcal infection, we measured MPO activity and the concentrations of 
TNF,, IL-6 and KC in lung homogenates. None of these parameters were altered by IL-lr a 
treatmentt in either BALB/c or C57BL/6 mice (data not shown). In addition, we compared the 
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histopathologyy of the lungs of each groups at 24 and 48h after after inoculation with S. 

pneumoniae.pneumoniae. IL-lr a treated mice displayed inflammatory infiltrates to the same extent as 

vehiclee treated mice (Figure 3). 
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Figur ee 1. Recombinant human IL-lr a does not influence survival. Survival after intranasal 

inoculationn with S. pneumoniae of mice treated with recombinant human IL-lr a (100 mg/kg at 0, 24 

andd 48h; open squares) or vehicle (closed circles) in BALB/c (A) and C57BL/6 (B) mice. Mortality 

wass assessed twice daily for 10 days. N=20 per group. 
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Figur ee 2. Recombinant human IL-lr a enhances bacterial outgrowth in lungs. CFU S. 

pneumoniaepneumoniae in lungs of BALB/ c (A) and C57BL/6 (B) mice treated intraperitoneally with vehicle 

(openn bars) or recombinant human IL-lr a (100 mg/kg at 0 and 24h; closed bars) 24 and 48h after 

intranasall  inoculation with 5. pneumoniae. Data are mean + SEM. N=8 per group per time point. 

*P<0.055 vs. vehicle treated mice 

Discussion n 

Wee here report that although IL-lr a treatment impaired the early host defense against 

pneumococcall  pneumonia, it did not influence survival. These data are in line with our recent 

dataa obtained in the same model, revealing an increased bacterial outgrowth in lungs of IL -

1R"""  mice relative to lungs of wild type mice during the first two days of the infection, 

withoutt a difference in mortality.1 Importantly, whereas the complete absence of an IL-1 

signall  (as in IL-1R" mice) resulted in a profound reduction in the pulmonary inflammatory 
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responsee to S. pneumoniae infection,10 partial inhibition of IL-1 activity by Il-lr a did not 

resultt in a clearly altered inflammatory reaction. This latter finding should be viewed upon in 

thee context of an earlier study in which this dose of IL-lr a in a slow-release hyaluronic acid 

vehiclee strongly reduced joint inflammation in a rat model of rheumatoid arthritis. The 

differencee between our study with IL-1R-/- mice and the present study could also in part be 

relatedd to the fact that knockout mice may not only differ from wild type mice with respect to 

thee product of the deleted gene, and that hereditary deficiency of IL-1R may result in 

compensatoryy changes that are not directly related to the absence of an IL-1 signal in adult 

life.. The effect of IL-lr a did not markedly differ in BALB/c and C57BL/6 mice, although 

onlyy the former strain had higher bacterial numbers in their lungs at 48h post infection. 

Figuree 3. Recombinant IL-lr a does not affect 
inflammatoryy infiltrates in lungs. 
Representativee histopathology of lungs of 
BALB/cc mice treated with IL-lr a (A) and 
vehiclee (B) intraperitoneally, 24h after 
intranasall  inoculation with S. pneumoniae 
showingg comparable inflammatory infiltrates. 
HEE staining, magnification x 33. 

Anti-cytokinee therapy offers new expectations for the management of inflammatory 

diseases.. We previously demonstrated that TNF is of critical importance in host defense 

againstt pneumococcal pneumonia.10'16 The present data, together with our findings in IL-1R" 

mice,100 suggest that IL-1 occupies a role in the pulmonary immune response to S. pneumoniae 

thatt by far is less prominent than that of TNF. There are two possible explanations why 

blockingg IL-1 is not as harmful as blocking TNF. Firstly, TNF induces IFN-y which plays a 

protectivee role against mycobacterial and fungal infections, while IL-1 does not. Secondly, 

anti-TNFF antibodies and soluble receptors have a more prolonged TNF inhibitory effect 

relativee to the IL-1 antagonizing effect of IL-lra. Thus, treatment with IL-lr a results in a 

partiall  and transient blockage of IL-1 function and this might result in a return of host defense 
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inn between the administration of IL-lra. Further studies are warranted to establish the 

influencee of IL-Ir a therapy on host defense against other pathogens. 
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