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Cytokiness and innate immunity against bacterial respiratory 
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CYTOKINESS AND INNATE IMMUNIT Y 

Inn pneumonia the initiation, maintenance and resolution of inflammation is dependent upon 
thee complex network of pro-inflammatory and anti-inflammatory cytokines. Much of our 
knowledgee of the role of cytokines in the pathogenesis of pneumonia is derived from animal 
studiess on experimental pneumonia. In contrast to systemic infection, where excessive 
productionn of pro-inflammatory cytokines is detrimental, causing organ failure and death, 
locall  production of pro-inflammatory cytokines is necessary for host defense against the 
invasivee pathogen. Conversely, the anti-inflammatory cytokine IL-10 impairs host defense in 
locall  infections like pneumonia, while it protects against excessive immune activation, like 
sepsis.. This article summarizes current information on the roles of specific cytokines in host 
defensee against pneumonia, with emphasis on ongoing investigations into the role of innate 
immunityy against different respiratory bacterial pathogens. 

Introductio n n 
Withh an estimated area of 140 m2 and exposure to 7-10 liter of ambient air per minute, the 
lungss are repeatedly exposed to pathogens, either by inhalation or (micro-) aspiration of 
micro-organismss that colonize the oropharynx. From this point of view it is not surprising that 
pneumoniaa is one of the most common infectious diseases. Both the widespread use of 
antibiotics,, that has led to a rise of antibiotic resistance among micro-organisms, and the 
growingg number of immunocompromised patients susceptible to pneumonia, have made the 
treatmentt of pneumonia more difficult. Hence, there is a need for novel therapeutic 
approachess for pneumonia. One such approach is immunotherapy, aimed at modulating the 
immunee responses that may serve as an important adjuvant therapy in the treatment of 
infectiouss diseases. However, knowledge of the immune host defenses needs to increase 
beforee such immunotherapies can become a serious tool in the treatment of severe pneumonia. 

Thee normal host defense of the lung includes both innate and acquired immune responses. 
Innatee defenses consist of structural defenses, antimicrobial molecules generated in airways, 
andd phagocytosis by resident alveolar macrophages and recruited polymorphonuclear 
leukocytes.. Acquired immune defense is antigen-specific, and includes cell-mediated and 
antibody-mediatedd immune responses. While innate immune responses are primarily 
responsiblee for the elimination of bacterial pathogens from the alveolar spaces, specific 
immunee responses are involved in eradication of encapsulated pathogens, and pathogens that 
survivee after phagocytosis. 

Bothh alveolar macrophages and polymorphonuclear cells play a prominent role in innate 
immunity.. Alveolar macrophages are avidly phagocytic and readily kill ingested micro-
organisms.. In addition, they play an important role in orchestrating inflammatory responses. 
Alveolarr macrophages and polymorphonuclear cells need to communicate in mounting an 
effectivee host defense against invading pathogens. After their initiation, innate immune 
responsess need to be localized, reinforced and finally resolved. Cytokines play a critical role 
inn these processes by mediating leukocyte recruitment and by serving as important signals in 

23 3 



CHAPTERR 2 

thee activation of leukocytes. Numerous cytokines have been implicated in pulmonary host 
defensee (e.g. tumor necrosis factor-a (TNF), interleukin-6 (IL), IL-10, interferon-y (IFN) and 
chemokines). . 

Inn this review the role of cytokines in innate immunity is discussed. Furthermore, we focus 
onn how different cytokines are involved in the defense against different respiratory bacterial 
pathogens. . 

Pulmonaryy innate host defense: structural defenses and phagocytosing cells 
Thee mucociliary blanket lining the surface of the airways arrest inhaled particles. Entrapped 
particless are then cleared by the movement of cilia, propelling the mucus up to the oropharynx 
forr swallowing or expectoration. Small particles, like bacteria, bypass this first line of defense 
andd enter the terminal airways. Sterility of the lung is maintained by additional local 
productionn of antimicrobial molecules (e.g., lysozyme, complement, immunoglobulin A, 
lactoferrin,, lipopolysaccharide (LPS-) binding protein and defensins). 

Infectiouss agents that have passed this first line of defense and have entered the terminal 
airwayss are first encountered by the resident macrophages. These cells play a central role in 
pulmonaryy host defense, due to their phagocytic, microbicidal and secretory functions. 
StreptococcusStreptococcus (S.) pneumoniae, Haemophilus (H.) influenzae, and Staphylococcus (S.) aureus 
aree readily ingested and killed by macrophages, while Mycobacterium spp., Nocardia spp., 
andd Legionella (L.) spp. are resistant to the microbicidal activity of these cells. Eradication of 
thesee pathogens requires development of specific immunity. 

Thee recruitment of large numbers of polymorphonuclear cells in the alveolar space from 
thee marginated pool of leukocytes in the pulmonary circulation is initiated when the microbial 
challengee is too large or too virulent to be contained by the alveolar macrophages alone. 
Thesee recruited neutrophils provide auxiliary phagocytic capacities, critical for the effective 
eradicationn of pathogens. 

Cytokiness in pulmonary host defense 
Alveolarr macrophages and recruited neutrophils orchestrate the immune response by initiating 
aa complex network of pro-inflammatory and anti-inflammatory cytokines. Cytokines can be 
consideredd to be involved in the early response after the recognition of a pathogen (e.g. TNF 
andd IL-ip) , to be involved in the recruitment of immune cells to the site of infection 
(chemokines,, such as IL-8 and other members of the CXC family), or to be involved in the 
activationn of alveolar macrophages and recruited cells (e.g. IFN, IL-12, IL-6, IL-10 and 
granulocytee colony stimulating factor [G-CSF]). 

TNF.. The early response cytokine TNF is the most frequently studied cytokine in pulmonary 
hostt defense. Increased expression of TNF has been observed in patients with bacterial 
pneumonia.22 In animal models, TNF is expressed locally during pneumonia with S. 
pneumoniae?'pneumoniae?'44 K. pneumoniae,5 Pseudomonas (P.) aeruginosa, and L. pneumophila. 
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Severall  lines of evidence suggest that TNF is an important component of host defense in 

bacteriall  pneumonia. Specifically, systemic neutralization of TNF attenuated host defense in 

pulmonaryy infection with S. pneumoniae,2',4 K. pneumoniae,5 and L. pneumophila,7 resulting in 

decreasedd survival. Treatment of granulocytopenic mice with low doses of TNF significantly 

diminishedd mortality and enhanced clearance of P. aeruginosa from the pulmonary 

compartmentt during severe pneumonia.8'9 Furthermore, augmented expression of TNF in the 

lungss of mice through gene therapy, resulting in high levels of TNF in the pulmonary 

compartmentt without 'spill-over' systemically, was associated with increased survival, 

improvedd bacterial clearance of pathogens from lungs and decreased dissemination of bacteria 

too the blood, after a challenge with K. pneumoniae.10 

Howw TNF mediates beneficial effects in pulmonary host defense is not well defined. TNF 

activatess both macrophages and neutrophils, leading to augmented phagocytosis, oxidative 

burst,, protein release and bacterial killing.11'12 TNF contributes to the recruitment of 

neutrophilss by stimulating the expression of adhesion molecules,13'14 and inducing the 

productionn of chemokines.1415 Indeed, decreased neutrophil influx into the lungs has been 

observedd in mice challenged with K. pneumoniae,16 and P. aeruginosa,6 after TNF 

neutralization.. Administration of a TNF agonist peptide led to an augmented recruitment of 

neutrophilss in K. pneumoniae pneumonia.17 TNF neutralization had no effect on recruitment 

off  neutrophils to lungs in animals infected with S. pneumoniae.3 

Figuree 1. IL-1 receptor type I (IL-1R"'") deficient 
micee (solid bars) had more S. pneumoniae CFU 
inn lungs compared with wild type mice (open 
bars)) after a challenge with 105 CFU of S. 
pneumoniae.pneumoniae. In contrast, IL-1R"'" mice 
demonstratedd an enhanced clearance of bacteria 
afterr intranasal administration of 10s CFU of P. 
aeruginosa.aeruginosa. Data are means  SEM. *P<0.05 
comparedd with wild type mice. Adapted and 
modifiedd from 18 and 19. 

IL- 11 p. Elevated IL-i p levels have been found in pleural fluids of patients with empyema,18 

andd in bronchoalveolar lavage fluids of patients with pneumonia.2 In addition, in unilateral 

pneumonia,, alveolar macrophages recovered from the infected lung spontaneously released 

moree IL-i p into cell culture supernatants than macrophages evacuated from the noninvolved 

site.22 Animal studies on the role of IL-1 p during bacterial pneumonia are currently performed 

inn our laboratory. Considering that IL-i p is generally believed to play a protective role in 

antimicrobiall  host defense, we expected IL-1 receptor type I (IL-lR_/~) deficient mice to be 

moree susceptible to bacterial pneumonia. Indeed, although mortality was not different 

betweenn IL - lR 'm ic e compared with wild type mice after challenge with S. pneumoniae, IL -

Wtt IL-1R"'" Wt IL-1R-' 

S.S. pneumoniae P. aeruginosa 
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IR"'""  mice had two-fold more S. pneumoniae CFU in lungs compared with wild type mice, and 

IL-1R"'""  mice displayed a reduced capacity to form inflammatory infiltrates at 24h after the 

inductionn of pneumonia.18 By contrast, IL-1R_/" mice demonstrated an enhanced clearance and 

improvedd mortality in a P. aeruginosa pneumonia model (Figure 1). 
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Figuree 2. (A) Clearance of bacteria is enhanced in IFN R deficient (IFNR"'") mice. Mean (  SEM) P. 

aeruginosaaeruginosa CFU in lungs after intranasal inoculation with 105 CFU in wild type mice (open bars) and 

IFNR"'""  mice (cloded bars). *P<0.05 compared with wild type mice.(B) Survival of IFNR"'" (O-O) and 

wildd type mice ) infected with 105 CFU of P. aeruginosa. Differences were not statistically 

significant.. Adapted and modified from 27. 

IF NN and IL-12 . The production of the pro-inflammatory cytokine IFN has been found to be 

enhancedd during murine pneumococcal pneumonia,45,50 K. pneumoniae pneumonia, " and P. 

aeruginosaaeruginosa pneumonia.33 Similarly, the expression of another pro-inflammatory cytokine, IL -

12,, is enhanced in pneumonia caused by S. pneumoniae, K. pneumoniae, and P. 

aeruginosaaeruginosa (unpublished data). 

IFNN is a cytokine mainly produced by antigen activated T and natural killer (NK) cells. 

Thee secretion of IFN is induced by TNF and IL-12. IFN exerts several immune regulatory 

activities,, including activation of phagocytes, stimulation of antigen presentation by 

increasingg the expression of major histocompatibility complex MHC molecules class I and II 

onn antigen presenting cells, orchestration of leukocyte-endothelium interactions and 

stimulationn of the respiratory burst.34'35 Macrophages are stimulated by IFN to secrete TNF 

andd IL-12, setting up a paracrine positive-feedback cycle. 

Neutralizationn of IL-12 led to reduced bacterial clearance and increased mortality of mice 

infectedd with K. pneumoniae, while adenoviral mediated transgenic overexpression of IL-12 

reducedd mortality in K. pneumoniae pneumonia.30 However, IL-12 does not act alone in the 

defensee against invading microorganisms, since passive immunization against TNF or IFN led 

too a failure of IL-12 overexpression to protect mice. 

Thee essential role of endogenous IFN in host defense against infection has in particular 

beenn demonstrated for intracellular growing micro organisms.36"39 In models of acute systemic 

infectionn with extracellular growing bacteria, IFN has been found to play a detrimental role. 
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Indeed,, treatment with anti-IFN antibodies reduced mortality after intravenous or 
intraperitoneall  injection of high doses of E. coli,40M and profoundly reduced mortality in mice 
exposedd to high doses of endotoxin.42'43 In a subacute model of S. aureus sepsis, resulting in 
100%% lethality in normal wild type mice over a 10-day period, IFNR7 mice were relatively 
protectedd against lethality, which was associated with a reduced number of S. aureus CFUs in 
bloodd when compared to wild type mice.44 

Thee role of IFN in the setting of bacterial pneumonia is less clear. IFN knockout mice 
exposedd to S. pneumoniae demonstrated higher mortality compared to wild type mice.45 

Overexpressionn of IFN by adenovirally mediated gene therapy in rats, resulted in increased 
clearancee of P. aeruginosa and K. pneumoniae from the lung.46"48 By contrast, anti-IFN 
treatmentt had no detectable effect on the clearance of P. carinii from lungs.49 Furthermore, 
wee recently demonstrated that IFNR"'" mice were less susceptible to an intranasal challenge 
withh P. aeruginosa compared to wild type mice (Figure 2).33 The detrimental role of IFN in 
thiss model of bacterial pneumonia is in line with our findings that clearance of bacteria was 
attenuatedd in IFNR A mice, as well as IFN knockout mice in case of S. pneumoniae 
pneumonia,, compared to their controls.50 These data indicate that IFN may impair an effective 
pulmonaryy defense in pneumonia. 

IL-18.. IL-18, originally named IFN-inducing factor, is a pro-inflammatory cytokine which 
wass identified in mice during endotoxin shock as a co-stimulatory factor for the production of 
IFN.. IL-18 is mainly produced by activated macrophages. Although IL-18 alone is not a 
potentt stimulator of IFN production, it synergistically enhances IL-12 induced IFN 
production.. IL-18 has many other pro-inflammatory effects on T and NK cells, enhancing 
proliferationn and cytotoxicity, and stimulating the production of TNF, IL-2 and GM-CSF. 

Neutralizationn of IL-18 protects against LPS-induced liver injury. In contrast IL-18 was 
protectivee during infections with Y. enterocolitica,51 and intra-cellular pathogens like L. 
major,major,5252 and S. typhimuriumP 

Duringg S. pneumoniae pneumonia local IL-18 production is enhanced.54 We recently 
demonstratedd that endogenous IL-18 plays a protective role during pneumonia.54 IL-18 
knockoutt mice had significantly more bacteria in their lungs and were more susceptible for 
progressionn to systemic infection after intranasal administration of S. pneumoniae. IL-18 
knockoutt mice had lower IFN concentrations in their lungs than wild type mice. Anti-IL-12 
antibodiess did not influence bacterial clearance in IL-18 knockout mice or wild type mice, 
indicatingg that IL-18 mediated effects during pneumonia are independent of endogenous IL-
12. . 

IL-10.. IL-10 is a cytokine that attenuates the production of TNF, IL-1(3, CXC chemokines, 
IFN,, and IL-12, and has potent inhibitory effects on neutrophils resulting in reduced 
phagocytosiss and bactericidal killing.14'16'55 IL-10 is produced under different conditions of 
immunee activation by different cell types, including T-cells, B-cells and monocytes.56 IL-10 
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productionn is enhanced during sepsis, after LPS administration and in various models of 
infection.. IL-10 plays a protective role in models of overzealous inflammation: IL-10 can 
inhibitt the LPS-stimulated production of pro-inflammatory cytokines in vitro and in vivo. 
Administrationn of IL-10 reduces LPS-induced mortality in animals, and neutralization of IL-
100 results in increased lethality in LPS-challenged mice.56 In contrast, to clear the invading 
pathogenn in case of pulmonary infection, the anti-inflammatory properties may hinder innate 
immunity.. IL-10 is produced in the pulmonary compartment in mice with pneumonia caused 
byy either S. pneumoniae,51 or K. pneumoniae59. Considerable evidence exist that the anti-
inflammatoryy cytokine IL-10 plays a detrimental role in the clearance of bacteria during 
pulmonaryy infections with S. pneumoniae and K. pneumoniae. ' Administration of 
exogenouss IL-10 reduced survival and increased outgrowth of bacteria from lungs of mice 
challengedd with S. pneumoniae51 Conversely, neutralization of IL-10 leads to enhanced 

58 8 

clearancee of bacteria and improved survival in mice with K. pneumoniae pneumonia. 

IL-6 .. IL-6 is both a pro-inflammatory and an anti-inflammatory cytokine. The production of 
IL-66 is under the influence of TNF and IL-lp. IL-6 is produced by many cell types, including 
macrophages,, T and B-cells and parenchymal cells. IL-6 is produced in the lung during 
pneumonia.200 Evidence for the importance of IL-6 in host defense during pneumonia was 
obtainedd from a study on S. pneumoniae pneumonia in IL-6 knockout mice. IL-6 knockout 
micee had more bacteria in their lungs after an intranasal challenge with this pathogen, and 
diedd significantly earlier than normal mice, despite higher levels of TNF, IL-lp , IFN and IL-
100 in lungs. Hence, IL-6 downregulates the activation of the cytokine network within the lung 
duringg pneumonia and contributes to host defense. The mechanism by which IL-6 protects the 
hostt during pneumonia has not been determined yet. 

G-CSF.. G-CSF is a cytokine produced by activated T-cells and macrophages, and stromal 
cells.. G-CSF prolongs neutrophil survival and stimulates neutrophil phagocytosis and 
oxidativee burst. Alveolar macrophages from patients with bacterial pneumonia produce G-
CSFF spontaneously.60 Evidence for a beneficial role of G-CSF in innate immunity against 
respiratoryy pathogens came from studies on S. pneumoniae pneumonia and K. pneumoniae 
pneumoniaa in rats,61"63 and E. coli pneumonia in mice.61 These models demonstrated an 
improvedd survival in G-CSF treated animals. 

Untill  now, recombinant human G-CSF is the only cytokine that has been used for the 
treatmentt of severe pneumonia in a randomized, placebo-controlled trial as an adjunct to 
antimicrobiall  therapy.62 G-CSF reduced the incidence of serious complications, but did not 
influencee mortality or time to resolution of pneumonia. 

Chemokines.. Chemokines, low molecule weight cytokines, are involved in the recruitment of 
immunee cells to the site of infection. CXC chemokines represent a family in which one amino 
acidd separates the first two cysteine residues adjacent to each other (cysteine-X amino acid-
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cysteine,, or CXC). CXC chemokines can be further subdivided into ELR-positive 

chemokines,, which possess a three amino acid motif termed ELR (glutamic acid-leucine-

arginine)) near the N-terminal end, and ELR-negative CXC chemokines. ELR-positive CXC 

chemokiness (e.g., IL-8, epithelial neutrophil activating protein (ENA-) 78 in humans; 

macrophagee inflammatory protein-2 (MIP-2), and KC in mice) exhibit chemotactic and 

activatingg effects on neutrophils. Elevated levels of IL-8 have been found in bronchoalveolar 

lavagee fluid of patients with pneumonia,20'21 and high levels of IL-8 were found in pleural 

empyemaa fluids, compared with other types of effusions22 IL-8 levels correlated with 

neutrophill  counts in, and neutrophil chemotactic activity of pleural fluid.22 Similarly, elevated 

levelss of KC and MIP-2 have been detected in lungs of mice challenged with S. 

pneumonia,pneumonia, ' K. pneumoniae?5'26 and P. aeruginosa?1 
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Figuree 3. (A) Survival rates of mice infected with 5 x 10s CFU P. aeruginosa. , no treatment; 
D-D,, IL-10, lh before; O-O, IL-10 8h after; A-A, IL-10 lh before and 8h after inoculation with 
bacteria).. *P<0.05 compared with no treatment. (B) Survival rates of mice infected with 5 x 105 CFU 
P.P. aeruginosa. , control Ab; D-D, 0.5 mg anti-IL-10 mAb). *P<0.05 compared with control 
mAb.. Adapted and modified from reference 66. 

ELR-positivee CXC chemokines appear to play an important role in neutrophil-dependent 

hostt defense in bacterial pneumonia. A causal role for these chemokines in the recruitment of 

immunee cells to the site of infection is suggested by experiments in which an anti-IL-8 

antibodyy decreased the neutrophil chemotactic activity of pleural fluid in case of empyema.22 

Administrationn of neutralizing antibodies against MIP-2 resulted in a 60% reduction in 

neutrophill  influx, which was associated with an attenuation of bacterial clearance from the 

lung,, and increased incidence of bacteremia in a mouse pneumonia model with K. 

pneumoniae?pneumoniae?55 In transgenic mice in which local KC expression was driven by a Clara cell-

specificc promoter, resulting in expression of KC within the lung, a four-fold increase in 

neutrophill  influx was found after intra-tracheal administration of A", pneumoniae compared to 

wil dd type mice. This was associated with a striking improvement in survival, increased 

bacteriall  clearance from the lungs, and reduced incidence of bacteremia. Further, treatment 

withh a blocking antibody directed against the main receptor for ELR-positive CXC 
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chemokiness in mice (CXCR2) was associated with a reduced influx of neutrophils and an 
enhancedd bacterial outgrowth during experimental pneumonia caused by either N. asteroides 
orr P. aeruginosa?*29 These results point to an important role of ELR-positive CXC 
chemokiness in neutrophil influx and bacterial clearance during pneumonia. 

Differentt  roles for  cytokines in innate host defense against various respiratory bacterial 

pathogens s 
Thee majority of the above mentioned models involved infection with S. pneumoniae, K. 
pneumoniaepneumoniae or P. aeruginosa. Cytokines influence host defense during these respiratory tract 
infections,, although their role may vary depending on the pathogen used (Table 1). Indeed, 
whilee endogenous IL-10 hampered bacterial clearance in mouse models of S. pneumoniae and 
K.K. pneumoniae?1'5*  IL-10 improved host defense in a model of pneumonia caused by P. 
aeruginosaaeruginosa (Figure 3).63 Similarly, while endogenous TNF was important for clearance of S. 
pneumoniaepneumoniae and K. pneumonia3'5 from mouse lungs, TNF impaired host defense mechanisms 
duringg pneumonia with P. aeruginosa (Figure 4)M Finally, mice made deplete for alveolar 
macrophagess and challenged with P. aeruginosa demonstrated a delayed early neutrophil 
recruitment,, but prolonged subsequent inflammatory cell recruitment.27 Alveolar macrophage-
depletedd mice had lesser lung injury in the early phase. However, bacterial clearance was 
delayed,, and mortality was enhanced in these mice. 

Tablee 1. Cytokines influence host defense during respiratory tract infections, although their  role 
mayy vary depending on the pathogen used. 
Cytokines s 
TNF F 
IL-l p p 
CXC-chemokines s 
IL-18 8 
IL-10 0 
IL-6 6 
IL-12 2 
IFN N 
G-CSF F 
+,, indicates a beneficial effect in case of respiratory infection with the specified pathogen; -, indicates 
aa detrimental effect in case of respiratory infection with the specified pathogen; ?, indicates that there 
aree no data on the effect of this cytokine. See text for details. ^ ^ ^ 

Thee protective role of IL-10 in the models with P. aeruginosa parallels findings in sepsis 
models,, where damage to the host results from the overzealous immune activation. ' At 
presentt it is not clear whether the protective role of IL-10 in P. aeruginosa pneumonia 
representss IL-10-mediated protection from systemic endotoxin exposure. Alternatively, these 

S,S, pneumoniae 
+ + 
+ + 
? ? 

+ + 

+ + 
9 9 

+/--
+ + 

K.K. pneumoniae 
+ + 
? ? 
+ + 
9 9 

? ? 
+ + 
+ + 
+ + 
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dataa suggest that in more gradually developing pneumonia, such as caused by S. pneumoniae 
andd K. pneumoniae, a certain pro-inflammatory cytokine response within the pulmonary 
compartmentt is required to combat the invading microorganism, while in a more acute form 
off  pneumonia, such as caused by P. aeruginosa, an excessive inflammatory response 
contributess to an adverse outcome. 

Thesee results indicate that the overall effect of a specific cytokine in host defense can be 
organism-dependentt (i.e. neutralization of a specific cytokine can be beneficial or detrimental, 
dependingg on the causative pathogen). This may make immunological manipulation of 
cytokinee expression even more difficult in case of polymicrobial pulmonary infections. Future 
studiess are needed to resolve this issue. 

J ii  ' ' 1 1 1 1 3-1 1 1 1 1 , 1 

00 4 8 12 16 20 24 0 4 8 12 16 20 24 
Timee (h) Time (h) 

Figuree 4. (A) Clearance of P. aeruginosa from lungs of TNFR1 deficient mice ) and control mice 
(O-O)) after inoculation with aerosolized bacteria. (B) Clearance of P. aeruginosa from lungs of mice 
deficientt in both type 1 and type 2 TNFR ) and control mice (O-O). Data are means; *P <0.05 
comparedd with control mice. Adapted and modified from 67. 

Differentt  roles for  cytokines in innate host defense in diverse clinical situations 
IL-100 appears to be important in sepsis-induced immunosuppression. Mice with sepsis 
inducedd by cecal ligation and puncture demonstrated to be more susceptible for P. aeruginosa 
afterr intratracheal challenge, with a higher lethality compared to normal mice or mice 
undergoingg sham abdominal surgery.66 The development of pneumonia in animals undergoing 
cecall  ligation and puncture was associated with a marked increase of IL-10 expression in 
lungs,, and administration of neutralizing IL-10 antibodies resulted in enhanced bacterial 
clearancee from lungs and reduced mortality. Until now there are no studies on local cytokine 
expressionn in lungs directly after a septic episode, a severe trauma or previous respiratory 
infectionn which may have induced immunosuppression. 

Conclusions s 

Wee have reviewed the literature on the role of cytokines in innate immunity against 
respiratoryy pathogens. Although manipulation of innate immunity through modulation of the 
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cytokinee cascade occurred before, at, or directly after the time of challenge with a respiratory, 

pathogenn in the reviewed animal studies, which is not the clinical setting, this novel approach 

mayy serve as an important adjuvant therapy in the treatment of patients with severe 

pneumonia.. Several limitations exist. Targeting only one cytokine may be just a too simple 

thought,, as the cytokine cascade is complex, and as cytokines have pleotropic effects, this can 

leadd to unexpected effects when used in an intervention in vivo. Furthermore, host responses 

againstt different respiratory pathogens differ quite substantially, which may make it necessary 

too develop different strategies for different pathogens. Additional studies are necessary to 

overcomee these issues. 
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