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Figure1: IL-10 plays a crucial role in E. coli K1 
meningitis

Experiment: WTandIL-10ς/ςmiceat day3 were infectedintranasallywith 103 cfu of E.
coliK1 andbacteremiaandthe productionof cytokineswasexaminedby ELISA.

Results: IL-10ς/ςanimalsshowedhigherproductionof serumTNF- ahndbloodbacterial
loadcomparedto WTmice.

Figure 2: Administration of IL-10 during high-level 
bacteremia improves the outcome of E. coli K1 

meningitis.  

Experiment: To examine whether
administration of IL-10 would
protect the animalsagainstE. coli
meningitis,a singledoseof various
concentrations of recombinant
human IL-10 (rh-IL-10) or PBSwas
injected intraperitoneally into mice
48h post-infection.

Results: Therh-IL-10 treatment led
to decreasein bacteremiaand pro-
inflammatory cytokine production.
Of note the animals infected with
antibiotic resistantE. coliK1 strain

Figure 3: IL-10 treatment protects brain damage  
during E. coli K1 meningitis

Experiment: To evaluate the brain damage in treated and untreated mice,
histopathologicalexaminationof the brainsof micewascarriedout.

Results: Histopathologicalexaminationof the brains indicatedthat the pathological
conditionsin this model are very similar to that of humans. Thesebrain pathological
changeswere much more pronouncedin IL-10ς/ς mice comparedto WT animals.
Therewasno damagein brainsof rh-IL-10 treated mice.

Figure 4: Micro-CT analysis of  mouse brain  

Experiment: To further evaluatewhether the damageto brain is similar to
that of humanbrain in E. coli infection, virtual histology(micro-CT)of the
brainsof infectedmicewascarriedout.

Results: The volumetric analysis of infected brains demonstrated a
significantlossof a portion of the forebrain in mice upon infection, which
waspreventedby rh-IL-10 treatment.

Figure 5:IL-10 treatment increased the phagocytosis of E. 
coli by PMNs due to upregulationof CR3 expression

Experiment: Thephagocyticactivity of neutrophilsisolatedfrom WTanimalswith or
without rh-IL-10 treatment was studied. In addition the the expressionof surface
pathogen associatedrecognition receptors on neutrophils was examinedby flow
cytometry.

Results: E. coliK1 entersandsurvivesin neutrophilsisolatedfrom WTmice,however,
neutrophilspre-treated with rh-IL-10 showedenhanceduptakeof E. coliK1 andkilled
the bacteriawithin 2 h post-infection . Theneutrophils from infected mice showed
increasedexpressionof TLR-2 andCŎʴwL(CD64), but reducedexpressionof TLR-4 and
CR3. Of note, neutrophils from infected and rh-IL-10 treated mice showed
significantlyincreasedexpressionof CR3 and TLR4 anddown regulationof TLR-2 and
CŎʴwL.

Experiment:To confirm that CR3 expressionis
critical for rh-IL-10 mediated protection
against E. coli infection and induced brain
damage, CR3 expression in mice was
suppressedusingIinvivofectamineTM reagent.

Results: Determination of bacterial load in
the blood of infected animalsshowedthat E.
coli entered the blood within two hours and
multiplied by 6 h post-infection to a log10
CFUof >5 in comparison to control siRNA
transfectedmice, which had similar levelsat
24 h. The animals showed positive CSF
cultures by 48 h post-infection. Neutrophils
from CR3-siRNA transfected and infected
animalsrevealedgreater expressionof TLR-2
and CD64 and did not changein animalswith
rh-IL-10 treatment

Conclusions

üOur findingsprovide novel insight into the role of IL-10 in the control of the pathogen
loadat timesof highbacteremiain newbornmousemodelof E. colimeningitis.

üIL-10 treatment completely prevented and/or restored the damagedbrain as seen in
micro-CTimagesandhistopathology

üThefindingsprovidestrongrationalefor explorationof IL-10 therapiesbeyondantibiotic
treatment alone.

üThis IL-10 therapy may be the basis of future therapeutic strategies to treat
meningitis.
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Abstract

Ineffectivenessof antibioticsin treatingneonatalmeningitisby EscherichiacoliK1 and

the emergenceof antibiotic resistantstrainsclearlywarrantnew modesof prevention

for this deadly disease. Pre-term neonates display immature compensatoryanti-

inflammatory responses,which may predisposethem to neurologicalsequelaewith

meningitis. Here,we demonstratethat administrationof IL-10 after the development

of high-grade bacteremiacompletelyclearsantibiotic sensitiveand resistantE. coli

from circulation of the infected animals. Micro-CT studies revealed that IL-10

treatment preventedthe brain damageby E. coli, whereasresidualdamagewasstill

remained in antibiotic treated animals. Neutrophilspretreated with IL-10 exhibit a

significantincreasein the killingof E. colicomparedto cellsisolatedfrom wild type or

IL-10ς/ςmice. Theenhancedkilling is attributed to increasedexpressionof CR3 and

TLR4 in neutrophilspre-treated with IL-10, whereaswild type neutrophils,untreated

and infected, revealedincreasedexpressionof CD64 and TLR2. Theprotective effect

of IL-10 wascompletelyabrogatedin CR3 knockdownandinfectedmice. Weconclude

that administrationof IL-10, aloneor in combinationwith antibiotics; to bacteremic

neonatesis a novel therapeuticmodality that may ameliorateneurologicalsequelae

in gram-negativeneonatalmeningitis.

Overview & Hypothesis

üChallenge: Escherichiacoli K1 is the most commonpathogencausingmeningitisin
prematureinfants(46%), whereasit is the secondmostcommonagentin full-term
neonates (15%). Mortality ratesof 5%are recordedin childrenin the developed
world but theserise to ~30%in the developingcountries. Despiterecentadvances
in antibiotic therapyandsupportivecare,bacterialsepsisandmeningitisdue to E.
coli remain a seriousdisease. Although the mortality rates can be reduced by
antibiotic treatment, the neurologicalsequelaein up to 30-40% of the survivors
lead to mental retardation, hearingloss,and other complications. A recent surge
in antibiotic resistantstrainsof E. coliK1 maysignificantlyincrease the mortality
and morbidity rates. In addition, the prognosisof meningitis is difficult until the
bacteria reach cerebrospinal fluid (CSF)by which time greater amounts of
proinflammatory cytokinesare circulating in the blood and the progressionof
brain damagehasbegun. Althoughthe neonatalinflammatoryresponsehasbeen
considered to be intrinsically hyporesponsive,the clinical observation is that
neonatesmore often developa severesystemicinflammatoryresponsesyndrome
(SIRS)during sepsisthan children and adults. The anti-inflammatory response,
mediated by IL-10 and TGF-ʲ is referred to as the compensatory anti-
inflammatory responsesyndrome(CARS). Therefore,an imbalancebetween SIRS
and CARSis responsiblefor the exaggeratedinflammatory response. However,
the role of IL-10 in E. coli infection is virtually unknown. Therefore,alternative
avenuesto preventthis deadlydiseaseareneeded.

üHypothesis: Our studieshave shown that E. coli interaction producesIL-10 after
interactingwith dendritic cellsand suppressesother pro-inflammatorycytokines.
Therefore,we hypothesizethat E. coli manipulatesIL-10 production during the
early stagesof infection for its own survivaland multiplication to reach a high-
degreeof bacteremia.

üProof of concept: In this study, a well-establishednewborn mouse model of
meningitisusingwild type (WT)and IL-10ς/ςmicewasemployedto determinethe
role of IL-10 in the pathogenesisof meningitis by E. coli K1. Furthermore, we
examinedthe effect of IL-10 administrationon the progressionand resolution of
infection.

(E. coliCTXR) andtreated with rh-IL-10 (5 g˃/animal)survivedwell andshowedno
signsof bacteremia.

Figure 6: Protective effect of rh-IL-10 is abrogated in CR3 
knockdown mice. 


