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The early response cytokines, TNF and IL-1, have overlapping biologic effects that may function to propagate, amplify, and
coordinate host responses to microbial challenges. To determine whether signaling from these early response cytokines is essential
to orchestrating innate immune responses to intrapulmonary bacteria, the early inflammatory events induced by instillation of
Escherichia coliinto the lungs were compared in wild-type (WT) mice and mice deficient in both TNF receptor 1 (TNFR1) and
the type I IL-1 receptor (IL1R1). Neutrophil emigration and edema accumulation induced byE. coli were significantly compro-
mised by TNFR1/IL1R1 deficiency. Neutrophil numbers in the circulation and within alveolar septae did not differ between WT
and TNFR1/IL1R1 mice, suggesting that decreased neutrophil emigration did not result from decreased sequestration or delivery
of intravascular neutrophils. The nuclear translocation of NF«B and the expression of the chemokine macrophage inflammatory
protein-2 did not differ between WT and TNFR1/IL1R1 lungs. However, the concentration of the chemokine KC was significantly
decreased in the bronchoalveolar lavage fluids of TNFR1/IL1R1 mice compared with that in WT mice. Thus, while many of the
molecular and cellular responses tcE. coli in the lungs did not require signaling by either TNFR1 or IL1R1, early response
cytokine signaling was critical to KC expression in the pulmonary air spaces and neutrophil emigration from the alveolar
septae. The Journal of Immunology,2001, 166: 4042—4048.

in response to microbial challenges. These cytokines amTNFR2. TNFR1 induces proinflammatory signaling, as evidenced

plify, propagate, and coordinate proinflammatory signals,by the activities of specific agonists of TNFR1 (10, 11) and by
resulting in the synchronized expression of effector molecules thabverexpression of TNFR1 induced by transfection (12). TNFR2 is
mediate diverse aspects of innate immunity (for review, see Refsalso capable of generating proinflammatory signals, as evidenced
1-3). Especially important for the initial responses to bacterialby TNFR2-specific agonists (13) and by TNF-mediated activation
infections, TNF and IL-1 are capable of eliciting expression of of cells that do not express TNFR1 (14), but this receptor requires
chemokines and adhesion molecules and thus may be critical to thegher doses of ligand and/or nonsoluble forms of ligand (15). The
recruitment of neutrophils from the blood. In mice the chemokinesgene-targeted deletion of TNFR1 compromises cellular responses
that mediate neutrophil emigration in response to bacterial stimulio soluble TNFe, including NF«B translocation in fibroblasts
in the lungs include KC and macrophage inflammatory protein-2(16) and adhesion molecule expression on endothelial cells (17),
(MIP-2).* Both are ELR-containing CXC chemokines that can and results in an inability to control bacterial infections (18—20). In
elicit neutrophil emigration in vitro (4, 5), and each is indepen- contrast, deficiency of TNFR2 has only modest effects on TNF-
dently essential to maximal neutrophil emigration eliciteddsgh-  induced NF«B translocation in cultured fibroblasts (16), and
erichia coliLPS in the lungs (4, 6). The expression of chemokinesTNFR2-deficient mice do not demonstrate compromised antibac-
and adhesion molecules induced by early response cytokines tgrial defenses (21). Thus, although TNFR2 is capable of eliciting
mediated by the NB family of transcription factors (7-9). proinflammatory signaling, TNFR1 appears to function as the pri-
mary signaling receptor for TNk-

IL-1 cytokines (IL-1x and IL-1B) bind to two distinct receptors,
ILAIR1 and IL1R2, but IL1R2 contains a minimal cytoplasmic tail
and is incapable of conveying intracellular signals from extracel-
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;AbbLevi'Tltionls ulsed in }?isdpaper: MIP, macrophage inflammatory protein; BALF, determine whether ear|y response Cytokine functions were essen-
ronchoalveolar lavage fluid; ILIR1, type | IL-1 receptor; TNFR1, TNF receptor 1 .. . . . .

(P55, CD120a); TNFR2, TNF receptor 2 (p75, CD120b); WT. wild type: it. t!al to orc_hestratlng innate immune responses to pulmonary |nfe_c-
intratracheal. tion, multiple parameters of acute inflammation were compared in
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wild-type (WT) and combined TNFR1/IL1R1-deficient mice —80°C until KC and MIP-2 concentrations were measured by ELISA
(TNFR1/ILAR1 mice) after the intratracheal (i.t.) instillation of (R&D Systems, Minneapolis, MN).
E. coli.

Statistics
. Data were presented as the meanSE for four to six mice per group.
Mate”a!s ar_]d MethOdS ) Comparisons among multiple groups used one-way ANOVA and post hoc
Neutrophil emigration and edema accumulation Scheffetests. Comparisons between two groups used Studetetss. Dif-

TNFRZ1/IL1R1 mice (21), WT mice of similar random hybrid genetic back- ferences were considered significant wiper: 0.05.

ground (C57BL/6X 129/Sv), and IL1R1-deficient mice (25) that were

backcrossed five generations onto a C57BL/6 background were maintaindg€sults

under specific pathogen-free conditions in a full-barrier facility. C57BL/6 Spontaneous pulmonary inflammation in the absence of TNFR1
mice were purchased from Taconic Farms (Germantown, NY). All exper-gnd |L1R1

iments used mice at 6-10 wk of age. Lungs from additional sets of mice

at =52 wk of age were histologically examined for evidence of spontane-A characteristic pattern of patchy pulmonary inflammation spon-
ous inflammatory processes in the absence of experimental infection, byhneously developed in TNFR1/ILAIR1 mutant mice. Although
these older mice were not included in the no instillation control groups. .ot of the lung tissue from each of the TNFR1/ILIR1 mice ap-

Mice were anesthetized by i.m. injection of ketamine hydrochloride (100 . s
mg/kg) and acepromazine maleate (5 mg/kg), Htabeled human al peared to be normal, focal inflammatory infiltrates were observed

bumin (Mallinckrodt, Hazelwood, MO) was injected i.v. as a marker for in histologic sections from three of four TNFR1/ILIR1 mice ex-
plasma content. The trachea was surgically exposed, and an angiocathetamined at 10 wk of age and six of nine mice examined at 52 wk
was inserted via the trachea into the left bronchus. Fifteen minutes after thgs age (Fig. 1). Infiltrates contained mixed populations of emi-

injection of*23-labeled albumin, a suspension®f coli (10° CFU/mI) and . .
colloidal carbon (5%), to mark the site of deposition, was instilled into thegratecj leukocytes. They typically localized to the pleura, subpleu-

left lung lobe at a dose of 2,3l/g body weight. Afte 5 h and 58 min mice  ral alveoli, and perivascular tissue, but in the most severe example,
received i.v. injections of’Cr-labeled murine RBC as a marker for blood an entire cross-section from one of the lung lobes of a 52-wk-old

content. Mice were killd 6 h after bacterial instillation by inhalation of a mouse was involved. Eosinoph"ic Crysta”ine deposits were ob-

lethal overdose of halothane. The hearts were tied off to maintain .pUImo'served in the alveolar air spaces of affected regions. Apart from
nary blood, and peripheral blood samples were collected from the inferior

vena cava. Lungs were excised and fixed by i.t. instillation of 6% glutar-these regions that suggested chronic inflammatory processes,
aldehyde at a pressure of 23 crg® Emigrated and sequestered neutro Which were sparse and focal, the lung tissue from TNFR1/IL1R1
phils were quantified by morphometry in histologic lung sections, as presmice did not appear histologically distinct from that in age-
viously described (26, 27). matched WT mice. No leukocytic infiltrates, crystalline deposits,

Pulmonary edema, as measured by the vascular leakaifdl-tibeled r other evidence of infection and inflammation were evident in
albumin, was quantified before dissection of the lungs for morphometry, ad

previously described (26, 27). The specific activitied®f-labeled albumin  four WT mice examined at 9 wk of age or six WT mice examined
and®'Cr-labeled RBC were measured for blood and plasma samples and fat >52 wk of age.

excised, fixed lungs from each mouse. The hematocrit of each mouse was

calculated from thé®3-labeled albumin activities in the blood and plasma E. coli-induced pulmonary inflammation in the absence of
samples. The pulmonary blood volume was derived from®i@z-labeled TNFR1 and IL1IR1

RBC activity in the lungs and blood sample. The total volume of plasma

equivalents in the lungs was calculated from*fielabeled albumin activities Apart from the patchy and localized infiltrates described above,
in the lungs and the plasma sample. The volume of intravascular plasma in thghich were readily differentiated from acute pneumonia (Fig. 1)
lungs was derived from the hematocrit and the pulmonary blood volume. The d were excluded from morphometric analyses, the alveolar air

volume of extravascular plasma equivalents in the lungs was calculated as 0 . - )
difference between the total volume of plasma equivalents and the volume giPaces of WT and TNFR1/ILIR1 mice that did not receive bac-

intravascular plasma. Edema fluid accumulation was expressed as microlitetsrial instillations were devoid of emigrated neutrophils (Fig).2
of extravascular plasma equivalents per lung. The i.t. instillation ofE. coliinduced neutrophil emigration in the

Circulating neutrophils were quantified in peripheral blood samples. : ; .
After RBC lysis, leukocytes were counted using a hemacytometer, an(ljungS of both WT and TNFR1/IL1R1. mice (Figs. 1 and)2Sig

differential distributions were assessed in blood smears stained with Led:"f'camly less emigration was induced in the mutant mice com-

koStat (Fisher Scientific, Pittsburgh, PA). pared with WT mice (Fig. B).
Plasma extravasation was measured in total pulmonary tissue,
NF-«B translocation which included the focal infiltrates observed in histologic sections.

WT and TNFRI/ILLR1 mice were anesthetized and instilled with bacteriaHHOWeVer, plasma extravasation in the absence of bacterial instil-
as described above. Aft& h mice were killed by halothane overdose. lation did not differ between WT and TNFR1/IL1IR1 mice (Fig.
Colloidal carbon-containing lung lobes from mice instilled withcoli, left 2B), suggesting no differences in vascular permeability between

lung lobes of mice that did not receive bacterial instillation, and liver lobesygninfected WT and TNFRL/IL1LR1 mice over the 6-h period in
from the same mice, were excised, snap-frozen in liquid nitrogen, and , . . P . .
stored at—80°C until protein extraction. Nuclear proteins were collected which they were examined. The instillationif coli resulted in an

from frozen tissue samples, and protein concentrations were measured d§creased accumulation of extravascular plasma, consistent with
ing a bicinchonic acid assay with BSA as the standard. Nuclear proteinpulmonary edema, in both WT and TNFR1/IL1R1 mutant mice
were incubated at 0.5 mg/ml with 3.5 nM-P?PJATP-labeled NF«B con (Fig. 2B). Similar to neutrophil emigration, th&. coli-induced

sensus oligonucleotide (Promega, Madison, WI). Protein-oligonucleotid lasma extravasation was reduced, but not eliminated, by the de-
complexes were separated from protein-free oligonucleotides by PAGE,. . ) ’
detected by autoradiography, and quantitated by densitometry using Scigiciency of TNFR1 and IL1R1 (Fig. B).
ImagePC software (Scion, Frederick, MD).
Intravascular neutrophils in the absence of TNFR1 and IL1R1

Chemokine expression To determine whether the decreased neutrophil emigration and
WT and TNFR1/IL1IR1 mice were anesthetized and instilled with edema accumulation resulted from a paucity of circulating neutro-
bacteria as described above. Aft@ h mice were killed by halothane phils in TNFR1/IL1R1 mice, circulating neutrophil counts were
°Verhd°59' Tdheh chest cavity vr:as _o;r)]er|1ed, Ial;:atheter Wf‘s “e% '”Ito th€ompared in WT and mutant mice. There were no significant dif-
trachea, and the airways to the right lung lobes were clamped closed, . X S .

The left lung lobe was lavaged nine times with 0.5 ml of PBS. After(%erences in the numbers of neutrophils per m|II|_I|ter of perlpheral
centrifugation to rid the bronchoalveolar lavage fluids (BALF) of cells blood between WT and TNFR1/IL1R1 mice, with or withdgt
and debris, the BALF was snap-frozen in liquid nitrogen and stored atcoli pneumonia (Fig. B). Thus, decreased inflammatory responses
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FIGURE 1. Photomicrographs of histologic sections from lungs of TNFR1/ILLR1 mice collected after no instillétiandB) and 6 h after i.t.
instillation of E. coli (C andD). A, A representative patch of spontaneous inflammation. Although most of the tissue is not inflanupgathmiddle region

of the micrograph demonstrates leukocyte infiltrates in the pleural wall, subpleural alveoli, and perivasculaBtidshiggher magnification from this

region, demonstrating organized infiltrates of mixed leukocytes in the alveolar air spaces associated with eosinophilic crystallin€deppsésentative

section of inflammation induced . coliin lungs from TNFR1/ILLR1 mice. A diffuse infiltration of leukocytes is apparent throughout the alveolar air
spacesD, A higher magnification from this section demonstrates emigrated neutrophils and staining suggestive of edema accumulation in the alveolar air
spaces. All sections were stained with hematoxylin and eosin. Original magnificAtemd C, X40; C andD, X400.

in the lungs of TNFR1/IL1R1 mice did not result from peripheral lation of NF«B proteins in the nuclear fractions, consistent with
blood neutropenia. nuclear translocation of these transcription factors (F4g. Zhere

To determine whether the decreased neutrophil emigration rewere no significant differences in the net nuclear accumulation of
sulted from an inability of intravascular neutrophils to sequesteNF-«B proteins in the lungs of WT and TNFR1/IL1R1 mice (Fig.
within the pulmonary capillaries before emigration, the number of4B).
neutrophils within the alveolar septae of WT and TNFR1/IL1R1 In addition to local inflammatory responses, bacterial infection
mice were quantified. Similar numbers of septal neutrophils wereof the lungs induces systemic acute phase responses (29, 30). The
present in the lungs of noninfected WT and TNFR1/IL1R1 micetranscription of acute phase proteins by the liver is regulated by
(Fig. 3B). E. coliinstillation resulted in increased numbers of sep- NF-«kB (31-33). To determine whether systemic responses to in-
tal neutrophils in both WT and TNFR1/IL1R1 mice, consistent trapulmonaryE. coli were affected by deficiency of early response
with neutrophil sequestration (FigBR The numbers of neutro- cytokine receptors, the nuclear translocation of AB-in the liver
phils in alveolar septae &. coli-instilled TNFR1/ILLIR1 mice did was compared in WT and TNFR1/IL1R1 mice. Similar levels of
not significantly differ from those in WT mice (FigB3, suggest- NF-«B proteins were present within the nuclei of livers from non-
ing that neutrophil sequestration was not impaired by the defiinfected WT and TNFR1/IL1LR1 mice (Fig. € andD). The in-

ciency of TNFR1 and IL1R1. stillation of E. coli resulted in the nuclear accumulation of &B-
o proteins in the livers of WT mice (Fig. 4 andD). In contrast, no
NF-«B translocation in the absence of TNFR1 and IL1IR1 accumulation of NF«B proteins was detected in the livers of

Both TNFR1 and IL1R1 induce the nuclear translocation of TNFR1/IL1R1 mice instilled withE. coli (Fig. 4, C andD), sug-
NF-kB transcription factors (23), and NEB mediates the tran- gesting that these early response cytokine receptors are essential
scription of many genes that regulate inflammatory responses (28for activation of NF«B in the liver in response to pulmonagy.

To determine whether NkB was differentially activated in the coli infection.

presence or the absence of TNFR1 and IL1R1, the nuclear trans- ) L

location of NFxB was examined in the lungs of WT and TNFR1/ Chemokine expression in the absence of TNFR1 and IL1R1
ILAR1 mice. Levels of NF«B proteins in the nuclear fractions Chemokines direct the migration of neutrophils, and the rodent
from noninfected lungs did not significantly differ between geno-chemokines KC and MIP-2 are essential for maximal neutrophil
types (Fig. /). The instillation ofE. coli resulted in the accumu- emigration in response to i.t. instillation & coli LPS (4, 6). To
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FIGURE 2. Neutrophil emigrationA) and edema accumulatioB)(in
the lungs of WT and TNFR1/IL1R1-deficient mice wih coli pneumonia.
Emigrated neutrophils were quantified in histologic sections of lungs using=E|GURE 3. Circulating @) and sequestere®) neutrophils in WT and
morphometric methods. Edema was quantified as the volume of extravassNFR1/IL1R1-deficient mice witfE. coli pneumonia. Circulating neutro-
cular plasma equivalents based on radiotracer distributip@ignificant  phjls were enumerated in blood samples drawn from the inferior vena cava.
differences compared with no instillation in same genotype; t, Significantsequestered neutrophils were quantified in histologic sections of lungs us-
differences compared with WT after same instillation. ing morphometric methods:, Significant differences compared with no
instillation in same genotype. TNFR1/ILLR1 mice and WT mice did not
significantly differ.
determine whether KC and/or MIP-2 expression required the early

response cytokine receptors TNFR1 and IL1R1, KC and MIP-2

concentrations were compared in BALF collet&h afterE. coli  this cellular and crystalline accumulation in young TNFR1/IL1R1
instillation to WT and TNFR1/IL1R1 mice. KC expression Was mice probab|y represents a Compromise in pu|monary host de-
detected in all mice examined, but KC concentrations in BALF offenses resulting from gene-targeted mutations in the TNFR1 and
E. coli-instilled TNFR1/IL1IR1 mice were significantly less than | 1R1 genes.

those in WT mice (Fig. 5). MIP-2 expression was detected in all The combined deficiencies of TNFR1 and IL1LR1 compromised
mice examined, but, unlike KC, there were no significant differ- neutrophil emigration and edema accumulation in responge to
ences between MIP-2 concentrations in BALF from WT andcolj in the alveolar air spaces, indicating an essential role for early
TNFR1/IL1IR1 mice (Fig. 5). response cytokine signaling in coordinating these innate immune
responses. In contrast, neither the combined deficiency of both
TNFR1 and TNFR2 (27) nor the deficiency of ILLR1 alone com-
To determine whether the deficiency of IL1IR1 alone was sufficienforomised neutrophil emigration or edema accumutaBoh after

to compromise these inflammatory processes, C57BL/6 mice anthe i.t. instillation of E. coli. Altogether these data suggest that
IL1R1-deficient mice on C57BL/6 backgrounds received i.t. instil- TNFR1 and IL1R1 serve essential signaling functions in eliciting
lations of E. coli. After 6 h there were no statistically significant acute inflammatory responses Eo coli in the lungs, but the es-
differences in the numbers of emigrated, sequestered, or circulatingential functions mediated by these receptors are shared and can be
neutrophils in C57BL/6 and IL1R1-deficient mice (Table ). There elicited by either receptor in the other’'s absence.

were no significant differences B. coli-induced plasma extrava- The mechanisms by which the deficiency of TNFR1 and IL1R1
sation in C57BL/6 and IL1R1-deficient mice (Table I). Thus, in compromises neutrophil emigration are not entirely clear. Neutro-
mice with uninterrupted expression of TNFR1, the deficiency ofphil numbers were significantly decreased in the alveolar air
IL1R1 did not compromise neutrophil emigration or edema accu-spaces, but not in the alveolar septae, suggesting that signaling

Plasma extravasation
{(ul/lung)

Neutrophil sequestration
(vol. % septal tissue)
I

no instillation E. coli

Inflammatory responses in the absence of IL1R1 alone

mulation 6 h after the instillation oE. coli. from these receptors is not required for neutrophil sequestration,
but is essential to coordinating neutrophil migration across the en-
Discussion dothelial or epithelial barriers or through the interstitium.

TNFR1/IL1R1 mice developed patchy inflammation within their  Deficiency of TNFR1 and IL1R1 significantly decreased KC
lungs, which was associated with eosinophilic crystal depositsexpression, but not MIP-2 expression, elicited Bycoli in the
Such crystal deposits may be a hallmark of chronic pulmonaryjlungs. Differential regulation of these two chemokines is surprising
inflammation in mice (34—37). Although C57BL/6 mice and hy- and has not been previously reported to our knowledge. Expression
brid mice of mixed C57BL/6x 129/Sv backgrounds are suscep- of each of these chemokines is regulated transcriptionally, but the
tible to developing idiopathic pulmonary inflammation as they agedominant factor mediating LPS- or TNF-induced expression from
(see discussions in Refs. 34 and 37), we observed eosinophilitie promoters of each of these genes is common to bothkBES,
crystals and leukocytic infiltrates in TNFR1/IL1R1 mice, but notin 38). It is possible that other transcription factors, not yet identified,
age-matched WT mice in our barrier facility. The development ofamplify the transcription of KC but not MIP-2, and these other
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SEM from six mice, Significant differences ’
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type; T, Significant differences compared with
WT after same instillation.
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factors may require TNFR1 and IL1R1 signaling for their activa- Decreased KC expression could be the means by which the de-
tion in the lungs durindg. coli pneumonia. Furthermore, transcrip- ficiency of TNFR1 and IL1R1 compromised neutrophil emigration
tional regulation of the genes encoding KC and MIP-2 could re-in the present studies, since KC function is essential to neutrophil
quire distinct coactivators, differentially dependent on TNFR1 andemigration in response . coli LPS in the alveolar air spaces (4).
IL1R1 for their activation duringt. colipneumonia, to link NF<B Although only two chemokines were measured in these studies,
and/or other transcription factors with the transcriptional machin-many pro- and anti-inflammatory factors are regulated by the early
ery. Finally, the divergent effects of TNFR1/IL1R1 deficiency on response cytokines and may be affected by TNFR1/IL1R1 defi-
the concentrations of these chemokines in the BALF of mice withciency. The combined deficiency of these two receptors almost
E. colipneumonia could result from differential posttranscriptional certainly resulted in complex disturbances in the balance of in-
regulation of KC and MIP-2. flammatory mediators in the lungs of mice infected withcoli,

and the resulting shift in this balance is most likely responsible for

1500 9

c mwrT
o
b OTNFRIZLIRI Table I. Inflammatory responses duririg coli pneumonia in IL1R1-
g deficient micg

('8
8 1000 1
c<
ga ILIR1
o E C57BL/6 Deficient
£ *
5 2 500 Emigrated neutrophils (vol % air space) 3710 6412
g Sequestered neutrophils (vol % septal tissue) =*1B 25+ 4
S 1 Circulating neutrophils (million/ml) 0.7 0.1 1.4+0.3

0 Plasma extravasationl{lung) 98+ 32 146+ 43
Ke MIP-2 2E. coliwere instilled i.t. to C57BL/6 and IL1R1-deficient mice, and lungs were

excised and fixed after 6 h. Emigrated and sequestered neutrophils were quantified in
FIGURE 5. Chemokine expression in the lungs of WT and TNFR1/ histological sections of lungs using morphometric methods. Circulating neutrophils
- . - - . were enumerated in blood samples drawn from the inferior vena cava. Plasma ex-
I_LlRl deficient mice withE. coli pneumonla. KC and M”? 2 .Con.centra travasation was quantified as the volume of extravascular plasma equivalents based on
tions were megsured b_y ELISAs in BALF CO|!9dt5 h aﬁer instillation of  agiotracer distribution. There were no statistically significant differences between
E. coli. *, Significant difference compared with WT mice. values from C57BL/6 and IL1R1-deficient mice.
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the observed decreases in neutrophil emigration and edema&

accumulation.

Both TNFR1 and IL1R1 induce NkB translocation, and
NF-«B is essential to neutrophil emigration in respons&taoli
LPS in the lungs. However, in the present studies MB- trans-
location in the lungs was not decreased by TNFR1/IL1R1 defi-

ciency when examined using EMSAs and nuclear protein extracts
from whole lung lobes. Thus, receptors other than TNFR1 andg

IL1R1 are sufficient for propagating N&B signaling in the lungs.
TNFR2 (13-15) and Toll-like receptors 2 and 4 (39-42) are ca-
pable of inducing NF«<B translocation, are probably activated in
the lungs duringe. coli pneumonia, and may be mediating this
signaling. Despite this evidence of N&B activation, neutrophil

emigration and edema accumulation were significantly decreased

by deficiency of TNFR1 and IL1R1. Therefore, the signaling by
TNFR1 and IL1R1 which is essential to neutrophil emigration and

edema accumulation may be mediated by factors other than NF-

kB. Alternatively, TNFR1/IL1R1 deficiency may decrease essen-
tial NF-«B translocation in specific subsets of lung cells, which
may be indiscernible with the methods used in these studies.

NF-kB translocation was inhibited by TNFR1/IL1R1 deficiency 1
in the livers of pneumonic mice, suggesting that at least some

extrapulmonary transmission of proinflammatory signaling re-
quires these receptors. Whether hepatic activation okRFand

serum amyloid A (32) and complement C3 (33) is NB-depen-

dent, and these proteins can influence neutrophil activation and
recruitment (43—-46). If the acute phase response contributes -
innate immune responses in pneumonic lungs, then the decreased

pulmonary inflammation in TNFR1/IL1IR1 mutant mice may be
due in part to a lack of activation of NkB in the liver.

Although neutrophil emigration and edema accumulation were

compromised in TNFR1/ILIR1 mice compared with WT mice,

these processes were not completely inhibited. Approximately halt®
of the neutrophil emigration and a third of the edema accumulation
occurred despite the complete absence of TNFR1 and IL1R1.
Other mediators and receptors are clearly capable of propagatin]g?

and coordinating signals required to elicit acute inflammatory re-

sponses to bacteria in the lungs. Some of these signaling events
20. Flynn, J. L.,

might be transmitted by TNl particularly membrane-bound
TNF-a (15), through TNFR2, which remains functional in the
TNFR1/IL1R1 mice. Additional studies will be required to deter-

independent of the early response cytokines TNF and IL-1.
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