Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 100(Suppl.l): 191-198, 2005 191

Neutrophil transepithelial migration: role of toll-like receptors in
mucosal inflammation
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The symptomatic phases of many inflammatory diseases are characterized by migration of large numbers of
neutrophils (PMN) across a polarized epithelium and accumulation within alumen. For example, acute PMN influx
is common in diseases of the gastrointestinal system (ulcerative colitis, Crohn’s disease, bacterial enterocolitis,
gastritis), hepatobiliary system (cholangitis, acute cholecystitis), respiratory tract (bronchial pneumonia, bron-
chitis, cystic fibrosis, bronchiectasis), and urinary tract (pyelonephritis, cystitis). Despite these observations, the
molecular basis of leukocyte interactions with epithelial cells is incompletely understood. In vitro models of PMN
transepithelial migration typically use N-formylated bacterial peptides such as fMLP in isolation to drive human
PMNs across epithelial monolayers. However, other microbial products such as lipopolysaccharide (LPS) are
major constituents of the intestinal lumen and have potent effects on the immune system. In the absence of LPS, we
have shown that transepithelial migration requires sequential adhesive interactions between the PMN (32 integrin
CD11b/CD18 and JAM protein family members. Other epithelial ligands appear to be abundantly represented as
fucosylated proteoglycans. Further studiesindicate that the rate of PMN migration across mucosal surfaces can be
regulated by the ubiquitously expressed transmembrane protein CD47 and microbial-derived factors, although
many of the details remain unclear. Current data suggests that Toll-like receptors (TLR), which recognize specific
pathogen-associated molecular patterns (PAMPs), are differentially expressed on both leukocytes and mucosal
epithelial cells while serving to modulate leukocyte-epithelial interactions. Exposure of epithelial TLRs to micro-
bial ligands has been shown to result in transcriptional upregulation of inflammatory mediators whereas ligation
of leukocyte TLRs modul ate specific antimicrobial responses. A better understanding of these events will hopefully
provide new insights into the mechanisms of epithelial responses to microorganisms and ideas for therapies aimed
at inhibiting the deleterious conseguences of mucosal inflammation.
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Neutrophil (PMN) transepithelial migration plays a
major rolein mucosal-epithelial defensein inflammatory
diseases. When the inflammatory responseisinitiated at
the epithelium, PMNs must exit the bloodstream traverse
the endothelium, the lamina propria, and then the tight
junction to finally reach the lumenal side of epithelium.
Unlike other epithelial surfacesin the body, theintestina
epithelium is exposed to high levels of microbes and mi-
crobial products (Fenton & Golenbock 1998, Hecht 1999,
Carioet al. 2000). Consequently, theintestinal epithelium
playsapivotal rolein regulating theinflammatory response
to pathogens and commensal microflora. Thus, what
seems to be a passive coexistence of the host and benefi-
cial microbia floramight reflect aconstant battle between
stop and go signals to the epithelial innate immune sys-
tem. Despite this delicate balance, there is apparent
dysregulation of mucosal homeostasis resulting in mas-
sivemigration of PMNstoward thelumenal epithelial sur-
facefollowed by accumulation of these PMNswithin the
lumen during many inflammatory disease states of the
gastrointestinal tract (Parkos1997). Details of the mecha-
nisms governing the regulation of migration of leukocytes
across intestinal mucosa are just beginning to be under-
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stood (Sabroe et al. 2003). Thisreview will focus on the
mechanisms of leukocyte interactions with epitheliaand
discuss the role of the TLRs and microbial products in
mucosd inflammation.

Leukocyte-epithelial interactions and disease patho-
physiology

It iswell accepted that in many inflammatory disor-
ders of the gastrointestinal tract, the combination of epi-
thelial injury, disease activity and symptomsparallel PMN
infiltration of the mucosa (Hawker et al. 1980, Weiland et
al. 1986, Koyamaet a. 1991, Nusrat et al. 1997). Theetiol-
ogy of disease symptoms associated with PMN
transepithelial migration is complex but a major compo-
nent is related to the effects of PMNSs on the epithelial
barrier and on epithelial cell function. For example, while
studies have shown that passage of asingle PMN across
epithelia tight junctions results in rapid resealing with
littlelossof barrier function (Milkset al. 1983, Nash et al.
1987, Parsonset al. 1987), large scale PMN migration re-
sultsin the formation of sizable epithelial discontinuities
(Nusrat et al. 1997) that likely represent the precursors of
epithelial erosions and ulcers characteristic of many of
theinflammatory conditions mentioned above. Direct ef-
fects of PMNSs on epithelia cell function appear to be
mediated both by cell-cell contact and by release of fac-
tors that initiate subsequent signaling events. For ex-
ample, we have recently shown that as sub-epithelial
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PMNs enter the paracellular space in responseto alume-
nal chemoattractant, epithelial permeability increases
through undefined mechanisms that are independent of
junctional disruption (Edens et al. 2002). In addition, as
PMNs migrate across the colonic epithelium, PMN-de-
rived 5-AMP (Madaraet a. 1993) is converted to adenos-
ine which activates electrogenic chloride secretion and
passive water movement into the lumen (Strohmeier et al.
1995, 1997). Thisrepresentsthe molecular basis of secre-
tory diarrhea, amajor symptom in patientswith inflamma-
tory bowel disease. Such findings serve to shed light on
how signals derived from migrating PMN might be effi-
ciently amplified to produce functional responsesin the
epithelium.

Themolecular basisof PM N transepithelial migration

Before discussing the contribution of microbes in
modulating innateimmune cell interactionswith epithelial
cells, itisworth reviewing what is currently known about
how acuteinflammatory cells, PMNsin particular, interact
with and migrate across mucosal epithelia. PMN
transepithelial migration can be viewed as a multi-step
response that can be initiated by both host and pathogen
derived stimuli such as IL-8 and N-formylated peptides
respectively (Prossnitz & Ye 1997, Tavares-Murta et al.
2002, Ramos et al. 2003) From our studies and those of
others (Parkos et al. 1991, Tosi et a. 1992, Agace et al.
1995), itisclear that the 32 integrin CD11b/CD18 iscentral
in regulating early adhesive events in the transepithelia
migration response. PMN adhesion to epithelial mono-
layers can be blocked using monoclonal antibodies to
CD11b, and furthermore, using specific antibodiesin map-
ping studies, it was demonstrated that a domain consist-
ing of 200 amino acids (I domain) isamajor binding region
for CD11b/CD18ligands, including those onintestinal epi-
thelial cells(Parkoset al. 1991, Balsam et al. 1998). While
investigators have actively sought to identify epithelial
ligands for CD11b/CD18 over the past decade, only re-
cently have clues emerged uncovering the nature of these
cellular ligands. Thereisevidencethat CD11b/CD18 may
bind to oligosaccharide determinants on epithelial cells
(Colgan et a. 1995, Diamond et al. 1995, Zen et al. 2002)
For example, sulfated polysaccharides such as heparin
and heparan sulfate proteoglycans have been shown to
bind CD11b/CD18 (Diamond et al. 1995). Inaddition, pub-
lished reports show that fucosylated proteoglycans also
bind to CD11b/CD18 and inhibit epithelial cell adhesion
invitro (Zen et al. 2002). Lastly, asdetailed below, thereis
now compelling evidence for involvement of epithelial
JAM protein family members as adhesive receptors for
CD11b/CD18 on migrating PMN.

Efforts aimed at characterizing proteins important in
theregulation of PMN transepithelial migrationidentified
amembraneproteintermed CD47 (Parkoset a. 1996). CD47
isamultiple membrane spanning immunogl obulin super-
family member (Lindberg et al. 1993) with several cyto-
plasmic tail splice variants that we have shown to play a
significant roleinfacilitating PMN migration after initial
32 integrin dependent adhesion (Parkoset a. 1996). This
is perhaps best illustrated by the observation that anti-
CD47 mAbs potently inhibit the initiation of transmigra-

tion but have no effect on adhesion (Parkos et al. 1996).
Interestingly, CD47 is universally expressed in all cells
including epithelia, and has many other functions (re-
viewed in Brown 2001) that are thefocus of intenseinves-
tigation and beyond the scope of thisreview. Our studies
suggest that CD47 expressed by both PMNs and epithe-
liafacilitates PMN transmigration (Parkoset al. 1996, Liu
et al. 2001) This is supported by in vivo studies with
CDA47 knockout mice (Lindberg et al. 1996) inwhich CD47
deficient animalsrapidly succumb to Escherichia coli sep-
sis due to delayed recruitment of PMNs to the site of
infection.

Therecent identification of acellular receptor for CD47
as signal regulatory protein alpha (SIRPa) (Jiang et al.
1999), provided new insightsinto the mechanism of CD47
function in regulating PMN migration through tissues.
SIRPa isone of over adozen SIRP membersbelonging to
the transmembrane immunoglobulin superfamily, and it
possesses a C-terminal intracellular domain containing
four tyrosine residues that form two immunoreceptor ty-
rosine-based inhibitory motifs (ITIMs). Similar to other
ITIM domain containing proteins, SIRPa has beenimpli-
cated in both positive and negative regulation of cellular
responses to a wide variety of different stimuli through
ligand induced interactions with tyrosine phosphatase-1
or 2 (SHP-1 and 2) (Stofega et a. 2000). We have ob-
served that no SIRPa-CD47 binding interactions can re-
sult ininhibited or enhanced PMN transmigration due to
bi-directional signaling pathwayswith different functional
consequences depending on how the ligand is presented.
Indeed, enhanced intestinal epithelial expression of CD47
such as that observed in inflammatory bowel disease re-
sultsin enhanced PMN transepithelial migration whereas
soluble CD47 inhibitsPMN transmigration (Liu et al. 2001,
2002, Zen & Parkos2003).

Recently, members of agrowing family of transmem-
braneimmunoglobulin superfamily memberstermed junc-
tional adhesion molecules or JAMs have been shown to
play roles as adhesion receptors during leukocyte trans-
migration. Interestingly, multiple members of the JAM
protein family have also been shown to act as receptors
for viruses (Bergelson et al. 1997, Barton et a. 2001) and
have been shown to localize to intercellular junctions
(Martin-Padura et a. 1998, Liu et al. 2000, Cohen et al.
2001). TheJAM proteins aretype | transmembrane pro-
teins consisting of an N-terminal signal peptide, an extra-
cellular domain, asingle membrane-spanning domain and
a short cytoplasmic tail (Malergue et a. 1998, Martin-
Paduraet al. 1998, Ozaki et al. 1999, Williamset al. 1999,
Cunningham et a. 2000, Liu et a. 2000, Palmeri et a. 2000,
Sobockaet a. 2000, Arrateet a. 2001, Aurrand-Lionset al.
2001a,b, Naik et al. 2001, Liang et al. 2002, Santoso et a .
2002, Hirabayashi et al. 2003, Moog-L utz et al. 2003). The
extracellular domains of JAMs consist of two immuno-
globulin-likeloops, each containing an intradomain disul-
fide bond while the cytoplasmic tails of several members
terminate in putative PDZ-binding motifs that appear to
mediate binding to intercellular junction-associated scaf-
fold proteins (Cunningham et a. 2000, Ebnet et a. 2000,
2001, Martinez-Estradaet al. 2001, Hamazaki et al. 2002,
Santoso et a. 2002, Hirabayashi et a. 2003).
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A variety of functional studies haveimplicated arole
for JAMs in leukocyte transendothelial migration, how-
ever until recently, none had been shown to play arolein
transepithelial migration of leukocytes. In particular, stud-
ies from our group recently demonstrated that JAM-C
regulatestransepithelial migration of PMNsat thelevel of
epithelial desmosomes (Zen et al. 2004) In contrast to
other JAM protein family members, JAM-C is not ex-
pressed at the tight junction (TJ), but is abundantly ex-
pressed at epithelial desmosomes. Indeed, disruption of
desmosomes, but not TJs, resultsin redistribution of JAM-
C. Significantly, antibodies against JAM-C and JAM-C
fusion proteins, both inhibit PMN transepithelial migra-
tion. Furthermore, our studies have shown that JAM-C
binds specifically to CD11b/CD18. Interestingly, PMN
interactions with epithelial JAM-C occur at points distal
to initial adhesive interactions with the epithelial
basolateral membrane, thus lending further support for
the existence of multiple epithelial ligands for migrating
PMNSs. Inclosing thissection, it isimportant to note that
other adhesion molecules such as ICAM-1 for example,
have been reported to bind CD11b/CD18 (Diamond et al.
1990) However, ICAM-1isonly expressed on apical epi-
thelial surfaces under inflammatory conditions, which
makes | CAM-1 inaccessibleto PMNsuntil after reaching
thelumenal surface (Parkos 1997).

Microbial-derived productsand theinflammatory response

Currently, many studies are focusing on the events
signaling theinitiation of PMN transepithelial migration
with aparticular interest in the role of microbesininduc-
ing mucosal inflammation. Microbeshave been shownto
elicit epithelial secretion of PMN chemoattractants such
as|L-8. Furthermore, microbes themselves can directly
release N-formylated bacterial peptideswhich are potent
PMN chemoattractantsand aretypically used in most stud-
ies focusing on PMN transepithelial migration. Before
reviewing the specific contributions of microbial-derived
productsto mucosal inflammation, itisworth briefly dis-
cussing the Toll-like receptors (TLRS).

Itisnow widely accepted that TLRs play amajor role
in the recognition of pathogen-associated molecular pat-
terns (PAMPs) present on bacteria and bacterial prod-
ucts while also serving to limit the damage that patho-
genic bacteria cause to mammalian systems (Kopp &
Medzhitov 2003, Sabroeet a. 2003). TLRswereoriginaly
identified asadevel opmental component in wing pattern-
ing of Drosophila and have emerged as signaling recep-
torsvital for immune responsesto bacteriaand their prod-
ucts (Medzhitov & Janeway 1997, Medzhitov et al. 1997).
At present, eleven different TLRs have been discovered,
and are described astype 1 transmembrane receptorsthat
contain an N-terminal extracellular leucine-rich repeat do-
main and aC-terminal tail containing aToll/IL-1 receptor
homology domain (Takedaet a. 2003, Zhang et al. 2004).
TLRsareexpressed by most immune cellsincluding PMN
aswell asepithelia cells. While recent studies have un-
covered anumber of different TLRs, amajority of there-
search has focused on TLR4 which was the first of these
receptors to be discovered, and to a lesser extent TLR2
(Carioet a. 2000, Abreu et a. 2002, 2003, Hausmann et al.
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2002, Lorenz et a. 2002, Backhed & Hornef 2003, Fan &
Malik 2003). Discovery of anaturally occurring mutation
inmicefor the TLR4 gene (Takedaet al. 2003) was central
to our understanding of the importance of TLRs. In par-
ticular, these mice were observed to be hyporesponsive
to LPS (Backhed & Hornef 2003, Sabroe et al. 2003). In
humans, anumber of alelesof TLR4 have beenidentified
and are associated with an increased risk of septic shock
(Fenton & Golenbock 1998, Abreu et al. 2002, 2003,
Hausmannet a. 2002, Lorenz et a. 2002, Backhed & Hornef
2003, Fan & Malik 2003, Sabroe et a. 2003). Although
TLR4 has been shown to interact with heat shock pro-
teinsand taxol, arguably the most important rolefor TLR4
isasacellular receptor for bacterial LPS, acentral bacte-
rial cell wall component comprising ~13% of thegram nega-
tiveenvel ope (Fenton & Golenbock 1998, Cario et al. 2000,
Viriyakosol et al. 2000, Abreu et al. 2002, 2003, Hausmann
etal. 2002, Lorenz et a. 2002, Backhed & Hornef 2003, Fan
& Malik 2003).

Itiswell known that LPSelicitsarobust inflammatory
response from the mammalian immune system producing
avariety of effects. LPS-induced signaling occurs after a
series of binding interactions, first with LPS binding pro-
tein followed by transfer of LPSto CD14, whichisaGPI-
linked receptor that may be present on the cell surface or
exist asasolubleform inthe serum (Fenton & Golenbock
1998, Viriyakosol et a. 2000). LPSboundto CD14isthen
presented to TLR4, which then initiates a signaling cas-
cade through MD-2, a surface expressed protein that as-
sociateswith the extracellular domain of TLR4 and LPS.
In thislight, it isimportant to note that TLR4 and other
TLRsingeneral, function asasignal transducer and does
not appear to actually bind directly to LPS (Sabroe et al.
2003). Upon activation of TLR4, the adaptor protein
MyD88 isrecruited to theintracel lular surfaceto activate
ahost of moleculesin the TLR activation cascade ulti-
mately leading to cytokine production, recruitment of im-
mune cells, and destruction of pathogenic organisms
(Sabroeet a. 2003, Takedaet al. 2003). MyD88 indepen-
dent signaling pathways have also been described for
TLRfunctionsin dendritic cells (Takedaet a. 2003), which
goes beyond the scope of this review.

Asopposed to TLR4, TLR2 has been shown to medi-
ate responses against a variety of other bacterial compo-
nents such as peptidoglycans, lipoteichoic acids,
mannuronic acids, zymosan and bacterial lipoproteins
(Sabroe et al. 2003, Takeda et al. 2003). The binding of
TLR2 to these ligands is complicated in that bacterial li-
poproteins containing tri-acetylated cysteines signal
through a heterodimeric complex of TLR2 and TLRS,
whereas bacterial lipoproteins containing di-acetylated
cysteinessignal through aheterodimeric complex of TLR2
with TLR1 (Sabroeet a. 2003, Takedaet a. 2003). Other
TLRs signal in response to double-stranded RNA from
viruses (TLR3), flagellin (component of flagellated gram
negativebacteria) (TLR5), imidazoquinolineand viral com-
pounds (TLR7), and bacterial DNA CpG motifs (TLR9)
(Sabroe et al. 2003, Takeda et a. 2003). Currently, the
ligandsfor TLR8 and TLR10 are unknown (Takedaet al.
2003) Recently, an eleventh TLR has been characterized
and has been shown to specifically recognize and protect
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against uropathogenic bacteria (Zhang et al. 2004). As
research in thisareaprogresses, it is anticipated that new
TLRIligandsaswell asadditional TLRswill be discovered
in the future.

Epithelial responsesto microbesasa key regulator of
PMN transepithelial migration

During normal physiological conditions, the intesti-
nal epitheliumisnot inflamed whichisdueinlarge part to
epithelial tight junctions that restrict the passage of LPS
or bacteria from the lumen (Nusrat et al. 2000). Conse-
quently, the epithelial barrier restricts exposure of TLRs
on the basol ateral epithelial membrane and on underlying
immune cells to pro-inflammatory microbial-derived
ligands. Given the important role of the epithelial tight
junction, it is easy to envision how disruption of the epi-
thelial barrier or how translocation of bacterial products
across the epithelium could result in activation of TLRs.
Indeed, despite the presence of 1014 bacteria per gram of
tissue in the colon (Abreu et al. 2003) that produce high
levels of immunoreactive LPS (Lorenz et al. 2002), the
mucosal immune system remains remarkably at a basal
physiological state. The fact that epithelial tissues do
not express apical GPI-linked CD14 may explain the ab-
sence of an inflammatory response to the normal flora
(Fenton & Golenbock 1998, Viriyakosol et al. 2000). In
addition, epithelial cellswere originally reported to lack
expression of TLR4, which also explainswhy inflamma-
tory responses to bacteriaand their products are reduced
(Hecht 1999, Cario & Podolsky 2000, Cario et al. 2000).
However, recent studies have demonstrated that TLR4
and MD-2 are expressed by a number of epithelial cells,
but at low levels(Abreu et d. 2002, 2003, Backhed & Hornef
2003). Furthermore, co-transfection of intestinal epithe-
lia cellswith TLR4 and MD-2 enhanced L PSresponsive-
ness, thus suggesting that low expression levels of TLR4
and MD-2 may explain epithelial hyporesponsivenessto
lumenal LPS (Abreu et al. 2002, 2003). However, it has
been reported that TLR2 and TLR4 expression isup-regu-
lated under inflammatory conditions (Abreu et al. 2002,
2003, Hausmann et al. 2002), which could provideamecha-
nism for certain inflammatory diseases of the intestine.
Indeed, thereisareport of increased TLR4 expressionin
the intestinal epithelium of patients with inflammatory
bowel disease (Cario & Podolsky 2000). Whether TLR4
expressionisacauseor an effect of diseaseisunclear, but
it does underscore the importance of the gastrointestinal
epithelium in preventing excessive and uncontrolled in-
flammation.

Despitethe above observations, epithelial cellslocated
at the base of the small intestina crypts called Paneth
cells secrete antibacterial peptides called defensinsin re-
sponseto LPSor bacterial lipoprotein (Takedaet al. 2003).
In vitro studies with human epithelial cells and bacterial
lipoprotein led to the observation that TLR2 can act to
mediate induction of [3-defensin-2 (Takeda et al. 2003).
Sincethe small intestinal crypt microenvironment where
Paneth cellsresideisrelatively sterile, itislikely that TLR-
mediated responses to microbia products help to main-
tain this sterile environment through secretion of these
anti-microbial peptides. Conversely, therelative sterility

of thesmall intestinemay allow for the expression of TLR4
in the small intestinal epithelium without pro-inflamma-
tory consequences (Backhed & Hornef 2003). Currently,
the role of TLR4 signaling in the epithelial cell remains
poorly understood and further studies need to determine
the differences between the small intestinal and the co-
lonic epithelium.

Thelocalization of TLRson epithelial cellsisvariable
and cell specific (Gewirtz et al. 2001, Hornef et al. 2002,
Backhed & Hornef 2003, Ortega-Cavaet a. 2003). While
TLR2 and TLR4 have been shown to reside on the cell
surface of macrophages(Ortega-Cavaet a. 2003), inin-
testinal epithelial cells TLR4 has been shown to localize
to the Golgi apparatus (Hornef et al. 2002, Backhed &
Hornef 2003), indicating that responsiveness of the epi-
thelium may involve some sort of cellular processing.
While some controversy exists, it is generally accepted
that TLR5, the receptor for the gram negative bacterial
product flagellin, is restricted to the basolateral side of
theintestinal epithelium (Gewirtz et al. 2001). Activation
of TLR5 by flagellin has been elegantly linked to activa-
tion of a pro-inflammatory cascade resulting in
basolaterally polarized secretion of the PMN chemoat-
tractant IL-8 (Reed et al. 2002). Studies on pathogenic
and non-pathogenic microorganisms have reveaed the
ability of intact flagellated bacteria, such as Salmonella
typhimurium, to facilitate translocation of flagellin across
epithelial monolayers (Hershberg 2002). Alternatively,
altered mucosal permeability as has been described in
chronic inflammatory bowel disease, could result in
basolaterally expressed TLR5 being activated by flagellin
delivered through a leaky paracellular space. The end
result in both scenariosis stimulation of epithelial cellsto
release pro-inflammatory molecules such as|L-8 that, in
turn, serve to drive mucosal inflammation as detailed in
the above sections. Despite this important function of
TLR5, wearejust beginning to understand how epithelial
TLRsregulate mucosal inflammation.

TLR-mediated responsesof PMNs

PMNs represent a central component of the innate
immune response (Liu et al. 2004), acting as primary re-
sponders by rapidly migrating into inflamed tissues and
subsequently employing potent effector mechanisms
such as phagocytosis, production of reactive oxygen spe-
cies, and therelease of inflammatory mediators and anti-
microbial substances (Ben-Baruch et al. 1995, Greenberg
& Grinstein 2002). PMNs detect the presence of bacteria
and bacterial products by expressing TLR on their sur-
face, enabling for an effective antimicrobial response
(Hayashi et al. 2003). Although it has been shown that
PMN expressall TLRsexcept TLR3 (Hayashi et a. 2003),
very few studies have yet to detail the role of TLRs in
these cells. In contrast, most studies of TLRsin leuko-
cytes have involved macrophages. Hayashi et al. (2003)
reported that exposure of PMNsto TLR agonistsresulted
in production of 1L-8 and shedding of L-selectinfromthe
cell surface. Inaddition, therewas upregulation of CD11b/
CD18 to the cell surface, production of superoxide, and
an increase in the rate of phagocytosis (Hayashi et al.
2003). Othershavereported increased PMN chemotaxis
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inthe presence of aTLR4 agonist (Fan & Malik 2003). It
isclear that TLR agonists appear to have multiple effects
on PMNs (Fan & Malik 2003, Hayashi et a. 2003). Un-
published observationsfrom our group have revealed that
residual bacterial lipoproteinin LPS preparationshasmore
potent inhibitory effectson PMN chemotaxisthan highly
purified LPS. These observationssuggest that TLR2 likely
plays an important role in regulating PMN chemotactic
responses to bacteria. In agreement with this observa-
tion, Hayashi et al. (2003), have aso reported reduced
chemotaxisto IL-8in TLR-agonist stimulated PMN. The
physiological relevance of such isnot yet known but it is
easy to envision inhibited migration serving as a “stop
signal” for migrating PMN once they have reached the
stimulus. Indeed, inhibition of PMN chemotaxis to the
site of infection by diffusion of bacterial products or by
initial bacterial invasion into deeper underlying tissues
could possibly facilitate the progression of microbial colo-
nization at distal sitesof infection. Clearly thisisafasci-
nating area that warrants further investigation

Conclusion

In thisreview, we have briefly covered some aspects
of mucosal immunity involving the TLRs, the intestinal
epithelium, and PMN transmigration. Theinnateimmune
system detects the invasion of microorganisms through
TLRs that recognize microbial components and triggers
inflammatory responses. A major feature of inflammatory
diseases involving mucosal surfaces appears to be
dysregulation of theinnateimmuneresponse. Since PMN
transepithelial migration issuch animportant component
of innateimmunity, understanding molecular determinants
of this cellular response and the role of TLRsin itsregu-
lation will beacritical avenue of futureresearch.
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