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Neutrophil-epithelial pathobiology 

 

 

 

Polymorphonuclear neutrophils (PMNs) are innate immune system cells that play 

an essential role in eradicating invading pathogens. PMN migration to sites of 

infection/inflammation requires exiting the microcirculation and subsequent 

crossing of epithelial barriers in mucosa-lined organs such as the lungs and 

intestines. Although these processes usually occur without significant damage to 

surrounding host tissues, dysregulated/excessive PMN transmigration and resultant 

bystander-tissue damage are characteristic of numerous mucosal inflammatory 

disorders. Mechanisms controlling PMN extravasation have been well characterized, 

but the molecular details regarding regulation of PMN migration across mucosal 
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epithelia are poorly understood. Given that PMN migration across mucosal epithelia 

is strongly correlated with disease symptoms in many inflammatory mucosal 

disorders, enhanced understanding of the mechanisms regulating PMN 

transepithelial migration should provide insights into clinically relevant tissue-

targeted therapies aimed at ameliorating PMN-mediated bystander-tissue damage. 

This review will highlight current understanding of the molecular interactions 

between PMNs and mucosal epithelia and the associated functional consequences. 

 

 

Neutrophil, Transepithelial Migration, Mucosal Inflammation 

  

 

 

 

F n  

Polymorphonuclear neutrophils (PMNs) play a critical role in the innate 

immune response, representing an essential component of the first line of host 

defense against invading microbial pathogens. Patients with neutropenia, chronic 

granulomatous disease (CGD), or leukocyte deficiency syndrome, who are prone to 

recurrent bacterial and fungal infections, exemplify the critical importance of PMN-

mediated phagocytosis and pathogen clearance(1). Similar to other leukocytes, 

PMNs are derived from pluripotent stem cell progenitors in the bone marrow. 

Although PMNs have traditionally been considered relatively short-lived effector 

cells that exit the bone marrow and circulate for about 1.5 hours in mice and 8 hours 

in humans before undergoing spontaneous apoptosis(2, 3), recent research has 

indicated that under basal conditions, the half-life of human PMNs can be as long as 

5.4 days(4). However, these data remain controversial due to concerns that the 

presence of contaminating immature bone marrow PMNs in the analyzed samples 

may have led to overestimation of PMN longevity(5, 6).  

Under normal physiologic conditions (i.e., in the absence of inflammation), 

PMNs are primarily cleared from the circulation in the liver, spleen, and bone 
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marrow(7). Increased C-X-C motif chemokine receptor 4 (CXCR4 CXC) expression in 

older PMNs directs the cells back to the bone marrow, where they are safely 

eliminated. Interestingly, it has been suggested that terminal trafficking of aged 

PMNs into the intestinal tract occurs and that this helps maintain intestinal 

homeostasis and regulation of commensal microflora(8). It has also been reported 

that under certain conditions, activated PMNs act as long-lived antigen-presenting 

cells. For example, activated PMNs isolated from the synovial fluid of rheumatoid 

arthritis patients express major histocompatibility complex class II (MHC class II), 

CD80, CD86, and stimulate T cell proliferation(9, 10). 

During inflammation, PMNs are activated, resulting in a delay in constitutive 

PMN apoptosis(11). PMN activation during inflammation can be viewed as a two-

step process. First, factors such as bacteria-derived molecules or 

cytokines/chemokines (including tumor necrosis factor-α [TNF-α], granulocyte-

macrophage colony-stimulating factor [GM-CSF], interleukin [IL]-8, and interferon 

[IFN]-ϒ(12)) prime quiescent PMNs, which are subsequently mobilized to sites of 

infection or inflammation, where they encounter additional activating signals that 

trigger the killing of microbes(13). This delay in apoptosis and increase in PMN 

lifespan in inflamed tissues indicates that PMNs play a role in the immune response 

to infection/inflammation that goes beyond their well-described roles in 

phagocytosis and killing of invading microbes. Indeed, it is now well accepted that 

once recruited into inflamed tissues, PMNs act as regulators of both the innate and 

adaptive immune responses by engaging in complex bi-directional interactions with 

macrophages, natural killer cells, B cells, and T cells(14, 15).  

PMNs release a number of cytokines, chemokines, alarmins, proteases, 

growth factors, and IFNs into the inflammatory milieu, thus playing important roles 

in eliciting and sustaining inflammation, as well as contributing significantly to the 

regulation of key immune responses during infection(16-22). The continuous 

migration of large numbers of cytokine-producing PMNs across the mucosal 

epithelia can lead to locally high concentrations of cytokines, including (but not 

limited to) IL-1α, IL-1β, and TNF-α(23), as well as other inflammatory mediators in 

close proximity to the mucosal epithelium. Although PMNs reportedly produce 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

cytokines in the picogram to nanogram levels in vitro (24, 25), in vivo cytokine 

production by PMNs has yet to be quantified. However, observations indicating that 

PMNs are the predominant infiltrating cells during the initial responses to 

inflammation (outnumbering other leukocytes by several orders of magnitude) 

strongly suggest that PMNs are an important source of pro-inflammatory mediators 

at inflamed mucosal epithelial surfaces (Fig. 1A, B). 

  Recent evidence has revealed that in addition to their roles in the generation 

and amplification of inflammatory responses, PMNs also contribute to inflammation 

resolution and restoration of tissue homeostasis during later stages of the 

inflammatory response(26). PMN-mediated resolution of inflammation and 

restoration of tissue homeostasis is facilitated in part through the biosynthesis of 

growth factors, including vascular endothelial growth factor and lipid mediators 

such as lipoxins, resolvins, and protectins(27, 28). PMNs also play a role in wound 

cleaning through the phagocytosis and removal of accumulated cell debris(29). The 

importance of PMNs during the resolution of inflammation is highlighted by the 

observation that depletion of PMNs results in exacerbated tissue destruction during 

colitis in vivo(30). However, despite their importance in inflammation resolution, 

dysregulated transepithelial migration (TEM) of PMNs and associated bystander-

tissue damage is also associated with a range of inflammatory disorders, including 

inflammatory bowel disease (IBD) and chronic obstructive pulmonary disease 

(COPD). Therefore, elucidation of the mechanism underlying PMN trafficking into 

tissues during inflammation/infection represents an important topic for research. 

 

  

PMN migration from the microcirculation to the tissues is a complex, 

multistep process. In the initial step, circulating PMNs exit the vascular 

endothelium. The sequential nature of PMN transendothelial migration involving 

the subsequent well-defined steps of tethering, slow rolling, arrest, adhesion, 

crawling, and paracellular (or transcellular) migration have been extensively 

characterized and are reviewed elsewhere(31-34). Following transendothelial 

migration, PMNs must migrate across the basement membrane and pericyte sheath 
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before crossing through the interstitial space(35, 36). The basement membrane 

(BM) consists of a 300-nm-thick specialized network of extracellular matrix 

macromolecules that include proteins, glycoproteins, and proteoglycans underlying 

both endothelial and epithelial cells. The mechanism by which PMNs transmigrate 

across the BM remains largely uncharacterized, but a role for PMN proteinases in 

this process has been suggested(37, 38).  

Similar to the mechanism of transmigration across the BM, PMN migration 

through the interstitium remains largely uncharacterized, although the process is 

reportedly independent of focal adhesions and pericellular proteolysis(39). In 

addition, interstitial migration of PMNs in response to pro-inflammatory signals, 

including chemokine (C-C motif) ligand 3 (CCL3) also known as macrophage 

inflammatory protein 1-alpha (MIP1α), reportedly requires actin polymerization 

and matrix metalloproteinase (MMP) activation(40). PMNs in the extravascular 

space reportedly exhibit extremely coordinated chemotaxis behaviors, forming 

clusters reminiscent of the swarming behaviors of insects. Using a model of sterile 

skin inflammation, Lammermann et al. demonstrated that local cell death initiates 

PMN swarming and interstitial recruitment that is dependent on the lipid 

leukotriene B4 (LTB4), but independent of β2 41 integrins( ). Although the 

mechanism of integrin-independent movement of PMNs through the interstitium 

has yet to be fully characterized, it has been shown that the binding of LTB4

42

 to its G-

protein–coupled receptor BLT4 amplifies signaling pathways that lead to F-actin 

production and changes in PMN polarization that directly guide chemotaxis( ). 

Integrin-independent migration of PMNs through the interstitium is plausible 

because this process does not require the crossing of significant tissue barriers 

(such as continuous endothelial or epithelial linings)(42). Therefore, it follows that 

the interstitial environment would support stochastic PMN chemotaxis, with 

migrating cells following soluble cues, such as LTB4

 

, without a need for integrin-

mediated adhesion interactions. 
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Following movement through the interstitium, PMNs reach the subepithelial 

space (in mucosal lined organs such as the lungs and intestine). In the presence of a 

chemotactic stimulus, PMNs then cross the epithelial barrier before reaching sites of 

mucosal infection/inflammation. This final migration of PMNs across an epithelial 

barrier represents a critically important (and generally understudied) step in the 

immune response, as PMN-mediated epithelial damage and loss of epithelial barrier 

function are directly correlated with the symptoms of a variety of inflammatory 

diseases. Indeed, during PMN TEM, unabated activation of PMNs by microbial or 

host-derived stimuli can result in the release of cytotoxic compounds that damage 

vicinal epithelial cells. Specifically, both human and animal model studies have 

shown that PMNs are the primary perpetrators of inflammation-related injury to 

tissues of the lung(43), urinary tract(44), and intestines(45, 46). Despite the 

potential tissue damage PMNs can cause, the mechanisms regulating their 

transepithelial migration remain incompletely understood. 

Analogous to PMN transendothelial migration, PMN TEM can also occur in 

sequential steps that encompass initial adhesion to the epithelium, migration 

between epithelial cells, and postmigration events at the apical epithelial surface 

(Fig. 2). However, in contrast to migration from the microcirculation, initial PMN 

adhesive interactions occur at the basolateral rather than apical epithelial surface. 

In addition, PMNs arrive at the basolateral epithelium having already crossed the 

vascular endothelium and migrated through the interstitium, processes that 

undoubtedly alter the PMN activation state. Another key feature of epithelial PMN 

trafficking is the considerable length of the intraepithelial space (≥20 μm) that 

migrating PMNs must traverse to breach the epithelial barrier. Furthermore, this 

distance is significantly greater than the equivalent space in endothelial cells, which 

is 2–4 μm at most(47).  

Although much of our knowledge of PMN trafficking across epithelia derives 

from in vitro studies of PMN migration across layers of cultured epithelial cells, the 

process has also been studied in vivo(48-50). Systems designed to model the 

polarity of physiologically relevant basolateral to apical PMN TEM are used to grow 

epithelial cells in an upside-down/inverted configuration on collagen-coated 
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transwell filters with pore sizes sufficient for PMNs to squeeze through (3–5 μm) 

(Fig. 3A, B)(51-53). These in vitro PMN migration assay systems paved the way for 

important investigations of the molecular events and functional biology of PMN 

TEM in many distinct epithelial cell types(49, 54-58). More recently, in an in vivo 

model of PMN TEM into the intestinal lumen, a short section of vascularized small 

intestine was isolated and then injected with various cytokines/chemoattractants 

that induce translocation of PMNs to the intestinal lumen (Fig. 3C, D)(49, 50). This 

‘ileal loop’ model facilitated further investigations of the roles of specific epithelial 

proteins during PMN TEM, as well as PMN TEM–mediated changes, in the epithelial 

barrier in vivo(49, 50).  

 

Interaction of PMNs with basolateral epithelial ligands 

 PMNs migrating across an epithelial barrier first interact with the 

basolateral epithelial surface. PMN adhesion to the basolateral epithelium in the 

lungs, intestines, and urinary tract depends predominantly on CD11b/CD18(52, 59, 

60), which is in contrast to PMN endothelial trafficking, where PMNs interact with 

both CD11a/CD18 and CD11b/CD18(61, 62). However, CD11b/CD18-independent 

migration of PMNs reportedly occurs under certain circumstances such as at 

bronchial and alveolar epithelial surfaces. This lung-specific, CD11b/CD18-

independent migration might be explained by the particular physiology of the lung, 

in which PMNs emigrate primarily through capillaries, where the vascular pressure 

is lower and the PMNs are in closer proximity to the epithelium. However, it has 

been well documented that anti-CD11b/CD18 antibodies almost completely block 

PMN trafficking across both the intestinal and airway epithelia, demonstrating that 

interaction with β2 integrins is a prerequisite for PMN TEM(51-53) under most 

circumstances. In addition, specific pro-inflammatory stimuli, including TNF-α, 

histamine, and IFN-γ, increase PMN epithelial adhesive interactions in a 

CD11b/CD18-dependent fashion(63, 64). Reports that patients with the autosomal 

recessive disorder leukocyte adhesion deficiency 1 (LAD1), who lack functional 

CD18, suffer from recurrent mucosal bacterial infections(65) further demonstrates 

the essential role of CD11b/CD18 in PMN TEM.   
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CD11b/CD18 is the most promiscuous member of the integrin family, with 

more than 30 reported ligands(66-91) (Table 1), yet epithelial receptors for this 

integrin are poorly understood. Classical receptors for CD11b/CD18 include 

intercellular adhesion molecules 1 and 2(71), complement C3 fragment (67), 

fibrinogen(92), and several plasma proteins and vascular cell receptors, such as 

kininogen(88), factor X(66), factor H(72), glycoprotein 1bα(85), urokinase receptor 

(86), and E-selectin(77). Soluble ligands for CD11b/CD18 have also been reported 

and include fibronectin(79), neutrophil inhibitory factor(78), laminin(87), 

collagen(89), zymosan(81), and vitronectin(76). The extensive family of 

CD11b/CD18 ligands also includes the PMN enzymes elastase(68) and 

myeloperoxidase(75). Finally, CD11b/CD18 also binds to ligands expressed by 

several microbial species, including Candida albicans(73), Leishmania 

promastigotes(82), and Bordetella pertussis(80).  

Intriguingly, despite the wide array of identified CD11b/CD18 ligands, 

basolaterally expressed, functionally relevant epithelial ligands for CD11b/CD18 

that regulate PMN adhesion have yet to be identified. Given the presence of a lectin-

like motif between the I domain and C-terminal regions of the extracellular domain 

(ECD) of CD11b(81, 90), it is tempting to speculate that epithelial cell surface 

glycans mediate PMN adhesion via binding to CD11b/CD18. In support of this 

hypothesis, the lectin-like domain of murine CD11b/CD18 was shown to bind to the polysaccharide structure β-glucan, which is present in the cell walls of yeast, 

bacteria, and fungi(90). Additionally, pretreatment of epithelial cells with various 

polysaccharides (mannose-6P, glucose-6P, and fucoidin) significantly inhibits PMN 

TEM(93). The L-fucose–rich polysaccharide fucoidin binds directly to CD11b/CD18 

and potently inhibits epithelial adhesion to CD11b/CD18 purified from human 

PMNs. Adhesion of T84 intestinal epithelial cells (IECs) to PMN CD11b/CD18 is 

significantly reduced following treatment with p-nitrophenyl-β-D-

xylanopyranoside, an inhibitor of proteoglycan biosynthesis. Furthermore, 

treatment of T84 IECs with fucosidase (but not neuraminidase) significantly reduces 

adhesion of the IECs to CD11b/CD18, suggesting that fucosylated proteoglycans are 

the epithelial ligands for PMN CD11b/CD18(94). Taken together, these data suggest 
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that epithelial cell surface proteoglycans decorated with fucose sugar moieties play 

an important role in CD11b/CD18-mediated PMN adhesion. Although a number of 

epithelial surface glycoproteins and glycolipids display terminal fucose residues, the 

exact identity of the CD11b/CD18 ligand remains to be determined. 

Another mechanism that could explain the binding between CD11b/CD18 

and the epithelial cell surface involves carbohydrate-binding, epithelial membrane–

associated proteins such as galectins(95), which can recognize and bind to β-

galactose epitopes on PMN CD11b/CD18 molecules. This hypothesis is supported by 

the fact that by binding to and cross-linking cell surface glycoconjugates, galectins 

regulate numerous cell processes, including apoptosis, cytokine secretion, cell 

adhesion, and migration(96). The cell surface–associated galectins 1, 3, 4, and 9 are 

expressed in human epithelia(97-99). Furthermore, human CD11b/CD18 is 

extensively decorated with glycoconjugates, including sialyl Lewis X (sLex, 

Neu5Acα2-3Galβ1-4[Fucα1-3]GlcNAcβ-R) and Lewis X Galβ1-4 (Lex

55

, Fucα1-

3)GlcNAcβ-R), which have terminal β-galactose glycans( , 100, 101). Finally, 

expression of galectin 3, which promotes inflammatory responses through the 

activation of naïve and primed PMNs, is altered in the intestinal mucosa of patients 

with IBD(102).  

CD11b/CD18 is the best-characterized PMN ligand known to mediate the 

adhesion of PMNs to the basolateral surface of the epithelium, with few reports to 

date of other binding interactions mediating this process. However, PMN interaction 

with the basolateral epithelial surface results in important functional responses, 

such as loosening of the epithelial barrier, which facilitates subsequent PMN 

migration. Specifically in the intestine, contact between PMNs and the basolateral 

aspect of the epithelium increases myosin light-chain kinase phosphorylation and 

barrier permeability, independent of redistribution or loss of tight-junction (TJ) 

proteins(103). Mechanistically, basolaterally adherent PMNs reportedly activate the 

epithelial protease-activated receptors 1 and 2, which leads to a myosin light chain 

kinase (MLCK)-dependent increase in intestinal permeability(104). 

 

PMN migration between epithelial cells 
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Following PMN adherence to the basolateral epithelial surface, the next step 

in TEM is migration through the lateral paracellular space (Fig. 2). It is well 

documented that PMN TEM occurs exclusively through a paracellular (as opposed to 

transcellular) pathway, as was reported for transendothelial migration(105-107). 

PMNs also reportedly migrate between epithelial cells in clusters (Figs. 1A, 3B)(52, 

108). PMNs navigating the paracellular space between epithelial cells encounter a 

variety of lateral membrane adhesion receptors. One of the cell surface receptors 

involved in this process is the immunoglobulin superfamily member CD47, which is 

expressed on both PMNs and the basolateral epithelial surface. Importantly, 

expression of CD47 on PMNs is up-regulated by pro-inflammatory stimuli, enhanced 

PMN TEM was shown to correlate with increased epithelial expression of CD47(56), 

and expression of CD47 is up-regulated in the intestinal mucosa of persons with 

IBD(109). Furthermore, antibody-mediated inhibition of CD47 or its PMN binding 

partner, signal regulatory protein α (Sirpα)(110), significantly delays PMN TEM in 

vitro(56, 111). In addition, a study utilizing a murine model of Escherichia coli–

induced peritonitis in CD47-deficient mice demonstrated decreased PMN trafficking, 

resulting in increased bacterial growth and subsequent mortality(112). Although, 

the mechanism(s) by which CD47 mediates PMN TEM have yet to be fully 

elucidated, it is known that PMN CD47 plays a crucial role in this process, as 

antibody-mediated ligation of PMN-expressed CD47 inhibits migration(56). 

Mechanistically, PMN-expressed CD47 binding in cis to Sirpα regulates PMN TEM, 

presumably by signaling through SHP-1 and SHP-2(113). Although PMN-expressed 

CD47 plays a clearly established role in TEM, PMN TEM across CD47-deficient 

epithelial cells increases following transfection and induced expression of CD47, 

suggesting that epithelial CD47 also plays a role in PMN trafficking(56). Taken 

together, these data suggest that CD47-Sirpα interactions function in controlling the 

rate of PMN trafficking through tissues via bi-directional signaling events that direct 

migration and retention of PMNs at sites of infection/inflammation. In addition to its 

role in PMN trafficking CD47 has been implicated as a marker of self, acting as an 

important ‘don’t eat me’ signal on a number of cells(114). PMN undergoing 

apoptosis have decreased expression of CD47(115) and, following phagocytosis of 
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Staphyloccus aureus PMN increase the surface expression of CD47, which results in 

deceased macrophage mediated PMN efferocytosis(116). However the effect of 

altered expression of CD47 on PMN and how this might regulate PMN clearance 

from mucosal tissues and contribute to non-resolving inflammation responses 

requires further investigation. 

Similar to the interactions observed between CD47 and Sirpα, PMN surface 

proteins interact with intercellular junctional molecules as the cells move between 

adjoining epithelial cells. The initial migration of PMNs during an acute 

inflammatory response usually results in a transient decrease in epithelial 

permeability, followed by barrier restoration and a return to mucosal 

homeostasis(57, 106, 107). However, uncontrolled or pathologic PMN TEM often 

results in more persistent disruption of key junctional proteins, leading to serious 

interruptions in epithelial barrier function, which are associated with the symptoms 

of a range of inflammatory diseases(117). Therefore, it is important to understand 

how migrating PMNs interact with epithelial junctional molecules. 

 

PMN Interaction with Desmosomal Proteins 

Desmosomes (DMs) represent a formidable barrier to migrating PMNs as 

they first enter the epithelial paracellular space. DMs are punctate structures that 

provide mechanical strength to the epithelium via transmembrane complexes 

formed between desmoglein-2 (Dsg-2) and desmocollin-2, which are anchored to 

keratin intermediate filaments(118). The importance of DM proteins in regulating 

cell-cell contacts within the epithelial barrier is well established. Indeed, loss of 

desmoglein-2, desmocolin-2, and desmoplakin expression in individuals with IBD 

results in significantly perturbed epithelial barrier function(117). Although direct 

binding of PMNs to DMs has not been reported, inflammation-induced shedding of 

the ECD of desmoglein-2 results in impairment of intestinal epithelial barrier 

function. MMP-9 and a disintegrin and metalloproteinase domain–containing 

protein 10 (ADAM 10) are sheddases that cleave Dsg-2, resulting in the release of 

Dsg ECDs from IECs(119). As migrating PMNs secrete both MMP-9(120) and ADAM-

10(121), it is tempting to speculate that PMN-mediated shedding of Dsg-2 
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contributes to epithelial barrier disruption and facilitates the migration of 

additional immune cells during acute inflammatory responses. This hypothesis is 

supported by the observation that ligation of Dsg-2 results in activation of PI3K and 

Erk1/2, leading to the loss of epithelial cell barrier functions(122). Furthermore, 

cleavage products of Dsg-2 actively regulate cellular processes such as apoptosis 

and differentiation, thus influencing the delicate balance of epithelial 

homeostasis(123). 

 

PMN interaction with adherens junction and tight-junction complexes 

 As PMNs migrate along the paracellular space toward the epithelial lumen, 

they next encounter the apical junction complex (AJC), which encompasses 

adherens junctions (AJs) and TJs (Fig. 2). The AJC forms a tight seal between 

adjacent epithelial cells, creating a selective barrier that separates luminal contents 

from the surrounding tissue. AJs are formed through homophilic interactions 

between extracellular epithelial (E)-cadherin and various intracellular proteins, 

including the catenin family members p120-catenin and β-catenin. Both E-cadherin 

and catenin family proteins play important roles in the maintenance of epithelial 

barrier integrity, which is disrupted during PMN TEM. Loss of p120-catenin, for 

example, results in concomitant loss of E-cadherin and an aberrant PMN-mediated 

inflammatory response during bacterial colonization(124). PMN TEM across several 

types of epithelia depletes both E-cadherin and β-catenin from epithelial cell 

membranes, thus altering barrier integrity. For example, in a model of inflammatory 

PMN infiltration of the airway epithelium, the ECD of E-cadherin was shown to be 

cleaved by neutrophil elastase (NE), resulting in the destabilization of AJs(125, 126). 

Similarly, influx of PMNs across the intestinal epithelium is associated with changes 

in the localization of E-cadherin and β-catenin, with subsequent AJ disruption(125). 

 The epithelial adhesion complexes encountered by migrating PMNs localized 

to the apical-most aspect of the lateral plasma membrane during the later stages of 

PMN TEM are the TJs. TJs form a tight barrier between the outside world and body 

tissues, while also preventing the intermixing of apical and basolateral epithelial 

membrane components. Structurally, TJs are composed of a series of anastomosing 
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intramembranous strands associated with proteins that include members of the 

claudin family, CTX family proteins including junction adhesion molecules (JAMs), 

Coxsackie adenovirus receptor (CAR), and CAR-like protein, as well as occludin, 

tricellulin, and other immunoglobulin family members(127). The binding 

interactions between migrating PMNs and individual TJ proteins remain poorly 

characterized, despite the fact that TJ proteins are well positioned to interact with 

migrating PMNs. However, some binding interactions between PMNs and TJ 

proteins have been described and will be highlighted below. 

The JAM family contains many important TJ proteins that perform tissue-

specific functions governed by protein distribution patterns, including regulation of 

the epithelial barrier(128), endothelial and epithelial cell migration(129), 

angiogenesis(129), and leukocyte adhesion(130). One member of the JAM family, 

designated JAM-like molecule (JAML), reportedly exhibits a restricted expression 

pattern, largely limited to myelomonocytic cells, including PMNs(131). PMN JAML 

also selectively binds to epithelial TJ-expressed CAR(132). These observations 

strongly suggest that JAML may function as an adhesion receptor on PMNs used as 

the cells cross CAR-expressing epithelial TJs (Fig. 2). The demonstration that 

recombinant ECDs of JAML bind to epithelial CAR and inhibit PMN TEM supports 

this hypothesis(132). A subsequent study demonstrated that JAML is shed by 

migrating PMNs and binds to epithelial CAR, initiating signaling events that inhibit 

barrier recovery and epithelial wound healing in a pro-inflammatory manner(133). 

Other studies in mice have shown that JAML is also expressed by γδ T cells and 

interacts with keratinocyte-expressed CAR to promote wound healing in the 

skin(134). The observed differences in epithelial responses between the gut and 

skin after JAML-CAR ligation could be because the skin responses were secondary to 

stimulated growth factor release from T cells downstream of JAML ligation, whereas 

the intestinal epithelial responses were downstream of epithelial-expressed CAR 

ligation.    

Another member of the JAM family, designated JAM-A, plays a role in 

regulating PMN migration across the endothelium(135, 136). Interestingly, although 

JAM-A is abundantly expressed at epithelial TJs, antibody-mediated blockade of 
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JAM-A has no significant effect on PMN TEM(137). The surprising finding that JAM-A 

does not play a direct role in regulating PMN TEM paved the way for investigations 

of the function of JAM-A in epithelial cells. It is now well-appreciated that JAM-A 

regulates epithelial permeability, as knockout animals exhibit ‘leaky’ 

intestines(138). Also, JAM-A–deficient animals do not get spontaneous colitis, 

despite having leaky intestines and enhanced bacterial translocation. Other studies 

revealed that remarkable adaptive immune compensation, which results in elevated 

tissue and fecal IgA levels, serves to protect JAM-A–deficient mice from developing 

pathologic colonic inflammation(139).   

Another transmembrane TJ protein that has been implicated in regulating 

PMN TEM is occludin, a tetraspan protein that reportedly modulates transepithelial 

migration of PMNs, as modifications (mutations) to the N-terminus of occludin lead 

to enhanced TEM in vitro(140). However, it is unclear whether this enhanced TEM 

is a direct effect of the protein modification or secondary to mutation-induced 

alterations in epithelial signaling. In endothelial systems, PMN transmigration 

reportedly occurs at tricellular junctions regulated by the transmembrane protein 

tricellulin, which regulates paracellular macromolecule movement(141). 

Unfortunately, migration of PMNs across epithelial tricellular junctions has not been 

reported. 

Although the roles of specific TJ proteins in regulating PMN trafficking 

remain incompletely defined, it is clear that migrating PMNs, as well as a cytokine-

rich inflammatory milieu, disrupt the TJ structure and thus compromise the 

epithelial barrier function, which are well-appreciated features of IBD. In particular, 

migration of PMNs into the intestinal mucosa results in the loss of key TJ proteins, 

including occludin and zonula occludens (ZO)-1(142), along with disorganization of 

TJs. Such loss of TJ-associated molecules is not restricted to sites immediately 

adjacent to transmigrating PMNs but also occurs at sites distant from migrating 

PMNs. These observations are now explained by numerous studies that have 

demonstrated potent effects of inflammatory cytokines on epithelial TJs and barrier 

function. Epithelial cells respond to certain cytokines, such as IFN-Υ, by selectively 

internalizing TJ-associated molecules in stimulus-, protein-, and pathway-specific 
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manners that result in compromised barrier function (reviewed elsewhere(143)). 

As expected, inflammatory conditions that result in barrier compromise initiate a 

vicious cycle that facilitates further PMN accumulation and the mucosal tissue 

destruction that is characteristic of disorders including IBD and COPD.  

 

 

 

Apical epithelial ligands that interact with migrating PMNs 

After navigating the paracellular space between adjacent epithelial cells, 

PMNs emerge on the apical or luminal membrane (Fig. 2). In the intestines, the 

microanatomy of the colon (which consists of test-tube shaped crypts that 

invaginate deeply into the mucosa) facilitates the retention of migrated PMNs at the 

apical surface, allowing them to interact with epithelial ligands. Furthermore, during 

colitis, migrated PMNs collect preferentially in the crypt base, which is relatively 

sterile (compared to the lumen) and provides physical protection from the digestive 

stream. Recent evidence indicated that post-migrated PMNs on the apical epithelial 

surface can significantly affect epithelial function. Release of 5’-AMP by PMNs 

triggers electrogenic chloride secretion, resulting in passive movement of water into 

the intestinal lumen, a process that forms the molecular basis of secretory 

diarrhea(144). In addition, during TEM, PMNs trigger the release of E-cadherin 

fragments at the apical epithelial surface (in an NE-dependent fashion), resulting in 

a spatially delimited disruption of the AJC(125).   

PMN interaction with the apical epithelium represents a critical control point 

during inflammation, as PMN association with apical epithelial surfaces and 

accumulation in luminal spaces is closely associated with deleterious symptoms in 

numerous inflammatory disorders, including acute lung injury (ACI)(145), cystic 

fibrosis (CF)(146), and IBD(109, 147). Interactions of PMNs with the apical surface 

are facilitated by inflammation-induced up-regulation of adhesion molecules. For 

example, intercellular adhesion molecule 1 (ICAM-1) expression is reportedly 

increased in the epithelium of colonic biopsies from individuals with IBD, as well as 

in model IEC lines stimulated with pro-inflammatory cytokines. Importantly, ICAM-
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1 is a ligand for PMN CD11b/CD18 (Table 1) (71), and is expressed predominantly 

on the apical surface of epithelial cells(148), thus making it an ideal ‘tethering post’ 

for migrated PMNs at mucosal surfaces. However, a direct role for ICAM-1 during 

physiologic basolateral to apical PMN TEM has yet to be demonstrated, despite the 

fact that ICAM-1 binding to PMN CD11b/CD18 facilitates migration in the non-

physiologic apical to basolateral direction(148). Clues to the functional significance 

of apically expressed ICAM-1 have recently been reported. Increased epithelial 

ICAM-1 expression was shown to enhance the retention of PMNs at the apical 

epithelial surface(50). In addition, apically localized PMNs exhibit ICAM-1– and 

CD11b/CD18-dependent increased locomotion. Ligation of ICAM-1 triggers MLCK-

dependent actomyosin contractility, resulting in increased epithelial permeability, 

which in turn facilitates increased recruitment of PMNs into the intestinal lumen. It 

is easy to imagine that such signaling interactions between ICAM-1 and PMNs(50) 

would be beneficial for the clearance of invading pathogens during infection. 

However, such signaling under pathologic conditions could have deleterious effects 

resulting from increased accumulation of PMNs and associated mucosal injury. 

 In an analogous fashion to that described above for ICAM-1, increased 

expression of other apical PMN ligands has also been described in inflamed 

epithelial tissues. Specifically, epithelial expression of CD55 (decay accelerating 

factor)(149) increases during inflammation(150, 151). Although epithelial ICAM-1 

has been implicated in retention of PMNs at the apical epithelial surface, in contrast, 

CD55 reportedly mediates rapid detachment of migrated PMNs into the intestinal 

lumen(58). CD55 was first identified as an inhibitor of complement-mediated cell 

lysis through interference with C3 and C5 convertase function(152). CD55 (which is 

highly expressed on the apical aspect of mucosal epithelial cells) also acts as a ligand 

for pathogenic bacteria, including E. coli(153). Furthermore, CD55 induces 

downstream epithelial signaling, resulting in NFκB nuclear translocation and 
activation of mitogen-activated protein kinases (MAPK)-signaling. Although the 

binding interactions between migrating PMNs and epithelial CD55 have not been 

fully characterized, it is possible that epithelial-expressed CD55 interacts with its 

PMN ligand, CD97(154), during PMN trafficking into inflamed intestinal mucosa. In 
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support of this hypothesis, in vivo PMN trafficking to the intestinal mucosa is 

reportedly reduced when CD97 is inhibited(154). 

 

c s g i e  

In addition to protein-protein binding interactions regulating PMN 

trafficking, post-translational glycosylation modifications also control some ligand-

receptor recognition interactions during PMN migration from the microcirculation. 

Glycosylation modifies protein function, both through steric influences and the 

generation of specific lectin-binding glycan motifs(155, 156). For example, P-

selectin glycoprotein ligand 1 is a heavily glycosylated PMN-expressed protein that 

regulates PMN rolling along the vascular endothelium during inflammatory 

responses in vivo(157). In addition, Endothelial P- and E-selectin contain binding 

sites for PMN fucose-containing glycans, including sLex (Neu5Acα2-3Galβ1-4[Fucα1-

3]GlcNAcβ-R) and the related glycan Lex 155 (Galβ1-4[Fucα1-3]GlcNAcβ-R)( , 158, 

159). E-Selectin also interacts with specific glycans on the PMN glycoproteins 

leukosialin and CD44(160, 161). Although selectins are not required for PMN 

migration across the epithelium (due to the absence of PMN rolling during this 

process), increasing evidence suggests that other glycan-mediated interactions 

between PMNs and the epithelium are important for TEM. 

Antibodies that specifically recognize the glycan sialyl Lewis A (sLea

54

, Neu5Acα2-3Galβ1-3[Fucα1-4]GlcNAcβ-R) displayed on the epithelial glycoprotein 

CD44v6 potently inhibit PMN TEM( ). Furthermore, antibody-mediated ligation of 

sLea prevents shedding of the highly glycosylated ECD of CD44v6 and inhibits 

detachment of migrated PMNs, resulting in PMN accumulation at the apical 

epithelial surface. It is tempting to speculate that during PMN TEM, proteolytic 

enzymes such as MMPs or ADAMs, secreted by migrating PMNs, cleave the CD44v6 

ECD, in turn facilitating the detachment of migrating PMNs from the apical epithelial 

surface into the lumen of the intestine. Okomoto et al. showed that shedding of the 

highly glycosylated ECD of CD44v6 leads to subsequent presenilin-1/γ-secretase–

mediated generation of an intracellular CD44v6 fragment that translocates to the 

nucleus and promotes transcription through the 12-O-tetradecanoylphorbol-13-
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acetate–responsive element(162). Therefore, PMN-mediated shedding of the CD44 

ECD could represent a key regulatory event for CD44v6 function, with important 

epithelial signal transduction consequences during inflammation. In addition, 

although normal epithelium does not express CD44v6/sLea, there is marked 

expression of both CD44v6 and sLea

49

 in inflamed mucosa from individuals with 

IBD( ). Therefore, sLea

 In addition to effects downstream of antibody-mediated ligation of epithelial 

sLe

 may represent a potential therapeutic target to reduce 

symptoms resulting from uncontrolled PMN influx into the intestines, as well as a 

potential biomarker for active intestinal inflammatory processes.  

a, it was recently reported that targeting of PMN-expressed Lex

55

 (Galβ1-4[Fucα1-

3]GlcNAcβ-R) also blocks PMN TEM( ). Intriguingly, the Lex-mediated effect on 

PMN trafficking is specific to PMN epithelial interactions, as ligation of PMN Lex

55

 has 

no effect on PMN migration across endothelial monolayers( ). These observations 

implicate specific cell surface glycans as key regulators of PMN TEM (and other 

cellular processes), in part through the generation and masking of Lewis family 

glycans and other glycan ligands for endogenous lectins, including galectins and 

selectins. Once secreted from cells (including epithelial cells)(163), the β-

galactoside–binding lectin galectin-3 binds to glycoconjugate ligands at the cell 

surface, where it oligomerizes into a lattice that cross-links cell surface 

glycoproteins and activates key immune responses, including reactive oxygen 

species (ROS) production by PMNs, degranulation of mast cells, and 

chemoattraction of monocytes and macrophages(164-166). In addition, galectin-3 

acts as a receptor that mediates PMN adhesion to endothelial cells(167, 168) and 

laminin(169). In the epithelium, galectin-3 participates in the regulation of epithelial 

cell apoptosis and proliferation during inflammatory responses(170). Galectin-3 

also binds to desmoglein-2 and stabilizes desmosomal cadherins and intercellular 

adhesion between adjacent IECs(171). Interestingly, immunohistochemical analyses 

of Streptococcus pneumoniae–infected lung tissue revealed increased association of 

galectin-3 with the lung epithelial mucosa(167). Therefore, through the cross-

linking and activation of glycoproteins, galectin-3 regulates a range of 
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immunomodulatory processes through as of yet poorly defined glycan-mediated 

mechanisms. 

In addition to galectin-3, epithelial cells also express other members of the 

galectin family, including galectin-1(97) and galectin-9(98). However, in contrast to 

galectin-3, galectin-1 reportedly exhibits anti-inflammatory activity. Specifically, a 

study involving a mouse model of paw edema showed that binding of galectin-1 to 

its glycoside ligand is associated with reduced PMN influx(172), whereas another 

study demonstrated reduced PMN recruitment in response to IL-8 in an in vitro 

assay of PMN chemotaxis(173). Beneficial in vivo epithelial-specific effects of 

galectin-1 have been reported. For example, prophylactic administration of galectin-

1 reduces T cell activation, pro-inflammatory cytokine production, and disease 

progression during 2,4,6-trinitrobenzene sulfonic acid (TNBS) –induced 

experimental colitis in mice(174).  An in vivo model of gram-negative bacterial lung 

sepsis was used to show that galectin-9−/−
98

 mice exhibit less extensive tissue damage 

and improved lung pathology associated with reduced PMN recruitment( ), thus 

supporting hypotheses that galectins play important roles during inflammation-

induced PMN trafficking.  

In addition to galectin-mediated effects on PMN trafficking, other cell 

surface–expressed glycans also play important roles during leukocyte recruitment. 

For example, core 2 oligosaccharides generated by the glycosyltransferase core 2-β1,6-N-acetlyglucosaminyltransferase play a role in PMN trafficking to the 

peritoneum(175). In addition, chemokines such as CXCL8 and MIP-2 bind to (and 

then slowly dissociate from) glycosaminoglycans in vivo, thus forming 

spatiotemporal chemokine gradients that facilitate PMN recruitment into inflamed 

tissues of the lung(176).  

Patients with LAD2, who present with neutrophilia, recurrent bacterial 

infections without pus formation, and chronic gingivitis, exemplify the importance 

of glycans during PMN trafficking(177). PMNs from these patients do not express 

the L-selectin–binding ligand sLex

178

 and thus fail to migrate into inflamed tissues. 

Similarly, mice deficient in the specific fucosyltransferases IV and VII exhibit the 

same deficits in PMN trafficking as selectin-deficient mice( ). Although these 
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defects in sLex

179

 production have been linked to impaired PMN trafficking from the 

microcirculation, specific deficiencies in glycosylation also influence PMN TEM. For 

example, expression of the mucin-like protein mucosal addressin molecule-1 

(MAdCAM-1) is reportedly increased in the mucosal epithelial tissues of individuals 

with ulcerative colitis( ). Interestingly, increased disease activity in these colitic 

patients is associated with increased expression of the glycan sulfotransferase 

GlcNAcGST-1, which preferentially modifies MAdCAM and is thought to contribute 

to the generation of the glycoepitope sLex 180( ).  

 

f i m t  

During infection by enteropathogenic microbes such as Escherichia coli and 

Salmonella typhimurium, PMNs undergoing TEM encounter invading microbes 

present in mucosal tissues and respond to these pathogens with rapid phagocytosis 

and degranulation(181). PMNs kill invading pathogens that have been engulfed in 

phagosomes through NADPH oxygenase–dependent mechanisms (e.g., ROS) and 

release of anti-bacterial proteins such as cathepsins, defensins, lactoferrin, and 

lysozyme. Similar to recent reports of glycan-mediated effects on PMN TEM, it has 

been reported that PMN degranulation and phagocytosis can be triggered by 

engagement of PMN surface glycans. For example, following migration across 

human intestinal epithelium, PMN surface expression of the Lewis glycan family 

member Lex increases. Further, targeting of surface Lex

55

 glycans (expressed in a 

terminal position at the ends of glycan chains) on PMNs increases both the rate of 

phagocytosis and surface expression of CD63 and CD66b, which are markers of 

primary and specific PMN granules, respectively( ). Thus, glycan-mediated 

interactions appear to be fundamentally important in PMN trafficking from the 

vasculature, PMN crossing of epithelial barriers, and augmentation of PMN effector 

functions at sites of mucosal infection/inflammation. 

 

t d  

PMN-mediated destruction of invading microbes (as described above) is 

essential for successful immune responses. In addition, during the late stages of 
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acute inflammation, infiltrating PMNs communicate with other inflammatory cells 

within the mucosal tissues in ways that influence the local microenvironment to 

promote tissue restitution, wound healing, and homeostasis. However, during 

persistent inflammatory responses, 

57

ongoing pro-inflammatory signaling results in 

persistent influx of activated PMNs and a delay in the restitution response. 

Migration of large numbers of activated PMNs results in tissue damage due to the 

formation of epithelial wounds caused by forced separation and injury of epithelial 

cells( , 107, 125). These epithelial wounds are thought to be precursors of the 

large areas of denuded mucosa or ulcerated epithelium typical of inflammatory 

disorders such as IBD and ALI/acute respiratory distress syndrome (ARDS). In 

addition to the mechanical damage caused by large numbers of translocating PMNs, 

soluble mediators from the migrating PMN arsenal have also been implicated in the 

disruption of the epithelial barrier and exacerbation of mucosal inflammation. Thus, 

bystander-tissue damage caused by the release of proteases such as elastase, 

enzymes such as myeloperoxidase, ROS, and other toxic PMN metabolites 

contributes directly to the pathobiology of many inflammatory diseases, including 

rheumatoid arthritis, IBD, CF, and COPD(142, 182-184).  

 One of the most-studied PMN metabolites is the serine proteinase NE, which 

is stored predominantly in azurophilic or primary PMN granules. Importantly, high 

levels of NE in bronchoalveolar lavage (BAL) fluid from patients with ALI/ARDS are 

correlated with disease severity(185). In addition, in vivo administration of NE 

results in severe lung damage. Furthermore, elastase inhibition is protective against 

lung damage, as measured by variables such as permeability of the alveolocapillary 

membrane(186, 187). NE has also been implicated in the pathology of both CF and 

COPD; significantly elevated NE levels at infectious sites in pneumonia patients have 

also been reported(188). In addition to pulmonary inflammation, NE has also been 

implicated in the pathogenesis of IBD. In fact, both fecal and plasma levels of NE 

reportedly can be used as markers of disease activity in IBD(189, 190). NE levels 

and activation are increased during colitis in vivo, potentially contributing to 

disease progression through the loss of epithelial barrier function(191). Similarly, 

concentrations of NE are increased in the urine of individuals with interstitial 
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cystitis, a condition characterized by chronic inflammation of the submucosal and 

muscular layers of the bladder(192). It has been suggested that effects of NE involve 

disruption of junction-associated proteins such as E-cadherin, enabling further 

loosening of cell-cell contacts by migrating PMNs, in turn triggering further loss of 

epithelial barrier function and promoting subsequent migration of trailing 

leukocytes(125). 

PMNs in the mucosal tissues also secrete numerous MMPs that degrade most 

components of the extracellular matrix, which is a major constituent of the 

subepithelial space. As well as exerting specific effects on epithelial integrity, 

increased expression of MMPs derived both from PMNs and macrophages has been 

implicated in the tissue injury associated with ALI/ARDS(193). Consistent with the 

above observations, MMP inhibition is protective in experimental models of lung 

injury(194, 195). Increased detection of MMP-3, MMP-9, and MMP-12 in the 

inflamed intestinal mucosa of individuals with IBD has also been reported(196, 

197). Elevated levels of MMP-9 are associated with mucosal tissue damage and 

fistula formation in individuals with Crohn’s disease(198), and MMP-9 deficiency or 

inhibition is correlated with improved outcome and reduced tissue damage in 

animal models of IBD(199, 200). MMPs reportedly degrade important junction-

associated molecules, including E-cadherin and occludin, thus contributing to 

junction disassembly and destabilization of the epithelial barrier(201, 202). Despite 

these observations, the discrete effects of individual PMN MMPs on targeting 

specific junctional proteins during PMN trafficking have yet to be fully 

characterized. 

Besides MMPs, activated PMNs also release small, cationic, arginine-rich 

peptides, including human neutrophil peptides (HNPs)/defensins, which exhibit 

antimicrobial activity against both gram-positive and gram-negative bacteria (as 

well as enveloped viruses and fungi) through permeabilization of the cell 

membrane(203). Aside from antimicrobial activities, HNPs induce permeability 

changes in mucosal epithelia through both cytotoxic and non-cytotoxic mechanisms. 

HNP concentrations are elevated in the BAL fluid of individuals with ARDS and CF. 

Furthermore, in vivo administration of defensins results in direct increases in lung 
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permeability and injury. Consistent with this observation, intraperitoneal 

administration of human alpha-defensin 1 (HNP1) to mice during dextran sulfate 

sodium-induced colitis leads to a more severe disease response, with altered 

cytokine levels, suggesting a pro-inflammatory role for PMN HNP1 during mucosal 

inflammation in the intestine(204). Thus, it is not surprising that plasma 

concentrations of HNP1-3 are significantly increased in individuals with IBD, 

possibly due to increased expression of HNPs by circulating PMNs(205). 

Collectively, these data suggest that HNPs play a pathogenic role in diseases 

characterized by PMN-mediated injury to mucosal epithelia.  

Similar to what is described for PMN-produced proteinases and HNPs, PMN-

derived oxygen metabolites have been implicated in the mucosal damage associated 

with dysregulated PMN influx. PMN oxidant–mediated tissue injury is a key factor in 

the pathogenesis of ARDS, and PMN-derived injurious oxidants induce lung injury in 

animal models of ALI. ROS and oxidant-induced protein or lipid alterations have 

been implicated in the pathogenesis of IBD(206), in which intestinal mucosal 

biopsies revealed increased ROS production during inflammation(207). PMN-

produced ROS can be particularly damaging to the intestinal epithelium, as the 

plasma membrane of IECs contains large amounts of polyunsaturated fatty acids 

that are highly susceptible to damage by oxidizing radicals(208). In support of the 

hypothesis that PMN-derived ROS cause tissue damage during intestinal 

inflammation, PMNs from individuals with IBD reportedly generate increased levels 

of ROS compared with PMNs from healthy donors(209, 210). . In addition to PMN 

produced ROS, dual oxidase 2 (DUOX2) an epithelial specific NAPDH oxidase that 

generates H2O2

211

/ROS is highly expressed in gut epithelium and plays an important 

role in innate host defense against luminal bacteria( ).  Further, DUOX2 

expression is markedly upregulated in the intestines of individuals with irritable 

bowel syndrome and in the inflamed mucosa of individuals with ulcerative colitis 

and Crohn’s disease suggesting that increased expression of epithelial DUOX2 

contributes to mucosal dysbiosis(212).  

Through complex mechanisms, reactive oxygen metabolites increase 

epithelial permeability via disruption of TJs and rearrangement of junctional 
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proteins(213, 214) thus playing an important role in the bystander-tissue damage 

associated with IBD, COPD, and other inflammatory diseases. However, the ability of 

PMNs from patients with CGD to efficiently migrate across epithelial barriers 

suggests that oxidant-associated junction disruption is not an absolute requirement 

for PMN TEM(105). Interestingly IBD resembling Crohn’s disease occurs in about 

one third of CGD patients(215) and functional genetic variants in NOX2 (not severe 

enough to result in CGD) have been associated with very early onset IBD(216). 

Taken together these data suggest that the absence of PMN-derived oxidants 

changes the mucosal response to inflammation possibly through increased 

activation of PMN proteases. In support of this hypothesis CGD mice (lacking a 

complete respiratory burst) develop accentuated TNBS-mediated colitis (associated 

with increased PMN infiltration and decreased inflammatory hypoxia) compared to 

TNBS treated control mice(217). 

In addition to PMN-produced proteinases and ROS, PMNs also reportedly 

release metal-chelating proteins that contribute to mucosal tissue damage at sites of 

infection(218). One such chelating protein, neutrophil gelatinase-associated 

lipocalin (NGAL), captures and depletes siderophores, thus depleting levels of 

available iron and reducing bacterial growth during active infection(219). However, 

NGAL also binds to and activates MMP-9, leading to increased degradation of 

collagen and increased tissue damage at sites of inflammation(220). Such increased 

expression of NGAL has been reported in acute and chronic kidney injury(221), 

COPD(222), and various cancers(223), as well as in the colonic mucosa, urine, and 

feces of individuals with IBD(224, 225).  

 

s 

Although there has been progress in elucidating the mechanisms that 

regulate PMN interactions with epithelial cells, the complex nature of the interplay 

between migrating PMN and mucosal epithelial as well as the myriad of epithelial 

functions (including barrier function, ion and water flux, gas exchange and nutrient 

absorption) means that this challenging area remains generally understudied. 

Further investigation of the pathobiology of PMN TEM is of major importance, as 
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underscored by the strong link between PMN trafficking across epithelial barriers 

and the pathology of numerous diseases. Understanding the complex nature of PMN 

interactions with epithelial cells during PMN trafficking will likely pave the way for 

tissue-targeted pharmaceutical approaches aimed at ameliorating the consequences 

of dysregulated inflammation in diseases such as COPD and IBD. 
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