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Abstract
In very-low-birth weight (VLBW, <1500 gram) infants, late-onset neonatal sepsis and necrotizing
enterocolitis prolong the hospital stay, increase the cost of care, and place the infant at greater risk
for morbidity and mortality (1). Long-term follow-up studies have demonstrated that these infections
significantly increase the risk of neurological disabilities (2). With incidences of ~20% and 5–10%
respectively, late-onset sepsis [LOS] and necrotizing enterocolitis [NEC] in VLBW infants need new
preventive approaches. A long-held belief is that LOS and NEC result from bacterial translocation
[BT]. Bacterial translocation is defined as invasion of indigenous intestinal bacteria through the
mucosa into normally sterile tissue (3). This definition has been extended to include bacterial toxins
or antigens, which damage intestinal epithelia and enter the circulation resulting in a systemic
inflammatory response (4). Local BT through the intestinal mucosa, or toxin-related injury of
intestinal epithelia, is associated with NEC (5), while BT beyond the intestine causes sepsis and
multi-organ failure (6,7). This chapter describes: 1) development of the intestinal microbiota, 2) how
immaturity of the nascent epithelial lining of the gastrointestinal [GI] tract and its sub-mucosal tissues
mediate BT, 3) strategies to accelerate barrier functions in the immature GI tract and 4) the effects
of nutrition and colonization by commensal bacteria on the susceptibility of the immature intestine
to BT.
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EMERGENCE OF INTESTINAL MICROBIOTA AFTER BIRTH
GENERAL PRINCIPLES

Healthy term infants stay with their mothers, breast feed, and acquire an intestinal microflora
from the mother that is genetically compatible. This theory espoused by Hooper et al (8), holds
that proper postnatal acquisition of genetically compatible gut microbiota improves nutrition
and fortifies the gut’s epithelial barrier. By contrast, VLBW infants are almost always separated
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from their mothers and are cared for in the NICU containing resistant and invasive pathogens.
While early and full human milk feedings reduce LOS (9), this goal is difficult to achieve.

Dysbiosis of the intestine, or abnormal gut flora, increases the risk of LOS and NEC in VLBW
infants. Reasons for dysbiosis include: birth by cesarean section, hygiene practices, prolonged
antibiotic administration, reduced bowel motility, immature epithelial host defenses, type or
mode of nutrition, and parenteral nutrition (10–12). Strategies that alter these variables will
reduce the risk of LOS and NEC (12).

DEFINING AN INTESTINAL MICROFLORA IN NEONATES THAT CAUSES BACTERIAL
TRANSLOCATION

Standard bacteriologic culture techniques have traditionally been used to define the acquisition
and succession of bacteria in the immature intestine. Escherichia coli, staphylococci and
enterococci are present in neonatal stools within days of birth, while the genera
Bifidobacterium, Clostridium, and Bacteroides can be detected within a week or two (10,13).
This is also the time period when NEC becomes prevalent. In 1974, Hill et al (14) showed that
BT was associated with an epidemic of sepsis, meningitis and NEC due to Klebsiella.
Klebsiella, and the hydrogen sulfide gas this microbe produces during fermentation, were found
during micro-puncture of the cysts in infants who had pneumatosis intestinalis. Other studies
have shown that delta toxin (δ-toxin) produced by staphylococci can disrupt gut epithelia and
initiate bacteremia and NEC (15,16) Numerous studies identifying multiple microorganisms
in infants with NEC and LOS highlight the difficulty in defining a disease-specific bacterial
pathogen.

Non-culture-based microbial analyses of feces are currently being used to understand the
bacterial pathogenesis of NEC (17–19). de la Cochetière et al isolated DNA from stool,
amplified microbial 16S rDNA, and then used temporal temperature gradient gel
electrophoresis of the PCR amplicons for identification (20). In three infants who developed
NEC (but in none of the control infants) Clostridium perfringens was identified. However,
causation could not be linked to the presence of Clostridium. Wang et al studied ten preterm
infants with NEC (and ten matched controls) using DNA isolated from feces that was amplified
using PCR and subjected to terminal restriction fragment length polymorphism analysis (21).
A sequence library of 16S rRNA for enteric bacteria was used for identification. Patients with
NEC had less bacterial diversity and an increased abundance of γ-proteobacteria [e.g., E.
coli] in the stools. In contrast, a recent study by Mshilddazde et al using pyrosequencing
technology demonstrated that the overall microbial profiles in patients with NEC were not
different than those of control infants (22). Thus to date, molecular methods have not clarified
the bacterial pathogenesis in NEC. It is possible that NEC may be similar to Crohn’s disease
wherein the “enteric bacterial community”, host genetics and defects in immunity, in
combination, contribute to pathogenesis (23). Molecular techniques for microbe identification
[metagenomics] will not delineate 1) high numbers of diverse, infectious bacteria attacking gut
epithelia [microbial load], 2) multiple mechanisms used by pathogens to gain entry into or
around intestinal epithelia [virulence], or 3) bacterial toxins that causes necrotic or apoptotic
death of intestinal lining cells [lethality] (24). However, combining molecular microbial
identification in patients with NEC with knowledge from the human microbiome project (25)
may enable researchers and caregivers to better understand the connection between BT and
NEC.

MICROBE AND EPITHELIAL CELL INTERACTIONS THAT MEDIATE BACTERIAL
TRANSLOCATION

As shown in Figure 1, bacteria reach the sub-mucosa of the intestine via both transcellular and
paracellular pathways, while microbial toxins leave the intestinal lumen via the paracellular
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pathway after loss of tight junctions between enterocytes. Most neonatal studies of BT have
been performed in vitro (26), and in vivo information about BT in the immature intestine is
limited (27). Our understanding of bacteria and enterocyte interactions that initiate BT is largely
derived from studies of enteropathogenic, enteroinvasive, and enterohemorrhagic Escherichia
coli, Shigella spp., Salmonella spp., Listeria monocytogenes, and Yersinia spp. (27–29).
Several mechanisms of BT have been identified. A zipper mechanism is used by Listeria
monocytogenes and Yersinia pseudotuberculosis to enter enterocytes, while Shigella and
Salmonella use a trigger mechanism for transcytosis (29). The zipper mechanism exploits
transmembrane cell-adhesion proteins as receptors for the bacteria. The trigger mechanism
uses the bacterial type III secretory system [TTSS]. TTSS involves a bacterial needle-like probe
that injects dedicated bacterial effectors into epithelia and the injected molecules modify the
cytoskeleton to facilitate bacterial entry. Other adhesive mechanisms allow invasive
Escherichia coli to bind to epithelial surfaces and enter enterocytes while also initiating
inflammation (30–32). During inflammation, production of nitric oxide alters expression and
localization of the tight junction zonulin proteins ZO-1, ZO-2, ZO-3 and occludin (33).
Disruption of tight junctions that surround the upper part and lateral surfaces of enterocytes
leads to intestinal hyperpermeability and predisposes to BT. Cronobacter spp. [Enterobacter
sakazaki] requires the host cell cytoskeleton for transcytosis, a process enhanced by disruption
of tight junctions (34,35). Toll-like receptors [TLR] are present on the luminal surface of
enterocytes to sense danger and activate host defenses, but TLRs can also be harmful by
mediating phagocytosis and translocation of bacteria across the intestinal barrier (36). Finally,
the “enteric bacterial community” plays a role in BT as evidenced by a study showing
Campylobacter jejuni assisting commensal bacteria to cross gut epithelia using lipid rafts
(37).

Once pathogens pass the mucus and epithelial barriers, sub-mucosal macrophages ingest
translocated bacteria. This process occurs without initiation of an inflammatory response
(38). The efferent vagus nerve enhances intestinal macrophage phagocytic activity by
stimulating the alpha4beta2 nicotinic acetylcholine receptor (39). The vagus nerve also
dampens cytokine-driven inflammation via its actions on the alpha7 nicotinic acetylcholine
receptor on intestinal macrophages, in a process termed the cholinergic anti-inflammatory
pathway (40–42). The physiology of intestinal macrophages and the efferent vagal regulatory
system in the intestine of neonates has not been characterized. If intestinal macrophages are
dysfunctional in VLBW infants, as they are in adults with Crohn’s disease (43), this dysfunction
may contribute to BT. Pathogenic bacteria can readily destroy sub-mucosal macrophages,
thereby enhancing BT.

A major task of sub-mucosal macrophages is protection from BT that occurs via microfold
epithelium over Peyer’s patches [called M cells] (44). M cells evaluate the intestinal lumen
environment and transport bacteria through the epithelial barrier to sub-mucosal macrophages
and dendritic cells, which then act as antigen-presenting cells [APCs]. M cells are portals for
BT because they have no peptide antibiotic defense akin to enterocytes and they are not covered
by a mucin layer. Dendritic cells use secretory immunoglobulin A [sIgA] to take up bacteria
from M cells (45). Pathogen-specific sIgA secretion into the neonatal gut lumen occurs over
time in relation to antigen exposure, thus at birth, sIgA is not secreted into the bowel to protect
against BT. Neonates can, however, passively acquire sIgA from maternal breast milk.

GUT EPITHELIA AND PROTECTION AGAINST BACTERIAL
TRANSLOCATION

The mechanisms used by goblet cells, enterocytes and Paneth cells to protect VLBW infants
from BT are summarized in Table 1 (46,51–53,62–65).

Sherman Page 3

Clin Perinatol. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



THE NON-EPITHELIAL BARRIER
The first line of defense for preventing BT is the mucous coat overlying gut epithelia, produced
by goblet cells. There are misconceptions about the mucus layer because histologic
preparations have not delineated its true characteristics (46). The mucus layer is now
appreciated as a gel-like diphasic system that exists in a liquid phase near the lumen and a more
solid phase near the epithelia. The outer or luminal mucus layer has degraded mucin, diluted
antimicrobial peptides, and some bacteria. The epithelium-associated mucus layer is firmly
bound, is rich in natural antibiotic peptides, and has a sterile micro-aerobic environment. In
the crypts, antimicrobial peptide concentrations are high because of Paneth cell secretions.
Paneth cells are in close proximity to and serve a protective role for intestinal stem cells. Goblet
cells secrete MUC2 and trefoil factors to facilitate mucin polymerization. MUC 2 is the
structural component of the protective mucus layer, while trefoil factors serve important
protective roles such as prevention of enterocyte apoptosis and renewal of epithelial cells.
MUC2 is synthesized rapidly in preterm infants based on threonine incorporation into its
peptide backbone (47). MUC2 mRNA appears at 12 weeks of human gestation in the jejunum,
ileum, and colon (48). In newborn animals, the mucus layer is said to be discontinuous, which
would promote BT; however there is speculation that this finding could be an artifact. The
quality and quantity of mucin in preterm infants is not well characterized.

THE EPITHELIAL BARRIER
Gut epithelia are essential to host defense in the distal ileum and proximal colon which are the
primary areas of involvement in NEC (49). Figure 2 illustrates how Paneth cells sense
commensal microflora leading to release of angiogenins that mediate development of the
epithelia and villi (50). Goblet cells secrete the mucus barrier, a primary defense against BT.
Enterocytes also serve as multi-functional protectors of the gut barrier. Originating from stem
cells at the base of the crypts, enterocytes migrate toward the villus tip (51). Human enterocytes
contain β-defensins that are secreted into the mucus layer and defend against bacterial
transcytosis (52). If enterocytes are invaded, these defensins are secreted and act as
chemoattractants for dendritic cells and T cells. Cathelicidins, including LL-37/CAP18 and
CRAMP, are a second class of antimicrobial peptides in enterocytes which are microbicidal
for Gram-positive and Gram-negative bacteria (53). LL-37 has chemotactic activity for
monocytes, macrophages, and T cells and initiates Th1-related cytokine secretion by dendritic
cells.

Paneth cells, epithelia localized to the crypts of Lieberkuhn, contribute significantly to gut
innate immunity. Mallow et al (54) used in situ hybridization to localize α-defensins to Paneth
cells during human gestation. At 19 to 24 wks of gestation, mRNA levels of α-defensins in the
small intestine are 40- to 250- fold lower than that seen in adults. A reduced number of Paneth
cells per crypt at 24 wks of gestation compared to adults may partly explain the lower mRNA
levels of α-defensins. In contrast, Paneth cells in intestinal segments obtained from infants with
NEC exhibit increased mRNA transcripts for α-defensins (55). This is a late finding, and it
may simply imply that bacterial pathogens induce expression of α-defensins. Coutinho et al
demonstrated a depletion of lysozyme in Paneth cells in infants with necrotizing enterocolitis
(56). Further support for the importance of Paneth cells in neonatal host defense comes from
studies using dithizone to selectively kill Paneth cells and reduce their antimicrobial granules
(57). When neonatal rats were given dithizone and then infected with enteroinvasive
Escherichia coli, all pups developed bacteremia caused by E. coli and some animals developed
ileal necrosis akin to NEC (57). Studies of neonatal mice with a genetic gain or loss of α-
defensins [cryptdins] indicate that these Paneth cell-associated antimicrobial peptides play a
role in the emergence of the intestinal microbiota after birth (58). The pathogenesis of Crohn’s
disease is also linked to a deficiency of α-defensins (59). Finally, cortisone increases the
number and complexity of Paneth cells in neonatal rats (60), and antenatal steroids are linked
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to a reduction in NEC in preterm infants (61). Taken together, these data support the important
role of Paneth cells in modulating enteric bacteria and in serving as a major innate defense
against BT, LOS and NEC in preterm infants (62).

Paneth cells have additional roles beyond prevention of BT (63–65), such as sensing changes
in the microflora of the mature gut and maintaining host-microbial homeostasis at the mucosal
surface (66). Paneth cells also stimulate blood vessel growth during development and after
intestinal injury, via production of angiogenins (50,66). Paneth cells produce and respond to
inflammation-modulating cytokines. They have abundant mRNA transcripts for tumor
necrosis factor-alpha [TNF-α] and there is a marked increase in TNF-α mRNA in Paneth cells
in infants with eosinophil- and macrophage-related infiltrates observed during NEC (67).
While some evidence suggests that TNF-α from Paneth cells may be responsible for the massive
necrosis seen during NEC, other researchers have observed that TNF-α is involved in villus
repair after injury. Other cytokines have been reported to regulate Paneth cell number and
function. For example, the combination of IL-9 and IL-13 was shown to mediate Paneth cell
hyperplasia and up-regulate innate immunity at the gut’s epithelial barrier (68).

THE ROLE OF NUTRITON IN PREVENTING BACTERIAL TRANSLOCATION
GENERAL PRINCIPLES

During the 3rd trimester of pregnancy, the fetus swallows nutrients-, growth factors-, and
antibiotic peptide-rich amniotic fluid (69). Human milk is even more complex than amniotic
fluid, and it continues to enhance intestinal development after birth (70). In addition to its
nutrient composition, human milk contains hormones, growth factors, cytokines,
immunomodulators, natural peptide antibiotics, sIgA, and probiotic bacteria (70–76).
Secretory IgA in milk is the end result of crosstalk between the mother and her environmental
microbiota (76). The continuum of drinking amniotic fluid and then human milk results in NEC
being infrequent in breast-fed infants born at term gestation. VLBW infants are born without
proper maturation of the intestine or its innate antimicrobial defenses, and mother’s milk is the
fallback mechanism to prevent BT, LOS or NEC. A recent report reaffirms that an exclusive
human milk diet, rather than partial or full bovine milk-based nutrition, significantly reduces
the incidence of NEC (77). VLBW infants cannot consume enough breast milk early in life to
achieve an adequate innate host defense in the immature intestine. To address the lack of
mother’s milk after birth, lactoferrin, probiotics, and prebiotics are being fed to VLBW infants
with the goal of boosting innate host defenses against BT, LOS and NEC.

LACTOFERRIN FOR PREVENTION OF BACTERIAL TRANSLOCATION IN INFANTS
Lactoferrin [LF] is a member of the transferrin family and a multi-functional protein with high
concentrations in colostrum and a stable content in mature milk. As summarized in Table 2,
LF has antimicrobial, anti-inflammatory, immunoregulatory, and growth-promoting properties
which contribute to prevention of BT in VLBW infants (50,61,62,78–94). Recombinant human
lactoferrin [rhLF] was studied in preclinical models for its ability to prevent NEC. Feeding of
rhLF to neonatal rats before inducing an intestinal infection with enteroinvasive Escherichia
coli was shown to enhance survival of the rat pups, reduce infection of the jejunum and ileum
(80) and limit E. coli-related translocation to the liver and blood (81). These studies were the
basis for a clinical trial of bovine lactoferrin [bLF] prophylaxis in VLBW infants. Manzoni et
al observed a significant reduction in LOS among VLBW infants fed bLF (82). When bLF and
Lactobacillus rhamnosus GG [LGG] were given enterally to the infants, NEC was significantly
lower compared to controls. No adverse events were seen related to feeding bLF to infants.
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PROBIOTIC BACTERIA AND PREVENTION OF BACTERIAL TRANSLOCATION IN INFANTS
In 1907, Nobel laureate Elie Metchnikoff proposed that yoghurt [containing probiotics]
prolonged life (95). In 1899, his colleague at the Pasteur Institute, pediatrician Henry Tissier
had already discovered bifidobacteria in the feces of breast-fed infants (95). The “bifidogenic
effect” of human milk is attributed to its low protein content as well as its lactose, nucleotides,
oligosaccharides and lactoferrin (96). There is evidence that emergence of lactic acid bacteria
and bifidobacteria in the nascent bowel microbiota hinders BT into the intestinal wall.
Streptococcus thermophilus and Lactobacillus acidophilus interact directly with intestinal
epithelia to resist E. coli-related invasion (97). Bioactive factors secreted by B. infantis lessen
intestinal permeability caused by TNF-α and interferon-γ (98). Prophylaxis with Lactobacillus
plantarum likewise prevents changes in tight junction proteins during gut-related infection
with enteroinvasive E. coli (99). Cytokine-induced apoptosis of gut epithelia is mitigated by
LGG (100). Preclinical studies showed that Bifidobacteria significantly moderates necrotizing
enterocolitis in neonatal rats (101).

Beneficial in vivo effects of oral probiotic biotherapy in neonates are reportedly related to more
competent gut-related immunity, a less pathogenic intestinal microflora, and diminished intra-
luminal microbial toxins (5,101,102). Clinical studies in human newborn infants demonstrated
that probiotics reduced the incidence of NEC, although the effect was less evident in extremely
preterm infants (103,104). From a safety perspective, no probiotic bacteria were isolated from
blood cultures. However, probiotics have not been shown to reduce mortality. A meta-analysis
of all probiotic studies to prevent NEC reached similar conclusions (105). More studies with
probiotics are needed to show efficacy and safety (106).

PREBIOTICS AND PREVENTION OF BACTERIAL TRANSLOCATION IN INFANTS
When taken orally, prebiotics are non-digestible “foods” that selectively promote growth of
one or more bacteria living in the GI tract (107). Prebiotics in human milk include
oligosaccharides and other glycans such as glycoproteins, glycolipids, glycoaminoglycans, and
mucins (108). These milk components promote gut colonization with bifidobacteria. Some
researchers suggest that the “bifidogenic effect” of human milk extends beyond glycans (96).
Among many bifidobacteria tested, only Bifidobacterium longum biovar infantis was able to
grow during human milk oligosaccharide supplementation alone (109). There appears to be
co-evolution of human milk oligosaccharides and bifidobacteria. This finding has guided
research towards examining the genetic relationship of milk oligosaccharides in a mother and
the emergence of her infant’s intestinal microbiota (109). In addition to the health benefits
afforded by bifidobacteria, glycans may: a) inhibit bacterial and viral pathogens from binding
to intestinal epithelia, b) detoxify intra-luminal products released by pathogens, c) dampen
inflammation initiated by pathogens, and d) assist in development of innate immunity in the
gut (108,110). VLBW infants receiving a mixture of neutral and acidic oligosaccharides,
however, have not exhibited a significant reduction in serious infectious morbidity (111).
Research by German et al has shown that oligosaccharides in mother’s milk confer advantages
unique to her infant (109), whereas formula supplemented with oligosaccharides cannot
replicate the effect of mother’s-own milk. A worrisome report found newborn rats fed
galactooligosaccharides and inulin had increased bacterial translocation (112). No studies have
examined the effect of prebiotics alone on the incidence of NEC (114). Probiotic and prebiotic
mixtures are fed because they foster development of a gut-related “bifidus flora” akin to that
in breast-fed infants (113). If a combined probiotic and prebiotic strategy is used to prevent
NEC in VLBW newborns, the risk of BT necessitates frequent assessments of morbidity.
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SUMMARY
Bacterial translocation from the GI tract is an important pathway initiating late-onset sepsis
and necrotizing enterocolitis in very-low-birth weight infants. The emerging intestinal
microbiota, nascent intestinal epithelia, naive immunity, and suboptimal nutrition [lack of
breast milk] have roles in facilitating bacterial translocation. Feeding lactoferrin, probiotics or
prebiotics have presented exciting possibilities to prevent bacterial translocation in preterm
infants, and clinical trials will identify the most safe and efficacious prevention and treatment
strategies.
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Figure 1. Mechanisms of Bacterial Translocation [BT] in the Small Intestine
Multiple pathways, receptors and cells are involved in BT from the intestinal lumen. Toxins
such as flagellin, endotoxins, exotoxins, and other bacterial products can disrupt tight junctions
and facilitate paracellular translocation of bacteria between intestinal epithelial cells.
Transcellular translocation of bacteria can occur via receptors including Intelectin [also
lactoferrin receptor], type III secretory system, Toll-like receptors, LFA-1 [lectin] receptor,
β1 integrin, and IgA displayed on M cells. Bacterial uptake through these cells can result in
systemic dissemination of the microbe.
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Figure 2. Commensal Bacteria and Paneth Cells Participate in the Development, Maintenance and
Repair of an Intestinal Villus
Stem cells at the base of the crypts give rise to 4 cell lineages (enterocytes, goblet cells, Paneth
cells, and intestinal neuroendocrine epithelia. These cells participate in host defense against
bacterial translocation (50,63). The role of neuroendocrine epithelia in host defense of the
intestinal villus is undefined.
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Table 1

Functional Characteristics of Goblet Cells, Enterocytes, and Paneth Cells

Immunologic Agent Cell Type Regulation Function

Mucin [MUC2] Goblet Cells
Paneth Cells

Constitutive; Stimulation
via TLR ligands, cytokines,
growth factors/hormones

Hydrophilic mucus, physical
barrier, lubrication

Trefoil peptides Goblet Cells Constitutive Mucin polymerization, anti-
apoptotic, epithelial renewal

Antimicrobial Peptides:
α-defensins
secretory phospholipase
A2 [PLA2]
lysozyme

}Paneth cells Constitutive, Stimulation
via TLR or NOD ligands;
Cholinergic stimulation
releases microbicides Disrupt microbial walls,

Promote inflammation

angiogenin 4
cathelicidins
β-defensins

}Enterocytes

Lectins
RegIIIγ, Collectins

Paneth cells and
Enterocytes

Constitutive, Stimulation
via TLR ligands

Antimicrobial activity

Protease Inhibitors:
Secretory Leukocyte
Protease Inhibitor [SLPI]
Elafin

Paneth cells and
Enterocytes

Constitutive Antimicrobial activity

Phospholipids Enterocytes Cortisone Lubricant in mucus

Nucleotide-binding
oligomerization domain

Enterocyte – NOD1
Paneth cell – NOD2

Constitutive Microbial sensors, activate
inflammation

Clin Perinatol. Author manuscript; available in PMC 2011 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sherman Page 16

Table 2

Mechanisms by Which Lactoferrin [LF] Prevents Bacterial Translocation

Physiologic or Immune Processes Related to
LF or Its Enzymatic Digestion Products

Type of Action References

Fe3+ withholding defense mediates bacteriostasis Antimicrobial 63,78,79

Synergy with peptide antibiotics [e.g., lysozyme],
antibiotic drugs, IgA to facilitate microbial killing

Antimicrobial 83

Low pH & peptic digest of LF kills Gram [+] &
Gram [−] bacteria, fungi, viruses, & parasites

Antimicrobial 63,78,79

LF-derived peptides kill antibiotic-resistant
Staphylococcus aureus & Escherichia coli

Antimicrobial 84,85

Binds endotoxins, exotoxins, CpG, flagellin;
Blocks toxin-mediated cytokine production

Anti-inflammatory 79,86–88

Blocks adhesins on cells for bacteria & biofilms
Inhibits type III secretory system, flagella motility

Antimicrobial 89

Multiple enzyme activities [e.g., ribonuclease] Anti-inflammatory 50,62,78,90

Binds to & promotes growth of probiotic bacteria Antimicrobial 91

Binds to Intelectin, promotes proliferation and
differentiation of epithelia and immune cells;
primes Th1 immunity [Th2 to Th1 switch]

Antimicrobial
Immunoregulatory

72,78,
79,92

Activates macrophages via TLR, other receptors
Recruits & activates macrophages, dendritic cells

Pro-inflammatory,
Alarmin

93,94
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