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Antimicrobial peptides (AMPs) form a significant part of innate immunity. AMP expression is often altered in response to
colonic infection, inflammation and cancer. Over the last two decades, the roles of antimicrobial peptides have been
discovered and explored. Certain AMPs such as alpha defensin HD 5-6 and beta defensin HBD1 are constitutively
expressed while others including defensin HBD2-4 and bactericidal/permeability increasing protein (BPI) are associated
with Inflammatory Bowel Disease (IBD). Cathelicidin expression is decreased in colon cancer tumors. Gene expression of
several AMPs (beta defensin HBD2-4 and cathelicidin) is induced in response to invasion by gut microbes. Cathelicidin
can modulate colitis while other AMPs such as lactoferrin and hepcidin can serve as biomarkers of IBD disease activity
and/or colon cancer. Several endogenous host-based AMPs (cathelicidin, elafin and SLPI) may be delivered intravenously
or intracolonically in vivo. Novel AMPs (synthetic or artificial non-human peptides) with potent antimicrobial, antiinflammatory or anti-tumoral property have been developed but the application of AMPs for therapeutic purposes is still at
an early stage of development. This report details the latest development of AMP-related research with emphasis on
innate immunity and pathophysiology of colitis, intestinal infection and cancer.
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1. Introduction
Antimicrobial peptides (AMPs) are endogenous antibiotics with antimicrobial activities. They are generally expressed
in the intestinal lining in close contact with the gut microflora. AMPs are expressed in intestinal epithelial cells, Paneth
cells and immune cells in either a constitutive or inducible manner. Over the last decade, many endogenous AMPs have
been studied for their expression and role during infections and cancer as well as during intestinal inflammation in
Crohn’s disease (CD) or Ulcerative colitis (UC). This book chapter includes recent findings of different antimicrobial
peptides and proteins found in the gut and further discusses their role in intestinal infection, inflammation and cancer.

2. Natural antimicrobial peptides
2.1. Cathelicidin
Humans and mice have only one form of cathelicidin called LL-37 and mCRAMP, respectively 1, 2. Although the exact
antimicrobial mechanism of cathelicidin is not fully understood, it is known that LL-37 is able to form transmembrane
pores on cell membrane of target organisms 3. Subsequently, cathelicidin increases cell membrane permeability and
inhibits bacterial cell wall biosynthesis 4. Cathelicidin possesses significant antimicrobial activity against group A
Streptococcus, Staphylococcus aureus and enteroinvasive E. coli O29 5. In addition, cathelicidins are found in amniotic
fluid and breast milk. The mature form of LL-37 is present in human milk, suggestive of its role in conferring passive
immunity in fetuses and newborns before autonomous immunity is fully established.
Colonic cathelicidin Camp mRNA expression is significantly increased in UC, but not CD patients as seen in biopsy
samples from a pool of 89 normal and IBD patients 6. The presence of NOD2 gene polymorphism or severity of
inflammation have no significant influence on cathelicidin expression level in CD patients 6. In the colonic mucosa,
cathelicidin is typically found at the top of colonic crypts but not in deeper crypts and this expression pattern is similar
among normal and IBD patients. The expression of cathelicidin and its distribution in the colon is not associated with
pro-inflammatory cytokines in IBD patients, as TNFα, IFNγ, LPS, IL-4, IL-12 and IL-13 are not able to induce
cathelicidin expression in human colonic epithelial HT-29 cells 6.
Short-chain fatty acid butyrate, a bacterial metabolite, is a well-established stimulant of cathelicidin expression.
Sodium butyrate belongs to the histone deacetylase (HDAC) inhibitors family. Exposure to another HDAC inhibitor,
Trichostatin A, leads to an increase in cathelicidin expression though this observed response was anticipated 7.
Moreover, the transcription factor PU.1 of the Ets family binds to the Camp promoter segment and mediates Camp gene
expression in HT-29 cells 8. Upon stimulation by specific agents, such as vitamin D, butyrate, or the secondary bile
acid lithocholic acid, both PU.1 and Vitamin D receptor are recruited to the Camp promoter to facilitate cathelicidin
gene transcription 9. Curcumin, a curry spice ingredient, can also induce cathelicidin RNA and protein expression in
HT-29 cells independent of vitamin D receptor pathway 10.
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Ligands of TLR-2, TLR-4 and TLR-9 stimulate cathelicidin in several different cell types, including epithelial cells,
macrophages and neutrophils 11. Koon et al recently found that intracolonic administration of bacterial DNA induces
colonic cathelicidin expression in normal mice as well as in mice with DSS-induced colitis. Cathelicidin deficient
Camp-/- mice developed severe experimental acute DSS colitis compared to wild-type mice 12. Furthermore, bone
marrow transplantation experiments demonstrated that expression of cathelicidin from bone-marrow derived immune
cells plays an important anti-inflammatory role in the development of DSS-induced colitis in mice 12.
As shown by Koon et al, endogenous cathelicidin exerts anti-inflammatory effects during the course of DSS-induced
colitis in mice 12. Tai et al administered cathelicidin mCRAMP intracolonically to treat mouse colitis in the same
model 13. Intrarectal administration of mCRAMP to mice with DSS-induced colitis led to a significant reduction in
colonic histological damages and apoptosis while simultaneously restored colonic mucus thickness through increased
expression of mucin genes (MUC1-4). Importantly, mCRAMP administration markedly reduced total fecal microflora
loading further solidifying its role as a potent antimicrobial agent. Intrarectal delivery of mCRAMP-encoding plasmids
and oral delivery of mCRAMP-encoding Lactococcus can also provide similar protective effects against DSS-induced
colitis in mice 14, 15. In vitro experiments showed that cathelicidin has no effect on cell proliferation, but can exert antiapoptotic effect and promote wound healing in human intestinal epithelial HT-29 and Caco-2 cells 16. One of the
putative LL-37 receptors, P2X purinoceptor 7 (P2RX7), is expressed in primary intestinal epithelial cells and Caco-2
cells but not HT-29 cells 16. LL-37 induces mucin gene expression via P2RX7-dependent pathway 16.
Endogenous cathelicidin induction may produce similar therapeutic effects in animal models of infection. Oral
administration of butyrate or phenylbutyrate to rabbits infected with Shigella resulted in increase expression of
cathelicidin mRNA and protein level within colonic and rectal mucosa with improvement of symptoms 17. However,
both human and mouse cathelicidin failed to kill Entamoeba histolytica and did not ameliorate Entamoeba histolyticaassociated colitis in mice because Entamoeba histolytica releases a cysteine protease that can cleave cathelicidin and
subsequently lead to its degradation 18.
A recent report showed that LL-37 activated p53 dependent but caspase independent activation of apoptosis in
human cancer cells including HCT116 and LoVo cells 19. This anti-tumoral effect is G-protein coupled receptor
dependent but does not involve formyl peptide receptor 2 as its antagonist WRW4 failed to block it. Cathelicidin
deficient Camp-/- mice exhibited increased susceptibility to azoxymethane induced colon cancer development as their
colonic mucosa have reduced expression of p53, Bax and Bak and increased expression of Bcl-2 with low basal
apoptosis compared to wild-type mice. In addition, LL-37 expression in human colonic tumors is down-regulated while
LL-37 is expressed strongly in normal colonic tissues 19. Another group also showed cathelicidin analog peptide FFCAP18 caused apoptosis and inhibited cell proliferation in HCT116 colon cancer but this effects is p53 independent 20.
In summary, cathelicidin may be a potential therapeutic treatment for colitis, at least in acute colitis, while its role in
chronic colitis has yet been fully elucidated. Cathelicidin may also be a promising agent against colon cancer.
However, the cytotoxicity and hemolytic activity of cathelicidin are major concerns that need to be addressed prior to
clinical applications 21.

3. Defensin family
Human defensin family consists of a large group of ten antimicrobial peptides. Defensins are secreted from Paneth cells,
epithelial cells and immune cells and they constitute an important part of the gut innate immune response. Defensins are
divided into two groups, alpha defensin and beta-defensin, based on their amino acid cysteine distribution and
orientation of disulfide bonds 22. Defensins are further labeled as constitutive (unchanged expression during
inflammation or infection) or inducible (increased expression during inflammation or infection).
3.1. Human alpha defensin (HNP1-4)
Human alpha defensins 1-4 (HNP1-4), also called human neutrophil peptides, are primarily secreted from neutrophils
23
. These neutrophil-derived defensins possess antibacterial activity against a broad spectrum of pathogens and
modulates innate immunity to defend the host against infections 1, 2. Intraperitoneal administration of HNP-1 to mice
with DSS-induced colitis leads to more severe colitis with higher colonic cytokine expression compared to controls,
suggesting a potential pro-inflammatory role for HNP-1 in colitis 24. Interestingly, HNP1-3 protein expression is
increased in active IBD intestinal mucosa, though this response may be related to increased neutrophil infiltration
within the inflamed tissues 25. Plasma concentrations of HNP1-3 are also significantly increased in IBD patients, but
not in normal subjects, possibly as a result of increased HNP release from circulating neutrophils 2, 23-25. HNP-1 has
been shown to inhibit LPS-induced IL-1β release from monocytes, suggesting that it possesses an inherent antiinflammatory effect against endotoxin 26. HNP-1 and HNP-3 inhibit cytotoxicity and Rho glucosylation in Caco-2 cells
caused by C. difficile toxin B, but not toxin A, while beta defensin has no such protective effect 27. There is a lack of
evidence supporting the role of HNP-4 in IBD or other form of colitis even though its antibacterial effects are
noticeably prominent compared to HNP1-3 28. Based on a study of 100 colorectal cancer patients and 60 normal
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volunteers, the plasma concentration of HNP-1, HNP-2 and HNP-3 are all significantly elevated 29. Therefore, alpha
defensin may serve a novel biomarker for colorectal cancer.
3.2. Human alpha defensin (HD5 and HD6)
Human alpha defensins (HD5 and HD6) are only expressed in Paneth cells of the human duodenum, jejunum and ileum
. The inactive form of HD-5 is stored in granules within Paneth cells and the enzyme trypsin cleaves it to active form
upon secretion 30. They are not expressed in normal adult colon due to the lack of Paneth cells 26. Interestingly, HD-5
is found in metaplastic Paneth cells in the colon of IBD patients 30 and presumably it serves as a protective role in
response to bacterial challenges during colitis. In Crohn’s disease patients, ileal expression of HD-5 and HD-6 are
reduced compared to those of control subjects 31. One study suggested that NOD2 mutations may be associated with
reduced expression of alpha defensin (HD-5 and HD-6) 31; however, there is no direct association between NOD2 and
Paneth cell alpha defensin expression 32. Paneth cell alpha defensin HD-5 exerts multiple roles in inflammation and
infection. Mature form of HD-5 possesses bactericidal activities against numerous bacterial strains that include E. coli,
S. aureus and S. typhimurium 33-36 and can induce IL-8 expression in intestinal epithelial cells. Transgenic mice
overexpressing HD-5 are highly resistant to enteric Salmonella infection 37. HD-5 can also inhibit C. difficile toxin B
cytotoxicity in intestinal epithelial Caco-2 cell monolayers by inhibiting toxin B-catalyzed Rho glucosylation 27.
Human alpha defensin HD-5 protein level is elevated in the serum of colon cancer patients. Its protein level is also
increased in the colonic tumors versus normal intestinal samples 38. Human alpha defensin HD-6 gene DEFA6
expression is only moderately increased in colonic carcinoma but many adenoma expressed DEFA6 more than 60 fold
compared to normal colon tissues 39. Thus DEFA6 may be suitable for diagnosis of adenoma but not carcinoma, i.e.
early colon cancer development.
23

3.3. Human beta-defensin 1 (HBD1)
Human beta defensin 1 (protein: HBD-1; gene name: DEFB1) is constitutively expressed in both ileal and colonic
epithelium of humans 1, 2. Even with exposure to proinflammatory cytokine IL-1α or E.coli, the levels of DEFB1
mRNA expression in human colonic epithelial Caco-2 and HT-29 cells are unaffected. One study has demonstrated the
role of peroxisome proliferator-activated receptor gamma (PPARγ) in directly regulating DEFB1 expression in human
colonic Caco-2 cells 40. PPARγ deficient mice expressed a marked decrease in beta-defensin mDefB10 within the
colonic mucosa 40. The cationic proteins extracted from colonic mucosal biopsies of PPARγ deficient mice showed a
lack of bactericidal activity against Candida albicans, Bacteroides fragilis, Enterococcus faecalis and E. coli 40,
suggesting that HBD-1 may play a role in colonic inflammation and infection. In contrast to HD-5, beta defensin 1
does not protect Caco-2 cells against the cytotoxicity effect of C. difficile toxin B 27.
3.4. Inducible human beta-defensin (HBD 2-4)
Human beta-defensin 2 (HBD-2) is minimally expressed in normal colon but its expression is considerably elevated in
inflamed colonic epithelium of IBD patients 41. Despite this known response, plasma levels of HBD-2 in IBD patients
remain unchanged 42. Unlike constitutive HBD-1, exposure of human colonic epithelial Caco-2 and HT-29 cells to proinflammatory IL-1α or enteroinvasive E.coli (O29:NM) significantly induce HBD-2 expression, indicating that HBD2
plays a role in the pathogenesis of colonic inflammation and colitis-associated microflora. HBD-3 and HBD-4
expression are markedly increased in colonic crypts of UC, but not CD patients 43. There is increase mouse beta
defensin-3 expression, an analogue of HBD-2 in humans, in the colonic epithelium of mice with chronic experimental
DSS-induced colitis 44.

4. Hepcidin
Hepcidin has antimicrobial properties and also acts as a major regulator in iron homeostatis 45. Serum hepcidin level is
notably elevated in both UC and CD patients, compared to normal, healthy subjects 46. Serum hepcidin level is directly
associated with disease activity among UC patients 45. Moreover, serum hepcidin level is inversely correlated with
hemoglobin level, further supporting the role of hepcidin in IBD-associated anemia 46. There is also evidence
suggesting that the expression of hepcidin is dependent on bone morphogenetic protein/interleukin-6 (BMP/IL-6).
Anti-BMP reagents (BMP receptor blockers and anti-BMP antibody) are able to decrease hepcidin levels in mice with
T-cell transfer colitis leading to an increase in serum iron level and modest reduction in severity of colitis 47. Inhibition
of hepcidin may lead to a reversal of IBD-associated anemia and colonic inflammation. The antimicrobial potential of
hepcidin in IBD may be negligible. Among colorectal cancer patients, hepcidin level is not correlated to anemia but its
mRNA expression is increased in colonic tumors with decreased ferropoetin expression 48. Therefore, hepcidin may be
involved in signaling pathway of colon cancer.
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5. Natural antimicrobial proteins:
5.1. Protease inhibitors: Elafin and secretory leukocyte peptidase inhibitor (SLPI)
Elafin possesses antibacterial activity against Pseudomonas aeruginosa and Staphylococcus aureus. Elafin is also a
protease inhibitor with anti-bacterial effects 49 that modulates inflammation through its anti-protease activity 50. A
delicate relationship between proteases and anti-proteases is central in determining the development of inflammation
during colitis 51. Proteases damage tissues in inflammation while protease inhibitors minimize tissue damage and
facilitate healing. In a microarray study of human colonic biopsies, UC patients expressed more elafin mRNA by 30fold in comparison to healthy controls 46 but elafin expression is not evident in CD patients 52.
The expression of another anti-protease equivalent, secretory leukocyte protease inhibitor (SLPI), is toxic to E. coli
and mycobacteria 53, 54. SLPI is expressed in human jejunum and colonic biopsies as well as in human colonic epithelial
Caco-2-BBE, T84, and HT29-Cl.19A cells 55. SLPI level is elevated in inflamed UC colonic mucosa, but its level is
unaffected in non-inflamed UC colonic mucosa or colon of CD patients 56. It is probable that low expression of the
anti-protease elafin and SLPI along with high expression of matrix metalloproteinases in CD patients may be associated
with a risk of developing fistula as a result of increase protease activity. Elafin and SLPI levels are elevated in UC
patients and may serve as a self-protective mechanism against colitis. SLPI is able to exert direct antimicrobial effects
but it does not affect epithelial barrier integrity specifically against Salmonella typhimurium 56.
Adenoviral overexpression of elafin is associated with decreased colonic proteolytic activity, reduced NF-κB
activation and diminished cytokine levels that subsequently lead to a marked reduction in DSS and TNBS models of
colitis 57. Elafin overexpression also inhibits TNFα induced permeability of Caco-2 cells in vitro, thus rendering a
protective effect in maintaining the integrity of epithelial barrier. Elafin exerts potent anti-inflammatory effects by
decreasing IL-8 secretion and NF-κB luciferase activity as seen in HT-29 cells exposed to TNFα or LPS 57. SLPI can
promote healing during colitis. Thymic stromal lymphopoetin (Tslp) deficient mice had reduced expression of SLPI
with enhanced neutrophil elastase activity during inflammation 58. These deficient mice developed similar degree of
acute colitis like wild-type mice when exposed to DSS, but failed to recover from colitis resulting in higher mortality
rates. Administration of recombinant SLPI to Tslp-deficient mice significantly reduced DSS-induced colitis associated
mortality rates, thus indicating mucosal healing role of SLPI.

6. Bactericidal/permeability increasing protein (BPI)
BPI is stored inside secretory granules of neutrophils within the mucosa and stroma of colon 59. BPI binds to LPS
directly and inhibits LPS-induced cytoxicity. BPI mRNA expression can be found in human intestinal epithelial (Caco2, T84 and SW480) cells and its over-expression in Caco-2 cells resulted in a reduction of Salmonella induced IL-8
secretion 60. BPI expression appeared to be elevated in UC patients compared to normal, healthy patients. BPI level is
correlated with disease activity in UC 59. One single nucleotide polymorphism (SNP) genotype (GLU216Lys) is
associated with impaired defense against gram-negative bacteria in CD patients 61. Some IBD patients have elevated
anti-neutrophil cytoplasmic (ANCA) antibodies levels which neutralize the antimicrobial effects of BPI and are
associated with severe symptoms of IBD patients 62.

7. Hepatocarcinoma-intestine-pancreas (HIP) / pancreatitis-associated protein (PAP)
HIP/PAP, as a C-type lectin of Rag family, can directly damage bacteria by binding to peptidoglycan carbohydrate 63.
HIP/PAP is expressed in Paneth cells within the base of intestinal pits and endocrine cells of jejunum, ileum and
ascending colon 64. HIP/PAP mRNA expression exists in colonic epithelial cells of IBD patients while its level is
increased upon exposure to bacteria in germ free mice or DSS-induced colitis 65. Although HIP/PAP possesses
antibacterial activity, its role in the development of colitis is still not fully understood. HIP/PAP is also found in
colorectal cancer tissues 66.

8. Lactoferrin
Lactoferrin is a protein found in milk 67. Lactoferrin binds to the LPS layer of bacterial cell wall and causes increased
membrane permeability that ultimately promotes bacterial cell lysis 68. Moreover, lactoferrin can stimulate the
phagocytosis of immune cells and assist in regulating the inflammatory response 69. Lactoferrin exerts its antibacterial
effect by depriving iron supply to the offending pathogens 70. Multiple reports suggest that fecal lactoferrin is a noninvasive biomarker of IBD as its level is significantly increased in IBD, but not irritable bowel syndrome patients 71.
One report indicates that a decrease in fecal lactoferrin may be correlated to mucosal healing and positive response to
therapy 72. In certain gut infections such as C. difficile colitis and enterohemorrhagic E. coli, fecal lactoferrin levels are
elevated along with other inflammatory markers such as IL-8 and IL-1β 73 74. Oral lactoferrin administration minimizes
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DSS-induced colitis in rats and its effect appears to be dose-dependent 75. After oral bovine lactoferrin treatment,
colonic expression of anti-inflammatory cytokines (IL-4 and IL-10) are increased, while expression of proinflammatory
cytokines (TNFα, IL-1β and IL-6), mucosal damage and MPO levels are reduced 75. The same oral bovine lactoferrin
treatment showed similar beneficial effects in TNBS-induced colitis in rats 76. Bovine lactoferrin has anti-inflammatory
effects as it inhibits IL-8 secretion from human colonic epithelial Caco-2 cells infected with E. coli HB101 77.
Lactoferrin-derived lactoferricin and lactoferrampin have the ability to directly damage Entamoeba histolytica making
them a good candidate as an alternative treatment if antibiotics cannot be tolerated 78.
Lactoferrin inhibits cell proliferation by lowering cyclin E1 expression in human colon cancer Caco-2 cells 79. This
later showed lactoferrin derived peptide lactoferricin(4-14) can reduce the ultraviolet light induced DNA damages in
Caco-2 cells. A clinical trial demonstrated that 104 patients treated with oral administration of bovine lactoferrin
showed retarded colonic adenomatous polyp growth 80. Lactoferrin also enhances Fas expression and apoptosis in the
colonic musosa of azoxymethane exposed rats 81. Therefore, lactoferrin may be a preventive measure against colon
cancer. On the other hand, 50% of colorectal cancer and 16% of colorectal polyps patients have positive fecal
lactoferrin finding 82. High fecal lactoferrin levels may be useful for colorectal cancer diagnosis.

9. Lysozyme
Lysozyme functions by hydrolyzing bacterial peptidoglycans cell wall 83.
Lysozyme is secreted from
polymorphonuclear (PMN) cells and exists in multiple forms of secreted product, such as mucus 84, tears 85 and milk 67.
Lysozyme mRNA is elevated in colonic, but not ileal, epithelial cells 86. Increased lysozyme expressions have also
been detected in chronic colonic inflammation 86. Colonic epithelial cells of UC patients have significantly higher
lysozyme mRNA expression than controls 86 and its level is correlated with disease activity 87. The exogenous
administration of lysozymes derived from hen eggs in pigs with colitis resulted in a down-regulation of inflammatory
response and reduction in TNFα and IL-6 expression 88. Like cathelicidin, hen egg-derived lysozyme also increases
mucin gene expression and promotes colonic barrier integrity in the DSS-induced colitis 88. Lyzozyme production is
elevated in colonic adenoma and adenocarcinoma 89, 90 but its biological significance in colon cancer development is not
fully understood.

10. Synthetic antimicrobial peptides:
One major challenge in developing new antimicrobial peptides stems from the lack of consensus regarding the essential
structure of these peptides and exact mechanism of their antimicrobial and anti-inflammatory effects. At the present
time, there is no standard algorithm for developing synthetic antimicrobial peptides. New synthetic antimicrobial
peptides are being developed. Several modified cathelicidin analogs are discussed in this section.
Tritrpticin (VRRFPWWWPFLRR) is a cathelicidin-derived peptide found in porcine cDNA 91. The Trp, Pro and
Arg amino acids within the peptide function by disrupting cell membrane of target organisms rendering them a potential
agent for antimicrobial therapy. Tritrpticin can also prevent LPS-mediated lethality in rats 92. Unfortunately, its
hemolytic effect rendered it less suitable for clinical therapy 93.
Indolicidin (ILPWKWPWWPWRR-NH2) is derived from bovine neutrophils with antimicrobial effects against many
Gram-positive bacteria, Gram-negative bacteria and fungi. Indolicidin functions by increasing membrane permeability
and inhibiting DNA synthesis but does not cause bacterial cell lysis 94. Indolicidin reduces the mortality rates of E. coli
infection and LPS-mediated septic shock in rats 95. Similar to Tritrpticin, the Trp amino acid within indolicidin is
responsible for its hemolytic activity 96.
SMAP-29, a sheep-derived cathelicidin analog, can inhibit E. coli and LPS-mediated septic shock resulting in a
lower mortality rate in rats 97. The pro-19 amino acid of SMAP-29 plays a central role in determining its antibacterial
property. The N-terminal amphipathic region and C-terminal hydrophobic region are also responsible for both its
antibacterial activity and hemolytic activity 98.
A new class of non-peptide based cathelicidin analogs called Ceragenins has been shown to possess antimicrobial
properties 99. Ceragenins are cationic steroid cholic acid derived compounds developed by N8 medical Inc. Like
cathelicidin, they are cationic amphiphiles that can form complexes with phospholipids and cause rapid membrane
depolarization 99, 100. However, their roles in intestinal infection, inflammation and cancer are still under investigation.

11. Conclusion
Expression of several endogenous antimicrobial peptides is increased during colitis or colonic infection (Table 1).
Certain AMPs serve as disease markers of colitis to predict disease activity or response to therapy. The administration
of exogenous AMPs has shown potential therapeutic effects in animal models. More research is needed to address the
stability of antimicrobial peptides, modes of delivery, toxicity and efficacy in vivo. Further investigation, including
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human clinical trials, is needed to elucidate the effects of synthetic and endogenous AMPs as a novel approach in the
treatment of inflammatory bowel diseases, intestinal infection, and colorectal cancer.
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Table 1 Overview of natural antimicrobial peptides and proteins in colitis, infection and cancer.

AMP(s)

Expression

Natural antimicrobial peptides
Cathelicidin
Colon epithelium,
increased
expression in UC
but not CD.

Alpha defensin
HNP1-4

Alpha defensin
HD-5, HD-6

Beta defensin
HBD-1
Beta defensin
HBD-2-4
Hepcidin

Neutrophils:
Increase possibly
due to neutrophil
infiltration in
colons.
Constitutive
expression in ileal
Paneth cells.
Decreased in CD,
further reduced
with NOD2
mutation.
Constitutive in
colonic epithelium
Colonic
epithelium,
increase in colitis
From liver, act like
hormone, serum
hepcidin level
increases in IBD

Natural antimicrobial proteins
BPI
Colonic
epithelium,
increase in UC
Elafin/SLPI

HIP/PAP
Lyzozyme
Lactoferrin
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Colonic
epithelium,
increase in UC but
not CD
Paneth cells,
endocrine cells
PMN cells,
increased in IBD
Neutrophils,
Increased in IBD,
E. coli and C.
difficile infection

Roles in IBD/colitis

Roles in bacterial
infection

Roles in intestinal
cancer

Camp-/- mice have
more serious DSS
colitis in mice.
Exogenous
cathelicidin is antiinflammatory and
inhibit DSS colitis in
mice.
HNP-1 is protective
against DSS colitis
in mice

Bactericidal against many
strains of bacteria
including Shigella but not
Entamoeba histolytica;
cathelicidin is not
protective against C.
difficile toxin B.

Down-regulated in
colon tumors. Inhibit
colon cancer
proliferation and
induce apoptosis.

Protective against many
strains of bacteria and
LPS; HNP-1 and HNP-3
are protective against C.
difficile toxin B.

HNP-1-3 increase in
tumors and serum of
colon cancer patients.
May serve as
biomarker.

Protective against
DSS colitis in mice

Against all strains; HD-5
is protective against C.
difficile toxin B

HD-5 increase in
serum and tumors.
HD-6 increase in
adenoma.

Not changed in
colitis
Stimulated by IL-1α.

Against many strains of
bacteria
Stimulated by LPS, not
protective against C.
difficile toxin B.
May be not important in
antimicrobial role.

Not known

Associated with IBD
anemia.

Not known
Increased in colonic
tumors.

Compromised by
ANCA antibody,
possibly antiinflammatory.
Protective against
DSS colitis, possibly
anti-inflammatory.

Kill gram negative
bacteria.

Not known

At least against
Salmonella

Not known

Increased in
IBD/colitis
Protective against
DSS colitis
Protective against
DSS and TNBS
colitis

Against many strains of
bacteria
Against many strains of
bacteria
Protective against
Entamoeba histolytica and
E. coli

Not known
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in colonic tumors.
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