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ABSTRACT 

Defensins are endogenous antimicrobial pep- 
tides (AMPs) produced by professional phago- 
cytes, Paneth cells, and epithelial cells at mu- 
cosal surfaces, which mediate innate immunity 
through their potent antimicrobial activity in the 
intestinal tract. In addition, defensins also regu- 
late the function of diverse host immune cells, 
thereby play an important role in both innate and 
adaptive immune responses against pathogenic 
microbes. Abundant evidences have proved that 
attenuated changes in defensins expression are 
observed in inflammatory bowel disease (IBD). 
Further studies have discovered the concentra- 
tion of different defensins subgroups has the 
relationship with various clinical characteristics 
of IBD and that mucosal surface destruction 
causes defensins deficiency as a result of in- 
flammatory damage. This article is to review new 
current approaches on defensins expression in 
the intestinal mucosa, particularly in IBD and 
their potential roles in immune responses in the 
gut mucosa. 
 
Keywords: Defensins; Inflammatory Bowel Disease 

1. INTRODUCTION 

Inflammatory bowel disease (IBD) is chronic, relaps- 
ing disease of the gastrointestinal tract. IBD includes two 
conditions, ulcerative colitis (UC) and Crohn’s disease 
(CD) which shares a number of common characteristics. 
However, notable differences are also observed in these 
disorders. UC shows the pathological features of a sig- 
nificant number of leukocyte infiltrations within the 
lamina propria and the crypts, where they form micro- 
abscesses, as well as depletion of mucin by goblet cells. 
CD may be patchy, segmental and typically transmural 

inflammation in the gut [1], which is characterized by 
aggregation of macrophages that frequently form non- 
caseating granulomas.  

The precise pathogenesis of IBD remains elusive, en- 
vironmental factors such as microorganisms, genetic fac- 
tors and immune disorders may contribute to the occur- 
rence of IBD [2-4]. Intestinal mucosal surfaces are colo- 
nized by a diverse and dynamic microbiota. Experimen- 
tal studies have provided evidences that these colonizing 
microbes are essential to host development and homeo-
stasis. Many studies have implied that they are essential 
to the pathological inflammation and may mediate both 
innate and adaptive responses underlying the chronic 
inflammation [5]. The most commonly accepted etiology 
of IBD is loss of tolerance to commensal bacteria and 
important pathogenic mechanisms of the innate immune 
system response.  

Thus, the interest in the innate immune function in 
IBD pathogenesis has led to the research of host immune 
defense response. Defensins are member of the antim- 
icrobial peptides (AMPs) family. They are endogenous 
antibiotics with microbicidal activity against a wide vari- 
ety of bacteria and protect the host from the gastrointes- 
tinal tract pathogens. Recent evidence suggests that they 
can act with host immune cells, thereby playing impor- 
tant roles in both the innate and adaptive immune re- 
sponses [6-8]. The expression and regulation of defensins 
produced in the intestinal mucosa have been proved to be 
altered in IBD. But it is not clear whether the abnormal 
defensins production is a pathogenic factor in IBD or the 
consequence of epithelial damage. Many researches ar- 
gued that decreased expression of defensins is not a pri- 
mary defect causing the disease but a consequence of 
Paneth cells resulting in an increased production of de- 
fensins in the colon [9]. Thus, the bacterial invasion of 
the mucosa could not be controlled and the inflammation 
got into a perpetuation.  

2. THE SUBTYPES AND EXPRESSION 
OF DEFENSINS 
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coded antimicrobial peptides which is an important com- 
ponent of the innate immune systems [10,11]. The de- 
fensins molecules contain fewer than 100 amino acids 
and molecular weight ranging from 3000 to 4500 [12]. 
Defensins possess a characteristic single chain structure 
containing 6 cysteine residues with 3 intramolecular di- 
sulfide bonds [13]. They can be divided into three sub- 
groups (α-, β- and θ-defensins) according to the different 
pattern of three cysteine linkages [14]. α-defensins and β- 
defensins exit in the species of primates, rodents, rumi- 
nants, birds, crustaceans and rabbits, whereas θ-defensins 
can only be found in non-human primates. Therefore, 
this review will focus on the role of α- and β-defensins.  

Defensins are abundant in cells and tissue. Human α- 
defensins have been identified as six members, human 
neutrophil peptide defensins 1-4 (HNP-1, HNP-2, HNP-3 
and HNP-4) which are localized in azurophilic granules 
of circulating neutrophils. In gastrointestinal tract, α-de- 
fensins are highly expressed and largely confined to the 
small intestine, in accordance with the presence of lam- 
ina propria neutrophils [15]. In contrast, the other two 
human defensin-5 (HD-5) and defensin-6 (HD-6) (also 
known as DEFA5 and DEFA6) are expressed at the base 
of crypts in small intestine [16]. Paneth cells are the ma- 
jor source of these two enteric defensins in the small 
bowel [17].  

On the other hand, the human β-defensins (HBD) in- 
clude 4 subgroups which are expressed at multiple sites, 
HBD-1, HBD-2, HBD-3 and HBD-4 [18]. In contrast, β- 
defensins are absent from human neutrophils or Paneth 
cells. In the colon, epithelial cells and plasma cells in the 
lamina propria are the major cells produce HBD. Epithe- 
lial cells constitutively express HBD-1 at mucosa sites. 
HBD-2, 3 and 4 is induced at sites of infection or in- 
flammation by various bacterial stimuli. Colonic plasma 
cells also express HBD-2, 3 and 4 however it still re- 
mains unclear whether this expression is constitutive or 
inducible [19].  

3. BIOLOGICAL ACTIVITIES OF  
DEFENSINS 

Defensins are produced by professional phagocytes, 
Paneth cells, and epithelial cells, etc. Their wide spread 
expression suggests that defensins play an important role 
in the maintenance of a stable microbial population. De- 
fensins have microbicidal activities against Gram-posi- 
tive and Gram-negative bacteria, fungi and certain en- 
veloped viruses [20,21]. Like other cationic antimicro- 
bial peptides, the bactericidal mechanism of defensins is 
thought to disrupt membrane integrity of the target cell, 
so-called “Shai-Matsuzaki-Huang model” [22-24]. De- 
fensins interact with the phospholipid groups on the tar- 
get cell outer membrane, replace for those lipids, and 

weaken the membrane. As a result, the process will cause 
the disintegration of the membrane into vesicles. 

Intestinal α-defensins, especially human α-defensin HD- 
5, are active against many bacterial species such as Gram- 
positive bacteria (e.g. Listeria monocytogenes and S. 
aureus), Gram-negative bacteria (e.g. E. coli and S. ty-
phimurium), and the fungus C. albicans [25,26]. Sur- 
prisingly, human α-defensin HD-6 has very poor anti- 
bacterial activity in vitro, despite similar ionic charge 
properties to HD-5 [27]. Human β-defensins HBD-1, like 
HD-6, has less antibacterial activity. Other human β- 
defensins expressed mostly in the stomach and colon, 
have bactericidal activity but are not broad-spectrum an-
timicrobial peptides. HBD-2 develops specificity against 
Gram-negative bacteria such as P. aeruginosa and E. coli, 
but shows lesser activities against Gram-positive bacteria. 
In contrast, HBD-3 has more potent activity against 
Gram-positive bacteria (e.g. S. aureus) [28]. Defensins 
also have effects on the colonizing intestinal microbiota 
because some microbes may be more sensitive than oth-
ers. Thus, the composition of the microbial population 
keeps being shaped by these peptides. 

4. IMMUNE REGULATORY ROLES OF 
DEFENSINS 

Large amounts of evidences have suggested that de- 
fensins can interact with host immune cells, provide a 
link between innate immune responses and adaptive im- 
munity [29]. The interest in the innate and adaptive im- 
mune response in IBD pathogenesis has led to more and 
more research for evaluating the altered expression of 
defensins and revealing their potential immune regula- 
tory roles [30].  

4.1. Defensins in Innate Immunity 

The innate immunity is the most primitive defense 
system against pathogens. As an important component of 
the innate host defense, defensins protect the epithelium 
and stem cells by deactivating various microbial patho-
gens and specific bacterial exotoxins in the gastrointes-
tinal tract [31]. Human α-defensins, especially HNPs and 
HD5, are well documented to have antimicrobial and 
immune activity against enteric pathogens [32,33]. This 
antimicrobial function of defensins allows gastrointesti- 
nal mucosa to maintain the balance between protection 
from pathogens and tolerance to normal flora [34]. De- 
creased expression or attenuated function of defensins 
results in an increase in frequency and severity of intes- 
tinal infections [35]. Many studies have manifested that 
defensins deficiency is a primary event in IBD patho- 
genesis, which leads to bacterial invasion and inflamma- 
tion.  
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4.2. Defensins in Adaptive Immunity 

Furthermore, defensins could serve as a bridge be- 
tween the innate immunity and subsequent adaptive im- 
mune responses. Intestinal defensins act as chemotactic 
factors for T cells, monocytes and immature dendritic 
cells, benefit for the start of acquired immune response 
and help immune cell recruitment. HNP 1-3 can selec- 
tively chemo-attract monocytes, naive T and immature 
dendritic cells via a G-protein-coupled receptor [36]. 
HNP-1 and HNP-2 could promote severe combined im- 
mune deficiency (SCID) mice T cell recycling. Human 
β-defensins induce the migration of both human resting 
memory T cells and immature dendritic cells by interact- 
ing with the chemokine receptor (CCR) 6, promote adap- 
tive immune responses consequently [37]. Some work 
has also shown that HBD2 has the similar structure with 
the natural CC chemokine ligand (CCL) 20 and could be 
an effective competitor [38]. As Toll-like receptor-4 (TLR- 
4) endogenous ligand, HBD2 could combine with TLR-4, 
leading to nuclear factor-κB (NF-κB) activation and mi- 
gration to the nucleus to activate cytokine gene transcrip- 
tion, thereby activate T cells, and trigger a strong ac- 
quired immune response [39]. Many experiments found 
defensins administration in the animal immunized with 
tumor antigen could significantly enhanced the protec- 
tive response to a syngeneic tumor antigen and also aug- 
mented resistance to tumor challenge by T cell-depend- 
ent cellular immunity and antigen-specific Ig production 
[40]. Changes in defensins expression may affect directly 
or indirectly the host innate and adaptive responses.  

5. DEFENSINS IN IBD 

Many studies have demonstrated the role of compro- 
mised defensins expression in human enteric diseases. 
Through the researches of α-defensins (HD-5 and HD-6), 
the relationship betweeen defensins and Paneth cell have 
been revealed and α-defensins are so-called Paneth cell 
defensins. More and more investigators have put the fo- 
cus on the function of Paneth cell and its crucial position 
in the etiology of IBD has been established then. Unlike 
α-defensins, β-defensins were produced by epithelial and 
plasma cells in the colon, but it is unclear whether this 
expression is constitutive or inducible. A defection of de- 
fensins at the epithelium could render the mucosa less 
efficient in killing bacteria and allow them to penetrate 
the epithelial barrier. Therefore, the role of defensins in 
the pathogenesis of IBD should be evaluated thoroughly.  

5.1. α-Defensins in IBD 

Paneth cells are the major source of α-defensins in the 
small intestine and located at the base of the crypts, thus 
indicating an essential role of protecting the epithelial 
stem cells. Paneth cells secrete varieties of antimicrobial 

proteins and peptide. Among which the two α-defensins 
(HD-5 and HD-6) are the most abundant and expressed 
prenatally [41]. Recent studies provide evidence that 
reduced Paneth cell defensin expression may be a key 
pathogenic factor in ileal Crohn’s disease. The hypothe- 
sis that reduced expression of α-defensins could com- 
promise mucosal host defenses and predisposes to the 
intestinal mucosal inflammation in the ileum has evolved 
recent years [42]. 

Some independent studies of IBD patients have showed 
decreased expression of α-defensins (mRNA and protein) 
[43], whereas other have showed Paneth cell products 
remained unchanged or increased. This deficit was not 
observed in either CD of colon or UC, but only in the 
ileum of CD patients [44]. The specific decrease of α- 
defensins was independent of the degree of inflammation 
in the specimens. The human and rodent studies further 
substantiate a link between nucleotide oligomerization 
domain 2 (NOD2, a critical intracellular recognition re- 
ceptor for muramyl dipeptide) frame shift mutation and 
Paneth cell α-defensins [45]. It is reported a decrease of 
Paneth cell α-defensin mRNA expression in mice lacking 
the NOD2 gene. The NOD2 knockout mice were unable 
to detect muramyl dipeptide, the ligand for NOD2 [46]. 
The specific decrease in α-defensins was more pro- 
nounced in the minority of patients that harbor a muta- 
tion in NOD2 [47]. This theory provides a novel mecha- 
nism for pathogenesis in patients with ileac CD. How- 
ever, the underlying mechanism remains unclear. 

Recent studies investigated the possible role of the 
Wnt signaling pathway and relationship with defensins 
expression in IBD. It was found that Wnt signaling path- 
way mediate the defensin deficit in the majority of pa- 
tients who do not have mutations in NOD2. Wnt signal- 
ing, which is transduced through β-catenin/Tcf-4, has 
been shown to be a key regulatory circuit for Paneth cell 
differentiation and induce maturation of Paneth cells in 
intestinal crypts [48]. In rodent studies, Paneth cell gene 
program had been demonstrated critically dependent on 
Tcf-4 embryonic intestine [49]. This pathway is disturbed 
in ileal CD patients. Data indicated the presence of re- 
duced expression of Wnt signaling transcription factor 
Tcf-4 in ileal CD, regardless of the degree of inflamma- 
tion [50]. The levels of Tcf-4 mRNA in ileal IBD patients 
are decreased and showed a correlation with both HD-5 
and HD-6 mRNA [51]. Moreover, the association be- 
tween Paneth cell α-defensins and Tcf-4 was found to be 
independent of NOD2 genotype.  

Other α-defensins were also expressed in the intestinal 
epithelial cells but not in Paneth cells. Immunohistoche- 
mical analysis revealed that surface enterocytes strongly 
positive for HNP 1-3 seen in inflamed colonic mucosa 
[52]. These defensins mRNA increased in cases of active 
CD and UC and associated with the degree of inflamma- 
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tion [53]. Whereas, the circulating HNP 1-3 levels are 
consistent with peripheral white blood cells and neutro- 
phil counts in CD but not UC patients. The plasma con- 
centrations of HNP 1-3 reflect the degree of inflamma- 
tory responses, and function as biomarkers for the dis- 
ease activity of CD [54]. It is not clear whether intestinal 
inflammation results in epithelial expression of these 
defensins or simply they are taken up by enterocytes 
from adjacent neutrophils. 

5.2. β-Defensins in IBD 

Since colon is a complex ecosystem, to keep balance, 
epithelial cells provided a strong chemomechanical barrier, 
including the HBD-1 [55]. HBD-1 is constitutively ex- 
pressed by normal colon epithelial cells. Evidences have 
revealed the variants in HBD-1 gene and colonic mucosa 
HBD-1 expression reduced in CD and UC patients at 
mRNA level [56]. Different single-nucleotide polymor- 
phisms of HBD-1 have been showed to be associated 
with colonic CD [57]. Furthermore, HBD-1 is inversely 
associated with serological markers in CD patients, sup-
porting its foundational defense functions in the mucosal 
immune [58]. The impaired induction of HBD-1, antimi- 
crobial antiproteases elafin and the cathelicidin LL-37 
became the characters of CD in the colon [59].  

In contrast to HBD-1, the other HBDs were absent 
from the healthy colon. However, HBD-2, HBD-3 and 
HBD-4 expressions are induced by inflammation and 
bacterial stimuli in CD and UC patients [60]. Colonic 
synthesis of HBD 2-4 depends on NF-κB activation sti- 
mulated by inflammatory cytokines including tumor ne- 
crosis factor-α (TNF-α) [61], indicating a defense re- 
sponse of HBD 2-4 in extended inflammation.  

Recently, a lot of studies have shown that HBD-2 have 
a key role in leading to increased barrier function in the 
gut. In normal colon, low level of HBD-2 expression is 
present in the epithelium, but marked increase in flamed 
colon. HBD-2 mRNA expression is found to be higher in 
UC and CD patients compared to healthy controls. When 
comparing colonic HBD-2 expression among patients 
with CD and UC, there is a striking difference: a strong 
HBD-2 induction seems to be attenuated in the inflamed 
tissue of CD patients [62]. In the meantime, HBD-2 has 
an obviously greater up-regulation in UC compared to 
colonic CD. In addition, there is significantly increased 
HBD-2 expression in the areas of active inflammation 
compared to non-inflamed areas [63]. Evidence suggests 
that NOD2 mediates the induction of HBD-2 in colonic 
CD and UC. Genetic studies have found that a lower 
HBD2 gene copy number in the β-defensin locus predis- 
poses to the development of colonic CD [64].  

Two β-defensins with a different antimicrobial spectrum, 
HBD-3 and HBD-4, seem to follow this distribution 
pattern, although their mRNA expression levels are lower 

[65]. The colonic expression of HBD-3 and HBD-4 are 
also greater in UC than in control which has been con- 
firmed by reverse-transcriptase polymerase chain reac- 
tion and by immunohistochemical staining of colonic 
epithelial cells. But there is no difference in expression 
between controls and patients with colonic CD [66]. It 
appears that HBD 3-4 could be up-regulated cones- 
quently to the inflammatory events, and not likely have a 
role in the pathogenesis of the disease. However, further 
evidence of their role in the pathogenesis of IBD is re- 
quired. 

6. CONCLUSION 

Defensins are multifunctional antibacterial peptides 
produced by professional phagocytes, Paneth cells, and 
intestinal epithelial cells. Defensins are not only antibi- 
otic peptide with broad-spectrum activity against com- 
mensal microbiota, but also immune regulators that can 
modulate the function and movement of various cells, 
including neutrophils, monocytes, T-lymphocytes, den- 
dritic cells, and epithelial cells. As an essential member 
of innate and adaptive immune responses which are di- 
rected against luminal bacteria in the gut, the deficiency 
in the expression and/or function of defensins could re- 
sult in an increasing risk of intestinal infections. Increas- 
ing data have confirmed that such a deficiency could lead 
to a loss of tolerance to gut bacteria, gradual bacterial 
invasion and inflammation eventually. Several lines of 
evidences have substantiated the hypothesis that mucosal 
defensins play a pivotal role in the pathogenesis of IBD. 
The decreased level of α-defensins constitutively pro- 
duced by Paneth cells indicates its role in the mainte- 
nance of intestinal immune homeostasis. Moreover, the 
significantly increased expression of other inducible de- 
fensins suggests their potent effect on the condition of 
active inflammation. Thus, the impaired innate immunity 
due to defensins-deficiency may lead to altered adaptive 
immune responses. Although altered defensins expres- 
sion in IBD is doubtless, it is less clear whether the defi- 
ciency is involved in the pathogenesis of IBD or is a 
consequence of the disease process. The accumulating 
research results about defensins will have a deep influ- 
ence on future therapeutic strategies aimed at restoring 
the host homeostasis.  
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