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Immune system of living organisms ranging from fungi, plants, vertebrates and
invertebrates are all aided by polypeptide chains like defensins and cathelicidins. In
humans the defensisns are quite fundamental part of innate immune system in
combating with day-to-day exposure to unknown pathogens. The defensins are
classified as alpha beta and sigma defensins expressed at chromosome 8 at nearly
same positions, the sigma defensin is however synthetically developed as
reterocyclin, as it has been stopped producing because of evolutionary
development of stop codon 7.5 million years ago. The expression of Defensins can
be either constitutive or inducible through epithelial cells, Paneth cells or other
respective immune cells to regulate the activation of the innate immune responses.
These impart their role either by direct microbicidal action, antiviral activity,
inactivation or neutralization of microbial products, mobilization or activation of
phagocytes and mast cells. Further to this there is lot more to explore about the
availability of similar genetic expressions as defensins with unclear functions and in
vivo experimental models development.

Keywords: Anti-microbial polypeptides, defensins, Innate immunity, Toll like
receptors TLRs activation

Introduction

The polypeptides chain responsible for supporting
immune system is quite old phenomenon, the poly peptides
in mammals that take part include defensins, cathelicidins
and others." The defensins are quite broad spread in living
organisms ranging from insects, fungi, plant, invertebrates
and vertebrates. As Humans are vulnerable to many
unknown pathogens, the defensins help in an effective
immune response against such, disease causing agents.
Defensins are classified as positively charged cysteine
containing host defense polypeptides originating from
either epithelial cells or neutrophils, performing multiple
functions along with efficient role in innate and adaptive
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immune response against foreign microbes and
pathogens. Initially defensins were discovery as; alpha
defensins (o) from rabbit neutrophils in 1985,
subsequently beta defensins 3 were discovered (1990) in
a bovine of mouse and in human intestinal epithelium.2
Classification of Defensins:

These were classified as per presence in mammals as
a, B and 6 defensins. These molecules have amphiphilic
structure with much conserved region of six cysteine
molecules and di sulfide bonds but still vary in structure,
origin and function.
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Figure 1. Defensin genes and peptides 2

Alpha defensins:

In humans these defensins originate from neutrophils
and epithelial cells. The first four have been studied and
extracted from neutrophils in humans are (HNP1~4) as
shown in Figure 1, while the other two were found in
Paneth cells present in intestinal epithelial called as human
defensins HD5 and HD6 or enteric defensins.®4 The
cysteine disulphide bonds are between the 1-6, 2-4, 3-5
cysteine residues 56 and have 29 to 35 amino acid
sequence.’

Beta defensins:

In humans these are composed of more than 36 amino
acid residues and are found in epithelial tissues mostly, so
far 28 genes for beta defensins have been discovered but
only Human Beta defensin (HBD1~6) and HBD 2, 3 are
studied extensively. While the cysteine links are at the
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1-6, 2-4, 3-5

& ligation

connections are 1-5, 2-4, 3-6 forming disulphide bridges,
these bonds not only add positive charge but also add
stability to structure.®

Sigma defensins:

In humans the development of sigma defensin have
silenced because of an evolutionary development of a stop
codon 7.5 million year ago "0 however, this have been
developed synthetically as reterocyclin.? It has a circular
hair pin structure with cysteine di sulfide bonds between 1-
6, 2-5, 3-4 residues.

Genetic Expression of Defensins:

The human defensins alpha and beta specifically are
expressed at nearly same location at Chromosome 8, there
loci and genetic expression along with their cellular
expression, role in immunity and concentration in diseased
condition is mentioned in Table 1. In this no genetic
expression is mentioned for HNP (Natural human
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neutrophil defensin) HNP2 it is thought that HNP1 and /or
HNP3 genetic expressions might have gone by a
proteolytic activity to express HNP2. '

Defensins Synthesis and regulation & release:

Defensins are synthesized and released when the host
body is exposed to a pathogen, the immune system in
response to that produce these polypeptides either from
epithelial cells or from neutrophils. Their expression could
be constitutive or inducible i.e., in response to chemical
mediators or other cells or in response to pathogenic
exposure respectively. The cytokines or the mediators for
development and release of the defensins are mentioned
in Table 1. Defensins are expressed whenever the host
immune cells get exposed to pathogenic content, as in
case of toll like receptors (TLRs) activation. TLRs 1,2,4,5.6
and 8 are present on the surface of immune cells and some
of the epithelial cells while TLR 3, 7 and 9 lies on the
endosomes of the immune cells.

pathways

Inflammatory Signaling

https://j.stmu.edu.pk

When the TLR 1 /2 complex gets activated by exposure
to microbes with the help of its adaptor proteins MYD88/
TRAF6 it activates the kinases pathways ultimately
activating NFkB that enters into the nucleus of cell and
generate the transcription of required proteins and this
case defensins and cytokines production that ultimately
leads to the pro or anti-inflammatory responses. Similarly,
the activation of TLR5 and 4 the transmembrane receptors
activate MAPK pathways along with JNK and p38
pathways that ultimately end up in generation of cytokines
and chemokines that act as precursors for defensin release
and immune response generation. The anti and the pro
inflammatory processes are well summarized in above
schematic Figure 2.
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Figure 2: Expression of defensins in immunity 12
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Table 1: Cell sources and regulation of mammalian defensins 2

Defensin

Conventional

name Type Cell source Synthesis Release

HNPI1 ~ 4 o Neutrophils Constitutive Degranulation

CDS T cells Inducible Secretion?

HDS5 ~ 6 o Pancth cells Constitutive Degranulation

Mouse cryptidin o Pancth cells Constitutive Degranulation

HBDI B Keratinocytes and Constitutive Secretion
epithelial cells and inducible

HBD2 ~ 4 B Keratinocytes and Inducible Secretion
epithelial cells

BNDBs B Neutrophils Constitutive Degranulation

Bovine TAP B Epithelial cells Inducible Secretion

RTD-1 g Neutrophils, monocytes Constitutive Degranulation

Cathelicidins Neutrophils, keratinocytes, Constitutive Degranulation
epithelial cells, mast cells, and inducible or secretion
and monocytes/macrophages

EDN Eosinophils, neutrophils, Constitutive Degranulation

macrophages, and placental

and inducible

or secretion

epithelial cells

*Abbreviations: EDN, cosinophil-derived neurotoxin; HNP, human neutrophil peptide; HD, human defensin: HBD, human
A-defensin, BNDB, bovine neutrophil-derived f.defensin, TAP, tracheal antimicrobial peptide; RTD-.1, rhesus theta

defensin-1

Role in Innate Immunity:
o Direct microbicidal action:

The direct microbicidal action against bacteria is
documented by alpha defensins and they perform it by
detecting a more negatively charged cell membrane and
forming a pore in it with a dimeric alignment of alpha
defensins. This pore makes the internal constituents

— Defensin

L 5/

:ﬁs
-3

exposed to external environment and cell death. HNP1, 2,
3 and 4 along with HBD1 and HBD2 are found efficient in
killing most of the gram positive, gram negative, fungi and
few of parasites.® However, sigma defensin have shown
this property in limited in vitro where salt and protein
concentrations were found to be hindering their action in
schematic Figure 3.
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Figure 3: Direct microbicidal action against bacteria documented by alpha defensins 13
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o Antiviral Activity:

Antiviral activity of alpha defensins has been
discovered a time ago but the antiviral activity has two
aspects one is inhibition of viral invasion and the other is
promotion of viral entry into host cells. For example, in case
of HIV1 virus activity of HNP1-3 have shown non
chemokine response. As these are capable of either direct
viral inactivation or inhibition of adhesive and binding
proteins gp120 and gp41 respectively on viral envelop, or
the next step of viral fusion with cell membrane by down
regulation co receptor CXCR4, direct membrane fusion of
non-enveloped viruses like human papilloma virus are also
inhibited by HNP1-3 and further viral RNA import and
transcription is also inhibited, these features are quite

Inhibition of Infection
——

HIV
transcription

XXX

nucleus

CD4+ T cell

https://j.stmu.edu.pk

promising in terms of viral prevention to prosecute infection
in human cells but on contrary to that HNP 1 and Hd5 and
6 enhances a viral adhesion to epithelial cells and their
entrance through tight junctions of trans epithelial cells.
Thus, having quite, a contradictory and debatable effect
against viruses in Figure 4." “Opposing effects of human
a-defensins on Inhibiting HIV-1 infection. (1) direct in
activation of the virus (2) blockade of gp120-CD4
interactions (3) coreceptor downregulation, (4) Inhibition of
gp41- and Env-mediated viral fusion (5) inhibition of
nuclear import of viral RNA, (6) suppression of HIV
transcription. Infection promoting mechanisms include: (7)
enhancing viral adhesion/attachment, (8, 9) disrupting tight
junction to promote trans-epithelial transmission of HIV"14

Promotion of Infection

HDS5/HD6 HNPs

tight ©
} junction
attachment/ : o

adhesion .

transepithelial
transmission

nucleus

epithelial cells

Figure 4: Direct viral inactivation or inhibition of adhesive and binding proteins gp120 and gp41 respectively on

viral envelop

e Inactivation or neutralization of microbial
products:

Activity of HNP1-3 and O defensins have been
documented in mice against the lethal toxin of Bacillus
anthracis it is a substrate-specific zinc-metalloprotease
that can disrupt intracellular signaling making the cells
weak and allowing the entry of bacteria unchecked. The
alpha and sigma defensins have the ability to neutralize
this exotoxin and the later also prevent the further
germination of anthracs in host.'> Moreover, HNP1, HNP 2
and BD2, 3 have recently shown binding activity with

bacterial LPS "¢ preventing its cytokine production through

https://doi.org/10.32593/jstmu/Vol4.1ss2.159

macrophage activation and preventing the LPS induced
gene activation involved in sepsis, thus preventing this in
mice."

¢ Mobilization and activation of phagocytes and
mast cells:

In innate immunity phagocytic activity of immune cells
plays a very important role and for this the cells need to
move out by four step mechanism including; rolling on
endothelial surface, adhesion by cytokine receptors,
diapedesis through chemotactic effect and migration to site
of action as shown in Figure 5
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Figure 5: Mobilization and activation of phagocytes and mast cells in innate immunity 2!

e Mast Cell activation and degranulation through
defensins’®

The alpha defensins HNP 1- 3 and beta defensins HBD

3 and 4 act as chemoattractant for monocytes and

macrophages.'® HBD2 not only act as chemoattractant but

has the ability to activate mast cells and thus production of

inflammatory mediator prostaglandin D2. HNP1-3 and
HBD 2 & 4 are not only involved as a chemotactic property
but also increase the expression of production of cytokines
receptors for strong binding of phagocytic cells and thus
efficient migration to the site of action.®

Table 2: Multiple biological activities of mammalian defensins

Biological Activity a-Defensin f-Defensin 0-Defensin
Microbicidal activity All All All
Antiviral activity HNP1,2, 3,4, HDS, RMAD HBDI, 2,3, All
Exotoxin-inactivating activity HNP1~3 ND RTD
Endotoxin-neutralizing activity HNP1, HNP2 HBD23 ND
Mast cell ND HBD2 ND
Mo/M¢ HNP1-3 HBD3, 4 ND
Chemotactic activity
DC HNP1, HNP2 HBDI, 2,3, mBD2, 3, mBD29 ND
Teell HNPI, HNP2, HNP4 HBDL,2,3 ND
Epithelial cell HNP1~3 HBD2, 3,4 ND
Mast cell ND HBD2 ND
Cell-activating activity
Mo/M¢ HNP1~3 ND ND
DC ND HBD3, mBD2 ND
Adjuvant activity HNPI~3 HBDI, 2, mBD2, 3 ND

Abbreviations used: Mo/M¢, monocyte/macrophage; HNP1~3, a mixture of human neutraphil peptide 1~3; RMAD, rhesus monkey myeloid a-defensin; ND, not documented; HBD,
human p-defensin; mBD, mouse p-defensin; RTD, retrocyclin (a synthetic artificial human 0-defensin).
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Conclusion

Although it has been evident that defensins have been
playing an integral role in immune response against
pathogens but still there are some unanswered questions
about multiple genomes found that appear like defensins
but the role is unclear 2, further the activation and
production of cytokines. And cytokine and defensin
meditated immune cells activation is quite overlapping
phenomenon that needs to be opened up in detail. In
addition to this complete knock out models for defensins
are still not present for finding out all the intracellular and
molecular pathways, all the work done so far in in vitro or
ex vivo, which is limiting factor in further molecular
research.
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