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Abstract. Antimicrobial peptides (AMPs) are a group of
oligopeptides found in most multicellular organisms with a
capacity for rapid and nonspecific destruction of pathogens.
The action of destroying pathogens is associated with a strong
proinflammatory activity, stimulating the secretion of cyto‑
kines, chemokines, growth factors but also chemotaxis, the
activation of dendritic cells and involving adaptive immunity
also. The action of AMPs fits perfectly into the characteristics
of innate immunity which makes these peptides candidates to
be considered as an important element of this type of immu‑
nity. It has been shown that AMPs are involved in a number
of cellular processes such as: differentiation, proliferation,
maturation, thus widening the degree of involvement of
these peptides in the pathogenesis of chronic inflammatory
diseases. In psoriasis, AMPs act both as a pro‑inflammatory
and chemotaxis factor and through the cathelicidin (LL‑37)/dc
DNA complex as a possible autoantigen for T cells, triggering
an autoimmune response, activating the Th17/IL23 axis and
maintaining the inflammatory process. Thus, many arguments
are accumulated to consider that innate immunity through
AMPs is an important link in the pathogenesis of psoriasis.
Moreover, the action of antimicrobial peptides in psoriasis is

Correspondence to: Professor Oana Andreia Coman, Department

of Pharmacology and Pharmacotherapy, Faculty of Medicine,
‘Carol Davila’ University of Medicine and Pharmacy, 8 Eroilor
Sanitari Avenue, 050474 Bucharest, Romania
E‑mail: andreia.coman@gmail.com
*

Contributed equally

Abbreviations: AMPs, antimicrobial peptides; LL‑37, cathelicidin;

TLR, Toll‑like receptors; AP1, activator protein 1; NF‑κ B, nuclear
factor; RNase 7, ribonuclease 7; pDC, plasmacytoid dendritic cells;
PAMP, pathogen associated molecular pattern

Key words: antimicrobial peptides, innate immunity, psoriasis,
AMPs, defensin, psoriasin

almost entirely characteristic for the general mode of action of
innate immunity.
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1. AMPs
Antimicrobial peptides (AMPs) are oligopeptides with a vari‑
able number of amino acids, most commonly between 5 and
50 or 100, with a direct and immediate activity on pathogens:
Fungi, viruses and bacteria. Their activity has led to antimi‑
crobial peptides being considered as a first line of defense of
multicellular organisms against microorganisms (1‑3).
Plants, insects and animals produce these peptides. In the
case of animals, AMPs are produced by cells from tissues
exposed to pathogens. The destructive AMP action is rapid
and occurs before the pathogen produces a major reaction
through the body (1,4). Microbes also produce AMPs which in
turn limit the development of other microorganisms (1,2). By
extension, a number of bacterial toxins can be considered to be
part of AMPs group (e.g. diphtheria toxin) (2,5).
Structurally, constitutive or inducible AMPs are composed
of amino acid residues, both hydrophilic and hydrophobic,
and present a total positive charge (cationic). The hydrophobic
regions alternate with the hydrophilic ones, generating the
amphoteric character of the AMP molecules. The secondary
structure includes four types: α helix (without disulfide
bonds), β folding, stabilized by 2 or more disulfide bonds, loop
conformation, stabilized by a disulfide bond, and extended
structure. The N‑terminus is rich in basic amino acids and the
C‑terminus in neutral, hydrophilic amino acids (1,2,6).
The positive charge (cationic character) makes the interac‑
tion between the AMPs and the lipid bilayer of the negatively
charged bacterial membrane possible; this process is followed
by the membrane adsorption and, after that, by the destruction
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of the membrane, respectively, of the cell. The net cationic
charge of AMPs is related to antibacterial activity and hydro‑
phobicity to hemolytic activity. Other AMPs have the ability
to cross the lipid layer, penetrating inside the cell, disrupting
or inhibiting its functions, defined as the destruction of cellular
organelles or DNA fragmentation (1,2,6,7).
At present, 2272 AMPs have been identified in animals,
and approximately 130 in humans (8).
In humans, there are several types of cells that can produce
AMPs, but the most known are those produced in the skin:
keratinocytes, eccrine cells, sebocytes; also, phagocytes and
neutrophils produce significant amounts of AMP (8). Main
AMPs produced in the skin are: Defensin, cathelicidin, S100A
family of proteins, RNase 7 and dermcidine.
Defensin is the best known of AMPs, consisting of small
cationic peptides, which are part of three subfamilies: α, β and
circular. In humans, the most studied is the β‑defensin family
(β-defensin‑1/hBD1), found mainly in the respiratory epithe‑
lium, but not only; hBD2 and hBD3 are found in the upper
layers of the epidermis of the normal skin and to a lesser extent
in other types of epithelia, in which hBD4 predominates (9,10).
The production of defensins is stimulated by microbial lipo‑
polysaccharides and also by proinflammatory cytokines. On the
contrary, defensins stimulate the production of proinflammatory
cytokines (IL‑6, IL-10) and chemotactic factors. Defensins also
stimulate the proliferation and migration of keratinocytes (9‑11).
Cathelicidin (LL‑37) is a member of a family of cationic
AMPs, consisting of a chain of 37 amino acids, and it is inac‑
tive in keratinocytes, neutrophils, mast cells, eccrine gland
cells, gastrointestinal epithelium. Enzymatic cleavage leads to
the its active form, which manifests with a direct action of
destroying the cell wall of microbes and fungi, and also with
a very strong antiviral action (11,12). LL‑37 expression occurs
following microbial stimulation, and also after the production
of endogenous factors such as: Proinflammatory cytokines and
active forms of vitamin D (12,13).
Without having its own receptor, LL‑37 has an immuno‑
modulatory effect being involved in inflammatory processes,
acting as a chemo‑attractant for neutrophils and macrophages,
and inhibits neutrophil apoptosis, increasing phagocy‑
tosis (14). LL‑37 has the ability to activate receptors on the
cell surface, including toll‑like receptors (TLR) and may act
as an autoantigen (15,16). It has been shown to contribute to
different processes, such as wound healing, angiogenesis and
tumor proliferation, in certain types of cancer (lung, prostate,
squamous cell carcinoma, melanoma) (17).
The S100A7 protein, or psoriasin, a 11.7 kDa protein, is
part of the S100 protein family, and it is produced by keratino‑
cytes. It was initially identified in psoriasis lesions, and, later,
in healthy skin. Several members of this family are part of the
corneal envelope of keratinocytes, developed by the activation
of transglutaminase (11,18,19). It has a strong antimicro‑
bial action especially against E. coli (20). S100A7 inhibits
epidermal cell differentiation by increasing IL‑6 production
via the Iκ B/NF‑κ B‑induced signal (21). In cells of bronchial
epithelium, TNF, IL‑17, IL‑22 massively increase the produc‑
tion of S100A7 (22). S100A7 protein can also activate activator
protein 1 (AP1) or nuclear factor‑κ B (NF‑κ B) (23). At the same
time, interleukin‑36 increases the production of LL‑37, as well
as S100A7, by activating NF‑κ B (24). The S100A7 protein is

associated with altered keratinocyte differentiation and may
promote tumor cell migration, invasion, and metastasis, by
promoting mesenchymal epithelial transition (25).
Ribonuclease 7 (RNase 7) is a member of the ribonucleases
superfamily, formed by cationic peptides produced by immune
cells, and also by epithelial tissue cells. These peptides have
a strong antimicrobial, antifungal and antiviral activity, and
also immunomodulatory activity (26,27). RNase7 is produced
by keratinocytes and is found at the level of stratum corneum
and other types of epithelia. Bacterial products and also
growth factors or cytokines induce the RNase production (28).
RNase 7 is thought to have a pro‑inflammatory role, but may
selectively inhibit Th2 cytokines and may stimulate pDC
(plasmacytoid dendritic cells) to recognize self‑DNA (29,30).
Dermcidin is an antimicrobial peptide, with a cationic
structure, and it is produced by the sweat glands and eliminated
by sweat, where it is found in large quantities. It has a strong
antimicrobial action, creating ion channels in the membranes
of bacterial cells. It seems to be involved in neural and tumor
processes (31,32).
2. AMPs in innate immunity
Currently AMPs are an important element of innate immunity
through direct and immediate activation, with the destruction
of pathogens.
In addition to this first function of innate immunity, they
have a number of other functions, intervening at several levels
of innate immunity. Thus, the action of destroying pathogens is
coupled, in the case of AMPs, with a strong pro‑inflammatory
action, that occurs by coupling AMPs with various receptors
(most importantly CCR6) on various immune or non‑immune
cells with increased production of pro‑inflammatory cyto‑
kines. At the same time, AMPs have a strong chemo‑attractant
effect on many immune and non‑immune cells, and also have
the ability to act on cellular functions (differentiation, matura‑
tion, autophagy), or on the cell cycle (blocking apoptosis) as in
the case of neutrophils (8,32).
On the contrary, AMPs may, in some cases, induce
an anti‑inflammatory effect by inducing the secretion of
anti‑inflammatory cytokines. In essence, the activity of AMPs
is pro‑inflammatory, but in a certain context it may become
anti‑inflammatory (33).
It is not exactly known whether AMPs interact directly
with TLR receptors, but it is demonstrated that they interact
with a number of receptors such as: PRR, chemokine recep‑
tors (CCR2, CCR6), P2X7 receptors, epidermal growth factor
receptors and NOD receptors (8,33). Coupling with these
receptors (many of them intracellular), induces transduction
signals with the activation of numerous transcription factors:
NF‑κ B, AP1, AP2, ERK and STAT3 (32).
Activation of the TLR receptors leads to the exacerba‑
tion of AMP production. Also, pro‑inflammatory cytokines,
especially IL‑17, increase the production of AMP, especially
defensin (34). Activation of TLR receptors by pathogen associ‑
ated molecular pattern (PAMP) induces transduction signals
in different cells with various effects. Intracellular TLR 3,7,8,9
are activated by nucleic acids that can most often come from
the pathogen, but also from host cells due to cell destruction.
Under certain conditions, self‑nucleic acid may be accessible
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to TLRs. An example is IL‑37 which has the ability to form
nano‑crystalline columnar complexes with various dsDNAs
activating TLR9, inducing a strong transduction signal (8,31).
Coupling LL‑37 with self‑DNA activates both TLR9 and
pDC cells, with B lymphocytes and monocytes initiating
the production of autoimmune processes. Defensin (hBD3)
can bind to dsDNA in the same way as LL‑37 and activates
dendritic cells in infectious processes (33,35).
Defensin hBD2 via the TLR4 pathway can also cause
dendritic cell maturation by generating a Th1 response with
cytotoxic T cell activation and NK (35).
Defensin, and to a greater extent LL‑37, by their chemotaxis
activation induce the production of cytokines and chemokines,
the activation of dendritic cells as well as the polarization of
T lymphocytes, achieving a functional link between innate
immunity and adaptive immunity. Moreover, by acting in a
certain biological context, AMP is an element of modulation
of innate immunity over adaptive immunity (36).
3. AMPs in psoriasis
Psoriasis is an example of an inflammatory condition in which
the relationship between keratinocyte (which proliferates
aberrantly) and T lymphocyte, that maintains inflammation in
the lesion, represents the basis of the pathogenic process (37).
Keratinocytes confer the disease specificity and T lymphocytes
contribute to development of lesions, and also affect other struc‑
tures of the body. In the constitution of the pathogenic reaction,
between keratinocyte and T lymphocyte, a series of pathogenic
events are performed by biological structures, that are framed
either in innate or adaptive immunity (38). AMP is an element
of innate immunity, and plays an important role in the develop‑
ment of the pathogenic process in psoriasis. AMPs are initially
involved in the early stages of this process. Keratinocytes, under
the action of various traumatic factors, secrete AMP in excess
which, in addition to antibiological activation, also have a
strong proinflammatory action (chemokines, induction of cyto‑
kine secretion). One of the most important proinflammatory
elements is the activation of dendritic cells (pDC, mDC), with
massive secretion of IFN, TNF, the activation of neutrophils
that secrete proinflammatory cytokines (IL‑6, TNFα) (39).
Through the LL‑37/self‑DNA complexes there is stimulation
of Th lymphocytes, then later Th1 and Th17 with the activation
of the IL23/IL17 axis, but also with the stimulation by IL‑17 of
the secretion of AMP by keratinocytes. The action of AMP on
TLR is unclear but TLR can induce AMP secretion (40).
4. Conclusions
AMPs play an important role in innate immunity, acting
directly and indirectly on pathogens, being functionally inte‑
grated with most elements of innate immunity and exerting
immunomodulatory action on adaptive immunity. AMPs
participate in the main functions of innate immunity (direct
action on pathogens, activation of inflammatory cells and
tissue mediators, and action on adaptive immunity).
Psoriasis is a condition in which both types of immunity
are involved in the pathogenic process. AMPs, as an element
of innate immunity, are involved in the initiation and early
stages of this process. The persistence of an increased amount
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of AMPs in psoriasis lesions orient towards a long‑term action
of AMPs in psoriasis.
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