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Abstract

Acne is one of the most common epithelial diseases affecting approximately 80% of the world's population between the ages of 16 and 35. It is caused by multiple
factors such as genetic predisposition and hormonal alteration including growth factor IGF-I, among others.

Acne being related to IGF-I expression, is involved in possible apparition of malignant diseases. The pathology of acne is limited to the pilosebaceous unit. The
evolution is governed by the increase in colonization of the bacteria Propionibacterium acnes (P. acnes). Acne is clinically manifested by the appearance of comedones
with a tendency to inflammation. Finally causes scarring damaging self-esteem and quality of life of those who suffer it. As proposed therapies, external treatments
have been developed such as inhibitors of IGF-I among others. As an internal treatment, the innate response of the patient's immune system to the presence of
an invading microorganism has been studied, highlighting anti-microbial peptides as the host's own defense molecules. This work shows a compilation of the most
relevant and current antimicrobial peptides that could be used as potential therapeutic agents against microorganisms located in the skin and related to acne disease.

Introduction

Acne also known as acne vulgaris (acne vulgaris) is a disease
that affects the skin. It is caused by multiple factors such as genetic
predisposition, hormonal alteration, stress levels, skin irritation,
response to medications, among others. This disease is limited to the
pilosebaceous unit (hair follicle and sebaceous glands) where it acquires
different degrees of severity, is clinically manifested by the appearance
of comedones with a tendency to inflammation and finally cause
scarring damaging self-esteem and quality of life of those who suffer
it. The evolution is governed by the increase in sebum production,
hyperkeratinization, follicular obstruction and increase in colonization
of the bacteria Propionibacterium acnes (P. acnes), present in the skin
microbiota [1].

In order to control this disease, external treatments have been
developed that reduce symptoms such as bacteriostatic topicals,
hormonal medications, inhibitors of insulin growth factor-I (related to
cancer development) [2], pro-inflammatory blockers, among others.

Acne focuses on chronic inflammation of pores or pilosebaceous
units composed of keratinocyte cells, sebaceous glands and hair follicles,
these holes are lubricated by the substance produced by the sebaceous
gland called sebum, which also functions as a carrier of dead epithelial
cells to the surface following the follicular canal [3]. When there is: an
increase in the production of dead cells, the impediment in the normal
flow of sebum and the obstruction by the hair in the exit of the pore, a
plug is formed, in which the bacteria present in the microbiota of the
skin invade the abscess and cause swelling. For this reason, the most
relevant factors of pathogenesis are: abnormal hyperkeratinization,
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increased sebum secretion and inflammation of the pore due to the
exaggerated presence of microbial flora [1,4].

The majority of the grains are distributed in the upper area of the
trunk being the face the most affected place, the consequences can be
both physical and psychological impacting finally in the psychosocial
environment of the patient [5]. According to the World Health
Organization, 80% of the population between 15 and 35 years of age
will suffer epithelial alteration at some point in their lives, bearing in
mind that the prevalence of these lesions decreases with age [6-8].

Physiopathology of acne

The lesion begins with the increase in sebum secretion by the
sebaceous gland which the pore is unable to support, this fact alters the
cycle of epithelial desquamation accumulating dead keratin cells at the
top of the follicular canal, leading to the formation of comedones or fat
plugs that prevent the normal evacuation of fluid [9]. Comedones can
close when dead corneocytes, sebum and microbial flora are trapped
within a blocked pore, and the pressure of the retained mass creates a
white papule that can cause internal rupture of epithelial tissue invading
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the dermis and causing internal inflammation. The open comedén is a
corneal plug that is shown with a visible hole of black tonality whose
color is conferred by the mixture between melanin and oxidized fat, if
the cyst bursts it can interact with the bacterial microorganisms that
surround the pore as the P. acnes, which favors the inflammation and
evolution to pustula or papule [10,11].

At the same time, the accumulation of this mass in the
pilosebaceous unit generates an ideal environment for the propagation
of microorganisms that are normally found in the skin microbiota
such as Propionibacterium acnes [12]. The result is redness or swelling,
because an immediate response is triggered in the host's innate immune
system by detecting the presence of P bacteria. acnes in the sebocite
generating an infection process, which is capable of activating the classic
pathways of the immune system through immediate response cells
such as neutrophils, macrophages and keratinocytes that recognize the
presence of an invading microorganism by means of Toll type receptors
(TLRs -2 and -4), which induce the production of pro-inflammatory
cells such as interluquins (IL -6, -8, -12) gamma interferon (IFN-y)
and tumour necrosis factor alpha (FNT-a) which contribute to tissue
damage and local inflammation [13,14].

Likewise, the mechanism can stimulate the production of
complementary molecules of the immune system with antimicrobial
activity, such as the Beta-Human Defensin peptide whose expression is
derived from the skin inflamed by infection and contributes to interact
electrostatically with the membrane of the invading microorganism
generating a pore that causes an osmotic imbalance, these inflammatory
responses physically generate the formation of nodules or cysts that in
many occasions leave the scar on the patient (Figure 1) [4,15,16].

Treatments

Various treatments have been proposed to counteract the factors
mentioned above that cause acne. The most commonly used anti-acne
agents are the non-pharmacological ones, which include skin cleansers,
water-based lotions, among others, which can act as a disease attenuator.
On the other hand, the procedures with drugs are specified according
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to the severity and the zone in which the dermopathy is located, they
can be topical, antibiotics and systemic, such as retinoids, tetracyclines
and estrogen contraceptives respectively. However, adverse effects
such as skin irritation, dryness, erythema, photosensitivity, etc., vary
depending on the dose used. The controversy arises when studies
show the resistance and tolerance of bacteria to the frequent use of
these drugs, although these therapies are still used to treat acne, safer
and more efficient agents need to be used [17]. Recently it has been
proposed to study the defense mechanism of the host immune system,
which highlights the activity of antimicrobial peptides as defense
complements in the presence of an invading microorganism showing
promising results as possible candidates for acne treatment [18].

Antimicrobial peptides

Antimicrobial peptides are molecules containing residues of amino
acids covalently bonded through an amide bond (generally less than
8 KDa, although there is longer length) [19,20] are widely distributed
in all kingdoms of nature, their main function is to complement
the response of the innate immune system to the presence of any
pathogenic microorganism [21]. They constitute essentially conserved
components of the host's defense line against infections coming from
invaders such as: bacteria, fungi, parasites and viruses, they present
diverse roles to lysar or inhibit the growth of the microorganism and/
or favor processes; inflammatory, chemothactic, angiogenic, they also
favor cell proliferation, phagocytosis, repair of tissue damage, induce
the release of cytokines, among others [22].

Peptide-pathogen interaction has recently been studied in the
Canadian research group of Dr. Hancock et al. where the viable use of
these biomolecules has been demonstrated in comparison with classical
antibiotics [23-25], awakening the interest of the pharmaceutical
industry to use antimicrobial peptides as potential therapeutic agents,
as it has shown the ability to reduce side effects that other conventional
synthetic molecules usually cause [26].

Of the databases that at the moment are more complete in
Antimicrobial Peptides are; APD3 (Antimicrobial Peptide Database 3)
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Figure 1. Acne stages. Adapted from [16].
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y CAMPR3, (Collection of Anti-Microbial Peptides), which report more
than 2500 identified and classified antimicrobial peptides that provide
up-to-date information on these biomolecules [27,28].

Classification of antimicrobial peptides: The diversity of
antimicrobial peptides in terms of sequence, structure and function
continues to expand, therefore their classification continues to be
updated on a daily basis [29]. However, the classification is based on:
biological source, sequence characteristics, structural conformation,
biological target and molecular target [25]. Further information is
mentioned below:

Biological source: The classification proposed by R. Whittaker has
been adopted, which is based on the five natural kingdoms; prokaryotes
(bacteriocines), protists (algae/archaeas), fungi, plants and animals, this
classification is the first form of discrimination in the databases [28,30].

Characteristics of the sequence: Antimicrobial peptides can be
classified by their sequence characteristics such as:

Load: peptides can be classified as cationic, anionic or neutral at
physiological pH depending on their amino acid composition. They
are generally positively charged (+3) to favour electrostatic interactions
with the negatively charged lipid bilayer [31-33].

Length: The size of antimicrobial peptides ranges from 300 Da. to 8
KDa (from 3 to 75 residues) approximately. The majority of the peptide
population is in the approximate range of 21-30 amino acids (X80%)
[33,34], the length of the antimicrobial peptide has been reported to
influence the ability to cross the membrane [35].

Hydrophobicity: This property ranges from 40-50% in most
peptides, allows to determine how soluble is the molecule of interest,
based on the interaction of the lateral chain of amino acids with the
aqueous medium [36].

Amphipaticity: a property of the molecule that refers to the relative
abundance of residues or hydrophilic and hydrophobic regions in the
same sequence [37].

Structural conformation: According to the intrinsic properties
mentioned above and the diversity of sequences reported, this group
organizes the antimicrobial peptides according to the similarity of the
tertiary structure, categorizing them into four large groups according
to Van 't Hof et al. [24,38]: alpha - helical, folded leaf beta, combination
between alpha - beta and in extended conformation or without defined
structure (ramdom coil) [39,40].

Biological target: The antimicrobial peptide of natural origin
usually has a wide spectrum of biological activities such as antibacterial,
antiparasitic, antifungal, antiviral, among others, depending on the
microorganism with which it comes into contact: bacteria, parasite,
fungus or virus, respectively [27,41,42].

Molecular target: This classification is based on the type of target or
target reached by the peptide once in contact with the microorganism,
usually categorized into two types: those that interact with the
membrane and distort it, and others that present activity only if they
cross the membrane [43]. Once inside, the antimicrobial peptides are
directed to different organs of the cell, such as the ribosome or the
nucleus among others, affecting its functions, inhibiting metabolic
processes and finally leading to the death of the invader [44].

Mechanism of action of antimicrobial peptides

The ability of some antimicrobial peptides to exert their bactericidal
action usually depends on their ability to interact with the membrane
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or cell wall and/or internal targets such as the nucleus (DNA synthesis),
or ribosome (protein synthesis), among other organelles [45]. The way
they interact with peptide-pathogen is the key to understanding their
mode of action and the properties mentioned above determine that
interaction [46].

Several techniques have been used to evaluate the mechanisms
by which the antimicrobial peptide contacts the microorganism and
exerts its action. However, each method provides a slightly different
view of peptide activity and no individual technique has been able
to determine with certainty the mechanism of action of the peptides
[47]. Several models are proposed to explain the probable interaction,
a proposed model of action is the formation of the pore "barrel type"
which postulates a cylindrical pore coated with peptide in which the
hydrophobic face of the peptides interact directly with the acyl chains
in the phospholipid nucleus while the hydrophilic side of the peptides
is oriented towards the interior of the pore [48]. The other probable
model that allows the membrane to be altered by means of channels is
the "toroidal type" whose name refers to generating a closed curvature
when rotating around an axis, that is, there is an integration between
the antimicrobial peptides and the lipid chains, where the hydrophilic
regions of the peptide face the inside of the pore and the hydrophobic
regions remain in contact with the phospholipid, forcing a curvature
in the bi-layer, promoting the union between the external and internal
membrane [49,50].

There is another possible mechanism that explains the
translocation of the membrane once there is peptide-pathogenic
contact, the "carpet-type" model is used to describe the capacity of
aggregation of the peptides on the membrane and generate tension,
as a detergent promoting the formation of micelles [51,52]. Peptide-
membrane electrostatic attraction covers the surface of the host at
different sites as a carpet (Figure 2) [53].

How to obtain antimicrobial peptides

The synthesis and obtaining of therapeutic products based on
peptides was from its beginnings a costly and inefficient technique
which diminished its development and production. The proposed
synthesis method depends on many variables, such as purity, solubility,
yield, stability, delivery mechanisms and dose administration, in
addition to evaluating other criteria such as modifications in the lateral
chains and incorporation of non-natural molecules, among others.
However, the panorama changed, it is currently reported that the
synthesis of a peptide drug proposed as an alternative to conventional
drugs, could generate a favorable cost benefit for the industry and its
subsequent consumer [54,55]. The production of peptides is mainly
based on three different ways: biological synthesis consisting of
the production of peptides in the ribosome by genetic coding [56],
recombinant synthesis considers a deoxyribonucleic acid plasmid
encoding a peptide of interest is introduced into a vector that will act
as a storage complex and subsequent expression of information [57,58]
and the chemical synthesis in solid phase that consists in elongating the
peptide chain from C to N-terminal on a functionalized and insoluble
matrix, by means of the successive coupling of strategically protected
amino acids which compose the sequence [59]; the reaction is given by
the formation of an amide bond (peptide bond) between the carboxyl
functional group of the incoming amino acid and alpha amino of the
amino acid previously coupled, thus, the synthesis methodology allows
cyclic processes of coupling, un-protection and subsequent separation
of the solid support facilitating the elimination of reaction intermediates
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Figure 2. Models of interaction of the peptide on the membrane of the microorganism. Adapted from [48]

and by-products by means of filtration and washing which facilitates
the construction of this type of molecules [19].

Proposed anti-microbial peptides

In recent years antimicrobial peptides (AMPs) have been
considered promising molecules in the defense of the host for their
functions as antibacterial agents taking into account: the diversity in
possible mechanisms of action, the relative affinity according to the
properties of the peptide towards microbial membranes, the broad
spectrum of antimicrobial interaction and especially the low resistance
to bacterial strains [60]. These are some of the PAMs, most studied with
bactericidal characteristics against P. acnes:

Defensins, one of the most widely studied molecules and
characterized by keratinocyte cells, play a very important role in the
innate immune system, especially in the skin and liver. They are cationic
sequences, rich in cysteines, which enable them to form disulfide
bridges and stabilize themselves by the conformation they generally
adopt of the beta-leaf type [61], studies show that these molecules
interact with the microorganism through electrostatic interactions with
the lipid membrane of the host generating pores possibly folder model,
promoting the death of the microbe by osmotic imbalance [62]. Human
beta-defensin type 2 (hBD-2) has been identified as a pro-inflammatory
molecule in psoriasis and acne lesions activated by the presence of P.
acnes bacteria [63].

Human cathelicidine is a cationic peptide composed of 37 amino
acids with amphipathic regions and an alpha-helicoidal tendency. It is
expressed by different epithelial cells such as keratinocytes, mast cells,
neutrophils, among others [64]. It interacts initially by electrostatic
action with the membrane of the P. acnes and it has been demonstrated
that due to its tertiary structure it is capable of being inserted in the
lipidic bi-layer promoting the formation of pores-channel that allow the
entrance and exit of cellular material, concluding in the death of the
pathogen [42,65].

Granulisine, a high molecular weight peptide found in natural
killer cells (NK) and cytotoxic T cells, has a broad bactericidal spectrum
in which P. acnes is included, has 5 alpha helicoidal regions in the
tertiary structure, is made up of 74 amino acids of which two disulfide
bonds are contained [66]. This polypeptide has presented alternatives
for the treatment of the disease, the most relevant fragment contains
the residues of 31-50 of the sequence with antibacterial and anti-
inflammatory effects especially when it is synthesized with modified
D-amino acids. Its bactericidal activity lies in the innate capacity of
the molecule to be toxic in the presence of foreign bodies such as P.
acnes, which inhibits its growth and proliferation in the presence of the
peptide [67].

The LZ1 peptide synthesized by Zhang and collaborators comes
from the fusion of recognized families of antimicrobial peptides,
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these fusion compiles the "optimal" length, load, hydrophobicity and
amphipaticity of a molecule with antibacterial activity, the result was a
monomer of 15 residues with helical alpha tendency and amphipathic
properties. It was developed to act as an inhibitor in the growth of P.
acnes and Staphylococcus epidermis bacteria, it also presents anti-
inflammatory activity because it prevents the secretion of cytokines,
improving the results obtained by the native sequences of each original
family [68].

The CEN1HC-Br antimicrobial peptide studied by the group
of Cheng et al. was isolated from the green sea urchin, comes from
the Centrocinl peptide (CENIHC) a heterodimeric peptide of 30
amino acids with an intramolecular disulfide bridge, the essence of
the CEN1HC-Br peptide is found in the presence of the halogenated
atom, which attributes antimicrobial activity against the bacterium
Propionibacterium acnes with lower concentration per dose
administered (in vivo) compared to a conventional drug such as
Climdamicin® or Eritromicin® used for the treatment of acne and with
possible anti-inflammatory effects, however continues to be studied
because the presence of bromine may generate side effects in the
medium to long term in a possible treatment in humans [69].

Discussion

The problem of acne is caused by the resistance and tolerance of
Propionibacterium acnes bacteria to conventional drugs, evidenced
by the dermatological damage suffered by the patient [1,3,4]. For this
reason, antimicrobial peptides emerge as a novel therapeutic option for
treatment and possible eradication.

Research has already begun on the subject with some of the peptides
described above and there is a great possibility of additional research
combined with other techniques such as bioinformatics or rational
design to generate new molecules with possible greater antibacterial
activity.

As proposed therapies, external treatments have been developed
such as inhibitors of insulin growth factor IGF-I. In numerous
previously published papers concerning the treatment of malignant
diseases expressing IGF-I, we have underlined two things. IGF-I is not
only the precancerous marker [70,71]. The therapy of different diseases
and especially malignant diseases, using the inhibitors targeting IGF-I,
especially IGF-I antisense technology, is the most efficient in current
cancer treatment [72,73].

Acne may be linked to increased risk of melanoma, breast cancer
and prostate cancer [74-76]. The likely link involves Insulin-like Growth
Factor-1 as a general stimulant, synergized by the steroid hormones
[77-80]. Hormones that drive acne and breast cancer may also play a
role in mole formation. As to acne in teenagers, they were 44 percent
more likely to develop melanoma and also 17 percent more likely to
develop breast cancer [74-76].
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We think in the future to apply the gene therapy anti IGF-I, for acne
treatment. The gene therapy anti IGF-1 is also an immune gene therapy.
The immune aspect of the treatment plays also a role in internal
treatment of acne constituting the subject of the presented manuscript;
as an internal treatment, the innate response of the patient's immune
system to the presence of an invading microorganism has been
studied, highlighting anti-microbial peptides as the host's own defense
molecules. This work has showed a compilation of the most relevant
and current antimicrobial peptides that could be used as potential
therapeutic agents against microorganisms located in the skin and
related to acne disease
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