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5.1 INTRODUCTION

Skin is the most exposed organ of human body and acts as the body’s first line of
defense against infection and illness. Skin is also the largest organ of the body with a
surface area of about 2m? in an average human adult. This vast organ is originally
microbe free, but soon after birth microbes start to colonize on the stratum corneum
and eventually establish a complex microbial ecosystem [1,2]. The health of skin
depends upon the delicate balance between skin and millions of bacteria and other
organisms such as fungi, viruses, and mites on the skin [3]. A variety of physico-
chemical factors in skin such as acidic pH, moisture, and sebum content influence the
growth of skin microflora.

In recent years, a comprehensive research expedition on skin microbiomes has
been launched essentially to uncover and analyze all the skin microbes at the DNA and
genome levels. Studies published so far have uncovered new findings [3-5]. Analysis
of 16s ribosomal RNA gene sequence obtained from 20 distinct skin sites reveals the
presence of a much wider array of bacteria than previously thought [3]. The study also
found that body location greatly influences bacterial diversity. For example, the
bacteria in the underarm are more similar among different individuals than the
bacteria on the forcarm.

Human skin is also equipped with a complex network of innate immune system
to defend itself from microbial attacks and invasion. The skin’s antimicrobial defense
apparatus includes various physical and chemical factors. For example, the mechan-
ical rigidity of the stratum cormeum, increased phospholipase A, activity, low
moisture content, lipids, lysozyme, and the continuous exfoliation process by which
the outer layer of skin completely renewed every 15-28 days [6-8] are all part of the
innate immune system. At cellular level, Langerhans’ cells (also termed as dendritic
cells) that reside in the epidermis play an important role as immune cells [9].
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Langerhans’ cells alert the immune system about in-coming threats. They produce
cytokines, signal molecules that influence the immune system to take action against
various external stimuli such as sun, smoke, and other environmental assaults.
Langerhans’ cells also modulate biochemical imbalances that lead to inflammatory
skin conditions. They are involved in boosting collagen synthesis and enhance wound
repair process. Recent experimental evidences are emerging that propose different
role for these important cells [9,10]. The role of these cells is discussed in detail
elsewhere in this book.

Functionally, skin’s innate immune system is also involved in the release of
various immune mediators, such as cytokines and chemokines, recruitment and
activation of phagocytes, and the production of defensins or antimicrobial proteins/
peptides [11-14]. Antimicrobial peptides (AMPs) act as innate chemical shield,
which provides a frontline defense against microbial invasion. Apart from exhibiting a
broad spectrum microbicidal properties, AMPs are also involved in activation and
modulation of the immune system. Thus, improving the skin’s innate immune
defenses is the best way to achieve a healthier skin and may also benefit overall
health of the body. The aim of this chapter is to discuss the resident microflora and
how this diverse population of bacteria reacts or parts with the skin under normal
health or disease conditions. We will also discuss the antimicrobial peptides of skin
and highlight their respective roles in health and disease, and provide a brief overview
on skin cleansers and their impact on skin health and immunity.

5.2 RESIDENT MICROFLORA OF THE SKIN

Bacterial colonization of human skin begins during birth and the process continues in
next several months and years to stabilize the microflora growth on the skin. Being the
most exposed organ of human body, skin constantly encounters a variety of micro-
organisms. Billions of bacteria reside on the skin. Bacteria—skin relationship can be
commensal (i.e., the type of relationship between two organisms in which one
organism benefits but the other is unaffected), symbiotic (i.e., close, often long-term
relationship between different biological species), or parasitic (i.e., the relationship in
which one organism, parasite, lives off another organism or host) relative to the host’s
overall physical and immune status. The status of microbes on skin can be temporary
or transient and permanent or resident biota. Transient bacteria are those that come in
contact with the skin and live temporarily due to unfavorable skin environment.
On the other hand, permanent or resident microbiota are members of the normal flora
that live in or on the body permanently without causing any harm to healthy
individuals under normal conditions. Permanent colonization of a bacterial species
depends on the adaptability of the organism to adhere to the skin epithelium, grow in a
relatively dry and acidic environment, and establish relationships that are more
mutualistic than commensalistic [15-17]. Bacterial adhesion or detachment from
the skin could be mediated by (a) specific interactions via lectin or sugar binding,
(b) hydrophobic interactions, and (c) electrostatic interactions [18,19].

The colonization of specific bacterial species and their population density on
various location of the skin depend on physicochemical characteristics of the skin and
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environmental factors of that particular niche, for example, the anatomical location,
amount of sebum and sweat production, pH, moisture content, temperature, and light
exposure [20,21]. Skin’s microbial composition and density are also influenced by the
age, personal habits, and immune and hormonal status of the host [22,23]. Not all
bacteria are able to reside on skin; only those bacteria that protect the host from
pathogenic bacteria both directly and indirectly are allowed to take the resident status
on skin. These resident bacteria provide protection to the host by producing antibiotics
(e.g., bacteriocin) and toxic metabolites, inducing a low reduction-oxidation poten-
tial, depleting essential nutrients, preventing attachment of competing bacteria,
inhibiting translocation by degrading toxins, and so on [15,22]. Minor racial and
gender differences as factors in skin microflora have been suggested [4,24]. Inter-
estingly, in a recent study, in which the taxonomic diversity, evenness, and richness of
each sites” microbiome were examined using the ecological diversity statistics [3],
revealed that the richest site with diverse microbiome was the volar forearm. The most
even site was the politeal fossa; the least even sites were back, retroauricular crease,
and toe web space. In general, the sebaceous sites were less diverse, less even, and less
rich than moist and dry sites [3].

Common resident bacterial species on normal skin belong to Gram-positive
bacteria that include Staphylococcus, Micrococcus, Corynebacterium, Brevibacteria,
Propionibacteria, and Acinetobacter [20,22,25,26]. These bacterial species have
specific affinity for different skin sites, some are more populated in underarm and
groin area and others are more prominent in drier areas (Table 5.1).

The Gram-negative bacteria make up the minor constituents of the normal
skin flora. Acinetobacter is one of the few Gram-negative bacteria commonly found
on skin. Generally, Staphylococcus aureus, Streptococcus pyogenes, Escherichia

TABLE 5.1 Resident Skin Bacteria and Their Dominant Sites

Bacteria Skin site

S. epidermidis Upper trunk

S. hominis Glabrous skin

S. aureus Nostrils, sebaceous sites
S. capitis Head

S. saccharoliticus Forehead/antecubital

S. saprophyticus Perineum

M. luteus Forearm

Corynebacterium xerosis
C. minutissimum

C. jeikeium

P. acnes

P. granulosum

P. avidum
Brevibacterium spp.
Dermabacter spp.
Acinetobacter spp.

Perineum, axilla, conjuctiva

Toe webs, axilla, intertriginous area
Intertriginous (e.g., axilla) area
Sebaceous gland, forehead
Sebaceous gland, forehead, axilla
Axilla

Axilla, toe webs

Forearm

Forearm, forehead, toe webs
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coli, and Pseudomonas aeruginosa can be isolated from skin as transient coloni-
zers [25,27]. The presence of E. coli on the skin surface is indicative of fecal
contamination. Yeasts and fungi are uncommon on the skin surface, but the lipophilic
yeast Pityrosporum ovalis is occasionally found on the scalp.

In recent years, the advances in sophisticated molecular techniques have led to
new discoveries in the microbiome of the human body including skin [28-33]. Using
molecular tools some unknown species that had never before been identified on skin or
described in the literature were identified [4,34]. A total of 182 species of bacteria .
were identified on human forearm skin, of which 8% were unknown species [35].
Roughly, half the bacteria identified in the samples were normal resident bacteria such
as Propionibacteria, Corynebacteria, Staphylococcus, and Streptococcus. Interest-
ingly, the study also noticed subtle individual and gender differences in the type of
bacterial species isolated.

A recent study in which the palmar surfaces of the dominant and nondominant
hands of 51 healthy young adults were examined using a novel pyrosequencing-based
method for bacterial diversity and variability within and between individuals [36].
The study found highly diverse bacterial communities, >150 unique species-level
bacterial phylotypes, and identified a total of 4742 unique phylotypes across all the
hands examined [36]. The study also found a higher bacterial diversity in women than
men, and bacterial community composition was greatly affected by handedness, time
since the last hand washing, and gender.

5.3 PROTECTIVE ROLE OF RESIDENT MICROFLORA

The permanent residency of the skin flora is the direct result of a mutually beneficial
relationship between the bacteria and the host. One of the attributes of skin’s innate
immune system is that it allows commensal bacteria to establish residency so that it
prevents invasion by potential pathogenic organisms. Normal flora thrives on the host-
generated nutrients and in turn the microflora acts as protective barrier and directly or
indirectly prevents invasion and growth of pathogenic bacteria [37,38]. A healthy
population of the resident bacteria effectively denies the colonization by transient
bacteria including E. coli, coagulase positive S. aureus, group A Streptococci (GAS),
Pseudomonas spp., and Candida albicans. Some resident bacteria produce antibio-
tics, for example, bacteriocins, toxic metabolites, create low reduction—oxidation
potential, deplete essential nutrients, prevent attachment, and degrade toxins pro-
duced by the invading microbes. For example, S. epidermidis binds to keratinocyte
receptors and prevents attachment of pathogenic S. aureus [39,40]. S. qureus strain
502A releases bacteriocin that inhibits other virulent staphylococci [40]. Propioni-
bacterium acnes releases fatty acids from sebum breakdown, thus acidifying the
milieu and inhibiting the growth of S. pyogenes [41].

It has also been suggested that skin pathogenic and commensal bacteria such as
group A Streptococci and S. epidermidis, respectively, upregulate keratinocyte
human B-defensin 2 (HBD2) utilizing different signaling pathways [42]. The signal
transduction leads to the expression of antimicrobial peptides, proinflammatory
cytokines, chemokines, and inducible enzymes. Indirectly, resident bacteria can

4 Galderma Laboratories, Inc. Ex 2012
Dr. Reddy's Labs v. Galderma Labs., Inc.
IPR2015-01777



5.5 INNATE ANTIMICROBIAL SKIN DEFENSES 87

induce host immune system; for example, they stimulate phagocytosis and augment
interferon and other cytokines’ production. This protective role of normal flora
suggests that an excessive use of antimicrobial skin cleansers because of not
exhibiting a selective mode of action may make the skin vulnerable to infection by
more hostile Gram-negative bacteria rather than protecting it [43—45].

5.4 ROLE OF SKIN MICROFLORA IN SKIN DISEASES

One of the important benefits of the normal resident flora is preventing transient
pathogenic organisms from colonizing the skin. Therefore, cutaneous invasion and
infection depends on the health status of the skin, its local microenvironment, immune
status, and pathogenic potential of invading microbes. Resident microbes can also cause
skin infections and in some cases can lead to life-threatening conditions in the host,
particularly immunocompromised people [46]. Among the transient Gram-negative
organisms, Pseudomonas aeruginosa, Pasteurella multocida, Klebsiella rhinoscler-
omatis, and Vibrio spp. are known to cause skin infection. Pathogenicity of bacteria
depends on their ability to attach to, grow on, and invade the host tissues [20]. Bacteria
possess virulence genes that facilitate the invasion and subsequent disease process.
For example, S. aureus and S. pyogenes produce toxins that may elicit superantigen
response triggering a massive release of cytokines. These superantigens cause Staph-
ylococcal scalded skin syndrome, toxic shock syndrome, and scarlet fever [47]. The
normal flora also carries the opportunistic character. Resident organisms have been
shown to play a role in noninfectious skin diseases such as atopic dermatitis [48],
rosacea, psoriasis [49], and acne [50]. Bacteria otherwise nonpathogenic in normal skin
condition can become pathogenic when the skin is compromised [23].

There is a selective shift in microbial community linked to some skin diseases.
In atopic dermatitis, recurrent bacterial infection and heavy recolonization of
S. aureus was linked to the antibiotic resistance, nasal carriage, and treatment
contamination [51-53]. In psoriasis, the microbial population was higher than for
other normal skin samples [5] and a substantial alteration in microbial flora was
observed. Bacteria isolated from patients with rosacea have shown to function very
differently from the same type of bacteria isolated from normal rosacea-free skin.
Bacteria isolated from patients with rosacea also produced different types of proteins
in different amounts at 37°C versus at 30°C temperature. These observations indicate
that increase in facial skin temperature in rosacea patients is likely to play a role in
altered bacterial protein synthesis [54]. A great deal of research is required to
understand the shift in specific microbiota under disease condition, which would
lead to novel approaches to control numbers of overrepresented organisms and help
repopulate normal resident flora that diminish in disease.

5.5 INNATE ANTIMICROBIAL SKIN DEFENSES

The physical properties of skin, for example, dryness, acidic pH, and temperature
lower than 37°C, act as defensive barriers are mostly unfavorable conditions for
bacterial growth. The dead keratinized cells that are constantly being sloughed off
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in a way that removes the colonized organisms from skin acts as a “cleansing
mechanism” that adds to the overall protective attributes. Chemical components of
the antimicrobial defense include lysozymes, RNases, and antimicrobial lipids
secreted via hair follicles and produced by sweat glands [55,56]. One of the key
components of this natural immune defense system is a group of antimicrobial
peptides such as cathelicidins and defensins produced by the epithelial cells.
Evidence for the important role of antimicrobial peptides in innate immunity is
well documented [57,58]. These antimicrobial proteins are gene-encoded endog-
enous proteins. Several in vivo studies have demonstrated that AMPs have a broad
spectrum of activity and the capacity to protect the host against a wide range of
bacteria, viruses, fungi, and parasites [59-62]. AMPs are capable of killing bacteria,
fungi, viruses, and parasites at micro- and nanomolar concentrations. The minimal
inhibitory concentration (MIC) of these peptides ranges from 0.1 to 100 pg/mL [63].
Production of these peptides is very limited under normal conditions; however,
some of these AMPs are upregulated at sites of infection, inflammation, and tissue
injury, such as human B-defensins 2 and 3 (HBD-2, HBD-3) and cathelicidin
LL-37 [64-68]. [
Recent studies have revealed that some of these AMPs, especially cathelicidins,
protect the skin through two distinct pathways: (1) by direct antimicrobial activity
and (2) by inducing various immune apparatuses such as cytokine release, angio-
genesis, and reepithelialization [69,70]. Most of these peptides are small 12-50 amino
acids, positively charged with an amphipathic structure. Structurally, these AMPs can
be divided into several categories such as peptides with an a-helix structure, peptides
with a 3-sheet structure stabilized by disulfide bridges, or peptides with an extended or
loop structure. Beneath the epidermis of the skin are Langerhans’ cells, the immature
dendritic cells that phagocytose and kill microbes.
In human skin, major antimicrobial peptides include human -defensins,
cathelicidins or LL-37, dermacidin (DCD), and psoriasin {71]. In addition to these
peptides, there are a number of other components (Table 5.2) such as BPI [72,73],
sphingosins [74], lactic acid [75], lysozyme [63,76], RNase 7 {77] that play a role in
host immune defense. These defense molecules are at work even before birth since

TABLE 5.2 Examples of Selected Defense Components of Human Skin

Defense component Function References
LL-37 Antimicrobial and immune modulatory activity [14,86]
Beta-defensins Antimicrobial, antienveloped viruses [44,87-89,117]
Activation of dendritic cells
Dermacidin Antibacterial and antifungal [90,127] i
Psoriasin Antibacterial and chemokine activity [92,128]
BPI Active against G (—) bacteria [73]
Fatty acids Prevent microbial growth [53,56,75,134]
Sphingosine Natural antibacterial agent [74,129,130]
Lysozyme Hydrolyzes bacterial cell wall peptidoglycan [63,76]
RNase 7 Antimicrobial, ribonuclease activity [77,93]
i
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many of these molecules are present in the vernix caseosa (lipid-rich film) that
attaches to fetal and neonatal skin [78].

The mode of action of most AMPs is not clearly understood; however, it is
largely believed that most AMPs kill microbes by causing membrane leakage or
disruption [79-81]. A number of models such as “barrel-stave” and “carpet-like” for
membrane permeation by amphipathic o-helical peptides have been proposed, but
these models may not properly reflect the complex processes involved in the killing of
microorganism [80,82,83). In the barrel-stave model, channel-forming peptides
position in a ring, which is barrel-like, around an aqueous pore. Peptides or peptide
complexes may constitute individual transmembrane spokes in the barrel, hence the
term “stave” in the model. In the carpet mechanism, a high density of peptide acts
upon the microbe and causes phospholipid displacement, changes in membrane
fluidity, and/or reductions in membrane barrier properties, which lead to membrane
disruption. The peptides initially bind to the membrane by electrostatic interactions,
yetno quaternary structures are formed. Rather, the membrane integrity is lost after a
sufficient concentration of peptides is reached, causing unfavorable membrane
energetics. Peptides operating under this model do not form channel-like structures
and may not integrate in the hydrophobic membrane core.

Cathelicidins and j3-defensins are well characterized of the AMPs found in the
skin. Methicillin-resistant S. aureus (MRSA) is an important public health problem.
Skin AMPs are one of the key host factors that determine whether MRSA coloni-
zation/exposure results in infection of skin or soft tissue [84]. A better understanding
of the biology of these compounds would clarify the pathophysiology of inflamma-
tory and infectious disecases [85].

With the rise in antibiotic resistance in managing infectious diseases, these
immune defense peptides may provide useful alternatives to conventional antibiotics.
A brief description of key AMPs is given in the following sections.

5.5.1 Human Cathelicidin LL-37

Cathelicidins are effectors of innate immune defense in mammals. Humans and mice
have only one cathelicidin gene, whereas domesticated animals such as cows, pigs,
and horses have multiple cathelicidin genes. The human cathelicidin LL-37 is an
o-helical, cationic antimicrobial peptide, and cathelicidin expression in vivo is
highly resistant to proteolytic degradation. LL-37 is induced in normal keratinocytes
in response to injury or inflammation or vitamin D [94,95]. However, in sebocytes,
cathelicidin expression is both constitutive and inducible [96]. Cathelicidin LL-37
produced by sebocytes has been shown to kill microflora such as S. aureus and
P. acnes in vitro [96]. It is now recognized that several cell types in the skin
produce cathelicidin, including keratinocytes, mast cells, neutrophils, and ecrine
glands [94,97-100].

Under normal conditions, LL1-37 level is very minimal, but in wounded skin
the LL-37 level can reach up to 2000 ng/mg of total protein [101,102]. In sweats and
seminal fluids, the concentration of LL-37 can be as high as 360 ng/mL and 140 ng/mL,
respectively [98). Interestingly, some of the cathelicidins found in sweats and seminal
fluids are suggested to be the novel processed cathelicidin with enhanced antimicrobial
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activity [103]. LL-37 shows activity against C. albicans in vitro, even in physiological
saline. This indicates that L.1.-37 can function in salty environment such as the skin
surface that is salty due to the presence of sweat and its subsequent evaporation. L.1-37
acts as a potent antisepsis agent by inhibiting macrophage stimulation by bacterial
LPS, lipoteichoic acid, and noncapped liporabinomannan [104]. A recent study
suggests that LL-37 inhibits replication of vaccinia (pox) virus [86]. It was also
demonstrated that LL-37 protects mice against endotoxemia.

Advances in cathelicidin research have revealed that LL-37 is a multifunctional |
peptide with receptor-mediated effects on eukaryotic cells and its involvement in
chemotaxis, angiogenesis, and wound healing [67,105-110]. On the other hand,
cathlicidin disfunction has been linked to many skin disorders such as atopic
dermatitis and psoriasis [52,86,111]. In atopic dermatitis, cathelicidin production
is suppressed [52], whereas in psoriasis, cathelicidin expression is increased that has
been suggested to control excessive inflammation. Downregulation of L1.-37 in atopic
dermatitis predisposes patients to skin infection with S. aureus [52].

The role of sunlight in increased expression of LL-37 has been investigated.
A number of recent studies indicated that there is a link between sunlight exposure to
the function of the innate immune system [112]. Individuals exposed to UVB have
shown increased synthesis of vitamin D and increased expression of LL-37 in
epidermis [112,113]. Vitamin D was found to induce keratinocyte LL-37 and HBD
expression and antimicrobial activity against P. aeruginosa through consensus
vitamin D response elements [112]. These observations suggest that any local deficit
of immunity can be compensated by stimulating skin’s antimicrobial peptide
expression mediated by UVB or sunlight. Therefore, the concept that sunlight
exposure fo a “certain degree” may be good for the immunity is gaining some
ground.

5.5.2 Human B-Defensins

Like cathelicidins, defensins are small cationic peptides (about 3-5kDa) with a
broad-spectrum antimicrobial activity against bacteria, fungi, and enveloped
viruses [114-117]. Different disulfide linkage patterns separate defensin peptides
into o, B-, and 6-defensins, although humans do not produce 8-defensins [116].
Resident skin cells have not been shown to produce o-defensins. Although genes of at
least 30 different human B-defensins exist, only three of them (HBD-1, -2, and -3) are {
expressed by keratinocytes and have been widely studied [44,118,119]. The HBDs
are a group of small (4.5-5kDa) cationic peptides with six conserved cysteine
residues and three intramolecular disulfide bonds [120}. HDB-1 is constitutively
produced by keratinocytes and its broad spectrum of antimicrobial activity includes
Gram-negative bacteria and C. albicans. HBD-2 is not expressed by normal skin, but
in psoriasis and in inflammatory skin conditions. It is highly expressed by kerati-
nocytes [44,121-124]. On the other hand, HBD-3 is produced by keratinocytes only in
response to infectious or inflammatory stimuli. In psoriasis, the genomic copy number
of beta defensin is reported to be increased [123]. The downregulation of HBD-2 and
-3 along with LL-37 is found to be relevant for the pathogenesis of atopic
dermatitis [126].
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5.5.3 Dermacidin

Dermacidin (DCD) is a 47 amino acid peptide produced in ecrine sweat glands and is
delivered to the skin surface via sweat. Dermacidin expression is constitutive and
undergoes postsecretory proteolytic processing in sweat-yielding anionic and cat-
ionic DCD peptides. DCD has a broad spectrum of antibacterial activity against E.
coli, Enterococcus faecalis, S. aureus, and C. albicans [90]. It is likely that DCD in
sweat may play a role in regulating the density and composition of human skin flora.
The mode of action of DCD peptides is reported to be different from that of the
cathelicidin LL-37. DCD causes membrane depolarization and the provocation on
the integrity of bacterial cell envelope plays a role in the antimicrobial activity of
DCD [127].

5.5.4 Psoriasin

Psoriasin, also referred to as S100A7, is a small, cell-secreted, calcium binding
protein that is overexpressed in psoriasis, other inflammatory skin diseases, and in
cancer tissues [92]. Psoriasin is highly active against the Gram-negative E. coli [92].
Psoriasin acts by creating pores in microbial membrane that is pH dependent. At
neutral pH, E. coli is killed without compromising its membrane, whereas at acidic
pH Bacillus megaterium (Gram positive) is killed by permeabilization of its cyto-
plasmic membrane [128]. The antimicrobial activity of psoriasin and related protein is
inhibited by zinc.

5.5.5 Antimicrobial Lipids

In human skin, sebum lipids play important role as a dynamic aspect of skin innate
immunity [56,129-131]. The sources of these lipids can be varied. During epidermal
differentiation, for example, sphingoid bases are synthesized locally in the epidermis
and carried to the outer surface of skin where other lipids are secreted by sebaceous
glands. Free sphingoid bases are known to have a broad antibacterial activity [130].
Like antimicrobial peptides, fatty acids are induced in skin upon injury or microbial
stimuli through Toll-like receptor-dependent pathways [132,133]. Reduced levels of
sebum fatty acids and antimicrobial peptides are found in atopic dermatitis [52,53].
Skin fatty acids prevent the production of virulence determinants and the induction of
antibiotic resistance in S. aureus and other Gram-positive organisms. A purified
human skin fatty acid was shown to be effective in treating topical and systemic
infections caused by S. aureus [134].

5.5.6 RNase 7

Another antimicrobial protein expressed in human skin is RNase 7, a member of the
RNase A superfamily. RNase 7 is characterized by homology with bovine ribonu-
clease A [55]. To date, 13 human RNase members (RNase 1-13) of the RNase
superfamily have been identified [55]. However, the physiological role of these
ribonucleases is not clear. A recent study suggests that RNase 7 may play a major
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role in skin defense and contributes to the high resistance of human skin against
colonization with the Gram-positive enteric bacteria E. faecium [93].

5.6 EFFECTS OF SKIN-CLEANSING PRODUCTS ON SKIN
MICROFLORA AND SKIN IMMUNITY

Historically, the use of soap as skin cleanser dates back to some 5000 years; however,
industrial production of soaps started in 19th century. It is now a universal fact that the
routine use of skin cleansers has multidimensional benefits to the user in terms of
reducing/eliminating the transient organisms and maintaining the resident microflora
at a healthy level. Soap is still the most commonly used form of skin cleanser.
Commercially available skin cleansers come mainly in two forms: (1) solid as bar
soaps and (2) liquid as liquid hand and body wash and facial cleansers and lotions.
The major constituents in skin cleansers are surfactants (i.e., detergents and emulsi-
fiers/soaps), which lower the surface tension on the skin due to the emulsification of
fat, thus helping to remove dirt, oil, sweat, sebum, microbes, and dead corneocytes.
In addition, surfactants aid in the normal exfoliation process of the skin. Water alone
removes about 65% of o1l and dirt from the skin. In some cases, skin cleansers remove
not only dirt but also some beneficial lipids; especially the harsh surfactants may
disrupt epidermal barrier function [135] resulting in accelerated transepidermal water
loss (TEWL). The use of skin-cleansing products can also have effect on the skin
flora [136].

An ideal skin cleanser should effectively remove dirt and oils, including the oil
from cosmetic products used, environmental pollutants, and transient microbes from
the skin without damaging the barrier properties or irritating the skin. One of the most
important benefits of using skin-cleansing products, especially the hand wash
products, is that these products prevent the spread of infectious diseases. Laboratory
and community-based studies have shown the antimicrobial and degerming effects of
these products [137,138]. It is now widely recognized that proper washing of hands
with soap and water is regarded as one of the most important steps in preventing the
spread of infectious diseases. A recent community-based study has shown that the
use of skin-cleansing soap coupled with hand washing promotion resulted in 50%
decrease in pneumonia, 53% reduction in diarrhea, and 34% reduction in impetigo
(skin infection) in children under 5 years of age {139].

Depending on the type, surfactants can have harmful effects on the outermost
layer of the skin, that is, stratum corneum, such as postwash skin tightness, dryness,
barrier damage, redness, irritation, and itching. Surfactants in the cleansers can bind to
the corneocyte proteins making them overhydrated and swell. This swelling may
facilitate cleanser ingredients to penetrate into the skin where they interact with nerve
endings and immune system inducing inflammatory response and itching. Once the
water evaporates, it leaves the skin dryer than before. Skin cleansers can also remove
the natural moisturizing factor (NMF) from the skin and damage the lipid structures
causing a reduction in the amounts of lipids in the skin. NMF is a collection of free
amino acids, along with other physiological chemicals such as lactic acid, urea, and
salts; together these elements are known as “natural moisturizing factors.” The
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interactions of surfactants with the skin have been extensively studied in the
past [140]. In general, skin-cleansing surfactants are broadly divided into soap-based
surfactants and synthetic detergent-based (syndet) surfactants. Soaps are chemically
the alkali salt of fatty acids with a pH between 9 and 10. On the other hand, chemically,
a synthetic detergent can be anionic, cationic, nonionic, or amphoteric depending on
its chemistry and surfactant type [141]. Examples of various skin-cleansing products
are listed in Table 5.3.

5.6.1 Plain Alkaline Bar Soap

The effects of skin-cleansing products on the pH, moisture, and fat content of the skin
are well documented [142]. The alkaline bar soaps significantly increase the skin pH.
In general, all skin cleansers remove fats and oil from skin, but alkaline bar soap has
been shown to cause the highest reduction in fat content [142]. Increase in pH irritates
the skin and long-term usage of these products has been shown to alter the skin surface
pH and affect the skin microflora [143—145]. The use of an alkaline soap results in
higher skin surface pH and significantly increases the number of Propionibacter-
ia [142,146]. Compared to acidic syndet bar soap, washing of facial skin with alkaline
soap i acne-prone young adults was reported to cause more inflammatory reac-
tion [147]. On the other hand, although washing with an acidic skin cleanser (pH of
5.5) in adults was shown to increase the skin surface pH, this increase was
significantly less than the increase caused by the alkaline soap [142,148,149]. On
the forehead, there was a clear correlation between bacterial counts and skin pH both
with Propionibacteria and with Staphylococci, but on the forearm only Propioni-
bacteria count was higher with higher pH. The number of Propionibacteria was
significantly linked to the skin pH [146]. In a crossover clinical study, Korting et
al. [150] have shown that when soap was used, compared to syndet, the skin pH
increased and the number of Propionibacteria was increased significantly, but no
change in the coagulase-negative staphylococci counts was observed.

The soaps commonly recommended and used by the population at large have a
pH, which is neutral to alkaline in most cases, ranging between 7 and 9. Those skin
cleansers that exhibit a pH value closer to the pH of the normal skin (pH 4.5-6) are less
drying and mild to skin. It is evident from the available studies that the pH of the skin
changes depending on the pH of the cleanser used. This has a multifold impact on the
skin in terms of the barrier damage, moisture content, the irritability, and the bacterial
flora. Thus, before recommending a cleanser to a patient especially in case of atopic
dermatitis, sensitive and acne-prone skin, one should carefully consider the pH of the
cleanser in use.

5.6.2 Antibacterial Soap

Unlike plain soap, antibacterial soaps contain an antibacterial active that is bacte-
riostatic or bactericidal in nature. In addition to cleansing the skin off dirt, bacteria,
body sweat, oil, and other odorous by-products, antibacterial soaps reduce/inhibit
the bacterial growth on skin. The bacteriostatic or bactericidal efficacy depends on the
nature of the antibacterial active and the delivery of the active on the skin surface. The
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commercialization of antibacterial soap started around mid-twentieth century. During
the past five decades, the use of antibacterial soap in homes, hospitals, and other
institutional settings has increased significantly. A recent survey indicates that 45% of
the commercially available soaps contain antibacterial agents [ 165]. Initially, the bar
soaps with antibacterial actives were developed and marketed as deodorant soaps, but
were later marketed for their antibacterial benefits as well. The most commonly used
antibacterial actives in soap products includes triclosan (TCS), chlorohexidine
gluconate, triclocarban (TCC), benzalkonium chloride (BKC), benzethonium chlo-
ride (BTC), and parachlorometaxylenol (PCMX).

[t is widely believed that the overuse of antibiotics in human illnesses and in
livestock has contributed to the emergence of antibiotic-resistant bacteria in the
community. Does the regular use of antibacterial soap by general population could
lead to the emergence of resistant pathogens? This issue has been widely debated in
the scientific community [166-169]. Although there may be some similarities in the
mechanism of action of antibacterial actives used in skin-cleansing products and
antibiotics, there has been no evidence of the development of cross-resistance to
antibiotics due to the use of antibacterial wash products in the community [170,171].
Multiple community-based studies have demonstrated significant reductions in
infections, specifically in enteric diseases as a result of hand hygiene interven-
tions [172-178]. A laboratory-based clinical hand wash study demonstrated signif-
icantly less transfer of Shigella felxineri from artificially contaminated hands to
melon balls following hand washing with an antibacterial soap compared to a plain
soap, suggesting potential infection reduction benefits of antibacterial soap [138].

Few laboratory-based studies [169,179,180] have reported that bacteria may
develop resistance to triclosan when exposed to sublethal doses of triclosan over time.
However, to date no organism originally known to be sensitive to triclosan has been
found on human skin that became resistant due to the use of triclosan-containing
products. A recent retrospective study (personal communication) found no increased
antibiotic resistance in Staphylococcus isolates from groups regularly using antibac-
terial wash products containing TCC or triclosan, compared to the groups using wash
products containing no TCC or TCS. In addition, none of the 317 study isolates was
resistant to vancomycin, and the rate of MRSA detected was appreciably less than that
reported in the literature for both inpatient and outpatient isolates of MRSA.

There are also some misconceptions that regular use of antibacterial soap would
lead to sterile condition and increase the risk of invasion by pathogenic organisms.
Interestingly, several studies have actually reported higher postwash count than
prewash [181-183]. This might be due to increased shedding of the skin during the
washing and increased dispersion of bacterial microcolonies. Moreover, Larson et al.
found that those using the plain soap were significantly more likely to have larger
proportion of higher postwash counts compared to prewash count after 1 year of
use [184]. These observations may indicate that mere washing of skin with plain or
antibacterial soap does not disturb or alter the bacterial population in any significant
way. Antimicrobials may cause reduction in the density of the skin flora for a short
duration, and the skin flora tend to regrow to the previous level within 24-48 h, While
the use of antimicrobials may induce irritant and allergic contact dermatitis in some
users, no evidence exists that the use of antimicrobial products may alter the ecology
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96 CHAPTER 5 RESIDENT MICROFLORA AND ANTIMICROBIAL PEPTIDES OF SKIN

of resident skin bacteria that would lead to the overgrowth of pathogenic bacte-
ria [185]. Clearly, more work would be needed to clearly understand the effect of [ong-
term usage of antimicrobial-containing skin cleansers on skin microflora.

Pathogenic bacteria and viruses are known to survive very well on human
hands [186,187]. Pathogens are also known to be transferred from person to person via
hand contact [161,188]. Proper hand washing is one of the most important interven-
tion steps in disease transmission and control because it reduces and/or inactivates the
microbial load on the hands and decreases the chance of self-inoculation or spread of
microorganisms from the contaminated hands to other hands or inanimate objects and
food products [138,186,189-191]. Studies conducted on human hands have shown
that the use of antibacterial soaps provides greater reduction in the number of bacteria
on the hands compared to the use of regular soaps [138]. Furthermore, antibacterial
soap may substantially reduce the transmission of bacteria from the hands to
inanimate objects and food items [138,190].

A comparative study on the effects of antibacterial deodorant soap containing
triclocarban versus a plain soap on the skin flora found no significant difference in total
colony counts [192]. However, more S. epidermidis was observed with plain soap,
while washing with deodorant soap resulted in higher colonization of Acinetobacter
calcoaceticus and Micrococcus luteus. A new antibacterial soap preparation contain-
ing TCC was compared in laboratory tests with commercially available hexachloro-
phene soap and a control, nongermicidal soap. Both antibacterial scaps showed
significant reductions in the skin flora; however, there was no difference between the
two preparations. More recently, an 18-month-long study conducted in a ward showed
that the use of TCC soap significantly reduced the transmission of staphylococci [193].
Inaclinical study involving patients with atopic dermatitis, those who bathed with soap
containing 1.5% TCC had greater reductions in S. aureus colonization and in the
severity and extent of skin lesions than those who used plain soap [194].

Chlorhexidine gluconate (CHG)-containing skin cleansers have also been
shown to be effective against bacteria, fungi, and viruses [162]. CHG is an FDA-
approved antimicrobial agent for topical application in products for use as surgical
scrub, healthcare personnel hand wash, and patient preoperative scrub [195]. CHG-
containing skin cleansers are commercially available in various liquid and foam bases
at 2% and 4% concentrations. CHG-containing hand wash products have been shown
to reduce skin microflora in a single wash and further reductions in subsequent
multiple washes. The concentration of CHG may also impact the level of bacterial
reduction; for example, in one study [196], although not significantly different, the
reductions in flora among those using the 2% CHG product were less than among
those using the products with 4% CHG. CHG-containing skin cleansers are mostly
used in healthcare settings as surgical scrub and preoperative skin preparation and are
not used as daily hand wash regimen due to its adverse effect on skin.

Alcohol or ethanol is widely used in many topical products with direct exposure
to the human skin. One of the growing trends is the use of alcohol-based hand sanitizer
for hand disinfection [197]. The antimicrobial effect of alcohol-based hand sanitizers
is of a fast-acting nature, but due to evaporation it does not provide a lasting residual
efficacy. Ethanol also dries the skin, extracts secreted lipids, and may serve as
penetration enhancer that leads to irritation. Opposing arguments on the safety of
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topical applications of alcohol can be found in the scientific literature and warrant
further studies on this topic [198]. On the other hand, cationic chlorohexidine strongly
binds with the skin resulting in persistent antimicrobial effect. Antiseptic hand wash
products intended for use by healthcare workers are regulated by the US Food and
Drug Administration as over-the-counter or OTC drug products. The requirements for
in vitro and in vivo testing of these products as well as surgical hand scrubs are
described in the FDA Tentative Final Monograph for Health-care Topical Antiseptic
Drug Products issued in 1994 [199].

The antimicrobial wash products do not exhibit moisturizing properties to
skin. Lotions have been developed to provide antimicrobial activity to inactivate/
destroy microorganisms on the surface of the skin while also providing a moisturizing
benefit. Moisturizing lotions usually contain emollients such as glycerin that has
been shown to improve the hydration of the homny layer of skin [200,201]. Skin
cleansing particularly in institutional settings such as hospital, nurseries, day care
centers, and food establishments requires potent antimicrobial agents to kill and/or
eliminate germs from hands of care-givers and also provide, in conjunction with
antimicrobial properties, skin moisturizing benefit. Excessive hand washing with
soaps is not totally harmless. In particular, harsh soaps can alter the acidic mantle of
the skin that can hinder some of the protective fatty acid secretions. Excessive
washing can also remove protective microflora leaving the newly exposed skin
susceptible to colonization by other potentially pathogenic microorganisms. People
working in healthcare settings who scrub their hands frequently are prone to sustain
barrier damage and skin infections. Dry and barrier-damaged skin also suffers from
irritation and inflammation.

Although a number of studies have been published on the role of surfactants in
affecting the skin pH, depletion of proteins, and lipids, there has been very little work
done to understand the effects of skin cleansers on skin’s innate immunity. In recent
years, there has been a growing interest in developing skin care products that boost
skin immunity and its defense mechanisms. Enhancing the skin’s natural antimicro-
bial defenses would help to prevent infection and maintain skin health and can
possibly improve the over-all health. Patients with atopic dermatitis are susceptible to
bacterial skin infections because patients with atopic dermatitis fail to produce
effective amounts of the antimicrobial peptides LL-37 and B-defensin 2 and 3. These
findings suggest that boosting the synthesis of antimicrobial peptides may ameliorate
the skin conditions. Skin’s immunity provides skin with power to repair and
regenerate and maintain a healthy balance between the host and microbe and the
environment. As skin gets older, its natural immune system starts to slow down. As a
result, skin loses its power to effectively protect, prevent, and repair damages due to
biological, chemical, or physical factors.

5.7 CONCLUDING REMARKS

Skinis a vital organ of the human body responsible for protecting the body from various
physical, chemical, biological, and environmental stressors. In that role, skin possesses
a network of defensive apparatuses. The resident microflora, antimicrobial peptides,
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antimicrobial lipids, and other immune components play respective roles in defending
the skin. The resident microflora protects the skin from invasion by pathogenic
microbes by producing antibiotics and enzymes, making the local environment hostile
for the invading microbes, and preventing unwanted inflammation. The acidic pH of
the skin also plays a role in controlling the microbial colonization of skin. Under
normal conditions, skin microflora is in a mutualistic relationship with the host;
however, in altered circumstances, the same resident bacteria can get involved in skin
conditions such as atopic dermatitis, rosacea, psoriasis, and acne. Recent advances in
human microbiome project have uncovered interesting variations within and between
individuals in microbial ecology. Such observations in a way will help in defining what
constitutes a healthy bacterial community of the skin.

Among the various immune components that constitute skin’s innate immunity,
antimicrobial peptides, especially cathelicidin LL-37 and human B-defensins 1 and 2,
are the key players involved in the protective mechanisms. Normally, production of
these peptides is minimal; however, their synthesis is upregulated at the site of
infection, inflammation, and tissue injury. These antimicrobial peptides are very
important in maintaining a healthy skin as evident from some of the instances where
downregulation of HBD-2 and -3 and LL.-37 has been linked to the pathogenesis of
atopic dermatitis. Recent advances in this area indicate that some of these antimi-
crobial peptides not only kill microorganisms but are also involved in immune
regulation and other functions. Antibacterial lipids present in the epidermis are also a
factor in skin’s protective mechanism. Further work is required to fully understand
how antibacterial lipids are synthesized and what is their mode of action. Based on
in vitro and in vivo studies [202,203] on the antimicrobial activities of lipids, the
possibilities of using such lipids as active ingredients in skin-cleansing products
should be considered. A better understanding of skin microflora and its innate
immunity will advance the treatment of skin diseases, prevent skin infection, and
improve the skin health.

The use of skin-cleansing products both removes dirt, sweat, and oil and reduces
the microbial load on the skin. Skin-cleansing products with exfoliating agents also
help skin cell differentiation and exfoliation. Skin cleansers with antibacterial actives
further help to prevent the growth of skin flora including the odor-causing bacteria.
Antibacterial hand wash products are known to be effective in eliminating transient
and potentjally pathogenic organisms from hands. In hospital and other institutional
settings, the use of antibacterial wash products has led to the reduction in the
outbreaks of infectious diseases. A clear evidence for infection reduction in homes
due to the use of antibacterial wash products is yet to be demonstrated.

Skin-cleansing products, especially those formulated with harsh surfactants,
may cause skin dryness due to loss of natural moisturizing factors and beneficial
lipids. Resident bacteria otherwise nonpathogenic in normal skin condition can
become pathogenic when skin becomes damaged [23]. Investigations in this area
would ]Jead to novel skin cleansers that would enhance local immunity and at the same
time maintain healthy microflora. Generally, surfactant-based skin-cleansing pro-
ducts help to maintain skin’s normal physiology; however, surfactant-induced barrier
disruption triggers immune response resulting in irritation and inflammation. In order
to minimize skin barrier damage, skin care products supplemented with emollients,
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humectants, and lipid analogues may protect skin from drying and irritation. The
selection of a skin cleanser is very important to maintain a healthy skin. An ideal skin
cleanser should remove unwanted waste materials and microbes from skin, leaving
beneficial components behind to continue to nourish and protect the skin. Delivery of
bioactive materials such as vitamins and antioxidants on skin via skin cleansers would
also help the skin to neutralize environmental stresses.
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