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Abstract

We compare here the principal characteristics of over-the-
counter moisturizers with physiologic lipid-based barrier re-
pair therapy. Moisturizers are standard ancillary therapy for
anti-inflammatory skin disorders, like atopic dermatitis (AD),
and can attenuate the emergence of AD, the initial step in
the “atopic march.” But not all moisturizers are beneficial;
some can make skin function worse, and can even induce
inflammation, possibly accounting for the frequent occur-
rence of “sensitive skin” in women. In contrast, physiologic
lipid-based barrier repair therapy, if comprised of the 3 key
stratum corneum lipids, in sufficient quantities and at an ap-
propriate molar ratio, can correct the barrier abnormality
and reduce inflammation in AD, and perhaps in other inflam-
matory dermatoses. ©2018'S. Karger AG, Basel

Moisturizers Do Not Equate with Barrier Repair
Therapy

Types of Ingredients in Moisturizers and Their

Mechanisms of Action

By definition, moisturizers contain occlusive ingredi-
ents, such as petrolatum or lanolin, which coat the surface
of the skin with a water-repellent lipid layer that impedes
the bidirectional movement of water across the skin. Be-
cause they block water loss out of the skin, these agents
can temporarily ameliorate the xerosis that is character-
istic of atopic dermatitis (AD) and age-associated eczem-
atous disorders. Moreover, by improving the hydration
of the stratum corneum (SC), they can dampen inflam-
mation [1]. However, it is important to note that occlu-
sive moisturizers do not address the underlying biochem-
ical abnormalities of AD.

Many moisturizers also contain >1 humectants, such
as glycerin, which imbibe water from the surrounding at-
mosphere. AD typically flares during winter months
when indoor humidity can decline drastically due to
forced-air and radiant heating, so humectants are often
paired with an occlusive agent such as petrolatum, to pro-
tect against further drying of the skin, which can other-
wise exacerbate AD symptoms.

© 2018 S. Karger AG, Basel

KARGER

E-Mail karger@karger.com
www.karger.com/spp

Peter M. Elias, MD

Dermatology Service, VA Medical Center
4150 Clement Street, MS 190

San Francisco, CA 94121 (USA)

E-Mail peter.elias @ ucsf.edu



Many moisturizers also incorporate emollient vege-
table oils such as olive, coconut, jojoba, or avocado.
While these agents can impart an elegant texture to such
formulations, they provide no scientifically proven ben-
efits, with one key exception; certain vegetable oils, such
as sunflower, safflower, borage, corn, and sea buckthorn
are enriched in essential fatty acids and/or §-linoleic
acid. These oils can: (i) improve barrier function [2, 3],
(ii) reduce inflammation via the activation of peroxi-
some proliferator-activated receptors (PPARs) [4], and/
or (iii) even provide nutritional benefits [5]. Finally, bo-
tanical ingredients are increasingly being added to
moisturizers, and some of these can be beneficial. For
example, chamomile contains anti-inflammatory sub-
stances, such as apigenin, which can improve AD symp-
toms [6].

It should be noted that some popular over-the-coun-
ter moisturizers also include a skin-identical or synthetic
ceramide, or pseudoceramide [7]. Although these ce-
ramides, if provided at sufficient concentrations, can im-
prove epidermal permeability barrier and SC hydration
[8], their content in most formulations is usually too low
to impart measurable benefits. Ceramides appear to be
included in such preparations largely for marketing pur-
poses. Moreover, as described below, if the ceramide is
provided without the addition of the other 2 key physi-
ologic lipids at an appropriate ratio, i.e., with cholesterol
and >1 fatty acids, barrier function deteriorates rather
than improves. Studies have shown that all 3 constituents
must be provided together in an equimolar ratio to re-
store barrier function after the disruption of normal skin

[9].

Moisturizers Can Harm Individuals with a Defective

Barrier

In a “sensitive skin” animal model, we recently identi-
fied a serious flaw in most of the moisturizers currently
on the market [10]. While they may appear harmless
when applied to normal skin that displays a robust bar-
rier, many of these products could prove to be toxic if/
when they are applied to the skin of individuals with self-
reported sensitive skin, likely also involving subjects with
a history of AD [10]. However, these products rarely are
tested in such “at-risk” individuals. Instead, typically,
these subjects are specifically excluded from any such in-
vestigations. The bottom line is that, while short-term
relief may be obtained with these agents, if they further
disrupt the skin barrier they can initiate a vicious cycle
that requires repeated applications of the same or alter-
nate products.
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Barrier-Based Pathogenesis of AD

How Inherited Mutations in Structural Proteins Give

Rise to AD

Though much attention in recent years has focused on
filaggrin, AD is associated with mutations in a diverse
group of structural and enzymatic proteins that interfere
with either the loading and/or delivery of the lipid and
enzymatic contents of lamellar bodies into the extracel-
lular spaces of the SC [11]. Normally, these secreted lipids
form stacks of lamellar bilayers that fill the extracellular
spaces, accounting for around 10% of the mass of the SC
in normal skin. In AD, the failure to deliver a full comple-
ment of lipids to the SC results in reduced amounts of
extracellular lipids, producing a “leaky” extracellular ma-
trix that permits excessive loss of water [12]. An immedi-
ate consequence of a flawed delivery mechanism is a de-
cline in the total lipid content needed to fill the extracel-
lular spaces with lamellar bilayers. It also should be noted
that, because the permeability and antimicrobial barriers
are both closely linked and interdependent [13], a perme-
ability barrier defect results in a parallel defect in antimi-
crobial defense that allows an unimpeded penetration of
microbial pathogens and allergens into the skin (Fig. 1).

The Link between Barrier Abnormality and the

Inflammatory Phenotype in AD

Another consequence of the flawed barrier in AD fur-
ther linking the barrier defect to the characteristic immu-
nophenotype in AD, is the so-called “cytokine cascade”
[14]. In response to the sustained barrier defect, the epi-
dermis produces a series of signaling molecules, includ-
ing a host of cytokines and growth factors, in an inher-
ently unsuccessful attempt to restore normal function
[15]. Due to the underlying, inherited, biochemical ab-
normality in AD, normal function cannot be restored.
Hence, these signals continue to be generated, sustaining
a signal cascade until a Th2- or Th17-dominant inflam-
matory milieu develops. Despite a host of recent articles
espousing inflammation as the cause of dermatitis, it is
this “outside-to-inside” paradigm of AD pathogenesis,
due to the inherited barrier abnormality, that sustains a
proinflammatory cytokine cascade [16] (Fig. 1).

The Pathogenic Role of Elevated pH in AD

An inevitable consequence of both the flawed barrier
and the inflammation in AD is an elevation in pH on the
skin surface [17].The deleterious consequences of an el-
evated pH in AD include the activation of yet another
outside-to-inside cytokine cascade, that begins with the
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Fig. 1. The “outside-to-inside” homeostatic
responses provoke a cytokine cascade that
leads to inflammation in AD.

v\/‘\-f\_,| Barrier Perturbation |—>

1 S. aureus entry

| 1 Cytokines/Growth Factors

1 DNA, Lipids & ‘/\
Antimicrobial Peptides AD
}—ap

Permeability & Antimicrobial | Epidermal Hyperplasia |

Barrier Restoration

1 Chemokines
1 Adhesion Molecules

Inflammation
(Th1 = Th2)

—

activation of the serine protease, kallikrein (KLK)5, fol-
lowed by the generation of the pro-Th2 cytokine, thymic
stromal lymphopoietin (TSLP), which in turn recruits
Th2 and Th17 cells that secrete the “bad” cytokines, i.e.,
interleukin (IL)-4, IL-5, IL-13, IL-17A, and IL-33 [18]
(Fig. 2). Th2 cytokines further compromise the barrier by
downregulating the synthesis of: (i) epidermal structural
proteins [19], (ii) tight-junction proteins [20], (iii) ce-
ramides [21], (iv) fatty acid elongases [22], and (v) a key
antimicrobial peptide, LL-37 [23]. Hence, the initial out-
side-to-inside cytokine cascade in AD quickly morphs
into an “outside-to-inside back to outside” vicious circle
[24]. Furthermore, KLKs exhibit a neutral-to-alkaline pH
optimum, and their activation in AD further compromis-
es another set of critical functions (Fig. 2).

Finally, the low pH of normal SC (4.5-5) inhibits the
growth of Staphylococcus aureus and Streptococcus pyo-
genes, so that the normal flora, e.g., Staphylococcus epider-
midis and Corynebacterium thrive [17, 25]. In contrast,
the elevated pH of the inflamed skin in AD favors patho-
gen colonization and growth.

The Role of BRT in AD

Can Moisturizers Alone Improve AD?

Current guidelines for the management of AD typi-
cally recommend the use of moisturizers along with anti-
inflammatory agents [26]. This approach seems prudent,
since coapplication of moisturizers under nursing super-
vision have been shown to reduce reliance on topical ste-

Moisturizers versus BRT for the
Management of AD
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Fig. 2. Central role of an increased pH in AD pathogenesis (modi-
fied from [17]).

roids in AD management [27, 28]. Recent studies, how-
ever, show that some commonly employed moisturizers
can harm the skin if they are deployed in settings where
the barrier is already compromised [28], as is certainly the
case in AD. Here, we will compare the key differences be-
tween ubiquitous, over-the-counter moisturizers and
preparations formulated specifically to correct the bio-
chemical abnormalities in AD. Although these mutations
typically compromise structural proteins, their net effect
is to compromise either the synthesis, loading, or secre-
tion of lamellar body contents. The result of these aber-
rant mechanisms is both a global reduction in all 3 key
barrier lipids, along with a further Th2-driven decline in
ceramide content and fatty acid chain length (see above
and [29]). By hydrating the SC, moisturizers can alleviate
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the xerosis that is such a prominent feature of AD, but
they have not yet been shown to provide stand-alone
therapy for even mild cases of AD. Moreover, whether
they even prevent the initial development of AD, as sug-
gested in several recent studies [30, 31], is debatable, be-
cause another study has failed to show any preventive
benefits of moisturizer therapy alone [32].

Physiologic Lipid-Based Therapy of AD

Topically applied physiologic lipids, in contrast to
moisturizers, do not form an occlusive layer on the SC
surface. Instead, they are quickly absorbed into the un-
derlying nucleated cell layers, where they incorporate
into nascent lamellar bodies as they form in the trans-
Golgi apparatus of stratum spinosum and granulosum
cells [9]. Once there, they join with de novo synthesized
lipids, immediately prior to their secretion into the ex-
tracellular spaces. As shown in Figure 1, however, not
only synthesis, but also secretion is impaired in AD, re-
sulting in a global reduction in the “big three” physiolog-
iclipids (ceramides, including ceramide IIT or IV choles-
terol, and free fatty acids such as palmitate). Therefore,
in addressing first the reduced lipid content of the SC in
AD (i.e., from approx. 10 to 5% of the weight of normal
SC), these physiologic lipids ideally should be provided
at a high, final concentration of at least 5%. Then, be-
cause of the further Th2 cytokine-induced reduction in
ceramide content of the SC, the 3 lipids ideally should be
provided as a ceramide-dominant mixture (i.e., approx.
a 3:1:1 molar ratio) [9], with a ceramide or synthetic
pseudoceramide as the dominant species. In view of the
significant pH abnormality in AD, this final formulation
should ideally be adjusted to a pH of <5 in order to com-
pensate for the elevated pH of the inflamed skin. As not-
ed above, lowering the pH of the SC alone provides nu-
merous potential benefits, including a reduction in in-
flammation, while also enhancing the permeability
barrier, SC cohesion, and antimicrobial defense (Fig. 2).
Fatty acids are not only critical for the barrier and as
acidifying agents, some can even activate PPARa and
PPARP/S, improving epidermal function and further re-
ducing inflammation [4]. In addition, fatty acid activa-
tors of PPARs can: (i) prevent the emergence of steroid
side effects [33], (ii) override the negative effects of cal-
cineurin inhibitors on barrier function [34], and (iii)
prevent rebound flares following the withdrawal of top-
ical steroids [24]. Finally, several topical ingredients, in-
cluding the triple lipids and even petrolatum, have been
shown to enhance epidermal production of the key an-
timicrobial peptide, LL-37 [35].
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Efficacy of Triple Physiologic Lipid-Based BRT in AD

Unlike moisturizers, topical ceramide-dominant, tri-
ple-lipid products amplify lipid production and delivery
to the SC intercellular spaces, replenishing the lamellar
bilayers that are critical for normal barrier function and
antimicrobial defense. Chamlin et al. [36] evaluated 24
pediatric patients with recalcitrant AD. While all of these
patients continued to use standard therapy (including po-
tent topical steroids and/or tacrolimus), the sole interven-
tion was substituting each patient’s previous moisturizer
with a ceramide-dominant, triple-lipid product. Follow-
up SCORAD (SCORing Atopic Dermatitis assessment)
showed a rapid improvement in clinical scores in 22/24
patients. Not only did the clinical scores improve, both
epidermal barrier function and SC cohesion were also en-
hanced. The ultrastructure of lipid-treated human epi-
dermis has revealed enhanced lamellar membrane pro-
duction, a change that was absent from patients previ-
ously treated with common moisturizers [36]. More
recently, a ceramide-dominant, triple-lipid prescription
formulation EpiCeram emulsion (online suppl. Table 1;
see www.karger.com/doi/10.1159/000493641 for all on-
line suppl. material) also improved skin barrier function
in comparison to conventional moisturizers in AD pa-
tients [37]. This ceramide-dominant product was then as-
sessed in a multicenter, investigator-blinded, compara-
tive study of 121 pediatric patients, aged 6 months to 12
years, with moderate-to-severe AD [38]. Patients were
randomized to either EpiCeram alone or a mid-potency,
fluorinated steroid, fluticasone (Cutivate) cream. By 28
days, patients treated with EpiCeram alone demonstrated
SCORAD scores that were comparable to fluticasone.
Moreover, EpiCeram treatment not only reduced disease
severity, but also pruritus, while improving sleep quality
with an efficacy comparable to fluticasone. This study
supports the potential utility of a physiologic lipid-based,
barrier repair approach as monotherapy in the treatment
of AD.

How BRT Is Anti-Inflammatory in AD

Managing AD often requires the use of topical anti-
inflammatory agents (topical corticosteroids, topical cal-
cineurin inhibitors or PDE4 inhibitors), and in adults
with recalcitrant, moderate-to-severe AD, systemic bio-
logics (e.g., IL-4 or IL13 inhibitors). But in clinical set-
tings, management should always focus on the skin bar-
rier. Clinicians are presented with many choices for man-
aging the compromised barrier thatis a central participant
in AD pathogenesis. Though parsing through these
choices can be difficult, many moisturizers appear to pro-
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Table 1. Approaches to fixing the barrier in atopic dermatitis

Long-standing approaches

Educate (about soaps, hydration, Istress)
Hydrate (emollients — Isteroid usage)
1S. aureus carriage

Interrupt itch-scratch cycle?

More recent approaches

Topical barrier repair (Cer-dominant [3:1:1] ratio of Cer,
FFA, Chol)

Suberythemogenic UVB

Lower stratum corneum pH

Serine protease inhibitors

PAR, inhibitors

Enhance innate immunity (TAMP expression)

Stimulate filaggrin production, e.g., PPAR/LXR activators and

naturally occurring bioflavonoids

1, decreased; —, leads to; 1, increased.
2 Antihistamines benefit the barrier [48].

vide little or no benefit, and as noted above, some could
even be harmful [10].

Animal studies suggest that moisturizers alone, by re-
storing SC hydration, reduce cytokine production, mast
cell hypertrophy and degranulation, as well as epidermal
hyperplasia [1, 39]. To the extent that occlusive ingredi-
ents like petrolatum improve permeability barrier func-
tion, they too can dampen cytokine production. Howev-
er, the anti-inflammatory activity of the triple physiolog-
ic lipid-based formulation can be attributed to several
additional characteristics, which include: (i) inactivation
of kallikreins that compromise SC structural integrity at
a low pH; (ii) inhibition of pathogen colonization with
reductions in attendant, superantigen-initiated inflam-
mation; and (iii) activation of two key lipid-processing
enzymes, B-glucocerebrosidase and acidic sphingomye-
linase, which generate ceramides required to form the ex-
tracellular lamellar bilayers [40]. Finally, (iv) as noted
above, certain free fatty acids in these formulations can
activate PPARs, which in turn can reduce inflammation
by several parallel mechanisms [41].

Next-Generation BRT for AD

The recent emphasis on anti-inflammatory therapy,
and particularly new biologics, has overshadowed efforts
to bolster barrier function as primary or ancillary therapy
for AD. Yet, these potent agents are not appropriate for
use in most children, and not for patients with relatively
limited disease, particularly if they can be managed ef-

Moisturizers versus BRT for the
Management of AD

fectively with currently available therapy, with well-
known side effect profiles. Among the available options
to further enhance barrier function in AD are antihista-
mines, which though not particularly effective at control-
ling pruritus in AD, have been shown to enhance barrier
function [10] (Table 1). Lowering the pH alone is highly
effective [42]; hence, any formulation developed for AD
should be deployed at a reduced pH. It would be logical
to deploy KLK inhibitors, many of which are naturally-
occurring, such as al-anti-trypsin inhibitor or soybean
trypsin inhibitor. KLKs not only are directly destructive,
but they also bind to and activate plasminogen activator
type 2 receptor (PAR;), which in turn blocks lamellar
body secretion [43] and provokes pruritus [44]. Hence,
small peptide inhibitors of PAR2 could yet enter the ther-
apeutic armamentarium for AD. Because reduced expo-
sure to the benefits of suberythemogenic UV-B has been
proposed as a key factor in the recent, urban resurgence
of AD [45], it would seem prudent to recommend mod-
erate amounts of exposure to ambient UV-B as a part of
the management plan for AD patients. Finally, not only
PPAR activators [46], but also several bioflavonoid in-
gredients, such as hesperidin and apigenin [47], have
been shown to boost filaggrin production, and could
therefore prove useful in those AD patients who do not
exhibit double-allele mutation in Filaggrin gene expres-
sion.
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