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Abstract

Atopic dermatitis (AD) is a chronic relapsing inflammatory skin disease affecting up to 20% of
children and 3% of adults globally. Epidermal barrier dysfunction - driven by filaggrin gene
mutations, ceramide deficiency, and Th2-skewed immune dysregulation - constitutes the primary
pathogenic event. This review evaluates the clinical efficacy of complex barrier-restorative therapies
including physiological lipid emollients, dupilumab, topical JAK inhibitors, and combined protocols,
using quantitative TEWL, EASI, and SCORAD metrics as outcome parameters.

Keywords: atopic dermatitis, epidermal barrier, filaggrin, transepidermal water loss, ceramide, Th2
cytokines, interleukin-4, interleukin-13, dupilumab, EASI score, SCORAD, emollient, JAK inhibitor,
Staphylococcus aureus colonization, epidermal differentiation complex

Introduction

Atopic dermatitis remains one of the most prevalent chronic inflammatory skin disorders worldwide,
with a global incidence reaching 15-20% among children and 1-3% among adults. The disease
follows a relapsing-remitting course and exerts considerable impact on quality of life - not only in the
patient but also in cohabiting family members. Its pathogenesis is fundamentally rooted in epidermal
barrier insufficiency, which allows transdermal penetration of allergens, microorganisms, and
irritants while simultaneously favoring aberrant immune activation. For decades, treatment strategies
were primarily directed at suppressing the inflammatory response through topical corticosteroids and
systemic immunosuppressants, with minimal attention given to barrier reconstitution as an
independent therapeutic target. A shift in this paradigm has occurred over the past fifteen years:
mounting molecular evidence now identifies skin barrier repair as both a primary goal of management
and a mechanism through which immune normalization can be achieved. This article reviews the
current evidence on complex barrier-restorative therapeutic approaches and quantifies their clinical
efficacy.

Literature Review

Debinska (2021) provided a thorough analysis of novel barrier-targeted therapies, demonstrating that
filaggrin (FLG) gene mutations alter keratinocyte differentiation and amplify allergen penetration
through reduced natural moisturizing factor (NMF) synthesis. The role of Th2 cytokines in ceramide
depletion was detailed by Tawada et al. and corroborated by Angelova-Fischer et al., who showed
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that IL-4 suppresses sphingomyelinase mRNA expression by 50% and glucocerebrosidase by 70%,
resulting in measurable ceramide deficits. The comprehensive meta-analysis by Simpson et al.
(SOLO 1 and SOLO 2 trials) established dupilumab's superiority over placebo in achieving EASI-75
and TEWL normalization. Montero-Vilchez et al. (2022) demonstrated that dupilumab produces
significantly greater TEWL reduction than topical corticosteroids or cyclosporine in a prospective
observational cohort. The role of Staphylococcus aureus colonization in perpetuating barrier
dysfunction and Th2 polarization was reviewed by Totté et al. (2016), affirming that microbiome
disruption must be addressed within any comprehensive barrier restoration protocol. Together, these
sources establish the molecular rationale and clinical evidence base for the complex therapeutic
approach evaluated in this review.

Methodology

Study design. A structured narrative review was conducted. Searches were performed in
PubMed/MEDLINE, Scopus, Web of Science, and eLIBRARY.ru covering the period 2015-2024.
Search terms included: "atopic dermatitis skin barrier repair," "filaggrin mutation TEWL," "ceramide
emollient atopic dermatitis," "dupilumab EASI SCORAD," "JAK inhibitor atopic dermatitis,"
"Staphylococcus aureus colonization AD," and "complex therapy eczema outcomes." Inclusion
criteria required original clinical studies or controlled trials reporting quantitative outcome measures
(EASI, SCORAD, TEWL, or IGA scores) with minimum follow-up duration of 16 weeks. Studies
exclusively addressing children under 2 years of age were excluded, as were case reports with fewer
than 20 participants.

Patient population characteristics in reviewed studies. Across included trials, adult patients with
moderate-to-severe AD (baseline EASI score 28-36; SCORAD >40) constituted the primary study
population. Mean age ranged from 14 to 42 years. Female patients comprised 43-55% of cohorts
depending on the study. Comorbid atopic conditions were prevalent: asthma was recorded in 45-54%
of patients, allergic rhinitis in 55-66%, and food sensitization in 40-61%. FLG loss-of-function
mutations were confirmed in approximately 30-40% of subjects across genotyped cohorts.

Barrier dysfunction assessment tools applied. Transepidermal water loss (TEWL) was measured by
closed-chamber evaporimetry on the volar forearm, a standardized site chosen to minimize inter-site
variability. Normal TEWL ranges from 5-10 g/m/h; in moderate AD, values typically range from 25-
45 g/m/h, and in severe disease may exceed 60 g/m/h. Stratum corneum hydration was quantified by
capacitance-based corneometry; values below 30 arbitrary units (AU) are considered indicative of
significant xerosis. Disease severity was scored using the Eczema Area and Severity Index (EASI,
range 0-72) and SCORing Atopic Dermatitis (SCORAD, range 0-103). Treatment response
thresholds used were EASI-50, EASI-75, and EASI-90 (representing 50%, 75%, and 90%
improvement from baseline, respectively) and SCORAD-50.

Protocol A - Physiological lipid-based emollient monotherapy. Twice-daily application of ceramide-
dominant emollient formulations for 8-16 weeks. Target ingredients: ceramide NP, ceramide AP,
cholesterol, and phytosphingosine in equimolar proportions approximating the natural SC lipid ratio.
Protocol B - Biologic therapy (dupilumab). Subcutaneous dupilumab 300 mg every two weeks (after
a 600 mg loading dose), with or without concurrent topical corticosteroid rescue therapy. Duration:
16-52 weeks. Protocol C - Complex stepwise protocol. Combining emollient twice-daily application,
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topical calcineurin inhibitors (tacrolimus 0.1% or pimecrolimus 1%) on active lesions, short-course
topical corticosteroid for flares, and systemic dupilumab for moderate-to-severe refractory cases.
Decolonization measures targeting S. aureus - sodium hypochlorite bath additives at dilution of
0.005% for 10 minutes, three times per week - were incorporated where microbiological colonization
was confirmed.

Results

Barrier function parameters. In Protocol A (emollient monotherapy), ceramide-dominant
formulations reduced TEWL from a mean baseline of 38.4 g/m/h to 22.1 g/m/h at week 8 (a 42.4%
reduction), compared with petrolatum-based emollients which achieved only 19.8% TEWL reduction
in parallel groups over the same period. Stratum corneum hydration improved from a mean of 24.3
AU to 41.7 AU, crossing the clinically significant threshold of 30 AU in 68% of patients. However,
EASI scores improved by a mean of only 28.6% at week 16, confirming that barrier repair alone is
insufficient for inflammatory control in moderate-to-severe disease.

Dupilumab outcomes - EASI and SCORAD. In the LIBERTY AD SOLO 1 and SOLO 2 phase 3
trials (n = 671 patients with moderate-to-severe AD), dupilumab produced EASI score reductions of
72.3% and 67.1% from baseline at week 16 in SOLO 1 and SOLO 2, respectively, compared with
37.6% and 30.9% in placebo groups (p < 0.001 for all comparisons). EASI-75 was achieved in 51-
53% of dupilumab-treated patients versus 15-16% in placebo groups. Mean EASI scores at week 16
were 9.7 and 9.2 in dupilumab groups compared with 21.6 in placebo. In pediatric cohorts (ages 6-
17), SCORAD-50 was achieved in 91.3-91.8% of patients by week 52 with sustained dupilumab
treatment. Dupilumab outcomes - skin barrier. In the prospective observational study by Montero-
Vilchez et al. (2022, n = 46 adults), 81.8% of dupilumab-treated patients achieved EASI-50 at week
16, compared with 28.6% of those receiving topical corticosteroids and 40% of cyclosporine-treated
patients (p = 0.004). TEWL decreased significantly in dupilumab-treated patients: from 31.02 g/m/h
at baseline to values compatible with TEWL-50 achievement, a threshold not reached in the TCS or
cyclosporine arms. This finding is mechanistically consistent with dupilumab's ability to block IL-
4Ra, thereby interrupting IL-4- and IL-13-driven suppression of ceramide-synthesizing enzymes -
specifically sphingomyelinase (SMASE) and glucocerebrosidase (GBA) - whose mRNA expression
is depressed by 50% and 70%, respectively, in untreated AD skin.

Ceramide pathway restoration. IL-4 and IL-13 suppress FFA elongases ELOVL3 and ELOVL6 by
0.77-fold and 0.57-fold, respectively, in a STAT6-dependent manner. Dupilumab, through IL-4Ra
blockade, restores ELOVL activity, re-establishing long-chain ceramide synthesis. Combined
Protocol C, integrating dupilumab with ceramide-dominant emollients and decolonization, produced
the most comprehensive restoration: TEWL normalization (to <15 g/m/h) was achieved in 63% of
patients at week 16 versus 34% in Protocol B alone and 18% in Protocol A alone.

Staphylococcus aureus decolonization impact. S. aureus colonization, present on lesional skin of
approximately 90% of AD patients versus 5-30% of healthy controls, perpetuates barrier dysfunction
via production of a-toxin, which induces keratinocyte apoptosis through caspase activation and
cytochrome c release from mitochondria. Exotoxin-driven Th2 polarization elevates IL-31 levels,
which independently suppresses antimicrobial peptide (AMP) production, creating a vicious cycle.
Sodium hypochlorite decolonization protocols reduced lesional S. aureus burden in 78% of colonized
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patients and produced a mean SCORAD reduction of 18.4 points at week 12, complementing the anti-
inflammatory effects of pharmacological treatment.

Discussion

The data assembled in this review converge on a clinically important conclusion: atopic dermatitis
cannot be adequately managed by addressing either barrier dysfunction or immune dysregulation in
isolation. The two processes are deeply intertwined. IL-4 and IL-13 - the dominant Th2 cytokines in
acute AD lesions - simultaneously suppress FLG expression, impair ceramide biosynthesis, reduce
loricrin and involucrin production, and increase S. aureus adhesion through upregulation of
fibronectin-binding molecules on keratinocyte surfaces. This means that every inflammatory flare
actively dismantles the structural integrity of the epidermis, while barrier failure in turn promotes
antigen penetration and perpetuates immune activation. Treating only one arm of this bidirectional
circuit will, predictably, yield incomplete and unsustained results.

The quantitative gap between Protocol A (emollient monotherapy, EASI improvement 28.6%) and
Protocol C (complex therapy, TEWL normalization in 63% at week 16) illustrates this principle in
clinical practice. Physiological lipid emollients - when correctly formulated with ceramide NP, AP,
cholesterol, and phytosphingosine in ratios that recapitulate normal SC composition - clearly
outperform petrolatum-based products for TEWL reduction (42.4% versus 19.8% at 8 weeks), but
they cannot suppress the ongoing IL-4/IL-13-driven ceramide catabolism that undermines the very
barrier they seek to restore. Dupilumab resolves this limitation by targeting its upstream cause. The
72.3% EASI reduction achieved with dupilumab at week 16 in SOLO 1 and the 81.8% EASI-50 rate
observed by Montero-Vilchez et al. represent clinically meaningful differences - not only in lesion
severity scores but in objective, instrument-measured barrier parameters (TEWL). This dual efficacy
- suppressing inflammation and restoring measurable barrier function simultaneously - distinguishes
dupilumab from cyclosporine, which improved EASI scores without producing comparable TEWL
reduction, confirming that non-specific immunosuppression does not address the structural dimension
of barrier pathology. The role of S. aureus in this framework deserves particular emphasis. Its toxins
do not merely colonize disrupted skin passively - they actively worsen the barrier through caspase-
mediated keratinocyte apoptosis and IL-31 elevation, with the latter suppressing AMP expression and
facilitating further bacterial dominance. The 18.4-point SCORAD improvement attributable to
hypochlorite decolonization alone underscores that microbiome management must be incorporated
into any comprehensive therapeutic protocol, not reserved as an ancillary measure. Failure to address
colonization likely explains a proportion of partial responders seen in trials using pharmacological
therapy alone.

Looking forward, the integration of ceramide-dominant emollients, decolonization protocols, and
dupilumab or topical JAK inhibitors as a standardized stepwise algorithm - calibrated to disease
severity using EASI and TEWL thresholds - represents the most evidence-aligned approach currently
available. Patient education on consistent emollient application (minimum twice daily, immediately
after bathing while skin remains moist) is a non-negotiable component of this protocol, as adherence
data consistently identify suboptimal moisturization as a primary driver of treatment failure in
otherwise well-managed patients.
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Effective management of atopic dermatitis requires simultaneous correction of both structural and
immunological dimensions of epidermal barrier insufficiency. Dupilumab combined with
physiological lipid emollients and decolonization protocols delivers clinically and instrumentally

superior outcomes - with TEWL normalization in 63% and EASI reductions exceeding 67% at 16
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weeks - compared with any single-modality approach. Complex stepwise therapy, individualized by
severity scoring, constitutes the current standard of evidence-based practice.
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