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Sections Info ABSTRACT

Article history: Objective: This review aims to elucidate how a multi-active topical formulation can
Submitted: November 30, 2025 modulate skin barrier structure and function to reduce transepidermal water loss
Final Revised: December 15, 2025 (TEWL), while positioning barrier biology as a translational framework for formulation
Accepted: December 25, 2025 science. Method: A comprehensive narrative synthesis of prior clinical, translational,
Published: January 04, 2026 and ex vivo studies was conducted, integrating histological and immunohistochemical
Keywords: (IHC) assessments of key barrier integrity markers — filaggrin, loricrin, involucrin,
Skin barrier claudin-1, and ceramide-metabolizing enzymes —with functional measurements
Stratum corneum including TEWL, hydration, and electrical impedance. A conceptual three-phase model
Transepidermal water loss was developed, comprising an initial occlusive/humectant phase, a sub-acute

(TEWL) differentiation and lipid restoration phase, and a long-term tight-junction recovery
phase. Results: The analysis demonstrates a consistent theoretical correlation between

Barrier repair " i > : o s X :
changes in epidermal protein expression, lipid organization, and functional barrier

Topical formulation

outcomes, particularly TEWL reduction. Methodological considerations for histology
and IHC evaluation, including sampling strategies, marker selection, and scoring
approaches, are systematically discussed, alongside limitations of existing evidence.
Nowelty: This review offers an integrative molecular and functional framework that
bridges formulation design and epidermal barrier biology, providing a translational
model to gquide future empirical validation and advanced topical therapeutic
development.

INTRODUCTION

The skin barrier is a multifaceted system which consists of numerous layers. It has
significance in maintaining the skin moist, shielding it against external attacks, and
avoiding infection by allergens and microbes. It is constructed using the strategy of the
stratum corneum (SC) as the cornerstone of which are corneocytes (bricks) within an
intercellular lipid matrix predominantly composed of ceramides, cholesterol, and free
fatty acids (mortar). The water barrier effect and management of the trans epidermal
water loss (TEWL) include functional elements, such as tight junctions (e.g., claudin-1) of
the granular layer, cornified envelope proteins (filaggrin, loricrin, involucrum) and lipid-
metabolizing enzymes (e.g., B-glucocerebrosidase). TEWL is highly acknowledged as a
non-invasive functional measure of barrier integrity; the elevated TEWL indicates
damaged barrier activity. TEWL does not determine which structural, molecular
component is malfunctioning and, therefore, requires the use of histology and
immunohistochemistry (IHC) to elucidate the process [1]. The most common strategies
employed to repair the skin barrier with formulation science involve (1) using
occlusive/humectant actives to promptly reduce water loss, (2) the use of lipids and lipid
precursors (and particularly ceramides) to recreate the intercellular matrix, and (3) the
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use of actives that facilitate keratinocyte differentiation or tight-junction activity (such as
the up-regulation of filaggrin or restoration of claudin). Past empirical studies have
shown improvements in trans epidermal water loss (TEWL) and barrier measures with
using such methodologies. A deeper mechanistic understanding of how such a multi-
active formulation modulates histological/IHC markers may further improve
translational evidence to its effectiveness which remains wanting, which is what this
work aims to perhaps fill the gap.

Importance of Research: 1) Provides a mechanistic bridge between formulation design
(active selection) and clinical/functional outcomes (TEWL reduction), 2) Helps
researchers select and interpret histological /IHC biomarkers in barrier repair studies, 3)
Offers product developers and dermatologists a conceptual framework to justify claims
of “barrier restoration” beyond cosmetic hydration, 4) Encourages standardization of
translational endpoints (histology, IHC + TEWL) rather than relying solely on functional
measures.

Definitions of the Research

Skin barrier

The combined physical, chemical, and immunologic properties of the epidermis
(namely the stratum corneum and upper epidermal layers) that keep the body in balance,
protect it from outside forces, and stop water from leaving.

TEWL (Trans epidermal Water Loss) is the amount of water vapor that passes
from the body through the epidermis into the outside world, measured in grams per
square meter each hour. A high TEWL level is a sign that the barrier has been broken. A
formulation that reduces TEWL in multiple ways A topical product with more than one
active ingredient (such ceramide/lipid precursors, humectants, occlusives, enzyme
modulators, and peptides that help in differentiation) that is meant to repair the barrier
structure and lower TEWL.

Histology

The microscopic analysis of tissue morphology (layer integrity, thickness, cell
structure) utilizing conventional stains (e.g., H&E).

Immunohistochemistry (IHC)

The use of particular antibodies to find and pinpoint proteins of interest (such
filaggrin, claudin-1, and loricrin) in tissue slices, giving semi-quantitative or quantitative
information about molecular change.

RESEARCH METHOD
Literature Review
Structure and Function of the Skin Barrier
The Importance of the Stratum Corneum Lipid Composition

The stratum corneum (SC) is the primary protective layer of the skin and it is
highly significant to maintain the skin hydrated and not exposed to external dangers. Its
lipid composition is quite significant to its resistance to the barrier. It contains mostly the
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ceramides, cholesterol and free fatty acids in a 1:1:1 molar proportion. This proportion
ensures that an ordered lamellar structure is created, preventing loss of water through
trans epidermal (TEWL) and ensuring that no harmful substances pass through.
Evidence in publications of MDPI shows that any minute changes of this lipid ratio can
disrupt the lamellar organization, weakening the protection of the skin and leading to a
barrier failure. As an example, excess or deficiency of any lipid class may alter the
behavior of the phases, render the lipid bi-layer less cohesive, and render the skin less
hydrated. Therefore, one of the primary objectives of the dermatological formulations
that attempt to increase the strength of the barrier and reduce TEWL is to replenish or
maintain this lipid balance [1].
Genetic Factors and Filaggrin Mutations

The role of genetic factors cannot be disregarded as the determinant of the
effectiveness of the skin barrier, particularly, the filaggrin (FLG) gene. The protein
Filaggrin is required to form the cornified envelope of the skin and natural moisturizing
factors (NMFs). FLG gene mutations are not the least famous genetic causes of the
weakness of the skin barrier. A study that has been published in Journal of Clinical and
Aesthetic Dermatology (JCAD) shows that FLG mutations lead to the reduction of NMF
production, the increase of TEWL, and the increased susceptibility to inflammatory skin
diseases, including during atopic dermatitis (AD). The deficiency of amino acids derived
by the filaggrin results in the reduction of skin moisture and surface pH, impairs lipid
metabolism and microbial balance further. The interaction between inherent molecular
deficiencies and environmental variables leads to the downstream effects of these
mutations, and the worsening of the failure of barriers. This explains why there is need
to employ treatment methods that should focus on genetic and biochemical pathways [2].
The Role of Tight Junction Proteins

Another layer of control of the permeability of the epidermis beyond the lipid
matrix is provided by tight junctions (TJS) of the granular layer. Claudin-1 and other
kinds of proteins are extremely significant in ensuring that this paracellular barrier is
maintained. The research brought out by Karger Publishers indicates that there is a direct
relationship between decreased levels of claudin-1 and increased levels of TEWL and
paracellular permeability. This disturbance is not only associated with a dry or sensitive
skin but also is a typical manifestation of such diseases as psoriasis and atopic dermatitis.
The tight junctions are molecular gatekeepers, which regulate the movement of solutes,
ions, and water through the epidermis. Once the genetic or environmental stress results
in the reduced activity of the claudin-1 or other junctional proteins, the epidermis is more
porous and this increases the ability of allergens and microbes to enter the body. In
keeping the structural and immune components of the skin barrier healthy, therefore, the
maintenance of tight junction proteins in the correct amounts is important [3].
Environmental and Intrinsic Stressors

The skin barrier functions are sensitive to genetic and metabolic variables but the
environment and physiological stressors play a significant role on the functioning of the
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skin barrier. The process of aging, high frequency of surfactant usage, and low humidity
are known to destabilize the lipid lamellae and expression of their proteins in the
epidermis. According to research by MDPI, such stressors make lipid bilayers
disorganized, slower in ceramide production and cross-linking of proteins in the stratum
corneum to be less efficient. The lipids that are found inside the cells can be removed by
the use of surfactants and the structure of the proteins in the skin is altered. Prolonged
exposure to dry air, on the contrary, retards the lipid production and accelerates TEWL.
As we age, the barrier of our skin becomes feebler as it fails to regenerate as fast, produces
less filaggrin and it is less efficient in breaking lipids. Everything of this leads to the
formation of a chain of structural and functional issues that aggravate TEWL and skin
vulnerability. Thus, products such as dermal items that aid in lipid replacement therapy
as well as protein stability are relevant to address such exogenous and endogenous issues
(4].
Functional Measures and Clinical Correlates
Predictive Value of TEWL in Early Life

One of the simplest biophysical indicators that indicate the condition of the skin
barrier is Trans epidermal water loss (TEWL). Various longitudinal studies have shown
that it is predictive in clinical dermatology. Increased trans epidermal water loss (TEWL)
levels measured in infants as early as two days and two months after birth may be a
potentially useful initial biomarker of the subsequent development of atopic dermatitis
(AD) during the first year of life [5]. This means that TEWL measurement, being a
diagnostic sign, is not only a sign of dysfunction in the current barriers, but a predictor
of future disease susceptibility. The result highlights the importance of timely skin barrier
evaluation in the preventive dermatology. The correlation between high TEWL and
subsequent development of AD demonstrates how the small variations in the mechanism
of the epidermal barrier functioning may take place and then be manifested in the
inflammation. These findings have caused the implementation of early emollient
interventions in vulnerable newborns, and the intent of normalizing lipid homeostasis
and reinforcing the barrier integrity prior to the development of disease.
Skincare Interventions in Compromised Skin

Clinical experiences also demonstrate that specialized skincare interventions can
have a significant influence on skin barrier operations, especially in diseased skin, such
as xerosis in older populations. The published studies in PubMed show that topical
interventions that include humectants, ceramides, and emollients can enhance hydration,
alleviate dryness, and increase the general quality of life. Although the short-term results
may not be statistically significant, the regular use of barrier-supportive substances can
assist the skin in healing and feel better. This reiterates that the decrease in TEWL might
not be immediate, but it might indicate a long-term outcome of reformed lipid
organization and protein expression. In addition, increased skin smoothness and
moisture are able to reduce micro fissures, therefore limiting microbial migration and
inflammation. Therefore, application of multi-active skincare products regularly and

International Journal Multidisciplinary 172



A Comprehensive Review on the Structural and Functional Modulation of the Skin Barrier: A Histological and Immunohistochemical
Evaluation of a Multi-Active TEWL-Reducing Formulation

extensively is highly significant in maintaining good health of the skin, particularly in
skin aging, or in the face skin that is invariably dry where the body is not as productive
in producing lipids and proteins that connect up [6].
Barrier Repair Therapies and Clinical Outcomes

Clinical observations also show that targeted skincare practices may have a
significant impact on skin barrier functioning, especially in diseased skin conditions such
as xerosis in elderly persons. The studies found in PubMed suggest that topical
interventions that use humectants, ceramides, and emollients could enhance hydration,
reduce the effects of dryness, and increase the quality of life. Although temporary results
may not indicate statistically significant differences in TEWL, infrequent application of
barrier-supportive materials can be used to support the healing process and make the
skin feel better [7]. This highlights the fact that the decrease in TEWL might not be
immediate, instead, it might reflect a long-term outcome of recovered lipid architecture
and protein expression. Moreover, improved skin turgor and softness could decrease
micro fissures and therefore limit microbial penetration and inflammation. Therefore, it
is extremely essential to put in place multi-active skincare products during a lengthy
period of time and regularly to keep the skin healthy and especially when the skin is
getting older or is continually dry when the body is not capable to generate as many
lipids and proteins that connect.

RESULTS AND DISCUSSION
Formulation-Driven Barrier Repair
Ceramide-Dominant Lipid Formulations and Clinical Improvements

It is one of the orientations of modern skin barrier therapy as the use of ceramide-
dominant physiological lipid formulations. PubMed-registered clinical trials have
indicated that the topical application of ceramide-containing preparations in children
with atopic dermatitis (AD) results in a significant reduction in trans epidermal water
loss (TEWL), and can observe significant improvements in the ultrastructure of lamellar
membranes and the cohesion of the stratum corneum (SC). These results highlight the
biological reasons to believe that an epidermal restoration can be achieved by restoring
the initial lipid matrix to bring about epidermal homeostasis. The most common lipids in
the SC are called ceramides and fill the gaps between the cells and hold the corneocyte
membrane tight. Combined with cholesterol and free fatty acids in the appropriate
proportions, they assist the lamellae to rearrange, restore the permeability to normal and
strengthen the structure. The relief is not just an indicator that the addition of ceramide
is working; it indicates that micro structural healing of architecture is actually taking
place. Ceramide-containing formulations are therefore used as a therapeutic agent as well
as a biomimetic strategy to recreate the lipid architecture inherent in the skin and can be
used to manage both acute and chronic barrier failure [1].
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Beyond Replenishment: Optimizing Biochemical Conditions for Lipid Processing

The current evaluations by MDPI emphasize that ceramide skin care is not merely
a substitute of lipids. The biochemical microenvironment, particularly, the skin surface
pH and enzyme activity play a highly significant role in the successful barrier
regeneration process. As an example, enzymes that process lipids, such as 2 -
glucocerebrosidase and acid sphingomyelinase, require an acidic pH to be effective. Such
enzymes convert lipid precursors to mature ceramides. By buffering or replenishing this
natural acidity in formulations, enzymatic conversion, as well as lipid lamellae
production, are encouraged. The chain length and the type of structures within ceramides
also influence the ability of the latter to form stable lamellar bilayers. Long-chain
ceramides also work well to increase the resistance of barriers compared to short-chain
ceramides [8]. That is why, a creative formulation should not simply nourish by offering
ceramides, but also assist the body in their production and utilization, by enhancing the
environment. The next generation of formulations reducing TEWL is based on this
systems-based point of view, which considers lipid content, enzyme activation, and
physicochemical conditions.
Barrier-Directed Therapies: Preventive and Reparative Dimensions

A translation review of studies on epithelial barrier repair entered in PubMed
demonstrates a paradigm shift of the concept of epithelial dysfunction as the central role
in the sensitization of allergies and systemic inflammatory diseases. The skin is the largest
epithelial organ and is therefore very essential in ensuring the maintenance of
immunological homeostasis. Any break in the skin barrier (that is, lipid deficiency,
structural proteins changes, or environmental damage) may trigger a series of immune
dysregulation, including growing penetration of allergens and cytokine release [9]. The
identification of such a mechanism has increased the therapeutic potential of the barrier
repair approach to dermatitis beyond the symptomatic relief of the disease. Barrier-
oriented treatment can potentially counteract the inflammatory transmission pathway by
repairing epidermal integrity, leading to the decrease in the occurrence of atopic and
allergic diseases. Such a preventive-reparative model aligns with the new notion of
proactive dermatological care that makes the maintenance of barriers as one of the
foundations of cutaneous and systemic health.
Histological and Immunohistochemical (IHC) Biomarkers of Barrier Function

The histological and molecular integrity of the skin barrier can be objectively
determined with histological and immunohistochemical (IHC) methods. Those methods
provide us with valuable data concerning the epidermis differentiation, lipid
organization, and protein expression in normal and damaged skin. These biomarkers
help in correlating the effects that can be observed on the tissue with the functional
effects, including trans epidermal water loss (TEWL) [9]. A significant finding of
Frontiers in Physiology indicates that the concentrations of filaggrin and loricrin
significantly decrease at both the mRNA and protein concentrations when the skin
barrier is intentionally disrupted, such as the use of sodium dodecyl sulfate (SDS) or
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dermabrasion. This reduction indicates that the terminal differentiation of keratinocytes
is terminated, and this undermines the structure and activity of the stratum corneum.
The levels of involucrin also increase simultaneously, which is also an indicator of the
stress response of the skin and alterations in the differentiation of keratinocytes. These
findings underscore the fact that the expression pattern of the epidermal differentiation
markers serve as a sensitive molecular marker of stressors on barriers and recovery
mechanisms [10]. Structurally, histological assessment is required in determining the
effects of barrier restoration therapy. Direct imaging of epidermal integrity is provided
by such parameters as stratum corneum thickness, granular layer shape, and the
ultrastructural organization of lamellar bilayers. Indicatively, studies that are indexed in
PubMed demonstrate that patients with atopic dermatitis (AD) who are using lipid-rich
emollients have enhanced lamellar membrane arrangement and augmented cohesiveness
of corneocytes. The characteristics of these morphological changes relate to a measurable
reduction in trans epidermal water loss (TEWL) confirming the existence of a relation
between visible ultrastructural repair and functional restoration [2]

In addition, semi-quantitative IHC techniques are nowadays used regularly in
both clinical and translational dermatology to maintain a surveillance on proteins which
are related to the barrier. The epidermal homeostasis attempting treatment formulations
are generally monitored by regularly checking markers such as claudin-1, filaggrin, and
loricrin to determine their effectiveness. According to research published in The Journal
of Clinical and Aesthetic Dermatology (JCAD), measurements of such proteins may
provide the early signs of the restoration of the barrier, before the clinical symptoms,
including dryness or erythema, are evident. As an example, decreased staining of
claudin-1 is always linked to increased paracellular permeability. Normalization of it,
conversely, following therapy demonstrates tight junction integrity and barrier
competence are restored.

Together these histological and immunohistochemical biomarkers give a whole
view of the skin barrier, including changes in molecular proteins to ultrastructural
changes identified by electron microscopy. They are used to strengthen theoretical
principles of multi-active TEWL-reducing preparations to allow the combination of
molecular pathophysiology and observable therapeutic improvement [11].

Previous studies

Here are six chosen empirical studies that are important to skin barrier function.
Each one has an abstract and a discussion of how it adds to our theoretical model. These
assist in establishing our paradigm that a multi-active TEWL-reducing formulation must
be assessed through its structure (lipids, proteins) and function (TEWL, etc.). Trans
epidermal water loss as a non-invasive indicator of skin barrier malfunction in atopic
dermatitis [5]. Dry skin is linked to higher trans epidermal water loss (TEWL), which has
been shown to occur before atopic dermatitis (AD) in children. We sought to discover
parental, prenatal, and perinatal predictive factors associated with dry skin, elevated
transepidermal water loss (TEWL), and atopic dermatitis (AD) at three months of age,
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and to ascertain whether dry skin or high TEWL at three months might forecast AD at
six months. We included 1,150 mother-child pairs from the Preventing Atopic Dermatitis
and Allergies in Children prospective birth cohort research. At the 3- and 6-month
examinations, we looked at dry skin, TEWL, and eczema. Eczema, utilized as a surrogate
for atopic dermatitis (AD), was characterized by the existence of eczematous lesions,
omitting diagnostic diagnoses for AD. TEWL > 90th percentile was used to identify high
TEWL. Potential predictive indicators were documented using electronic questionnaires
administered at 18 and 34 weeks of gestation, as well as from obstetric data. Significant
predictive factors (P < .05) for dry skin at 3 months included delivery after 38 gestational
weeks and paternal age exceeding 37 years; for high trans epidermal water loss (TEWL),
male sex, birth during the winter season, and maternal allergic disease; and for eczema,
elective caesarean section, multiparity, and maternal allergic diseases. Dry skin without
eczema at 3 months indicated a likelihood of developing eczema at 6 months (adjusted
odds ratio: 1.92, 95% CI: 1.21-3.05; P = .005), in contrast to high TEWL at 3 months, which
did not show such predictive value. During early infancy, several parental and
pregnancy-related factors were indicative of dry skin, elevated trans epidermal water loss
(TEWL), and atopic dermatitis (AD). Dry skin at three months of age was indicative of
atopic dermatitis three months subsequently. This study demonstrates that early barrier
damage, as assessed by trans epidermal water loss (TEWL), may precede clinical atopic
dermatitis, hence supporting our hypothesis that functional alterations (TEWL) serve as
early indicators of barrier disruption. It underscores the necessity of monitoring TEWL
during the initial stages of barrier-repair therapies.

Longitudinal Cohort Study of Trans epidermal Water Loss in the First 6 months
after birth as predictor of future Atopic Dermatitis (McCarthy et al., 2011). Atopic
dermatitis (AD) is a disease with impaired barrier function of the skin. The trans-
epidermal water loss (TEWL) is a painless measure of skin barrier condition. Our goal
was to determine whether higher TEWL measurements at 2 days, 2 months, and 6 months
of age can predict the development of atopic dermatitis (AD). BASELINE, a continuous
birth cohort study was enlisted to participate in the study (211 individuals). TEWL was
assessed at 2 days, 2 months, and 6 months. At 6 months old, the children filled out
standardized AD questionnaires. A full physical exam was done in every patient. TEWL
rose considerably from day 2 to 2 months (mean increase 4.18 gH,O/m?/hr, p < 0.001).
This rise was more pronounced in individuals who fulfilled the diagnostic criteria for AD
at 6 months (mean increase 7.55 gH,O/m?/hr, p < 0.001). TEWL did not exhibit a
significant increase between 2 and 6 months of age (mean difference -0.1 gH,O/m?/hr, p
= 0.872). Individuals with atopic dermatitis (AD) exhibited a higher likelihood of greater
transepidermal water loss (TEWL) at 2 and 6 months (p = 0.027 at 2 months and 0.004 at
6 months); however, an isolated elevated TEWL measurement at 2 days of life did not
predict the onset of AD (p = 0.091). Infants who acquire atopic dermatitis (AD) by 6
months of age have increased transepidermal water loss (TEWL) by 2 months of age.
Nonetheless, it is the pace of change in TEWL during the initial two months of life, rather
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than any absolute value, that more accurately forecasts the eventual progression of atopic
dermatitis (AD). This supports the premise that TEWL variations over time, not only in
one snapshot, show that the barrier is getting worse. This supports the inclusion of time-
course monitoring of functional measurements with structural markers in our theoretical
model [3].

Ceramide-dominant barrier repair lipids mitigate symptoms of childhood atopic
dermatitis and skin barrier dysfunction [12], [13]. The study evaluated the effectiveness
of a newly formulated, ceramide-dominant, physiologic lipid-based emollient, replacing
conventional moisturizers, in 24 children undergoing routine treatment for persistent
atopic dermatitis. All participants maintained their previous treatment (e.g., topical
tacrolimus or corticosteroids), merely replacing their former moisturizer with the barrier
repair emollient. Every three weeks for 20 to 21 weeks, follow-up evaluations were done.
These included evaluating the severity of atopic dermatitis (SCORAD) values and many
biophysical measures of SC function. By the end of three weeks, SCORAD levels had
improved significantly in 22 of the 24 patients. Between six and twenty or twenty-one
weeks, all of the patients continued to improve. Transepidermal water loss levels
(TEWL), which were higher in affected and unaffected areas at the start, went down along
with SCORAD scores and kept going down even after SCORAD values leveled out.
During therapy, both SC integrity (cohesion) and hydration increased slowly but
considerably. Finally, the ultrastructure of the SC treated with a ceramide-dominant
emollient exhibited extracellular lamellar membranes, which were predominantly absent
in baseline SC samples. These results indicate that (1) a ceramide-dominant, barrier-
repair emollient serves as a safe and beneficial complement to the treatment of childhood
atopic dermatitis (AD), and (2) transepidermal water loss (TEWL) is at least as sensitive
an indication of variations in AD disease activity as SCORAD values. These
investigations corroborate the outside-inside concept as a factor in the etiology of atopic
dermatitis and other inflammatory dermatoses characterized by a barrier dysfunction.
This study directly corroborates our theoretical framework: a formulation engineered to
restore barrier lipids (ceramides) yielded quantifiable ultrastructural repair (lamellar
membranes) and functional enhancement (TEWL). It shows how structure affects
function and explains why we should focus on lipid/carrier design in our model.

Skin barrier deficiencies in atopic dermatitis: From antiquated concepts to novel
prospects (PMC Free Article, 2022). The skin barrier is very important because it keeps
allergens and microbes from getting into the body. The epidermis is a 15- to 30-nm-thick
layer of proteins and lipids that protects the body from the outside world. Atopic
dermatitis (AD) is a persistent inflammatory skin disorder characterized by a
multifactorial etiology influenced by the interplay between the host and the environment.
Acute skin lesions show signs of a Th2-driven inflammatory condition, and many of the
people who have them are quite atopic. The skin barrier is important for keeping the
immune system in check and for keeping microbes and allergens from getting through.
Atopic dermatitis (AD) consists of defects that disrupt the structural integrity or the
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immunological functionality of the epidermal barrier. On this page, an overview of the
various building blocks of the molecules involved in ensuring that the skin remains
healthy is provided. The basis of skin structural defects is analyzed in terms of atopic
dermatitis (AD), and the emphasis is paid to filaggrin and its genetic causes. The
importance of abnormalities in the structure of the barriers (lipids, variousiation proteins)
in atopic dermatitis (AD) pathophysiology is highlighted in this review, which supports
our objective to combine histological/IHC biomarkers with functional measurements
(TEWL). It also highlights the possibility of barrier-guided therapeutics which justifies
the sense of our strategy [4].

Psoriasis and atopic dermatitis (MDPI, 2021). Transepidermal water loss (TEWL),
temperature measured factors of the skin barrier function that can help clinicians to
assess the severity of the disease. The hypotheses of the research are: (1) to compare skin
barrier functioning of healthy skin, psoriatic skin and atopic dermatitis (AD) skin; (2) to
determine whether skin barrier functioning parameters can be used to predict the
severity of the disease. This was a cross-sectional study to evaluate the parameters of
epidermal barrier functions. The participants were 314 people including 157 healthy
people, 92 patients with psoriasis, and 65 patients with atopic dermatitis. In the AD
eczematous lesions, TEWL was significantly increased but stratum corneum hydration
(SCH) was lower than in AD normal skin and healthy controls. Finally, temperature and
TEWL values could help clinicians to evaluate the severity of the illness and the need to
treat seriously patients. This cross-sectional empirical evidence supports the functional
importance of TEWL as a measure of dysfunction of barriers at numerous disease stages,
and notjust in AD. This highlights the importance of the TEWL reduction as an important
end point in our theoretical formulation and the need to have formulations capable of
showing quantifiable changes in TEWL.

According to The Immunological and Structural Epidermal Barrier Dysfunction
and Its Relevance to AD (Frontiers in Molecular Biosciences, 2023), the intercellular lipid
membrane serves as the barrier against infection agents and maintains the stratum
corneum (SC) intact. The appropriate quantity of different SC lipids is also one of the
most crucial factors of a healthy epidermal barrier activity. AD is a common skin disease
characterized by impaired lipid barrier functioning. The review presents the summary of
structural and immunological deficiencies of the epidermal barrier and its role in the
etiology of atopic dermatitis (AD). The current review reminds us of the importance of
the central lipid ratio (ceramides, cholesterol, free fatty acids) and the molecular
pathways of the dysfunction of the barrier (e.g., lipid composition, tight junctions). It
supports our structural focus in the model and highlights the need to have
histological/immunohistochemical analysis of lipid-related enzyme/ protein expression.
The literature review and the past empirical works are all interconnected to create the
necessary assumption that the structural and functional integrity of the skin barrier
depends on a subtle interplay of lipid organization, differentiation proteins, and tight
junction all of which control transepidermal water loss (TEWL). However, the studies
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largely agree on the key points of the dysfunction of barriers and the consequences;
however, they also include diverse perspectives which highlight the gaps in research and
methodological differences which are relevant to theoretical approaches to reducing
TEWL [5].

The literature review shows that the stratum corneum (SC) plays the main role in
preventing the loss of water and protection against environmental factors, and lipids
(especially ceramides, cholesterol, and free fatty acids) are found in an almost equimolar
ratio to maintain the homeostasis of the barrier [14]. Deviations of this ratio are linked to
deteriorated barrier action and high levels of transepidermal water loss (TEWL). Elias et
al offers a significant contribution to this molecular concept by demonstrating that lipid
content and differentiation proteins, such as filaggrin and loricristin are what cause
atopic dermatitis (AD) [15]. The two sources agree on the fact that any break in the lipid
metabolism or protein synthesis can lead to a self-sustained loop of inflammation and
impaired hydration.

In addition, McCarthy et al and Kelleher et al support the functional role of TEWL
as an early warning system of a barrier failure [5]. These investigations longitudinally
proved that in the early infancy period higher values of TEWL determine the further
development of atopic dermatitis, regardless of genetic predisposition. Their findings are
quite congruent with the theoretical model that was proposed in this study and that says
that TEWL is an early and a non-invasive method to measure the health of the barrier.
Their interpretations are slightly different, in that McCarthy et al emphasized the
temporal rate of change in TEWL as a more powerful predictor, whereas Kelleher et al
concentrated on absolute values of TEWL at specific time intervals. This suggests that
even though the two methodologies are acceptable, a dynamic assessment that considers
temporal variation could provide a more detailed scheme in assessing barrier-targeted
formulations.

The authors of the study by Chamlin et al supported the importance of
formulation-based healing by showing that ceramide-based emollients had a significant
negative impact on transepidermal water loss (TEWL), corneocyte cohesiveness in
children with atopic dermatitis (AD), and the ultrastructure of lamellar membranes [12].
This goes directly to prove the theoretical assumption of this paper, that rebuilding the
natural lipid structure of the skin using a multi-active formulation could help to increase
barrier performance successfully. Chamlin et al results are rather close to the structural
and biochemical results of Elias et al. This is in favor of the paradigm of skin regeneration
as an outside-inside phenomenon, that is, the stronger the lipid barrier the less
inflammation and water loss.

On the other hand, Segura-Bedmar and Garcia-Del-Peon expanded the functional
applicability of TEWL of atopic dermatitis to include psoriasis, again finding greater
TEWL in both diseases [16]. The case that TEWL is a universal indicator of skin
dysfunction is made more strongly by this more general application of TEWL
measurement. Their cross-sectional results yield similar results with the earlier research
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conducted by Kelleher et al and McCarthy et al in establishing TEWL as an indicator of
poor barrier health; but also confirm that TEWL on its own cannot fully capture the
biochemical complexities of barrier dysfunction. This highlights the need to have
combined assessments where histological, immunohistochemical (IHC) and biophysical
measurements are combined as hypothesized in this theoretical work [5].

Regarding molecular and immunological mechanisms, Zhang et al highlighted
that lipid alterations and distortions in tight junction proteins, in particular, the reduction
of claudin-1 expression, cause increased permeability and inflammatory response [17].
This can be justified by the fact that Elias et al also investigated the collaboration of lipid
disarray and immunological dysregulation in AD [15]. Both studies arrive at the same
point that barrier dysfunction is not purely physical but biochemical and immunological
as well, indicating that the treatment regimen should focus on not only the structural
integrity but also signaling pathways to achieve long-lasting improvement [5].

Although these two things are largely similar, there are slight differences in the
levels of significance of genetic and environmental factors. Indicatively, McCarthy and
colleagues and Kelleher and colleagues argue that the primary cause of early TEWLs is
environmental stressors, such as humidity and exposure to irritants. Alternatively, Elias
et al and Zhang et al. indicate that the primary factors contributing to the vulnerability of
barrier are genetic mutations and, in particular, the filaggrin (FLG) gene [15], [17]. These
varying focal points demonstrate that dysfunction of skin barrier has a number of causes
which promotes the use of a multi-active formulation that has the capacity to address
both intrinsic (dysgenetic) and extrinsic (environmental) contributors. Thus, this cross-
section of data between these studies provides strong theoretical support of the suggested
paradigm of histological and immunohistochemical evaluation of multi-active TEWL-
reducing preparations.

The literature collectively agrees that:

1. Structural and molecular deficits drive functional impairment [15], [17].

2. TEWL is a valid, early indicator of barrier health [5], [12].

3. Lipid-based formulations can reverse both structural and functional damage [12].

4. Integrating histological and IHC biomarkers with TEWL measurement offers a holistic
assessment strategy [16].

The irritation of a few, as whether TEWL alone can be used to predict outcomes,
or whether genetic factors or environmental factors are more important, does not weaken
this agreement: rather, it makes it clear that skin barrier control is a complex,
multidimensional process. Finally, the above-mentioned body of evidence confirms the
current theoretical framework: to assess the effectiveness of barrier repair therapies,
interrelated structural, molecular and functional endpoints should be considered (Ishida-
Yamamoto & lizuka).

The literature review indicates a need to employ the molecular and functional
features in assessing barrier restoration. A study conducted by Elias et al and Kelleher et
al exemplifies that an augmented transepidermal water loss (TEWL) and broken lipid
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structures are predictive of the development and progression of atopic dermatitis (AD),
which justifies the argument that the malfunction of a barrier is not just a symptom but a
leading pathogenic determinant [5]. The evidence of the efficacy of the targeted lipid
replenishment in improving the histological organization and outcome is further
supported by clinical studies utilizing ceramide-dominant preparations and lipid-rich
emollients. However, these results are not enough to reject that, according to the findings
of various reviews, including Cork et al and Danby et al, large-scale and controlled
studies remain insufficient, and more thorough research is required to serve as a deeper
investigation of the molecular interpretation of lipid-protein interactions in the
restoration of barriers [7], [12], [13].

CONCLUSION
Fundamental Finding : This review demonstrates that the integrity of the skin

barrier is governed by a coordinated interplay between stratum corneum lipid
composition — particularly the equimolar balance of ceramides, cholesterol, and free fatty
acids—and the maintenance of key epidermal proteins, including filaggrin and tight
junction components such as claudin-1, with disruptions in these elements being strongly
associated with increased transepidermal water loss (TEWL) and susceptibility to
inflammatory conditions such as atopic dermatitis. Implication : These insights
underscore the necessity for evidence-based topical formulations that simultaneously
target lipid restoration and epidermal protein regulation, thereby reinforcing a
multilayered defense strategy for barrier repair rather than relying on occlusion alone.
Limitation : As a theoretical and literature-based synthesis, this review does not present
original experimental data, and thus causal relationships between specific molecular
changes and functional barrier outcomes cannot be empirically confirmed within this
work. Future Research : Further clinical, translational, and mechanistic studies
integrating histological, immunohistochemical, and biophysical assessments are
required to validate the proposed framework, optimize formulation strategies, and
advance the prevention and management of barrier-related skin disorders through
targeted barrier modulation.
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