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Masterclass Certificate in Dermatological Skin Pharmacology

Skin Structure And Function

The skin is a complex organ composed of multiple layers, each with distinct cellular populations,
extracellular matrices, and functional roles that together maintain homeostasis, protect against external
insults, and regulate thermoregulation. Understanding the terminology associated with skin structure and
function is essential for advanced study in dermatological pharmacology, as it provides the foundation for
describing drug‑delivery pathways, therapeutic targets, and potential adverse effects.

The outermost layer, the epidermis, is a stratified squamous epithelium that lacks direct vascular supply and
relies on diffusion from the underlying dermis. It is organized into several sublayers, each defined by the
stage of keratinocyte differentiation. The deepest sublayer, the stratum basale, contains proliferating
keratinocytes that arise from stem cells located in the basal layer. These cells undergo a tightly regulated
program of maturation, moving outward through the stratum spinosum, where desmosomal connections
provide mechanical strength, and the stratum granulosum, where keratohyalin granules form and lipid
lamellae begin to assemble. The most superficial sublayer, the stratum corneum, consists of anucleate,
flattened corneocytes embedded in a lipid matrix that forms the principal barrier to transepidermal water
loss (TEWL) and xenobiotic penetration. The thickness of the stratum corneum varies across body sites,
influencing both barrier function and drug absorption rates.

Interspersed among keratinocytes are specialized cells that contribute to pigmentation, immune
surveillance, and sensory perception. Melanocytes reside primarily in the basal layer and synthesize melanin
within melanosomes, which are transferred to neighboring keratinocytes to provide photoprotection. The
activity of melanocytes is regulated by hormonal signals such as α‑melanocyte‑stimulating hormone
(α‑MSH) and by ultraviolet (UV) exposure, which induces DNA damage and triggers a protective increase in
melanin production. Dysregulation of melanocyte function can lead to hyperpigmentation disorders or
malignant transformation, as seen in melanoma.

The epidermis also contains Langerhans cells, a subset of dendritic antigen‑presenting cells that capture
foreign antigens and migrate to regional lymph nodes to initiate adaptive immune responses. Their
presence is critical for the development of contact hypersensitivity reactions and for the evaluation of
topical immunomodulators. In addition, Merkel cells are mechanoreceptor cells located in the basal layer
that associate with nerve endings to mediate light touch sensation. These cells express the voltage‑gated
calcium channel protein Piezo2, which translates mechanical deformation into electrical signals.

Beneath the epidermis lies the dermis, a connective‑tissue matrix that provides structural support, elasticity,
and vascular supply. The dermis is divided into the papillary and reticular regions. The papillary dermis,
directly adjacent to the epidermis, contains a loosely organized network of collagen type III fibers, elastin,
and proteoglycans, as well as capillary loops that deliver nutrients to the avascular epidermis. These
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capillaries create a gradient of oxygen and nutrient availability that influences keratinocyte metabolism and
drug diffusion. The reticular dermis, deeper and more densely packed, is composed primarily of collagen
type I fibers, which confer tensile strength, and a more extensive population of fibroblasts that synthesize
extracellular matrix components. The composition and organization of dermal collagen and elastin
determine skin firmness and resilience, and alterations in these components underlie aging, scarring, and
certain genetic disorders such as Ehlers‑Danlos syndrome.

Embedded within the dermal matrix are dermal papillae, which house a rich supply of capillaries, lymphatic
vessels, and sensory nerve endings. The close proximity of dermal papillae to the epidermal basal layer
facilitates the exchange of nutrients, cytokines, and growth factors that regulate epidermal turnover. For
instance, fibroblast‑derived keratinocyte growth factor (KGF) stimulates keratinocyte proliferation, while
epidermal‑derived transforming growth factor‑β (TGF‑β) modulates fibroblast activity and extracellular
matrix remodeling. These paracrine interactions are central to wound healing and are targeted by many
pharmacologic agents aiming to accelerate tissue repair.

The dermis also contains specialized structures such as sweat glands and sebaceous glands. Eccrine sweat
glands, distributed across the body surface, secrete aqueous fluid that aids thermoregulation through
evaporative cooling. Their ducts traverse the epidermis, and the composition of sweat (including
electrolytes, urea, and lactate) influences the skin surface pH, which typically ranges from 4.5 To 5.5. This
mildly acidic environment, known as the acid mantle, inhibits the growth of pathogenic microorganisms
while supporting commensal flora. Apocrine sweat glands, confined to axillary and genital regions, produce
a protein‑rich secretion that, upon bacterial degradation, contributes to body odor. Sebaceous glands,
associated with hair follicles, secrete sebum—a complex mixture of triglycerides, wax esters, and squalene—
that lubricates the hair shaft and maintains barrier integrity. Dysregulation of sebum production is
implicated in acne vulgaris and seborrheic dermatitis, making it a therapeutic target for retinoids, benzoyl
peroxide, and hormonal modulators.

The deepest layer, the hypodermis (also called subcutaneous tissue), consists primarily of adipocytes
organized into lobules separated by connective‑tissue septa. This layer provides insulation, mechanical
cushioning, and a reservoir of energy‑rich lipids. Adipocytes also secrete adipokines such as leptin and
adiponectin, which can influence systemic metabolism and local inflammatory processes. The hypodermis
houses larger blood vessels and nerves that serve the overlying dermis and epidermis, and it can act as a
depot for lipophilic drugs administered via subcutaneous injection.

The skin’s barrier function is critically dependent on the organization of lipids within the stratum corneum.
These lipids—primarily ceramides, cholesterol, and free fatty acids—arrange into lamellar sheets that create
a highly ordered, low‑permeability matrix. The ratio of these lipid classes, as well as the degree of fatty‑acid
chain saturation, determines the barrier’s resistance to water loss and permeation by topical agents.
Disruption of lipid organization, whether by genetic mutations (e.G., In the filaggrin gene) or by external
irritants, leads to increased TEWL and susceptibility to dermatitis. Consequently, many moisturizers and
barrier‑repair formulations aim to replenish ceramide content and restore lipid lamellar structure.
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The epidermal protein filaggrin (filaggrin) plays a pivotal role in barrier formation. Filaggrin aggregates
keratin filaments, facilitating the flattening of corneocytes, and upon degradation yields natural moisturizing
factors (NMF) such as pyrrolidone carboxylic acid, urea, and amino acids that attract water and maintain
hydration. Loss‑of‑function mutations in the filaggrin gene are a major risk factor for atopic dermatitis, and
they underscore the importance of NMF in preserving barrier integrity. Therapeutic strategies that enhance
filaggrin expression or supplement NMF components are currently under investigation for chronic dry skin
conditions.

The skin also hosts a diverse microbial community known as the skin microbiome. This ecosystem includes
bacteria (e.G., Staphylococcus epidermidis, Cutibacterium acnes), fungi (Malassezia spp.), And viruses that
coexist with host cells in a symbiotic relationship. The microbiome contributes to barrier function by
producing antimicrobial peptides and by competing with pathogenic organisms. Dysbiosis, or an imbalance
in microbial composition, can exacerbate inflammatory skin diseases such as psoriasis and rosacea.
Pharmacologic modulation of the microbiome, through probiotic topical applications or selective
antimicrobial agents, represents an emerging therapeutic avenue.

In addition to chemical barriers, the skin possesses mechanical and immunological defenses. The
mechanical barrier is provided by the corneocyte envelope, which is reinforced by cross‑linked proteins
such as involucrin, loricrin, and filaggrin. Tight junctions, primarily composed of claudin‑1 and occludin, are
present in the stratum granulosum and regulate paracellular transport, thereby influencing drug permeation
pathways. Disruption of tight‑junction integrity can increase permeability but may also promote
inflammation and sensitization. Immunologically, keratinocytes themselves can produce cytokines (e.G.,
IL‑1α, IL‑6) and antimicrobial peptides (e.G., Cathelicidin, β‑defensins) in response to injury or pathogen
exposure, thereby participating actively in innate defense.

The cutaneous nervous system is intricate and includes sensory, autonomic, and sympathetic fibers. Sensory
nerve endings, such as free nerve endings, Meissner’s corpuscles, and Pacinian corpuscles, convey
information about temperature, pain, and pressure. Autonomic fibers regulate vasomotor tone, sweat gland
activity, and piloerection. The neuropeptide substance P, released from sensory nerves, can influence
vasodilation and immune cell recruitment. Understanding neuro‑cutaneous interactions is crucial for
developing treatments for pruritus, neuropathic pain, and neurogenic inflammation, where agents targeting
neuropeptide receptors or ion channels (e.G., TRPV1 antagonists) are being explored.

From a pharmacologic perspective, the skin presents both opportunities and challenges for drug delivery.
The route of administration determines the kinetic profile of drug absorption, distribution, metabolism, and
excretion. Percutaneous absorption involves several steps: Drug release from the formulation vehicle,
penetration through the stratum corneum, diffusion across viable epidermis and dermis, and eventual entry
into systemic circulation or local tissue compartments. The physicochemical properties of the drug—
molecular weight, lipophilicity, polarity, and ionization state—govern its ability to traverse the lipid‑rich
barrier. Generally, molecules with a molecular weight Occlusive creams and ointments, rich in petroleum
jelly or mineral oil, increase hydration of the stratum corneum, thereby enhancing drug penetration. In
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contrast, hydrophilic gels may favor the delivery of water‑soluble agents but can be limited by lower barrier
disruption. The use of penetration enhancers—substances like ethanol, propylene glycol, or oleic acid—can
transiently fluidize stratum corneum lipids, increasing drug flux. Nonetheless, enhancers must be employed
judiciously, as they may also compromise barrier integrity and provoke irritation.

Advanced drug‑delivery systems aim to overcome the limitations of conventional topical vehicles.
Liposomes, phospholipid vesicles, can encapsulate both lipophilic and hydrophilic drugs, facilitating their
transport across the stratum corneum while protecting active ingredients from degradation. Nanostructured
lipid carriers (NLCs) and solid lipid nanoparticles (SLNs) offer controlled release profiles and improved
stability. Microneedle arrays create transient microchannels that bypass the stratum corneum, allowing
macromolecules such as peptides, vaccines, and nucleic acids to reach the dermis with minimal pain. The
design of microneedles—solid, coated, dissolving, or hollow—determines drug loading capacity and release
kinetics. While these technologies hold promise, challenges remain regarding manufacturing scalability,
regulatory approval, and patient acceptability.

Skin metabolism adds another layer of complexity to topical pharmacology. Keratinocytes, fibroblasts, and
even resident immune cells express Phase I enzymes (e.G., Cytochrome P450 isoforms CYP1A1, CYP2B6) and
Phase II enzymes (e.G., UDP‑glucuronosyltransferases, sulfotransferases). These enzymes can biotransform
drugs, potentially altering efficacy or generating reactive metabolites that cause local toxicity. For example,
the topical corticosteroid clobetasol propionate undergoes extensive metabolism, and its systemic exposure
is limited by rapid cutaneous clearance. Understanding enzyme expression patterns across different skin
regions and disease states is essential for predicting drug behavior and for designing prodrugs that become
activated within the skin.

The concept of selective targeting leverages the unique expression of receptors or enzymes on specific skin
cell populations. Antibody‑drug conjugates (ADCs) directed against melanocyte‑specific antigens (e.G.,
MC1R) are under investigation for melanoma therapy, while agents that bind to overexpressed integrins on
fibroblasts are being explored for anti‑fibrotic applications in scleroderma. Similarly, topical agents that
activate the vitamin D receptor (VDR) can modulate keratinocyte differentiation, providing therapeutic
benefit in psoriasis and vitiligo. The challenge lies in achieving sufficient selectivity to minimize off‑target
effects while delivering an effective dose to the intended cell type.

The skin’s immune milieu is a key consideration when evaluating the safety profile of topical agents. Contact
sensitizers, such as haptenic chemicals, can induce delayed‑type hypersensitivity reactions mediated by
Langerhans cells and T‑cells. The hapten‑protein complex formation is a prerequisite for sensitization, and
the potency of a sensitizer is often related to its electrophilic reactivity. In contrast, irritant dermatitis arises
from direct cytotoxic effects on keratinocytes, leading to the release of pro‑inflammatory cytokines.
Distinguishing between allergic and irritant mechanisms is essential for risk assessment and for the
development of safer formulations.

Photobiology influences both skin physiology and pharmacology. UV radiation is divided into UVA (320–
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400 nm), UVB (280–320 nm), and UVC (SPF), which primarily quantifies UVB protection, while the UVA
protection is indicated by the persistent pigment darkening (PPD) value. Formulation considerations include
photostability, aesthetic acceptability, and the avoidance of systemic absorption of filter compounds.

In the context of inflammatory skin diseases, cytokine networks play a central role. Psoriasis is driven by a
Th17‑dominant axis, with interleukin‑17A (IL‑17A) and interleukin‑23 (IL‑23) acting as pivotal mediators.
Biologic agents targeting these cytokines have revolutionized systemic therapy, but topical analogs are
being pursued to reduce systemic exposure. Small‑molecule inhibitors of the Janus kinase (JAK) pathway,
such as tofacitinib, can be formulated for topical use to suppress downstream cytokine signaling. However,
challenges include achieving sufficient skin penetration while limiting systemic absorption that could lead to
hematologic or infectious complications.

The hair follicle is another anatomical niche that influences drug delivery and disease pathogenesis. The
follicular infundibulum provides a conduit for the entry of lipophilic molecules, and the bulge region houses
stem cells that contribute to epidermal regeneration. Follicular targeting is exploited in treatments for
androgenic alopecia, where agents such as minoxidil and finasteride aim to modulate the miniaturization of
hair follicles. Nanoparticle carriers designed to preferentially accumulate within the follicular canal can
improve drug residence time and reduce off‑target effects. Yet, variability in follicle density among
individuals and across body sites introduces heterogeneity in delivery outcomes.

Skin elasticity and mechanical properties are governed by the interplay of collagen, elastin, and
proteoglycans. Collagen fibers provide tensile strength, while elastin fibers confer resilience and recoil.
Enzymatic degradation of these proteins by matrix metalloproteinases (MMPs) contributes to photoaging,
chronic inflammation, and wound healing. Topical agents that inhibit MMP activity—such as retinoids, which
up‑regulate tissue inhibitors of metalloproteinases (TIMPs)—are utilized to improve the appearance of aged
skin. However, excessive inhibition may impair normal remodeling processes, highlighting the need for
balanced therapeutic strategies.

The concept of pharmacokinetic modeling in dermatology involves the quantitative description of drug flux
through skin layers, accounting for diffusion coefficients, partition coefficients, and metabolic clearance.
Compartmental models often represent the stratum corneum, viable epidermis, and dermis as distinct
layers, each with specific parameters. In silico tools, such as the Monte Carlo simulation or finite‑element
analysis, can predict drug concentration profiles over time, guiding formulation optimization. Validation of
these models requires in vitro diffusion studies using Franz diffusion cells, ex vivo human skin, and
ultimately in vivo pharmacodynamic assessments.

The evaluation of topical drug efficacy frequently employs surrogate endpoints such as reduction in
erythema, scaling, or pruritus severity, measured by validated scales (e.G., Psoriasis Area and Severity Index,
Eczema Area and Severity Index). Objective instrumentation—including corneometry for hydration,
transepidermal water loss meters for barrier function, and reflectance spectroscopy for pigment changes—
provides quantitative data that complement clinical observations. Integration of these biomarkers into
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clinical trial design enhances the sensitivity to detect therapeutic effects and supports regulatory approval.

Safety assessment of dermatological products also demands thorough investigation of potential irritancy
and sensitization. Standardized tests, such as the human repeat insult patch test (HRIPT) and the 96‑hour
occlusive patch test, are employed to identify adverse skin reactions. In vitro assays, including reconstructed
human epidermis models (e.G., EpiDerm, SkinEthic), offer alternatives to animal testing and can predict
cytotoxicity and barrier disruption. Nonetheless, inter‑individual variability in skin type, age, and disease
state can influence test outcomes, necessitating careful interpretation of results.

Environmental factors—temperature, humidity, and exposure to pollutants—modulate skin physiology and
drug performance. Elevated ambient temperature can increase skin perfusion, potentially enhancing
systemic absorption of topically applied agents. Conversely, low humidity accelerates TEWL, leading to
xerosis that may alter drug penetration pathways. Airborne particulate matter can deposit on the skin
surface, interacting with the microbiome and inducing oxidative stress, which may affect the stability of
topical formulations. Formulators must consider these variables when designing products intended for
diverse climatic conditions.

In summary, mastery of the terminology related to skin structure and function equips learners with the
conceptual tools necessary to navigate the complexities of dermatological pharmacology. By linking
anatomical features to pharmacokinetic principles, immunologic mechanisms, and formulation science,
practitioners can develop rational therapeutic strategies, anticipate challenges, and innovate solutions that
improve patient outcomes in a wide array of cutaneous disorders.
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