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ABSTRACT

The skin acts as the interface between the body and its external environment and represents the interconnectedness
of all the organs and systems in the human organism. Its structure and positioning play a central role in the overall
functioning of the body and, at the same time, contribute to the aesthetic appearance. This study aims to investigate
the embryonic origins of the skin, its anatomical composition, and histological structure. The skin consists of two
main components: the epidermis, which arises from the ectoderm, and the dermis, which develops from the
mesoderm. The key functions of the skin include safeguarding the body, regulating temperature, controlling fluid
loss, supporting immunity, and facilitating sensory perception. The blood supply to the skin originates from
arterial branches or as terminal branches of the muscular vessels. Specialized sensory structures are embedded
within the skin that allow it to respond to various stimuli, such as free nerve endings, Merkel cells, Meissner’s
corpuscles, Pacinian corpuscles, Krause bulbs, Ruffini corpuscles, and proprioceptors for temperature regulation.
Skin injuries can lead to significant emotional and social repercussions, such as feelings of alienation,
estrangement from loved ones, possible job loss, neurotic disorders, and other negative social outcomes.
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Introduction

Since ancient times, an individual’s physical appearance has significantly influenced their social standing, role,
and interactions with others. It has been a critical factor in determining one’s position within societal hierarchies,
influencing upward or downward movement on the social scale. In modern times, an appealing appearance plays
a vital role in achieving success across various social contexts, with women typically being the primary focus,
although as gender equality progresses, men’s physical appearance is increasingly valued [1-3].

In certain high-paying fields with minimal complexity, such as advertising, modeling, social media, and television,
appearance is often the deciding factor for participation. This emphasizes the importance of skin characteristics
in defining beauty standards. Scars affecting areas crucial to non-verbal communication or altering facial
symmetry can result in significant aesthetic damage, which is primarily felt in both personal and professional
contexts. Additionally, any unsightly marks or scars cause distress for the individual affected [4-6].

The goal of this research is to examine the embryological origin, anatomical features, and histological composition
of the skin.

Results and Discussion
Skin: definition and embryological origins

The skin covers the entire external surface of the body, serving as the first line of defense against external elements
such as toxins, bacteria, viruses, ultraviolet radiation, and extreme temperatures. Moreover, the skin plays several
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other vital roles, including thermoregulation via sweating, fluid retention, immune function, and sensory
perception. As the largest organ in the body, the integument makes up roughly 16% of a person’s total weight,
with an average surface area of 1.2 to 2.3 m2 in adults [7, 8].

The skin is composed of three main layers: the epidermis, which originates from the ectoderm; the dermis, which
comes from the mesoderm; and the subcutaneous tissue or hypodermis, which has a distinct structure. The
hypodermis consists of loose connective tissue and a fatty layer known for its fat cells, forming the macroscopic
counterpart of the superficial fascia, which allows the skin to be loosely attached to underlying structures [9].
The epidermis originates from the ectoderm, the same tissue that gives rise to the central nervous system. It is
composed primarily of a keratinized, stratified squamous epithelium, along with less common cell types like
Merkel cells, melanocytes, and Langerhans cells. Melanocytes are responsible for pigmentation and originate
from neural crest cells, while Langerhans cells, which play a role in antigen processing, are derived from the bone
marrow. Merkel cells, which detect pressure, also come from neural crests [10, 11].

There are two main types of skin: thick, hairless, or glabrous skin, and thin, hairy skin [12].

The epidermis itself is divided into 5 layers of keratin-producing cells: the basal (germinal) layer, the spinous
layer, the stratum granulosum, the stratum lucidum, and the stratum corneum.

The basal layer consists of a single row of basophilic cells, either cylindrical or cuboid in shape, located at the
dermo-epidermal junction, directly attached to the basal membrane of the epithelium. Desmosomes link the cells,
while hemidesmosomes anchor them to the basal membrane. This layer contains stem cells with high mitotic
activity, enabling continuous renewal of the spinous layer. Epidermal cell turnover occurs every fifteen to thirty
days, depending on age and the area of the body [13, 14].

The spinous layer comprises cuboidal cells with centrally positioned nuclei and fine extensions in the cytoplasm
that house bundles of keratin fibers, termed tonofilaments. At the top of this layer, desmosomes are visible,
contributing to the intercellular adhesion and enhancing the skin’s resistance to mechanical wear. These structures,
akin to those found in plants, help ensure cohesion. The Malpighian layer, located here, is where stem cells reside,
playing a key role in replenishing the skin’s cells [15].

The granular layer, located next, consists of 3 to 5 rows of polygonal cells that are flattened and contain
keratohyalin granules. These cells lack distinct membranes. This layer forms a vital barrier, preventing the ingress
of foreign materials and playing an important role in the skin’s overall impermeability. Above it lies the
translucent stratum lucidum, composed of flattened cells that stain eosinophilic. The outermost stratum corneum
consists of 15-20 layers of flattened, non-nucleated cells filled with keratin. These cells are shed continuously as
part of the skin’s renewal process [16, 17].

The dermis, the second major layer of the skin, is primarily mesodermal in origin. It is made up of fibroblasts,
collagen, elastic fibers, and blood vessels. The differentiation of the dermis begins in the fourth week of embryonic
development, during which ectodermal and mesodermal tissues proliferate. This period also sees the formation of
specialized structures like hair, nails, sweat glands, and teeth [18].

Research indicates that both the epidermis and dermis contribute to the development of hair follicles and teeth,
whereas nails are solely formed by the epidermis. At birth, the skin has already reached its multilayered form,
undergoing continuous renewal throughout life as older layers are replaced. The thickness of the skin varies
depending on factors like age, gender, and the specific body region. The dermis is the primary determinant of skin
thickness, with the epidermis generally remaining consistent. Skin thickness is at its greatest on the palms and
soles, about 1.5 mm, and thinnest around the eyelids, at approximately 0.05 mm [19].

Skin structure

The epidermis, as the outermost skin layer, is exposed to the environment and is avascular, relying entirely on the
dermis beneath it for nutrients via diffusion. It is composed of keratinocytes at different stages of differentiation,
from the least differentiated in the deepest layers to the most mature near the surface. The epidermis consists of
four primary layers: the basal or germinal layer, the spinous layer, the granular layer, and the corneal layer.

Keratinocytes

The basal layer sits directly above the dermo-epidermal junction and is composed of a single layer of keratinocytes
attached to the basement membrane by hemidesmosomes. As these keratinocytes mature, they migrate towards
the surface, becoming more differentiated as they ascend. By the time they reach the stratum corneum, these cells
are fully differentiated and shed as part of the skin’s continual renewal process [20].
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Melanocytes

Melanocytes are specialized cells that generate melanin, a pigment that absorbs ultraviolet (UV) radiation from
sunlight, helping to mitigate its harmful mutagenic effects. The melanin is stored in melanosomes, which are
transferred to adjacent keratinocytes through dendritic processes. These melanosomes are transferred to
keratinocytes by phagocytosis and stored as pigment granules. Melanocytes reside in the basal layer of the
epidermis and are also found in the retina, hair follicles, and leptomeninges. In sun-exposed areas, the melanocyte
to keratinocyte ratio is approximately 1:4, whereas it is 1:30 in less exposed regions. Interestingly, the number of
melanosomes remains the same across both genders and races [21, 22].

Differences in pigmentation between individuals arise from variations in the size of melanosomes. Sun exposure
triggers the release of hormones such as melanocyte-stimulating hormone (MSH), cortico-stimulating hormone,
estrogen, and progesterone, which together activate melanin production. While melanin is created in melanocytes,
it is stored in the surrounding epithelial cells, which hold greater quantities of melanin than the melanocytes
themselves [23]. The primary factors influencing skin pigmentation are:

e  The rate at which melanocytes produce melanin.

e The transfer of melanin to keratinocytes.

e The storage of melanin granules within keratinocytes.

Melanocytes secrete two pigments: eumelanin, which produces a dark brown hue, and pheomelanin, known for
its high cysteine content and specific to red hair. As people age, the number of melanocytes diminishes because
these cells are unable to regenerate [24].

Langerhans cells

Langerhans cells, derived from the bone marrow, are primarily located within the basal, spinous, and granular
layers of the epidermis. These specialized cells act as antigen-presenting cells, playing an essential role in immune
responses. They can ingest foreign substances, break them into smaller peptide fragments, which then bind to the
major histocompatibility complex. These fragments are subsequently presented to lymphocytes, initiating an
immune reaction [25].

Merkel cells

Merkel cells, which arise from the neural crest, are found in areas like the palms, genital region, nail beds, and
other skin regions. They are mainly responsible for the sensation of fine touch and are believed to function as
mechanoreceptors. However, some research suggests that these cells may be part of the diffuse neuroendocrine
system. The dermis comprises two layers: the superficial papillary dermis and the deeper reticular dermis. The
papillary dermis is thin and consists of loose connective tissue rich in elastic fibers, reticular fibers, collagen, and
capillaries. The reticular dermis, which is thicker, is made up of dense connective tissue containing larger blood
vessels, as well as elastic and collagen fibers arranged in parallel layers. This layer also contains lymphatic vessels,
fibroblasts, mast cells, nerve endings, and epidermal appendages. These components are embedded in a gelatinous
matrix that includes mucopolysaccharides, glycoproteins, and chondroitin sulfate [10].

The deeper dermal region is uneven, with the adipose layer at the subcutaneous level acting as a cushioning
structure for the skin.

Fibroblasts make up most of the cells in the dermis and are responsible for producing procollagen and elastic
fibers. Procollagen is processed by enzymes to form collagen, which then arranges into a strong, reticulated
network. This collagen framework is essential for providing the dermis with the durability and strength necessary
to resist mechanical stresses. Collagen represents about 70% of the dermal weight, with 85% of it being type |
collagen and 15% type 111 collagen. Although elastic fibers account for less than 1% of the dermis’ weight, they
play a critical role in enabling the skin to return to its original shape after being stretched [26].

Dermo-epidermal junction

The dermo-epidermal junction, a wavy basement membrane, ensures the connection between the epidermis and
dermis layers. This structure includes two distinct laminas: the lamina lucida, which is thin and situated against
the basal layer of keratinocytes, and the lamina densa, a thicker layer in direct contact with the dermis. The dermal
papillae, which contain capillaries and lymphatic vessels, extend perpendicularly toward the epidermis. These
finger-like projections align with similar formations in the epidermis, enhancing the interface area for the
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exchange of essential nutrients, oxygen, and metabolic by-products between the dermis and the avascular
epidermis [27].

Accessory glands of the epidermis

Epidermal appendages are intradermal structures, lined by epithelial cells, which play a critical role in the
regeneration of skin. These appendages, which include sebaceous glands, sweat glands, apocrine glands,
mammary glands, and hair follicles, are typically located within the deeper layers of the dermis and may extend
into the hypodermis. Their unique capacity for regeneration is especially valuable in situations where the
epidermis is damaged, such as in burns or abrasions. Sebaceous glands, or holocrine glands, are found across the
body, excluding areas like the palms, soles, and the back of the feet. They are particularly abundant on the scalp
and face, where they are frequently linked to acne formation. These glands secrete sebum, an oily mixture
containing triglycerides, ceruminous esters, cholesterol esters, squalene, and cholesterol, which lubricates the skin
and provides protection against moisture loss and physical damage.

Eccrine sweat glands are distributed across almost the entire body, except for specific areas such as the lips,
external auditory canal, and genital regions. The highest concentrations are found on the palms, soles, and armpits.
Each gland consists of a coiled secretory portion deep in the dermis that leads to the epidermis via a straight duct.
Their main role is to produce sweat, which helps regulate body temperature by evaporative cooling [28, 29].

The hypothalamus governs the activity of sweat glands, activating them through sympathetic nervous control
when the body temperature rises above normal levels [30].

Apocrine and mammary glands

Apocrine glands, although structurally similar to eccrine glands, are functionally distinct. These glands are
primarily located in the axillary (armpit) area, the genital region, and in modified forms like ceruminous glands
in the ears and Moll’s glands in the eyelids. They also include the mammary glands. Apocrine glands only become
active after puberty, suggesting that they may have a vestigial function. The mammary glands are essentially
specialized versions of the apocrine glands [31].

Hair follicles

Hair follicles are structures that involve both the epidermis and dermis layers. These follicles are distributed across
nearly the entire body, with exceptions such as the palms, soles, clitoral region, labia minora, glans penis, as well
as portions of fingers, toes, and mucocutaneous junctions. The sebaceous glands, often located near hair follicles,
are not found on the skin’s surface directly but rather as part of the pilosebaceous unit. The base of the hair follicle,
known as the hair bulb, is located deep within the dermis. In the facial region, the hair follicle may extend into
the subcutaneous fat, enhancing the skin’s ability to heal from deeper wounds. Hair growth follows two distinct
phases: the active growing phase (anagen) and a resting phase (telogen), with a transitional phase (catagen) in
between. The length of the anagen phase is directly linked to the length of the hair. This phase varies depending
on the location on the body [32].

Subcutaneous tissue
The hypodermis, or subcutaneous tissue, consists of connective tissue that helps anchor the skin to the underlying
structures. It contains adipocytes, which vary in size according to the person’s nutritional status.

Skin phototype

The color of the skin is primarily influenced by the amount of melanin pigment present, which can be inherited
or influenced by various environmental and physiological factors. Hormonal changes, like those during
pregnancy, can alter the production and distribution of melanin. Additional factors influencing skin pigmentation
include the levels of carotene and melanin, the density of blood vessels in the dermis, and the oxygenation level
of blood flowing through them [33].

The Fitzpatrick scale classifies the skin’s response to ultraviolet radiation based on individual tanning and sunburn
history. This scale, which ranges from | to VI, is useful for assessing skin pigmentation before treatments like
skin resurfacing. Type | skin is extremely fair, often freckled, burns easily upon UV exposure, and does not tan
[34-36].

Vascularization of the skin
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The skin receives its vascular supply from vessels that branch off from deeper structures. These vessels create a
network that spans from the bone through to the skin, forming what is referred to as an angioma. Adjacent vascular
regions, known as angiosomes, are linked by vessels of varying sizes, ranging from small to medium caliber.
Cutaneous blood vessels either stem directly from arteries, such as perforating septo-cutaneous or fasciculo-
cutaneous vessels, or from the terminal branches of muscular vessels, referred to as perforating musculo-cutaneous
vessels. As these vessels make their way towards the skin, they pass through connective tissue networks and give
off branches to nearby tissues such as muscle, fascia, nerves, bone, and adipose tissue. The vessels that emerge
from the deep fascia travel through intermuscular and intramuscular septa near tendons, ultimately reaching the
skin and forming the dermal and subdermal vascular networks [35].

The dermis houses two major vascular plexuses—superficial and deep—that run horizontally. These networks are
interconnected by perpendicular vessels. Cutaneous vessels link to each other to form a continuous circulatory
network throughout the skin. Parallel to the blood vessels are the lymphatic vessels, which play a key role in
transporting plasma, proteins, pathogens, and antigenic particles. Lymphatic capillaries, found in the dermal
papillae’s interstitial spaces, are blind-ended and non-valvular. These capillaries drain into valvular plexuses in
the dermis and subdermis, eventually merging to form larger lymphatic vessels that pass through lymph nodes
before draining into the venous system, close to the junction of the subclavian and internal jugular veins [36].

Skin innervation

The ability to perceive sensory stimuli is essential for protecting the body from harmful forces, such as pressure,
trauma, and extreme temperatures. Specialized sensory structures within the skin detect different types of stimuli.
Merkel cells, located in the epidermis and along the ridges of the skin as well as around hair follicle sheaths, along
with Meissner’s corpuscles found in the dermal papillae, are responsible for sensing light touch. These receptors
are concentrated in high density at the fingertips [37].

Pacinian corpuscles, found deeper in the dermis and hypodermis, are sensitive to pressure. According to
Sherrington, tactile sensitivity is categorized into two types: protopathic, which is a vague, diffuse sense of touch,
and epicritic, which refers to fine, precise touch. Pain is detected by free nerve endings in the basal layer of the
epidermis, and it is perceived when the intensity of stimuli, such as temperature or touch, exceeds a certain
threshold. Krause bulbs sense cold, while Ruffini corpuscles are responsible for detecting heat. Proprioceptors for
both temperature extremes are located in the outer dermis. The nerves that innervate the skin follow the paths of
the blood vessels.

A dermatome refers to the specific area of the skin innervated by a single spinal nerve. These dermatomes can
overlap, which is important to consider when performing anesthesia, particularly during nerve blocks [38, 39].

Conclusion

The skin functions as a vital barrier between the human body and its external surroundings, acting as an integrative
component that connects and supports the various organs and systems of the body. Its structural characteristics
and external positioning grant it a fundamental role in maintaining physiological balance, while also contributing
to personal appearance and identity. Damage or alterations to the skin — particularly following injury — may
have profound psychological and social effects, potentially disrupting daily life, limiting social interactions, and
in certain cases, leading to employment difficulties, emotional disturbances, or unfavorable societal reactions.
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