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Introduction


The skin is the largest organ of the body and constitutes 15-20% of body weight. Skin functions as a barrier to protect the rest of the body from microbes, mechanical force, and ultraviolet light. It also acts as a barrier to keep water from entering or leaving the body. Because skin is the outside covering of our bodies, it is used by the immune system as a site for exposing immune cells to antigens from the outside world. Skin is crucial for maintaining proper body temperature through the cooling effects of sweat and by regulating the amount of blood flowing to the surface of the body. In addition, skin insulates the body with hair and adipose tissue (fat). Skin is involved in metabolism through the storage of fat and the production of vitamin D. Finally, skin is a sensory organ that senses touch, temperature, pressure and pain. The sense of touch is so acute that textures of only 5-10 m can be distinguished by the fingertips. This is in contrast to the eye that has a resolution of about 200 m.
Skin layers


Although we will discuss three tissue layers, only the epidermis and the dermis, which are the layers closest to the outside world, constitute skin. Underneath the epidermis and dermis is the hypodermis which contains subcutaneous fat and is the superficial or subcutaneous fascia of gross anatomy. The integumentary system refers to all three layers of tissue - epidermis, dermis, and hypodermis. The epidermis is the keratinized stratified squamous epithelium that is the uppermost layer that faces the environment and is derived from ectoderm. Underneath the epidermis is the dermis, a dense irregular connective tissue layer that sits on top of the hypodermis and is derived from mesoderm (Fig. 1).
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Figure 1. Layers of skin

Thick vs. Thin skin


There are two main types of skin: thick skin which is hairless (also called glabrous, which means smooth), and thin skin which is usually hairy. Thick skin is found exclusively on the soles of feet, palms of hands, and the surface lining the fingers and toes, where the epidermis is much thicker than anywhere else in the body. Thin skin covers the rest of the body and can be quite variable in thickness mostly due to differences in the thickness of the dermis. The back has the thickest skin because the dermis of the back can be several mm deep. However, it is still classified as thin skin because the epidermis of the back is thin.
Epidermis

The keratinized stratified squamous epithelium consists primarily of a single cell type, keratinocytes, which are present in several states of differentiation. The layers of the epidermis correspond to different stages of keratinocyte differentiation (Fig. 2). Keratinocytes have several characteristics that are important to skin function. They contain keratin, a type of intermediate filament that forms an extensive cytoskeleton within the cells. The keratinocytes also form many desmosome (between cells) and hemidesmosome (with the basal lamina) junctions that are linked to the keratin network. The combination of the adjoined keratin filaments and the desmosome cell junctions give skin its ability to withstand mechanical force.
Layers of the epidermis (Fig. 2):

stratum basale or germinativum

The stratum basale is single layer of cuboidal cells called basal cells that sit on top of the basal lamina. They do not contain much cytoplasm so the nuclei are close together which makes the stratum basale stain more darkly. The cells of the basal layer serve as stem cells for the epithelium and divide to produce keratinocytes that move up to the next layer while at the same time maintaining the population of basal cells in the basal layer.

stratum spinosum

Above the stratum basale is the stratum spinosum, which is usually several layers of keratinocytes thick with the cells becoming squamous in the uppermost layer. This layer is named for what look like spines coming from the keratinocytes which are really cytoplasmic processes between cells that are attached to one another by desmosomes.
stratum granulosum 


The stratum granulosum is the last non-keratinized layer in the epidermis. It is usually 1-3 layers thick and is distinguishable because the keratinocytes contain keratohyalin granules. The granules contain precursors of the protein filaggrin that will eventually empty into the cytoplasm and aggregate the keratin filaments that are starting to fill the cells.
stratum corneum

The stratum corneum is the upper most layer of the epidermis. It consists of keratinized cells (corneocytes or squames), which have no nuclei or cytoplasmic organelles and have gone through a specialized form of apoptosis. They are mostly cells or cell debris filled with filaggrin-crosslinked keratin. The bottom layer of keratinocytes in the stratum corneum has a layer of protein on the inside of the plasma membrane to provide strength to the water barrier and layers of lipids on the outside of the plasma membrane to prevent water loss. The lipids are deposited when lamellar bodies from cells in the top layer of the stratum granulosum fuse with the plasma membrane to fill the extracellular space between the stratum granulosum and stratum corneum. The corneocytes gradually make their way to the uppermost layer of the stratum corneum where they are eventually desquamated (the cell detaches from the skin). This is mediated by proteolysis of desmosomes between the corneocytes. Proteolysis increases as pH decreases in the outermost layers. A keratinocyte can take from 25 to 50 days to mature from a basal cell to a desquamated corneocyte.

The inner keratinized layer of thick skin is often more lightly stained than the outermost layer. This layer is called the stratum lucidum and does not represent a functionally distinct layer but instead reflects reduced staining of the corneocytes closest to the stratum granulosum.
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Figure 2. Layers of the epidermis.

Other cells of the epidermis
Melanocytes

The cell bodies of melanocytes are found in the basal cell layer of the epidermis. Histologically they can be recognized because they are large cells with clear cytoplasms. Melanocytes send processes into the other layers of the epidermis where keratinocytes phagocytose the tips of the processes that contain melanosomes, cytoplasmic vesicles filled with melanin. Each melanocyte gives melanosomes to approximately 36 keratinocytes. Melanin is a tyrosine-based pigment that is used by keratinocytes to protect the cell and especially the nucleus by absorbing ultraviolet light. Often the keratinocytes collect the melanin on the side of the nucleus facing the sun (Fig. 3).

Melanin plays a large role in skin color. In general, the number of melanocytes is not a factor in skin color. However, in light skin melanin is degraded more rapidly. In addition, dark skin usually has melanin distributed to more layers of the epidermis. The body can adapt to increases in sun exposure by increasing melanin production.
Merkel cells

Merkel cells are specialized keratinocytes that are located in the stratum basale of the epidermis. They are the cell portion of Merkel nerve endings, which are mechanoreceptors (they sense texture). A myelinated nerve fiber becomes unmyelinated, traverses the basal lamina, and touches the base of the Merkel cell. It is thought that the Merkel cell may modify the activity of the nerve ending where the mechanosensitive ion channels are located (Fig. 5).
Langerhans’ cells

Langerhans’ cells are typically found in the stratum spinosum of the epidermis. They can usually be distinguished from keratinocytes because of their clear cytoplasm. Langerhans’ cells, antigen presenting cells that are a type of immature dendritic cell, take antigens to lymph nodes for presentation to other immune cells (Fig. 3). 
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Figure 3. Melanocyte and Langerhans’ cell in epidermis.

Dermis

The dermis is a dense irregular connective tissue layer underneath the epidermis (Fig. 1).  The dermis and epidermis rarely come together like two sheets of paper on top of one another – instead the dermis usually forms fingerlike projections that are covered by epidermis. The fingerlike projections are called dermal papillae and the projections of the epidermis that surround them are named epidermal ridges (Fig. 4). The geometry of the dermal and epidermal junction is important to increase the surface area for bonding the two layers. Places in the body subjected to more mechanical stress or friction have papillae that are taller and denser. The dermal papillae contain certain nerve endings (see below) as well as capillaries that are important in body temperature regulation (this is the blood that is cooled during sweating) and in providing nutrients to the avascular epidermis. In thick skin of the hands and feet, the epidermis becomes raised and forms papillary ridges that constitute fingerprints and footprints (Fig. 4).
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Figure 4. Diagram of the epidermal and dermal junction.


The dermis can be divided into two layers based on the texture of the collagen fibers that are present. The portion of the dermis right under the epidermis is the papillary layer. It contains the dermal papillae and has finer collagen fibers. The bottom layer of the dermis is the reticular layer which contains thicker collagen fibers.
Hypodermis

The hypodermis is a fatty connective tissue layer under the skin that insulates the body and absorbs shocks (Fig. 1). In gross anatomy it can be referred to as the subcutaneous fascia or the superficial fascia. The hypodermis can be distinguished from the dermis histologically by the presence of adipose tissue in the hypodermis.

Blood Supply

The vasculature of the skin is not only important for supplying the skin with nutrients but it is also important for thermoregulation. As mentioned above, there is an extensive capillary system in the dermal papillae which allows the evaporation of sweat to cool the blood. A superficial plexus at the papillary and reticular dermis boundary and a deep plexus at the dermis and hypodermis boundary flow into the capillaries in the papillae. In the skin, arteriovenous shunts are present which allow blood to flow from arteries to veins, bypassing the capillaries. Decreasing the blood flow to the skin capillaries can conserve heat while increasing the flow to the surface can reduce body temperature.
Nerve endings

The skin has numerous types of sensory receptors that project from pseudounipolar neurons in ganglia – mechanoreceptors, thermoreceptors, and nociceptors. Mechanoreceptors sense touch, pressure, vibration, and stretch. Nociceptors sense pain and noxious stimuli while thermoreceptors sense temperature. The types of nerve endings found in the skin covering various parts of the body differ depending on the sensory needs of that part of the body. The morphology of various sensory receptors can differ at the nerve ending. Free nerve endings, which do not have Schwann cells or connective tissue around them, sense temperature and pain. In the skin, free nerve endings are found in the stratum granulosum of the epidermis and around hair follicles. 
Encapsulated nerve endings

Encapsulated nerve endings are mechanoreceptors that have a connective tissue capsule around the nerve ending.  These include Ruffini’s corpuscles that sense stretch in the dermis and Merkel nerve endings (see page 4) (Fig. 5).

In the microscope, the easiest encapsulated nerve endings to distinguish are Pacinian and Meissner’s corpuscles. Both types of corpuscles include a myelinated axon that becomes unmyelinated once in the corpuscle. In addition, the axon is surrounded by layers of Schwann cell lamellae (flat processes). It is the displacement of the lamellae inside the capsule that causes depolarization of the axon. 


Pacinian corpuscles sense vibrations and are found in the deep dermis or hypoderms. They are very large (about 1 mm) with fluid and connective tissue in between the Schwann cell lamellae. There are so many highly ordered layers that Pacinian corpuscles cut in section look like an onion cut in half (Fig. 5).

Meissner’s corpuscles are shaped like tapered cylinders and are found at the top of dermal papillae. They sense movement of objects against the skin so they are useful for grip and discerning textures. The arrangement of the Schwann cells in Meissner’s corpuscles is not as regular as Pacinian corpuscles and there is little fluid or connective tissue in between the lamellae (Fig. 5). In addition, the axon branches and follows a spiral path through the Meissner’s corpuscle in contrast to the straight path through Pacinian corpuscles.
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Figure 5. Nerve endings in skin.

Epidermal Appendages

Epidermal appendages are derived from epidermis and include hair follicles, hair, sweat glands, sebaceous glands, and nails. Mammary glands are another type of epidermal appendage that will be discussed during the female reproductive system portion of the course.
Hair follicles

Hair follicles are a downgrowth of the epithelium that becomes surrounded by connective tissue (Fig. 6). In the center of the hair follicle a hair is formed by keratinized cells that are filled with hard keratin instead of the soft keratins of the epidermis. Finger and toenails are formed in a similar manner with plates of keratinized cells filled with hard keratins. Attached to the hair follicle is the arrector pili muscle, smooth muscle that originates in the hypodermis towards the end of the hair follicle and attaches to the dermis (Fig. 6). The contraction of the arrector pili muscle is responsible for the hair standing up straighter and for gooseflesh or goose bumps. 
Another important aspect of the hair follicle is that it is a reservoir for some of the stem cells of the epidermis. Stem cells of the basal layer of the epidermis maintain the layers of keratinocytes under normal conditions. Similarly, stem cells of sebaceous glands can maintain sebocytes. During times of hair and hair follicle growth, stem cells located in a bulge towards the top of the hair follicle proliferate. However, these stem cells located in the bulge of the hair follicle are unique because during wound healing they replenish all of the cells of the epidermis, including the sebaceous glands and the hair follicle. 
Sebaceous glands

Sebaceous glands are usually outgrowths of hair follicles, however on some parts of the body, such as the eyelids and around the lips, they are found separate from hair follicles. Sebaceous glands secrete sebum, which is composed mostly of fatty acids, triglycerides, and waxes (Fig. 6). Sebum is important for moisturizing hair and skin, as well as for preventing water from entering or leaving skin. Sebaceous glands are made of clusters of cells (sebocytes) that have a central nucleus surrounded by lipid droplets. During secretion, the whole cell degenerates and the cellular debris and the cell contents are secreted into a single duct that empties into the hair follicle. This is an example of holocrine secretion since the entire cell is discharged.

     Figure 6. Epidermal appendages.
Apocrine sweat glands

Apocrine sweat glands also secrete their products into the hair follicle, usually above the sebaceous gland (Fig. 6). Apocrine glands are restricted to axillae (underarms), the skin surrounding the anus, external genitalia, and the areola and nipple of the mammary gland. There are also specialized apocrine glands that form ear wax and that secrete onto eyelashes. Apocrine glands respond to emotional and sensory stimuli, and release a milky secretion that contains proteins, carbohydrates, lipids and ammonia. In other mammals and possibly in humans, apocrine secretions contain pheromones that affect hormones levels or behaviors in other individuals of the same species.

Despite their name, apocrine sweat glands use merocrine secretion where vesicles fuse with the plasma membrane to release their contents. Apocrine sweat glands are formed by a coiled tube that can be branched. The secretory portion of the gland is found in the deep dermis or hypodermis and has a large lumen since secretory product is stored there. There is a single secretory cell type that is cuboidal to low columnar. In addition, myoepithelial cells, which are epithelial cells that have characteristics of smooth muscle cells, contract to release the sweat and are found between the secretory cells and the basal lamina. Apocrine sweat ducts do not contain myoepithelial cells and are lined with a stratified cuboidal epithelium. The ducts can also be distinguished from the secretory portion of the gland because the cells are smaller, more darkly staining, and the lumen of the duct is much smaller.  
 Eccrine sweat glands

Unlike apocrine sweat glands, eccrine sweat glands are not associated with hair follicles (Fig. 6). Eccrine sweat glands secrete in response to heat or stress and are found everywhere on the body except for parts of the external genitalia and the lips. The simple coiled tube glands empty directly to the surface of the epidermis and secrete salt, urea, ammonia, and uric acid in addition to water. They play an excretory role for the body in addition to their role in cooling the body. The secretory portions of eccrine sweat glands are found in the deep dermis or hypodermis and are merocrine glands. The epithelium is simple cuboidal or columnar with clear cells (lots of glycogen, secrete water portion) and dark cells (protein secretion so stain darker), and myoepithelial cells. The ducts of eccrine sweat glands are coiled and lined with a stratified cuboidal epithelium. Unlike apocrine sweat glands, the ducts of eccrine sweat glands reabsorb some sodium and water from the sweat as it exits the gland.
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