Introduction

Although you may not typically think of the skin as an organ, it is in fact made of tissues that work
together as a single structure to perform unique and critical functions. The skin and its accessory
structures make up the integumentary system, which provides the body with overall protection. The
skin is made of multiple layers of cells and tissues, which are held to underlying structures by
connective tissue. The deeper layer of skin is well vascularized (has numerous blood vessels). It also
has numerous sensory, and autonomic and sympathetic nerve fibers ensuring communication to and
from the brain.

Watch me!

The Epidermis

The epidermis is composed of keratinized, stratified squamous epithelium. It is made of four or five
layers of epithelial cells, depending on its location in the body. It does not have any blood vessels
within it (i.e., it is avascular). Skin that has four layers of cells is referred to as “thin skin.” From deep
to superficial, these layers are the stratum basale, stratum spinosum, stratum granulosum, and
stratum corneum. Most of the skin can be classified as thin skin. “Thick skin” is found only on the
palms of the hands and the soles of the feet. It has a fifth layer, called the stratum lucidum, located
between the stratum corneum and the stratum granulosum.

The cells in all of the layers except the stratum basale are called keratinocytes. A keratinocyte is a
cell that manufactures and stores the protein keratin. Keratin is an intracellular fibrous protein that
gives hair, nails, and skin their hardness and water-resistant properties. The keratinocytes in the
stratum corneum are dead and regularly slough away, being replaced by cells from the deeper layers.

Dermis

The dermis might be considered the “core” of the integumentary system (derma- = “skin”), as distinct
from the epidermis (epi- = “upon” or “over”) and hypodermis (hypo- = “below”). It contains blood and
lymph vessels, nerves, and other structures, such as hair follicles and sweat glands. The dermis is
made of two layers of connective tissue that compose an interconnected mesh of elastin and
collagenous fibers, produced by fibroblasts.



Hypodermis

The hypodermis (also called the subcutaneous layer or superficial fascia) is a layer directly below
the dermis and serves to connect the skin to the underlying fascia (fibrous tissue) of the bones and
muscles. It is not strictly a part of the skin, although the border between the hypodermis and dermis
can be difficult to distinguish. The hypodermis consists of well-vascularized, loose, areolar connective
tissue and adipose tissue, which functions as a mode of fat storage and provides insulation and
cushioning for the integument.

Hair

Hair is a keratinous filament growing out of the epidermis. It is primarily made of dead, keratinized
cells. Strands of hair originate in an epidermal penetration of the dermis called the hair follicle. The
hair shaft is the part of the hair not anchored to the follicle, and much of this is exposed at the skin’s
surface. The rest of the hair, which is anchored in the follicle, lies below the surface of the skin and is
referred to as the hair root. The hair root ends deep in the dermis at the hair bulb, and includes a
layer of mitotically active basal cells called the hair matrix. The hair bulb surrounds the hair papilla,
which is made of connective tissue and contains blood capillaries and nerve endings from the dermis.

Hair serves a variety of functions, including protection, sensory input, thermoregulation, and
communication. For example, hair on the head protects the skull from the sun. The hair in the nose
and ears, and around the eyes (eyelashes) defends the body by trapping and excluding dust particles
that may contain allergens and microbes. Hair of the eyebrows prevents sweat and other particles
from dripping into and bothering the eyes. Hair also has a sensory function due to sensory innervation
by a hair root plexus surrounding the base of each hair follicle. Hair is extremely sensitive to air
movement or other disturbances in the environment, much more so than the skin surface. This
feature is also useful for the detection of the presence of insects or other potentially damaging
substances on the skin surface. Each hair root is connected to a smooth muscle called the arrector
pili that contracts in response to nerve signals from the sympathetic nervous system, making the
external hair shaft “stand up.” The primary purpose for this is to trap a layer of air to add insulation.
This is visible in humans as goose bumps and even more obvious in animals, such as when a
frightened cat raises its fur. Of course, this is much more obvious in organisms with a heavier coat
than most humans, such as dogs and cats.



Sweat Glands

When the body becomes warm, sudoriferous glands produce sweat to cool the body. Sweat glands
develop from epidermal projections into the dermis and are classified as merocrine glands; that is, the
secretions are excreted by exocytosis through a duct without affecting the cells of the gland. There
are two types of sweat glands, each secreting slightly different products.

An eccrine sweat gland is a type of gland that produces a hypotonic sweat for thermoregulation.
These glands are found all over the skin’s surface, but are especially abundant on the palms of the
hand, the soles of the feet, and the forehead. They are coiled glands lying deep in the dermis, with
the duct rising up to a pore on the skin surface, where the sweat is released. This type of sweat,
released by exocytosis, is hypotonic and composed mostly of water, with some salt, antibodies,
traces of metabolic waste, and dermcidin, an antimicrobial peptide. Antimicrobial peptides help
prevent the growth of bacteria, fungi, and viruses. Eccrine glands are a primary component of
thermoregulation in humans and thus help to maintain homeostasis.

An apocrine sweat gland is usually associated with hair follicles in densely hairy areas, such as
armpits and genital regions. Apocrine sweat glands are larger than eccrine sweat glands and lie
deeper in the dermis, sometimes even reaching the hypodermis, with the duct normally emptying into
the hair follicle. In addition to water and salts, apocrine sweat includes organic compounds that can
provide nutrients to bacteria and are subject to decomposition and subsequent smell. The release of
this sweat is under both nervous and hormonal control, and plays a role in the poorly understood
human pheromone response. Most commercial antiperspirants use an aluminum-based compound as
their primary active ingredient to stop sweat. When the antiperspirant enters the sweat gland duct, the
aluminum-based compounds precipitate due to a change in pH and form a physical block in the duct,
which prevents sweat from coming out of the pore.

Primary Lymphoid Organs and Lymphocyte Development
Thymus

The thymus gland is a bilobed organ found in the space between the sternum and the aorta of the
heart. Connective tissue holds the lobes closely together but also separates them and forms a
capsule.

The connective tissue capsule further divides the thymus into lobules via extensions called
trabeculae. The outer region of the organ is known as the cortex and contains large numbers of
thymocytes (immature T cells) with some epithelial cells, macrophages, and dendritic cells (two types
of phagocytic cells that are derived from monocytes). The cortex is densely packed so it stains more
intensely than the rest of the thymus. The medulla, where thymocytes migrate before leaving the
thymus, contains a less dense collection of thymocytes, epithelial cells, and dendritic cells.

The primary function of the thymus in immunity is as follows:



1. T Cell Maturation: The thymus is the primary site where T cells mature. T cells originate from precursor
cells in the bone marrow and then migrate to the thymus to undergo a process of maturation and
education. During this process, T cells that can recognize self-antigens (components of the body's own
tissues) with high affinity are eliminated, ensuring that the mature T cells will not attack the body's own
cells. This process is known as "negative selection.”

2. T Cell Education: In addition to eliminating T cells that could react against self, the thymus also
educates T cells to recognize foreign antigens associated with pathogens. T cells that successfully
pass this education process develop the ability to recognize specific antigens from viruses, bacteria,
and other pathogens. This is crucial for the immune system's ability to mount targeted responses
against infections.

3. T Cell Diversity: The thymus helps generate a diverse repertoire of T cells with different antigen
specificities. This diversity is important because it enables the immune system to recognize a wide

range of potential pathogens.
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Secondary Lymphoid Organs and their Roles in Active Immune Responses

Lymphocytes develop and mature in the primary lymphoid organs, but they mount immune responses
from the secondary lymphoid organs. A naive lymphocyte is one that has left the primary organ
and entered a secondary lymphoid organ. Naive lymphocytes are fully functional immunologically, but
have yet to encounter an antigen to respond to. In addition to circulating in the blood and lymph,
lymphocytes concentrate in secondary lymphoid organs, which include the lymph nodes, spleen, and
lymphoid nodules. All of these tissues have many features in common, including the following:



e The presence of lymphoid follicles, the sites of the formation of lymphocytes, with specific B
cell-rich and T cell-rich areas
An internal structure of reticular fibers with associated fixed macrophages
Germinal centers, which are the sites of rapidly dividing and differentiating B lymphocytes
Specialized post-capillary vessels known as high endothelial venules; the cells lining these
venules are thicker and more columnar than normal endothelial cells, which allow cells from
the blood to directly enter these tissues

Tonsils

Tonsils are lymphoid nodules located along the inner surface of the pharynx and are important in
developing immunity to oral pathogens. The tonsil located at the back of the throat, the pharyngeal
tonsil, is sometimes referred to as the adenoid when swollen. Such swelling is an indication of an
active immune response to infection. Histologically, tonsils do not contain a complete capsule, and
the epithelial layer invaginates deeply into the interior of the tonsil to form tonsillar crypts. These
structures, which accumulate all sorts of materials taken into the body through eating and breathing,
actually “encourage” pathogens to penetrate deep into the tonsillar tissues where they are acted upon
by numerous lymphoid follicles and eliminated. This seems to be the major function of tonsils—to
help children’s bodies recognize, destroy, and develop immunity to common environmental pathogens
so that they will be protected in their later lives. Tonsils are often removed in those children who have
recurring throat infections, especially those involving the palatine tonsils on either side of the throat,
whose swelling may interfere with their breathing and/or swallowing.

Spleen

In addition to the lymph nodes, the spleen is a major secondary lymphoid organ. It is about 12 cm (5
in) long and is attached to the lateral border of the stomach via the gastrosplenic ligament. The
spleen is a fragile organ without a strong capsule, and is dark red due to its extensive vascularization.
The spleen is sometimes called the “filter of the blood” because of its extensive vascularization and
the presence of macrophages and dendritic cells that remove microbes and other materials from the
blood, including dying red blood cells. The spleen also functions as the location of immune responses
to blood-borne pathogens.

The spleen is also divided by trabeculae of connective tissue, and within each splenic nodule is an
area of red pulp, consisting of mostly red blood cells, and white pulp, which resembles the lymphoid
follicles of the lymph nodes. Upon entering the spleen, the splenic artery splits into several arterioles
(surrounded by white pulp) and eventually into sinusoids. Blood from the capillaries subsequently
collects in the venous sinuses and leaves via the splenic vein. The red pulp consists of reticular fibers
with fixed macrophages attached, free macrophages, and all of the other cells typical of the blood,
including some lymphocytes. The white pulp surrounds a central arteriole and consists of germinal
centers of dividing B cells surrounded by T cells and accessory cells, including macrophages and
dendritic cells. Thus, the red pulp primarily functions as a filtration system of the blood, using cells of



the relatively nonspecific immune response, and white pulp is where adaptive T and B cell responses
are mounted.

Lymph Nodes

Lymph nodes function to remove debris and pathogens from the lymph, and are thus sometimes
referred to as the “filters of the lymph”. Any bacteria that infect the interstitial fluid are taken up by the
lymphatic capillaries and transported to a regional lymph node. Dendritic cells and macrophages
within this organ internalize and kill many of the pathogens that pass through, thereby removing them
from the body. The lymph node is also the site of adaptive immune responses mediated by T cells, B
cells, and accessory cells of the adaptive immune system. Like the thymus, the bean-shaped lymph
nodes are surrounded by a tough capsule of connective tissue and are separated into compartments
by trabeculae, the extensions of the capsule. In addition to the structure provided by the capsule and
trabeculae, the structural support of the lymph node is provided by a series of reticular fibers laid
down by fibroblasts.

The major routes into the lymph node are via afferent lymphatic vessels. Cells and lymph fluid that
leave the lymph node may do so by another set of vessels known as the efferent lymphatic vessels.
Lymph enters the lymph node via the subcapsular sinus, which is occupied by dendritic cells,
macrophages, and reticular fibers. Within the cortex of the lymph node are lymphoid follicles, which
consist of germinal centers of rapidly dividing B cells surrounded by a layer of T cells and other
accessory cells. As the lymph continues to flow through the node, it enters the medulla, which
consists of medullary cords of B cells and plasma cells, and the medullary sinuses where the lymph
collects before leaving the node via the efferent lymphatic vessels.
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