EPITHELIUM & GLANDS

Roger J. Bick, PhD, MMEd
Reading: Gartner & Hiatt, Chapter 2; Klein and McKenzie, pp61-75, 220, 224, 236
Learning Objectives:

· Identify different types of epithelia; describe cellular and functional characteristics.

· Describe the methods of classification of glandular epithelia.

· Describe the differences between exocrine and endocrine glands.

Key Words: Simple and stratified squamous, simple and stratified cuboidal, simple and stratified columnar, transitional, pseudostratified, endocrine gland, exocrine gland

· BASIC TYPES OF TISSUE

· Epithelial – Lines inner and outer surfaces of the body; glandular secretion
· Connective – Supports and protects; forms stroma of glands
· Muscular – Responsible for movement
· Nervous – Transmission of nervous impulses

· CHARACTERISTICS OF EPITHELIAL CELLS

· Avascular
· Have specialized junctions (review previous lecture material on the Cell). 

· Demonstrate polarity.
· Apical modifications
· Basement membrane

· Exhibit rapid cell turnover

· Functions
· Protection
· Secretion of mucus, hormones, & enzymes (via single cell or gland formation)
· Absorption of material
· Selective permeability
· Transportation of particulates and mucus along surfaces
· Sensory perception
TYPES OF EPITHELIAL TISSUE (Gartner & Hiatt p.31)

· CLASSIFICATION OF EPITHELIUM
· Based on cell shape and cell arrangement (layers)

· First name = one layer or more than one layer
· Simple = one cell layer thick
· Stratified = more than one cell layer thick

· Second name = shape of the surface (top) layer of cells

· Squamous = cell is flat (longer than it is tall)
· Cuboidal = cell is square (height and width about the same)
· Columnar  = cell is rectangular (taller than it is wide)

· Additional descriptors used based on the presence of cell-surface modifications (cilia, keratin, etc.)

· COVERING EPITHELIUM
· Simple squamous epithelium – single layer of flat cells

· Function – exchange of gases, nutrients; barrier; lubrication

· Location – lining of blood vessels (endothelium), lining of body cavities (mesothelium); lining of respiratory spaces (alveoli) in the lung; Bowman’s capsule in the kidney

· Simple cuboidal epithelium – single layer of cells of equal height and width

· Function – absorption and secretion; protection
· Location – small ducts of exocrine glands; surface of ovary; kidney tubules; thyroid follicles

· Simple columnar epithelium – single layer of cells taller than they are wide

· Function – absorption and secretion; protection; lubrication
· Location – lining of gastrointestinal system; lining of gallbladder; some large ducts

· Stratified squamous epithelium – multiple layers of flat cells

· Function – protection; secretion
· Location – epidermis, lining of oral cavity, esophagus, and vagina
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Stratified Squamous



Stratified Squamous, Keratinized
· Stratified cuboidal epithelium – multiple layers of cuboidal cells

· Function – absorption and secretion
· Location – sweat glands and ducts, larger ducts of exocrine glands

· Stratified columnar epithelium – multiple layers of tall cells

· Function – secretion, absorption, protection
· Location – largest ducts of exocrine glands

· Pseudostratified columnar epithelium – although appears stratified, is composed of only one cell layer of columnar cells.  ALL cells touch the basement membrane even though they do not all reach the luminal surface.  Typically have cilia on apical surface.

· Function – protection; secretion & absorption; lubrication

· Location – lining of trachea, bronchi, nasal cavity, ductus deferens, and parts of the epididymis.

· Transitional epithelium – stratified epithelium found exclusively in parts of the renal system.  The shape of the top layer can change based on distension of the underlying tissue.  Accurate classification depends on knowing where it is found.

· Function – ability to distend
· Location – urethra, bladder, ureters, renal calyces

· GLANDULAR EPITHELIUM
· Originates from epithelial cells. Composed of parenchyma (the secretory portion and associated ducts) + stroma (the connective tissue that keeps it all together).


Secretory products are synthesized intracellularly and stored in secretory granules.
· Exocrine gland [Gr: exo, outside; krinein, to separate] – product is secreted via ducts onto an external or internal epithelial surface.
· Gland remains connected to the surface by a stalk of cells (the duct).
· Some of the products are secreted as is; others are modified in the ducts prior to secretion.

· Endocrine gland [Gr: endon, within; krinein, to separate] – product is secreted into the bloodstream or lymphatics.  NO ducts associated with these glands.

· Also arise from epithelial tissue; the “stalk” of connecting cells is obliterated during differentiation, so the gland consists of an “island” of cells embedded in connective tissue.  There is NO direct connection to the surface.

· Closely associated with capillaries.
· Products are called hormones.  Hormones are specific for particular target organs/tissues.

· EXOCRINE GLANDS 
· Cell Number




· Unicellular – isolated cells in an epithelial surface. There is no duct. Example: goblet cells in GI tract.
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Goblet Cells
· Multicellular – clusters of cells that function as a single secretory unit.

· Without ducts – sheet of secretory cells, typically lining a surface.  Examples: surface mucous cells lining the stomach; cells of the cervical epithelium.

· With ducts – this group comprises most of the exocrine glands.  Example: salivary glands.

· Type of Secretion
· Serous
· Proteins packaged into secretory granules (called zymogen granules if they contain digestive enzymes); released by exocytosis.

· Cell morphology – simple cuboidal or simple columnar.  Basophilia may be present in the basal area due to large amounts of RER. Apical portion with secretory granules. In some glands, cells are pyramidal in shape and surround a small central lumen (an acinus or alveolus).

· Examples – parotid gland, exocrine pancreas, uterine glands.
· Mucous 

· Polysaccharides added to protein substrate to produce mucin (a glycoprotein).  Packaged into secretory granules that become hydrated when released from the cell, to form mucus, a lubricating gel.
· Cell morphology – typically simple columnar with flattened, basally located nucleus + apical portion containing granules.
· Examples –goblet cell found in the GI tract and respiratory tract; surface mucus cells of the stomach; cells of minor salivary glands; cells in parts of the genital tract.

· Seromucous (Mixed)
· Contains both types of secretory cells, however one may dominate.

· Cell morphology -- Seromucous acini are often organized as mucous acini capped by serous demilunes (“half moons”).

· Examples – sublingual gland, submandibular gland, glands of the nasal cavity, paranasal sinuses, nasopharynx, larynx, trachea, and bronchi.
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Serous Gland 


Mucous Gland
         Seromucous (mixed) gland
· Modes of Secretion
· Merocrine – secretory products are released by exocytosis in membrane-bound granules or vesicles.  Examples: salivary glands, exocrine portion of pancreas, mammary gland (protein portion only)
· Apocrine – secretory products are released along with a portion of the apical cytoplasm.  Example: mammary gland (lipid portion of milk only)- lactating breast.
· Holocrine –entire cell with its secretory products is released into the lumen                   of the acinus or associated duct.  Examples: sebaceous glands, ovary, testes.
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        Lactating breast


  
         Sebaceous Gland 
· Multicellular Glands – have a secretory portion (the actual cells of the “gland”) + ducts

· Classified based on type of ducts

· Simple glands have one unbranched duct
· Compound glands have ducts that branch repeatedly

· Classified based on shape of the secretory portion

· Tubular – secretory portion is shaped like a tube (sweat glands)

· Acinar (also called alveolar) – secretory portion is saclike or shaped like a flask (sebaceous glands & mammary glands)

· Tubuloacinar (tubuloalveolar) – has both tubular and acinar secretory units (exocrine pancreas & submandibular gland)

· ENDOCRINE GLANDS
· Since these glands secrete hormones directly into the bloodstream, they are highly vascularized.  THEY DO NOT HAVE DUCTS.

· The major endocrine glands are discrete glands – pituitary, thyroid, parathyroid, adrenals, pineal gland.

· Some endocrine glands share their space with exocrine glands, for example
· Pancreas – secretory cells (exocrine) + Islets of Langerhans (endocrine)
· Ovary (follicle, corpus luteum), and testis (Leydig cells).
________________________________________________
EPITHELIUM & GLANDS LABORATORY
Your Histology Atlas will be helpful for this lab. In addition to looking at the photos in Chapter 2 on Epithelium and Glands, you can also look up the particular tissue for orientation purposes (for instance, if the slide is of “jejunum”, look in the chapter on the Digestive System). 

· Types of Epithelium

· Simple squamous epithelium



#5 (Jejunum)

#6 (Ileum)

· Simple cuboidal epithelium



#7 (Kidney)

· Simple columnar epithelium



#70 (Duodenum)

· Stratified squamous epithelium, non-keratinized

#8 (Esophagus)

· Stratified squamous epithelium, keratinized

#9 (Scalp)

#10 (Skin of Foot)

· Stratified cuboidal epithelium



#10 (Skin of Foot, sweat gland ducts)

· Transitional epithelium




#11 (Bladder & Ureter)

· Pseudostratified columnar epithelium


#12 (Trachea)

Types of Glands

· Unicellular gland (goblet cells)



#5 (Jejunum)

· Multicellular gland, non-ducted



#69 (Stomach)

· Multicellular gland, ducted



#43 (Submandibular gland)

Types of Secretion

· Seromucous Gland




#43 (Submandibular gland)

· Mixed Endocrine/Exocrine Gland


#14 (Pancreas)





· Endocrine Gland




#15 (Parathyroid)

· Holocrine Secretion




#9 (Scalp)

· Apocrine Secretion




#16 (Breast)

EPITHELIUM

Slide 5 (Jejunum) & Slide 6 (Ileum)
Both tissues with a lumen (inside) lined by epithelium and an outer surface lined by epithelium. At the outer surface, look for a single thin flattened layer of squamous cells – this is the mesothelium and is an example of simple squamous epithelium. You may only be able to discern the nuclei of the squamous cells since the cytoplasm is stretched so thin. There is a small amount of connective tissue between the mesothelium and the muscle layer. Look for blood vessels in the connective tissue of the middle layers where it seen as wispy eosinophilic fibers. Blood vessels are small round structures with a lumen that typically contain red blood cells (brightly eosinophilic cells with no nucleus). Look for the simple squamous epithelium that lines these vessels – this is endothelium.

Slide 7 (Kidney)
Place this slide against a white background; notice it looks like a piece of pie. You want to look in the region at the tip of the slice. Microscopically, look for round structures with a lumen; these are renal tubules that are lined by simple cuboidal epithelium.

Slide 70 (Duodenum)
There are 2 different tissues on many of the slides – duodenum and pancreas. The duodenum is the tissue that has all the frond-like structures on its luminal surface.  This is where you will find simple columnar epithelium. Look for areas where the cells line up like slats of a picket fence; focus up and down to see the lateral margins of the cells. The nucleus is elongated and tends to be oriented towards the base of the cell.

Slide 8 (Esophagus)
Look at the luminal (interior) surface for an example of stratified squamous epithelium. It consists of multiple layers of squamous epithelium.  

Slide 9 (Scalp) & Slide 10 (Skin from Foot)
Look at both of these tissues against a white background. Locate the area that is most densely staining; this is the epidermis and is an example of keratinized stratified squamous epithelium. The brightly eosinophilic layer resting on top of the epithelium is keratin. Keratin appears as amorphous eosinophilic fibers with no nuclei as it is ‘dead’ (this is an important distinguishing feature). The keratin layer is thinner in the scalp than on the sole of the foot.  Remember, it is the top cell layer that defines this tissue as stratified.  

Slide 10 (Skin from Foot)
Beneath the epithelium, look for clusters of tubular structures cut in cross-section, the sweat glands. Recognize that within most clusters, there are 2 types of structures. One is the secretory portion of the gland and tends to be most numerous. The other portion is the ducts and they are lined by stratified cuboidal epithelium. Be sure you can tell the difference between the secretory portion and the ducts, since this is an all-time favorite exam question!

Slide 11 (Bladder)
A cross-section of the ureter is mounted in the lumen of the bladder simply to conserve space. Ignore the ureter for now and focus on the epithelium lining the luminal surface of the bladder. This is a specialized form of stratified epithelium, transitional epithelium. Although some of the cells on the top layer appear squamous, many of them are large and pale staining and give a “scalloped” appearance to the surface.  

Slide 12 (Trachea)
Hold the slide against a white background and notice that this tissue is a cross-section of a tubular structure. Look at the epithelium on the luminal surface, pseudostratified columnar epithelium.  The basement membrane is distinct in most areas and appears as a homogeneous eosinophilic band beneath the epithelium. Notice the cilia on the apical cell surface.

GLANDS

Slide 5 (Jejunum)
Look at the mucosal (luminal) surface for goblet cells interspersed between the columnar cells. Find an area with good frond-like structures and look at the epithelium. The apical cytoplasm is clear to pale-staining due to the presence of mucin granules; the nucleus is in the basal portion of the cell.  

Slide 69 (Stomach)

Locate the epithelial surface; stay away from the deep pit structures and structures that look like flowers. On the surface the columnar cells all have pale cytoplasm due to the presence of mucigen granules. These are the surface mucus-secreting cells of the stomach, all of which make up one large non-ducted multicellular gland. Their contents are secreted directly onto the surface of the epithelium and there are no ducts.  

Slide 43 (Submandibular Gland)
This salivary gland is composed of numerous acini and ducts, making it an example of a multicellular-ducted gland.  Interspersed among the groups of acini are cross-sections of ducts.  They can be recognized by their lining of simple to stratified cuboidal epithelium; the cytoplasm of the duct cells tends to stain very eosinophilic.  Once you have located the ducts, look at the different types of acini present. The cells in each acinus will secrete into a central lumen, but usually the lumen cannot be seen. Since this is the submandibular gland, most of the acini will be all serous with very granular eosinophilic cytoplasm. There are a few sero-mucous acini composed of serous cells as well as the much lighter-staining mucous cells. Locate a serous demilune.   

Slide 14 (Pancreas)
The pancreas is separated into lobules; ducts may lie between some of the lobules. The bulk of the pancreas is the exocrine pancreas that is composed of numerous serous acini.  Locate small ducts with simple cuboidal or columnar epithelium. The endocrine pancreas (the Islets of Langerhans) is composed of small clumps or ribbons of cells interspersed with capillaries. If you need to, look at Slide #41 for another example of pancreatic tissue and identify both endocrine and exocrine components.
Slide 15 (Parathyroid)
This is a purely endocrine gland. Notice that there are NO ducts associated with this gland  

Slide 9 (Scalp)
Beneath the epithelium, look for large pear-shaped or round clusters of lightly-staining cells in the connective tissue. These are sebaceous glands; the mode of secretion is holocrine. Oftentimes the glands are associated with hair follicles. Morphology-wise, these are simple, branched acinar glands.

Slide 16 (Lactating Breast)
Notice that the tissue is composed of numerous lobules. Within each lobule are acini with very dilated or open lumens. In between the acini are numerous blood vessels; you may also see some ducts since the breast is a ducted exocrine gland. The acinar cells are cuboidal to columnar and have a merocrine mode of secretion (the protein portion of breast milk). However, several of these cells have a large clear vacuole in their apical portion. This “milk fat” is secreted using an apocrine mode of secretion.
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GLAND NAME		SITE		SECRETION TYPE		SECRETION MODE

Eccrine				Skin		Sweat				Merocrine

Apocrine			Skin		Sweat				Merocrine

Sebaceous			Skin		Sebum (Oily)			Holocrine

Serous				Salivary		Protein				Merocrine

				Gland

Mucous				Various		Mucous				Merocrine

Mammary			Breast		Milk-fat-colostrum		Apocrine


