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The cell is the basic structural unit of all living organisms. Most of the cells forming the human body share the basic components, but there
are many categories that have specific light and electron microscopic characteristics. This review shed a light on these cell categories and their
morphologies. Stem cell category is the cells responsible for the regeneration of damaged or lost cells, whereas protein-secreting cells are
those responsible for the production and secretion of proteins. Protein-secreting cells have specific characters such as basophilic cytoplasm and
vesicular nucleus by light microscope; these are confirmed by an electron microscope that shows rough endoplasmic reticulum, Golgi apparatus,
secretory granules, and mitochondria. Steroid secreting, ion transporting, and contracting categories have specific morphology. Phagocytic
cells such as macrophages and neutrophils are characterized by the presence of many lysosomes and phagosomes. Supporting cells are very
important category as they not only support but also usually have another function such as myelin formation in Schwann, blood—brain barrier
in astrocytes, or modification of response as in Pacinian corpuscle. Many cells showed interrelated characters between different categories,
for example, phagocytic cells are able to contract to perform their function in fighting microorganism. Although we have trillions of cells, yet
they only fall in some categories. Each cell category has specific morphological characters confirmed by ultrastructural characters. They all
adapted to perform the desired functions.
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The cell categories have different organelles to adapt their
categories.

INTRODUCTION

The basic structural and functional unit of the living organism is
the cell. The cell is a model of the whole organism represented

in a very small unit. The human body is formed of 30 trillion Stem CeLL CaTEGORY

of cells. These cells are falling in about 215 types and 4 types
of tissues. The tissues are simple as they are only connective
tissue, epithelial tissue, nervous, and muscular tissue.”» Human
organization as any living organism is running upward from
cells to the system.?!

The cells are falling into certain categories stem cells,
supporting cells, secretory cells exocrine, secretory cells
endocrine, secretory cells matrix, phagocytic cells, killing
cells, ion-transporting cells, antigen-presenting cells,
contracting cells, endothelial cells, sensory cells, and nerve
cells.24)
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It is the first category in which the cells are regenerative to
other types of cells. These cells are characterized by having
pale nucleus, basophilic cytoplasm due to the presence of
free ribosomes, and some mitochondria seen by an electron
microscope. Let’s see stem cell in our systems:*

The central nervous system has stem cell discovered recently
especially at the third and lateral ventricle, hippocampus
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Figure 1: The EM of goblet cell with microvilli (M), rough endoplasmic
reticulum (R), Golgi complex (G), and secretory granules (SG)®
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Figure 3: Keratinocytes in different layers stratum basale (B), stratum
spinosum (S), granulosum (G), corneum (C), dermis (D)@

formation. Stem cell in nervous tissue proliferates to neuroglia
cells.[&8

The respiratory system has stem cells from the nose to
alveoli. Starting from stem cells of the olfactory mucosa in
the nose, stem cell of the respiratory epithelium stem, cells of
bronchioles are called Clara cells. Finally, alveoli Type II are
the stem cells of alveoli.P»'%

As regard the integumentary system, the stratum basale in
the skin is the stem cell of the epidermis, cells of hair pulp of
hair follicle are the stem cells of hair, stem cell of sebaceous
glands, and finally, stem cells of sweat glands and their ducts.!""!

As regard the digestive tract, we start by basal layer of oral
epithelium, stem cell of taste bud, stem cell of the gastric gland,
crypt base cell, and stem cell of the colon.!'?!

The liver has an oval cell at the bile ductules of portal tracts
responsible for the regeneration of the liver. The exocrine
pancreas has stem cell called centroacinar cell at the beginning
of ducts of serous acini.['*!4

The urinary system has basal cells within its epithelium, but
the damage of the renal tubules is regenerated by the adjacent
cells’ division.[>16]

The endocrine system has specific cells for the regeneration
of endocrine cells. The pituitary gland has chromophobe cells
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Figure 2: Steroid-secreting cells with the smooth endoplasmic reticulum,
mitochondria (M), and lipid droplets (L)@

Figure 4: Supporting cells of taste bud

as stem cells. C-cell of the pancreas regenerates other cells of
islets of the pancreas. Thyroid, parathyroid, and adrenal glands
are regenerated by the activity of the adjacent cell division.!'”!
Blood cells are regenerated by bone marrow stem cells which
are called hemopoietic stem cells.!'!

Stem cells of connective tissue are called pericytes and
located around the capillaries, whereas stem cells of skeletal
muscle are called satellite cells and present around the skeletal
muscle. Specialized connective tissue like bone and cartilage
have osteogenic cells and chondrogenic cells as stem cells,
respectively.[*19:20]

Stem cells are able to divide symmetrically to compensate
for themselves and asymmetrically to give newly
differentiated cells that committed to a certain type and
function.!

ProTeIN-SECRETING CELL CATEGORY

This category is relatively wide, so I prefer to subdivide them
into four subcategories: luminal protein, endocrine protein,
matrix protein, and special two cells.
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Luminal protein
Those secrete to lumens of systems such as digestive, genital,
and respiratory systems.

Here, we have serous acini, mucous acini, and mixed acini cells
of salivary, oral lingual, palatine, pharyngeal, and esophageal
glands.

Move to the gastric glands, you will found: mucous neck cells,
surface mucous cells, and chief cells. Pancreatic serous acini,
goblet cells of intestine and Paneth cells of small intestine
are all considered examples of this subcategory. Columnar
absorptive cells secrete enzymes, but they suspend them on the
cell membrane to digest different food staffs. Goblet cells of
ducts of gall bladder and pancreatic exocrine duct are another
example.

In the respiratory system, the goblet cells of respiratory
epithelium secrete mucous which is formed mainly of water,
glycoprotein, proteoglycan, lipid, and DNA.

Clara cell of bronchioles also secretes two components,
surface active agent lipoprotein with surfactant like functions
and Clara cell protein CC16. Alveolar cell Type II secretes
surfactant lipoprotein that prevents alveolar and alveolar sacs
collapse. The secretion of this cell is formed of phospholipid,
protein, and lipids. The urethra has the bulbourethral glands,
and intraepithelial glands also secrete mucous to the urethra.
The fallopian tube contains peg cell that secretes mucous to
the tube for the nourishment of fertilized ovum. 32

Endocrine protein

It is the second category of protein secreting cells where the
protein is released to blood and lymphatics. It is formed of
endocrine glands and endocrine cells embedded in different
systems. Endocrine cells embedded in systems and organs are
called enteroendocrine cells. They are located in the stomach,
small intestine, large intestine, and respiratory bronchi.
In the GIT, there are many types of cells named by letter,
whereas in the respiratory system, we have small granule
cell type or Kulchitsky cells. Kulchitsky cells are respiratory
representatives of the general class of enteroendocrine cells
of the gut and gut derivatives. They are of two types; one
produces catecholamine and the other produces polypeptide
hormones such as serotonin, calcitonin, and gastrin-releasing
peptide (bombesin).!

The main category of endocrine protein-secreting cells is all
protein-secreting cells present in the endocrine glands all
over the body. Anterior pituitary has five cells in its anterior
lobe and two in its posterior lobe. Those of anterior lobe are
somatotrophes, mammotrophes, thyrotrophes, gonadotrophes
and corticotrophes. The posterior pituitary stores and secretes
the hormones synthesized by nervous nuclei of hypothalamus
paraventricular and supraoptic nuclei; they are called
neurosecretory granules.[*]

The pineal gland has the pinealocytes that secrete melatonin
at night and serotonin in the morning.*

The thyroid gland has two cells thyrocytes and parafollicular
cells or also called C-cell. Thyrocytes secrete thyroid
hormones, whereas C-cells secrete calcitonin.

Parathyroid has chief cell and oxyphil cell, but oxyphil cell is
not a protein-secreting cell.?” The pancreas has the cells of
islets of Langerhans alpha, beta, and delta cells.*®

The adrenal medulla has chromaffin cells which are responsible
for adrenaline and noradrenaline secretion.”” Moreover,
the juxtaglomerular cells of the kidney are responsible for
the secretion of renin which converts angiotensinogen to
angiotensin 1.5%

Matrix protein

The third category is the cells of connective tissue and blood
that secrete protein, glycoprotein, or proteoglycan to the
matrix of the connective tissue where their secretion forms
the extracellular matrix.

Fibroblasts and fibrocytes secrete collagen Type I, IV, V and
elastic fibers in addition to fibronectin and proteoglycan.!

Chondroblasts and chondrocytes secrete collagen Type 1,
chondroitin sulfate, and chondronectin. Reticular cells secrete
collagen Type III (Sun et al., 2011).532

Osteoblasts and osteocytes secrete collagen type I, osteonectin,
sialoprotein, and matrix vesicles for calcification.?¥!

Mast cells store and release heparin and histamine leukotrienes
and chondroitin sulfate.%!

Immune cells such as granular leukocytes, monocytes,
T lymphocytes, and macrophages are responsible for
the secretion of cytokines, lymphokines, and interferon.
B lymphocytes change to plasma cells secrete gamma globulins
of five types, immunoglobulins A, M, G, E, and D.B3%

Liver cells secrete albumin, beta globulins, and fibrinogen.
The albumin protein is essential for the hydrostatic pressure of
blood and fluid balance. Fibrinogen is essential for the clotting
mechanism. >3

Cellular protein with extracellular function

The fourth category includes the cells that synthesize protein
performing its function while it is located within the cell.
The first example is granulosa cells of ovarian follicles, the
second example is the columnar absorptive cells of small
intestine. Sertoli cells secrete androgen-binding protein that
traps androgen to stimulate spermatogenesis. These three cells
are best to be described as protein-synthesizing cells and not
protein secreting as they secrete protein, and it performs its
function where it is located inside the cell.”

Morphology of protein-secreting cells

These cells appear basophilic by routine stain due to the
presence of ribosomes, rough endoplasmic reticulum, Golgi
apparatus, mitochondria, and secretory granules [Figure 1].
There are some exceptions to the mentioned morphology as
in liver and Sertoli cells due to high mitochondrial content.
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Steroid-secreting cells

Adrenal cortex zona glomerulosa cells secrete mineralocorticoids,
zona fasciculata secretes glucocorticoids, and zona reticularis
cells secrete sex hormones. Theca cells of the ovarian follicles
and interstitial cells of the ovary secrete androgen hormones.
Interstitial cells of Leydig in the testis are located between
seminiferous tubules, and they secrete androgen hormones. 363"

The morphology of these cells secreting steroid is correlated to
the function. By light microscope, these cells have acidophilic
cytoplasm and vesicular nuclei. By electron microscope, they
contain numerous mitochondria with tubular cristae, smooth
endoplasmic reticulum, glycogen, and lipid droplets. Some free
ribosomes are found within these cells to synthesize the enzymes
required for steroid formation [Figure 2].[%)

lon TRANSPORTING CELLS

These cells are responsible for maintaining certain electrolyte
concentration within the lumen. These functions require great
energy production, so they have greater mitochondria content.
The cells falling in this category are as follows:

Ependymal cells lining the ventricles secrete the cerebrospinal
fluid. Cells lining the endolymphatic canal of the inner ear
secrete the endolymph with high potassium and low sodium
content.’3% Stria vascularis of scala media of the inner ear
maintains the endolymph of cochlea.”” Outer pigmented and
inner nonpigmented layers of the ciliary body of the eye are
considered of multiple categories. The ciliary epithelium has
three functions: secrete aqueous humor fluid with plasma like
composition without protein, maintain the composition of
aqueous by tight junction between apices of inner nonpigmented
cells, and the last function is the formation of zonular proteins
of suspensory ligaments of the lens.[*!

Parietal cells are considered ion transporting cells as it secretes
hydrochloric acid to the gastric lumen to lower the PH to 2. It
also secretes intrinsic factor that binds vitamin B12 to facilitate
its absorption.[*243

Morphology of ion-transporting cells is the universe in containing
numerous mitochondria and in addition to the usual amount. The
lateral borders of ion-transporting cells are connected together
by tight junction, adherent junction, and desmosomes. The cells
need mitochondria to create ion concentration and junctional
complex to maintain this ion change."

ConTRACTILE CELLS

The contractile cells are complex and need a separate review, but
to summarize, we can define the contracting cell as any cell that
changes its shape and position. There are three types of contractile
cells: the muscular cells, dividing cells, and moving cells.
Contraction by itself requires actin filaments to be present within
the cell; actin is microfilament 5 nm in diameter and formed of G
actin protein arranged in double-twisted filamentous actin. Actin
filament presents in all cells in our bodies, but it has different
arrangement that differs from cell to other.?!

The muscular tissue is formed of skeletal muscle, cardiac
muscle, and smooth muscle. Striated muscle contains
myofibrils with alternating dark and light bands. The basic
contractile unit of striated muscles is the sarcomere in which
the actin and myosin II are interacted to contract and relax.
Sarcomere is the distance between two successive Z lines.
Z line is formed of actinin protein that binds actin in cardiac
and smooth muscle. Striated muscle has many actin-associated
proteins to distribute the force of contraction evenly on the cell
membrane like dystrophin the smooth muscle in reverse has no
sarcomeres but it contains actin and myosin that are arranged
randomly throughout the cytoplasm of the muscle fiber. Dense
bodies regulate actin-intermediate filaments interaction. Dense
bodies are similar to the Z line in striated muscle. Thick filaments
are bipolar in striated muscle fibers but side polar in smooth
muscle fibers.4!

The dividing cells at the stage of cytokinesis contain actin-myosin
interaction at the cleavage furrow. This actin-myosin interaction
enables the dividing cells to give two newly separate cells.[ !

The moving cells also have a greater amount of actin and myosin,
especially at the cell membrane to facilitate movement. Moving
cells like macrophage and neutrophil move easily to bacteria and
cell debris to get rid of them.

The myosin in muscle fibers and dividing cells is from Type II
category, whereas myosin in moving cells is of Type I category.
The difference between the two types is beyond the scope of
this review.”!

The point of importance in this review is the way of stimulation
in skeletal muscle and smooth. The skeletal is stimulated by the
somatic motor nerve to the motor endplate. The electrical stimulus
reaches to triad system (T tubule and sarcoplasmic reticulum) to
release calcium to sarcomere that initiates muscle contraction. In
smooth muscle, the stimulus could be mechanical, electrical, or
chemical P54 Mechanical stretch of smooth or hormones come
through autonomic nerve stimulation or hormones attached to
the corresponding receptors on the cell membrane of the smooth
muscle so the contraction is slow. ]

PHacocyTic CELLS

They are sharing the protein secreting type and phagocytic
type as they phagocytose the bacteria and cellular debris;
moreover, they secrete cytokines to combat different
pathogens. There are many types and categories of phagocytic
cells; monocyte in blood, macrophage of connective tissue,
Langerhans’s cell of the epidermis, Von Kupffer cells of
the liver, microglia cells of the central nervous system,
neutrophils, and eosinophils.5%!]

The morphology of any phagocytic cell is nearly similar except
the shape and size.

Any phagocytic cell contains numerous phagocytic vacuoles,
numerous lysosomes in addition to the usual organelles when
examined by an electron microscope.
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By light microscope, these categories are highly variable
due to affinity to stains. Macrophage stained grayish blue by
H and E and specifically by toluidine blue, whereas neutrophils
and eosinophils are stained by Leishman stain. Neutrophils
are phagocytic cells but contain in addition to lysosomes,
specific granules, and tertiary granules. Specific granules
have collagenase, complement activator, and antimicrobial
enzymes, whereas tertiary granules have phosphatase and
metalloproteinases. Eosinophils also have specific granules
beside the lysosomes. Here, the specific granules contain
major basic, neurotoxin, peroxidase, and cationic proteins.
As regard the nucleus of any phagocytic cell, it varies from
cell to cell and varies according to the level of virulence and
aggression. In granular leukocytes, the nucleus of neutrophil
is multilobed or segmented while that of eosinophil is bilobed.
The nucleus of monocytes or macrophages is kidney shaped.
In macrophages and monocytes with high phagocytic activity,
the shape of nuclei will change to horse-shoe shape. The
cell membrane of macrophage also shows processes, while
during aggressive phagocytosis the cell membrane will show
lamellipodia or even microvilli.>*

SuppoRTING AND PROTECTING CELLS

Supporting cell category includes those cells involved in
support of other cells, surround other cells, or protect other
cells. Most of those cells require an electron microscope
and immunostaining for demonstration, but routine H and E
stain could help in some. Most of supporting cells perform
additional functions in addition to support.’? Astrocytes of the
central nervous system have nutritive and microenvironmental
adjustment functions in addition to support. Astrocytes share
in blood—brain barrier through their feet close relation to brain
blood vessels. Oligodendroglia cells and Schwann cells are
supporting cells for axons of nerve cells. Oligodendroglia
supports and forms myelin sheath around axons of the central
nervous system. Schwann cells do the same but for the axons of
peripheral nerves. Myelin sheath protects the axons of neurons
and speeds up the conduction of impulses.™”

Reticular epithelial cells of the thymus are of six types, they
support bone marrow-derived immature T lymphocytes during
maturation and acquiring competencies. Reticular epithelial
cells secrete thymic hormones that enhance the maturation
of lymphocytes. The most important function of these cells
is the formation of blood thymic barrier. Reticulocyte forms
tight junction to protect the developing lymphocytes within the
thymus from different antigens until full maturation.

Keratinocytes of the epidermis are covering cells that protect
the whole surface of the body. They are arranged in 5 layers;
stratum basale, spinosum, granulosum, lucidum, and corneum
in thick skin sites and 4 layers in thin skin sites. Keratinocytes
support the adjacent cells such as melanocytes, Merkel cells,
and Langerhans cells [Figure 3].15:11:5354

Supporting cells are present in all sensory organs as macula
sacculi, macula auriculi, crista ampullaris, organ of Corti,

taste bud, olfactory mucosa, and retina. They acquire different
shapes, but mostly, they are tall columnar in shape.>%

Modified Schwann cells are also present around the nerve
endings in peripheral receptors to modify their functions. Many
examples we have in our bodies such as corpuscles Meissner’s,
Pacinian, Ruffini, and end pulp of Krause. Here, the supporting
cells modify the sensory impulse perceived. In the Meissner
corpuscle, the nerve ending receives the fine touch, whereas
in Pacinian, it receives pressure and vibration.’”8!

Morphology of supporting cells is similar; they contain
well-developed cytoskeleton and have an adaptable shape
for their corresponding function [Figure 4]. They could
be demonstrated by immunohistochemistry for specific
intermediate filament. Astrocytes have glial fibrillar acidic
protein, whereas keratinocytes have many types of keratin.
Electron microscopic examination confirms their shape
and numerous well-developed cytoskeletons as well as the
junctions present between adjacent cells.>

MisceLLANEOUS AND INTERRELATED CELLS

Many cells could be allocated into more than one category of
the above. However, we classify according to most eminent
function for each. Here, we will describe some cells that have
interrelated activity. Immune cells are protein secretory cells
that release cytokines and lymphokines to affect each other
or bone marrow to stimulate leukocytosis, but at the same
time, the cytotoxic cell could kill the tumor cells or virally
infected cells.[3+%!

Phagocytic cells are also moving cells so they are contracting
cells; they release cytokines and digest the bacteria and parasites.
Supporting cells have functions beyond the support as mentioned
before. Nerve cells are secretory cells that affect adjacent other
adjacent cells through synapses. Nerve cells also release hormones
to bloodstream as neurosecretory cells in the hypothalamus and
adrenal medulla. Osteoclasts of bone are phagocytic cells that
erode the organic matrix and release the calcium content of bone
to the bloodstream under hormonal control.**5!

The endothelial cells are a specialized cell that binds to each
other to form semipermeable barrier between blood plasma
and interstitial space. Endothelial cells control the bidirectional
exchange of molecules by simple and active diffusion,
receptor-mediated endocytosis, and transcytosis. These cells
provide nonthrombogenic surface. They secrete regulators of
vascular tone, interleukins of immune response, and growth
factors.%-6!

Cells of muscle spindle are highly specialized with double
functions. The nuclear bag and nuclear chain are modified
cells to contract and simultaneously send impulses to motor
neuron cells to stimulate muscle contraction.[62¢%]

SummARy AND CoNncLUSION
Finally, the human body is formed of trillions of cells. Although
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cells are formed of the plasma membrane, cytoplasm,

and nucleus, yet they are classified into different categories
according to their tasks inside the body. The cells of the body

are

highly variable to orchestrate different functions, finally,

maintain homeostasis of the body.
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